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[. Introduction

Modern Capitaism has proved aremarkably powerful engine of technologica progress. Most of
the attention to its workings has focussed on the business firms and entrepreneurs, operating in amarket
stting, who are the central actorsin devel oping and introducing new productsand processes.. At thesame
timeit iswiddy recognized thet the power of market simulated and guided invention and innovetion oftenis
dependent on the strength of the science base from which they draw (Nelson, 1993, Mowery and Nelson,
1999) Thisscience baselargely isthe product of publicly funded research, and the knowledge produced by
that research is largely open and available for potentid innovators to use. That is, the market part of the
Capitdigt engine rests on a publicly supported scientific commons.

The message of this essay is that the scientific commons is becoming privatized. While the
privatization of the scientific commons up to now has been reatively limited, there are red dangers that
unless hated soon important portions of future scientific knowledge will be private property and fal outsde
the public domain, and that could be bad newsfor both the future progress of science, and for technologica
progress. The erosion of the scientific commonswill not be easy to stop. Herel want to cdl thedarm, and
to suggest a strategy that has some promise.

But before | get on with thistask, | need to clear someintellectud underbrush. A number of influentia
philosophers and sociologists of science have put forth a set of views, a theory, about the scientific

enterprise that until recently has served well to protect the scientific commons. However, this theory no



longer is adequate to the task, because the way it characterizes the nature of the scientific enterprise does
not fit modern perceptionsand theredlity. Also, under thistheary, itishard to understand why privatization
and markets are encroaching on the commons, and if they are, what isthe matter with that. It isimportant,
therefore, to scrutinize that theory.

A key element of the theory isthat, outside of industry, the work of scientists is and should be
motivated by the search for understanding, and that the practica payoffs that often come from successful
research arelargely unpredictable. Vannevar Bush (1945) isoneamong many proponentsof public support
of sciencewho put forth thistheme, and argued that it would be amistaketo look to likely practical payoffs
as aguide to where scientific funds should be dlocated. Serendipity is the reason why scientific research
often has practical payoff, and the chances of serendipity are greatest when bright and dedicated scientists
are free to attack what they see as the mogt chdlenging scientific problems in the way they think most
promising.

For this reason, decisions regarding what questions to explore, and the eva uation of the performance
of individud scientistsand broad research programs, should mostly bein the hands of the scientistsworking
in a fied. Indeed for the government or the market to intrude too much into how scientific research
resources are alocated would be to kill the goose thet lays the golden egg. In the terms used by Michael
Polany (1967), society should appreciate and protect AThe Republic of Science@

An associated belief or ided isthat the results of scientific research are and should be published and
otherwise laid open for dl to use and evauate. As Robert Merton (1973) argued, the spirit of scienceis
Acommunitarian@regarding accessto the knowledge and technique it crestes. All scientistsarefreeto test

the results of their fellows and to find them vaid or not supported, and to build on theseresultsin their own
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work. Because the results of scientific research are laid in the public domain for testing and further
development, the bulk of scientific knowledge accepted by the community isreliable (as John Ziman (1978)
has emphasized) and scientific knowledge is cumulative. These are basic reasons why the scientific
enterprise has been so effective as an engine of discovery. And economists often have argued that keeping
science open is the most effective policy for enabling the public to draw practica benefits fromit.

My argument in this essay is that the part of the theory about good science that stresses the value of
open scienceisbascaly correct, but isin danger of being forgotten, or denied. A good share of thereason
isthat, asorigindly put forth, this part seemed anatural consequence of the other aspects of thetheory: that
the practica payoffs from scientific research were not predictable, but largely came about through
serendipity, and that the dlocation of scientific resources should not be guided by anticipation of particular
practical payoffs, but rather by the informed judgments of scientists regarding the most important problems
to work on. Keeping scientific findings in the public domain, with reward to the scientist being tied to the
acdam of hisor her felows, dong with public funding of research based on peer review of the scientific
promise of the proposa and the scientist, then would seem an important part of an incentive and control
system for fostering productive science (for adiscussion aong theselines, see Dasguptaand David, 1994).

However the notion that academic scientists have no idea and do not care about the practica
problems that their research might illuminate never has been fully true. In this era of biotechnology it is
obvious, if it was not before, that both the funders and the undertakers of research often have well in mind
the possble socid and economic payoffs from what they are doing. But if in fact, much of scientific
research is conscioudy aimed, at least broadly, a problems the solution to which can have mgor, and

broadly predictable, practica vaue, what is the case agangt harnessing market incentives to the
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undertaking of research and to the use of research results? In particular, why should the privatization of
these kinds of research results be viewed as a problem?

The case for open scientific knowledge clearly needs to be reconstructed recognizing explicitly thet
much of scientific research in fact is oriented towards providing knowledge useful for the solution of
practica problems, that the gpplications of new scientific findings often are broadly predictable, and that this
iswhy control over scientific findingsin some casesisfinancidly vauable property. | think thereisacasefor
keeping basic scientific knowledge open, even under these conditions. To privatize basic knowledge isa
danger both for the advance of science, and for the advance of technology. | will develop my argument as
follows.

Section |1 is concerned with how technologica advance drawsfrom science. | dready havetipped my
hand. Without denying therole of serendipity, | will arguefor themost part scienceisvauableasaninput to
technological change these days because much of scientific researchisin fieldsthat are oriented to providing
knowledgethat isof usein particular aress. These are the scientific fildsthat Donad Stokes (1996) saw as
in APasteur=s quadrant @ where the research aims for deep understanding, but the field itself is oriented
towards achieving practica objectives, like improving hedth, or achieving better understanding of the
propertiesof materias, or achieving apowerful theory of computing. | acknowledgethet thisisasomewhat
more expansive view of what science is than that contained in earlier characterizations of a ARepublic of
Science@But infact alargefraction of what iswell recognized as science alway's has bean undertakenwith
practica objectivesin mind or not far out of mind. Stokes' example of Pasteur isapt. And thisfact isvitd to

keep in mind when trying to understand how science operates, and the controversy this paper is about.
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In Section 11 | discusstheriseand eroson of theideathat public support of open scienceiswarranted
because the expected returns are high but the areas of return are so uncertain that market mechanismswill
not suffice. | begin by briefly reviewing theideologica and political debatesthat occurred after World War
Il that led to broad consensus regarding the vaue of public support of open autonomous science. As |
noted, that rhetoric stressed that the payoffs from science were dmost completely unpredictable, and thus
the dlocation of funds to science should not be influenced by perceptions of socid needs. The publicly
supported science system that actudly developed was in fact much more oriented to facilitating making
progress on important practical problems than that rhetoric dlowed, and thisis now obvious.

| do not want to argue that most academic researchers working in, for example, the bio-medica
sciences define their god's as dedling with particular diseases. Much of the most important work in such
fiddsis quite fundamenta in nature, in the sensethat it explores basic processes and phenomena, without a
clearly defined specific practica objectivein mind. However, the fundamenta questionsand appeding lines
of research in sciences in Pagteur =s Quadrant are strongly influenced by perceptions of what kind of
knowledgeisreevant to problem solving in afield. Thus one of the reasonswhy cell biology now issucha
fashionablefiedisbelief that bas c understanding won here might just unlock the cancer puzzle, or enableus
to understand better how receptors work

This perception of how the modern science system actudly works has eroded the notion thet it is
important to keep science open. My argument isthat thisis a serious mistake.

While perceptions of possible gpplications of research are not as vague as proposed in the earlier
rhetoric about serendipity, the actua pathsto gpplication of gpparently promising scientific discoveriesarein

fact very uncertain. Understandings that come from science seldom lead immediately or directly to the
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solution of practica problems. Rather, they provide the knowledge and the tool sto wrestle with them more
effectively. | propose that for just this reason, that the findings of basic science set the stagefor follow-on
applicationswork, for society to get maxima benefit fromitssupport of basic sciencerequiresthat therebe
open access to scientific research results. Open access permits many potentia inventorsto work with new
knowledge. Privatization closes off accessto only those whom the owner dlowsto make use of it. Thisis
why some of the recent developments are so worrisome

In Section 1V | discussthe current Situation and the dangersin more detail. Then | turn to anumber

of measuresthat | believe have some promise as attacks on the problem.

II. The Coevolution of Practice and Under standing
Virtualy everybody these days appreciates that the power of modern technologica innovation
depends to a congderable extent on its ability to draw from modern science. But there is little generd
understanding, and some quite wrong beliefs, about the nature of the science-technology links.
Understanding these correctly is a precondition, | believe, for having an effective discussion about what
public policy towards science ought to be. This certainly is S0 regarding the current controversies about
patenting in science. Thusthis section discusseswhat scholars studying technological advance know about
these issues.
Technologies need to be understood as involving both abody of practice, manifest in the artifacts and
techniques that are produced and used, and a body of understanding, which supports, surrounds, and
rationdizes the former. For technologes that are well established, an important part of the body of

understanding supporting practice generdly isgrounded in the empirica experienceof practitionersregarding

Page 6 of 36



what works and what doesn=t, things that sometimes go wrong, reliable problem solving methods, etc.
However in recent times, virtudly dl powerful technologies have strong connections with particular fields of
science. These connections, of course, are centrd in the discussion of this essay.

Thereisawidespread belief that modern fids of technology are, in effect, gpplied science, in the sense
that practiceisdirectly drawn from scientific understanding, and that advancing technology essentialy isatask
of applying scientific knowledge to achieve better products and processes. This task requires scientific
expertise, but in most cases is relatively routine once the target is specified. Indeed in his Capitaism,

Socidism, and Democracy, (1942) Schumpeter argued that by the mid twentieth century that waslargely the

case, and the kind of competition among firms that had over the prior century made capitdism such a
powerful engine of progress no longer was necessary. With strong science, technologica advance could be
planned. Schumpeter=sviewswerein accord with those of many prominent scientists of his day, and today.
Y et careful studies of how technologica advance actualy proceedsin this modern era clearly show that the
process remains unplanable in any detail, and competitive exploration of multiple paths remains an essentiad
part of it. (See eg. Rosenberg, 1996, Nelson and Winter, 1982).

Virtudly dl empiricaly oriented scholarly accounts of how technology progresses have highlighted that
the process is evolutionary in the following senses. (See e.g. Basdla, 1988, Congtant, 1980, Dos, 1988,
Mokyr, 1990, Nelson and Winter, 1982, Petroski, 1992, Vincenti, 1990, Ziman, 2000). Fird, at any time
there generdly areawide variety of efforts going on to improve prevailing technology, or to supersedeit with
something radicaly better. These efforts generdly are in competition with each other, and with prevailing
practice. And the winners and losersin this competition to a considerable extent are determined through an
ex-post selection processes. Second, today=s efforts to advance atechnology to aconsiderable extent are

informed by and take off from the successes and failures of earlier efforts. While there are occasiond major
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legps that radicaly transform best practice, for the most part technological advance is cumulative. And
scholars of technologica advance dso have generdly stressed that the advanced technologies of agiven era
amost dways are the result of the work of many inventors and developers. Technologica advance is a
collective, culturd, evolutionary process.

The proposition that technological advance is an evolutionary processin the above sense in no way
denies, or plays down, the often extremely powerful body of understanding and technique used to guide the
efforts of those who seek to advanceit, at leastin moderntimes. A strong body of scientific understanding of
a technology serves to enlarge and extend the area within which an inventor or problem solver can see
relatively clearly and thus makeinformed judgments regarding whet particular pathsare promising assolutions,
and which ones are likely to be dead ends. Also, the sciences and engineering disciplines provide powerful
ways of experimenting and testing new departures, so that aperson or organization who commandsthesecan
explore the merit of designswithout going to full scale operationd versions. Thus strong science enablesthe
process of desgning and inventing to be more productive and powerful than it would be were the science
base weaker,

However, it does not change the fact that the process of advancing the technology remains
evolutionary. Strong science provides toolsfor problem solving, but usualy initsaf does not solve practica
problems. If anything, strong science increases the advartages to society of having many competent actors
griving to improve the art.

The connections between the Abody of practice@aspect of a technology and the Abody of
understanding@part need to be understood in thiscontext. Virtualy al moderntechnol ogiesare supported by
a strong body of science or science-like understanding that illuminates how the artifacts and techniques

employed work, provides ingght into the factors that constrain performance and provides clues as to
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promising pathways toward improvement. But at the sametime, much of practicein most fieldsremainsonly
partidly understood, and much of engineering design practiceinvolves solutionsto problemsthat professiond
engineers have learned Awork,@without any particularly sophigticated understanding of why. Medica
scientigts il lack good understanding of just why and how certain effective pharmaceutica s do their work,
and theories about that can change from time to time.

Technologicd practice and understanding tend to coevol ve, with sometimes advance of understanding
leading to effective effortsto improve practice, and sometimes advancein practice leading to effective efforts
to advance understanding. Thus the germ theory of disease devel oped by Pasteur and Koch, by pointing
clearly toacertain kind of cause, led to successful effortsto get certain diseases (now known to be caused by
externd living agents) under control. Maxwel=s theory of eectromagnetism led to Hertz, Marconi, and
radio. But in many casesadvancesin practice comefirst, and lead to effortsto understand scientificaly. Thus
the discovery by Shockley and histeam a Bell Laboratoriesthat a semiconducting devicethey had built asan
amplifier worked, but not in the way they had predicted, led him to understand that there was something
wrong, or incomplete, about the theory in physicsregarding the electrical characteristics of semiconductors,
which in turn led to his own theoretica work, and a Nobel Prize. Rosenberg (1996) has argued that a
number of the most challenging puzzles science has had to face have been madevisible by or been crested by
new technologies, and the puzzles of why they work asthey do.

Much of the development of modern science should be understood as the result of ingtitutionalized
responses to these chalenges and opportunities.  Quite often specidized fields of applied science or
engineering devel oped out of the experience of more generdly trained scientistsworking on the problemsof a
particular technolgy or industry. Thus the field of metalurgy came into existence as chemists worked on

problems of quality control in the rapidly growing sted industry (Rosenberg, 1998). As the industries
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producing chemical products expanded, chemica engineering developed as afidd of research, aswedl as
teaching. The physics of mechanicd forces long had been useful for civil engineers designing buildings and
bridges. But with the new physcsof eectricity and magnetism, awhole new set of science-based industries
waslaunched. Ascomplex dectricd Asysems@cameinto place, thenew field of eectrica engineering grew
up. Later on, the invention of the modern computer would spawn the field of computer science. Stronger
knowledge in chemistry and biology led to the development of a collection of specidized fiddsinvolved in
agriculturd research. Fddslike pathology, immunology, and cardiology, grew up for teaching and reseerch &
medica schools.

All of thesefidlds of sciencearein APasteur=s quadrant. @Research done here often probesfor quite
deep understanding. But thefield asawhole, and broad programs of researchinthefield, are dedicated quite
explicitly to solving particular kinds of practical problems, and advancing bodies of practica technology. |
have developed this ory a consderable length because in much of the writings on science, and the
ingtitutions governing science, these applied sciences tend to be ignored. However, in the United States,
Western Europe, and Japan, they account for the lion=s share of the resources going into the support of
science.

Popper (1989), Campbel (1974), Ziman (1978), Kitcher(1993), and other scholars of the
advancement of science have stressed that science is a system of knowledge. The test that guides whether
new reported findings or theories are accepted into the corpus of accepted knowledge is Alsit vdid? Isit
true?@ Popper and his followers have argued that there can be no firm positive answer to that question.
Ability to stand up under attempts at refutation, or (probably more commonly) for apparent implicationsto

hold up when they are explored, may be the best humans can do. But in any case, from this philosophica

Page 10 of 36



perspective, the quest in scienceis for understanding in its own right. And there certainly isalot of truth to
this position as a characterization of the nature of scientific debates.

On the other hand, as Vincenti and others who have reflected on the smilarities and differences
between technologicd and scientific knowledge have argued, the central test for technological knowledgeis
Aisit ussful?@Technologicad knowledgeispart of aculturd system that isconcerned with achieving practica
ends, rather than knowledgefor itsown sake. The objectiveisto get something that works, or works better,
and Aunderganding@is important only in so far asit helpsin thet effort.

However, the selection criteria for new science and for new technology cannot be kept sharply
separate for sciences in Pasteur=s Quadrant. In thesefields, an important and often stringent testing ground
for science is provided by those who think they see how it might be applied in practice. And failure to
understand why something works is a strong motivation for scientific research.

By far the lion=sshare of modern scientific research, including research doneat universities, isinfields
where practica gpplication iscentrd in the definition of afidd. And, not surprisngly, these arethefiddson
which effortsto advance technology mostly draw. Two recent surveys (Klevorick, Levin, Nelson, and Winter
,1995, Cohen, Nelson and Walsh ,2002) have asked industrid R and D executivesto identify the fields of
academic research that contributed most to their successesin R and D. Thefieldsthey listed were exactly
those discussed above.

The mogt recent of these studies (Cohen, Nelson, and Walsh) aso asked about the kind of research
output that was most vauable to industry, and the most important pathways through which industry gained
access. Contrary to much of the current discussion, prototype technologies were not rated an important
output of academic research for most industries (biotechnology is an exception), but rather genera research

results and research techniques (and even in biotechnology these kinds of research outputs were rated as
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useful much more often than prototypes). Relatedly, in most industries the respondents reported that the most
frequent use of university research results was in problem solving in projects, rather than in triggering the
initiation of projects.

In most industries the respondents said that the most important pathway through which people in
industry learned of and gained access to what was coming out of public research was through publications,
and open conferences. Put ancther way, today industry getsmost of its benefit from academic sciencethrough
open channels. In their more narrowly focussed but more detailed study of the pathways through which
research resultsof the MI T departments of mechanica and dectrica engineering get toindustry, Agrawa and
Henderson (2002) arrive a asmilar conclusion.

| want to conclude this section by again stressing that in dl the fields of technology that have been
dudied in any detall, including those where the background science is very strong, technologica advance
remains an evolutionary process. Strong science makesthat process more powerful, but does not reduce the
great advantages of having multiple paths explored by anumber of different actors. From this perspective, the
fact that most of scientific knowledge is open, and available through open channels, is extremely important.
Thisenablesthereto beat any timeasgnificant number of individua sand firmswho possessand can use the
scientific knowledge they need in order to compete intdligently in this evolutionary process. The
Acommitarianism@of scientific knowledge is an important factor contributing to its productivity in

downstream efforts to advance technol ogy.

[11. The Governance of Public Science
World War |1 and the period just after marked something of awatershed in broad public and political

recognition of the important role that public science playsin technologica progress, particularly in the United
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States and the United Kingdom. To be sure, much earlier visionaries like Francis Bacon had argued for
support of science as a means through which societies could progress materidly. Scholars like Don Price
(1962), David Hart (1998), and David Gustin (2000) have described the earlier history of debate about
science policy in the U.S. But it was the World War 1l experience, where government supported and
focussed R and D was s0 successful both in the development of wegpons that won the war, and in the
development of medica capabilities that greatly reduced casudties both from wounds and from infectious
diseases compared with earlier wartime experiences, that gripped the public attention. The title of the
Vannevar Bush report (1945) advocating amgor postwar program in the United States of support of science
caught the spirit: AScience, the Endless Frontier@

In both the U.S. and the U K. the discussion about the appropriate postwar role of public science was
structured and congtrained, for the most part, by recognition of the central role of companieswith their own
R and D cgpabilities in the process of technologicd advance; the point of view there was implicitly
Schumpeterian. While there were exceptions, the discussion was not about contesting that role. Rather, the
focuswas on the system of public science, dorein universitiesand publiclaboratories, that was separatefrom
the corporate system but strongly complementary, and which needed public support. The argument of those
who advocated stronger government support was that thiswould make the overal syslemaof innovetion more
powerful.

In both the U.K. and the U.S. the debate about the governance of public science squared off dong
much the samelines. Inthe U.K., J.D. Bernd, adistinguished physicigt, and asocidist, argued (1939) for a
government program in which the dlocation of public funds to science would be strongly guided by the
weighing of socid needs, and the support program asawholewould be closely monitored by the government.

To this point of view Michad Polanyi, a disinguished philosopher of science, took strong exception,
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advocating alargdy sdf governing ARepublic of Science@(1967), which would be publicly funded, but in
which the scientific community itself would set priorities and decide on what was good science.

In the U. S, Bush=s manifesto AScience the Endless Frontier@argued strongly for a sdf governing
scientific community, but with nationd priorities playing arolein setting broad reseerch directions, at least in
certain areas. In particular, national security and health were singled out as areas where the overall research
budget and broad research priorities needed to be made through politica and governmenta processes. But
given thefunding within those broad aress, the scientiststhemsel veswereto havebasc discretionfor devisng
the research programs they thought most appropriate. Government non-scientists were not to meddle in this.
Regarding the role of public science in supporting economic progress more broadly, Bush saw the
government=srole as supporting basi ¢ research, with the science system sdlf governing, both with respect to
identification of the broad fields of grestest promise, and the detalls of alocating funds and carrying out
research.

Thereis no question but that, like Polanyi=sresponseto Berna, Bush=sarticulaion of abascdly sdf
governing community of science was put forth in good part to counter, to block, proposds for a postwar
publicly supported science system that would involve much more political and government control of the
alocation of resources. Senator Harley Kilgoretook much the same position asdid J. D. Bernd inthe United
Kingdom. Bush bdlieved thiswould destroy the crestivity and power of science, and it would befar better to
have the top scientists running the show.,

There a0 is no question but that Polanyi and Bush felt it of extreme importance that government
support fieldslike theoretical physics and mathematics, where perceptions of potentia practical payoff have
littleto do with the way thefidlds unfold, yet which provided important knowledge and technique that hel ped

to win thewar. Hence the emphasis on serendipity, and the unpredictability of areas of potentia payoff. Itis
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amogt certain that both men knew well that much of scientific research wasnot of thiskind, but rather wasin
fieldswhere perceptions of practica problems played asignificant rolein defining the broad agenda, if not the
short run priorities of resource alocation. However, the rhetoric of Polanyi and Bush obscured the fact that
most of scienceisin Pagteur’ s quadrant.

Itisnot surprising, therefore, that in both the United States and Grest Britain it turned out that mission
oriented agencies becamethe primary government supporters of basic research Thusin the United Statesthe
Department of Defense funded basic work in computer and materids science, and eectrica engineering. The
Atomic Energy Commission (later the Department of Energy) has had principa responsibility for funding high
energy physics. TheNationd Ingtitutes of Hedlth becamethe primary funder of university researchinthebio-
medical sciences. The Nationa Science Foundetion, the only significant research funding agency inthe U.S.
without a misson other than support of science, dways has been asmall supporter relative to the mission
oriented agencies. The lions share of the research done in the United States, funded by government, and
undertaken in universities and public laboratories, isin fidds in Pasteur=s Quadrant.

Thisfact both removes the puzzle of why science has contributed so much to technologica advance,
and enables one to understand better why Vannevar Bush (and most of his science trained followers writing
about science palicy) had such strong faith in the ability of the scientific community to steer ther effortsin
socidly productivedirections. But thisrecognition aso signasthat thelines between basi ¢ science and gpplied
science are fuzzy not sharp. And it raises the question of where the publicly supported Republic of Science
ought to leave off, and the market begin. It isfair to say that for the most part the post war debates were
somewhat ad hoc about this. Thus Bush recognizesacentrd rolefor market organized and induced R and D,

and saw public science as providing inputsto that market system, but being separate. But he provided littlein

Page 15 of 36



theway of coherent argument about where the one stopped and the other began. Indeed, despiteits obvious
importance, outside of economics, this question has aroused little andyticd interest.

Economigts have grappled with the question of the appropriate spheres of government activity in the
stience and technology system using two theoretica concepts: externdities, and public goods. The
externdities concept is about benefits (and costs) of private economic activity that those who make the
relevant decisons do not see as benefits (or costs) to them. Here economists have highlighted the
Aspillovers@fromindustrial R and D, information and capabilities created by afirm=s effortsto create better
products and processesthat it cannot fully capture, and hence which benefit other firms, including competitors.
In generd the anadyses by economidts oriented towardsthe externditiesfrom R and D have not served asa
base for arguments for adomain of public science, but rather for arguments that industrial R and D in some
instances should be encouraged by favorabletax trestment, and perhaps subsidies of variouskinds to reduce
private costs. Indeed, the policy discussion proceeding under the conception that research yields externdities
naturaly tendsto bepulled towards devising policiesthat will makethe results of R and D more proprietary,
less public. An important part of the current policy discussion in fact is oriented in just thisway.

The public good concept of economists is much more directly relevant to analyss of the appropriate
domain of public science, or at |east the range where Acommunalism of knowledge@should apply. For our
purposes here, themost salient aspect of the economists= public good concept isthat apublic goodis Anor-
rivalrous in use@ By that it is meant that, unlike a sandard economic good, like a peanut butter sandwich,
which either you or | can egt but not both (although we can split it), apublic good can be used by dl of usat
the same time without eroding the qudity for any of us.

Knowledgeisacanonica case of something that is nonrivarousin use inthissense, and thisisnot a

proposition conjured up by economigts. Thenotionthat | cantell youwhat | know, and then you will know it,
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and | will too, dmost surely has been widely understood by sophisticated personsfor along time. Thereisno

Atragedy of the commons@for apure public good like knowledge. And to deny access, or to ration it, can
result in those denied doing far lesswell than they could if they had access. In the casein point, if accessto
certain bodies of scientific knowledge or technique can be withheld from certain researchers, they may be
effectively barred from doing productive R and D in afidd.

Now the fact that something is non rivarous in use does not mean that its use cannot be restricted.
However, until relatively recently it was broadly assumed that it was difficult to restrict access to scientific
knowledge. Certainly scientific knowledge could not be patented. This effectively took science outsde the
domain where market incentives could work. Indeed the presumption that the returns to scientific research
could not be appropriated was a centrd part of the argument why public funding was necessary.

However, over the last quarter century there have been two key devel opmentsthat have challengadthis
view of basic science. First, the Courts have ruled that at least some of the results of basic research can be
patented. And about the same time that the implications of these rulings were becoming evident, Congress
passed the Bayh-Dole act of 1980, which strongly encouraged universities to take out patents on their
research results where they could, on the basis of a (not well supported) argument that this would facilitate
firmswho could make practical use of the resultsto do so under aprotectivelicense. (For adetailed account,
see Eisenberg, 1996) Thefirg of these devel opments significantly increased theincentivesfor for- profit firms
to engage in the areas of basic research where the results can be patented, and to try to make their living
licensing patented research results to other firms that can make use of them. The second has brought about
profound changesin the way universities give accessto thelr research results. Asaresult, important areas of

science are now much more under the sway of market mechanisms than used to be the case. And in
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particular, in someimportant fields of scienceimportant bodiesof scientific understanding and technique now
are private property rather than part of the commons.

A widespread reaction is ASo what is the problem with that?@ There is a strong presumption these
daysthat if market organization can and will do ajob, that obvioudy isagood thing. From this point of view,
themain argument that needsto be made for government support of basic research isthat thelong run benefits
to the society are high, and that for- profit firmshavelittle incentive to do much of it because of the difficulties
in establishing property rights, and thelong timelags and uncertaintiesinvolved in moving from research results
to commercial product. If these barriersto market organization are lowered for some reason, let the market
movein.

| note that knowledge of an effective product design or a production process, what customarily is
considered astechnologica knowledge, shareswith scientific knowledge the property of being nonrivarousin
use Yet society relies largely on the market to induce R and D amed at creating new products and
production processes, and there is little dispute that granting patents on product and process inventionsis
reasonable socia and economic policy. So why not alow patents on the stuff of basic science, if that will
induce the market to move in?

My responseisthat the outputs of scientific research amost never themselvesarefina products, or even
close, but havether principa usein further research, someof it aimed to advance the sciencefarther, someto
follow leads that may enable a useful product or process to be found and developed. But in bath cases, the
latter aswell astheformer, thereis cong derable uncertainly about the best pathsto pursue. Progresscalsfor
anumber being explored. My concernisnot with patents on the outputs of scientific research that aredirectly
useful or dose to that, so long as the scope of the patent is limited to that particular use. It is about not

hindering the ability of the scientific community, both that part interested in advancing the science farther, and
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that part interested in trying to use knowledge in the search for useful product, to work fredy with and from
new scientific findings.

| do not know of afield of science where knowledge has increased cumulatively and, through
cumulative advance, dramdticdly, that has not been basicaly open. It is easy to argue that scientists never
have fully followed the canons of science identified and laid out by Robert Merton: universdism,
communitarianism, disinterestedness, and organized skepticism. Scientistsarewell known to keep their work
secret until they are reedy to publish. There certainly is alot of sdf interest, opportunism, hostility, and
downright deviousness and lying that one observes in the histories of the progressive sciences. A scientific
paradigm held by the ditein afidd can hold intellectud tyranny.. It isvauableto bring new organizetionsinto
the basic research scene, and in some case for-profit business firms have explored paths that the academic
community snubbed.

But on the other hand, a careful reading of important scientific controverses, for example the argument
about the nature of combustion at the start of the 19th century, or of the nature of the genetic code, or of
whether the expansion of the universeisdecd erating or acce erating, showstheimportance and the power of
a public science system where by and large dl participants have access to much the same facts, and the
debates about whether new proposed facts or theories are valid are open to al working in afield.. One

cannot come away from reading Horace Judson=s The Eight Day of Credtion (1996), a history of the

development of molecular biology as a field of science, without respecting the power of open science to
progress.
Thisis equdly true for sciences that are strongly in APasteur =s Quadrant@ Roy Porter= history of

medica knowledge and practice, The Greatest Benefit to Mankind (1997) gives case after case where
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progress was made through asystem where researchers were free to try to replicate or refute the arguments
and findings of others.

While my argument above has focussed on the advantages of an open science for the advancement of
science, much of my discusson in Section 11 was concerned with developing a case why open science is
important to technologica progress. These argumentsof courseare mutualy reinforcing. Keeping the body of
scientific knowledge largely open for dl to use, in the attempts to advance science, and in the attempts to
advancetechnology, isin my view an extremely important matter. Itsimportanceis not recognized adequately
in the current discussions,

| want to conclude this section by putting forth three views on what should be done about the
encroachment of proprietary property claimsinto what had been the domain of public science. Thefirstisto
cede the contested turf. If research findings can be patented, accept and embrace that. If universities can
patent their results, and limit access to the highest bidder, fine. And welcome the presence of private firms
motivated to do research by thelure of patents, and control of subsequent work inafield, or royaty incomes.
Indeed, these developments diminish or even diminate the need for publicly funding of certain fields of
science.

The second is to coexist and compete on the contested terrain. This is pretty much the policy that
devel oped regarding research on the human genome. The argument hereisthat publicly supported research,
and keeping open the results of that research, provide useful competition to private research, even if some
private firms do not like the competition (Eisenberg and Nelson, 2002).

A third postionisto resst and try to roll back theinvasion of privatization. This point of view seesthat
invasion not only as probably undesirable, but aso assomething that is occurring under agiven set of policies,

which can be changed. Thusif the movement of patentability upstream into the sciences, together with the
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expectationsunder the Bayh-Doleact, areleading to for profit companiesengaging in research to identify the
genetic code, and to the patenting of that code by them and by universities operating under public funding,
maybe patent law and practice, and Bayh-Dole, need to be revised.

Above | have given my reasons for rgecting the first position. My position on thisisacombination of
the second and third. | believeit important to preserve as much of the commonsaspossible. However, doing

so will not be easy.

V. The Importance of Protecting the Scientific Commons

The mgor expansion of patents into what used to be the redlm of scienceiswell documented | am
persuaded that there is enough of a potentia problem here to call the darm. However, | confess that the
evidence that there aready is a problem, that access to scientific research results having high promise of
enabling solution of important practica problemsis being sharply limited by patent holders, presently isvery
limited. The most detailed study is by Walsh, Aroraand Cohen (2002) .
Thissudy involved interviewswith anumber of researchersinthebiomedica field, asking about whether their
research had been hindered by patent rights that blocked access to certain paths they wanted to explore.

Scholars studying this potentia problem haveidentified at least two different kinds of Stuationswhere
the presence of patents can hinder research. (For agenera discussion, see Mergesand Nelson, 1990). One
of theseisthe problem caused by patents on Aresearch tools@(see NAS, 1997) where research techniques
of widespread useinafied, materidsthat areinputsto awide range of research endeavors, or key pathways
for research (like the use of a particular receptor), are patented, and the patent holder aggressvely

prosecutes unlicensed use or reserves exclusive rights to further research using the tool. The second,
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highlighted recently by Heller and Eisenberg (1998) isfocussed on contexts where devel opment of or advance
towards a useful product or technique may involve transgressng on severd patentsheld by different parties.

Thelatter problem, that of the need to assemble alarge number of permissionsor licensesbefore being
ableto go forward, was found by the Walsh, Arora, Cohen interviews and case studies not to be particularly
important, as of yet. Regarding research tools, a number of the more important general purpose ones are
availableto dl who will pay the price, and whilein some casesthere were complaints about the price, at least
they were available,

Ontheother hand, the study did identify anumber of instanceswhere the holder of apatent on aninput
or apathway (for example areceptor) that was important in a particular field of exploration did not widdy
license, and in some cases sought to preserve a monopoly on use rights. It is clear that in a number of the
cases, the patented finding had been achieved through research at least partialy funded by the government.
Thispolicy well may have been reasonable from the point of view of the patent holders. But the burden of this
paper isthat it is not good from the point of view of society, seeking to maximize the benefits of publicly
funded research.

The authors of the study take a cautious position regarding the implicationsof ther findings | find them
aufficient evidence to indicate that there isared problem here, or there will be soon, and it istime to think
about what can be done to contain it.

Therearetwo broad policy arenasthat bear on thisissue, to whichl want to call attention here. Oneis
intellectud property rightslaw. The second isthe policies of universitiesand public laboratoriesregarding their
research findings, and government policy regarding the university research it funds. My discusson below is
oriented to what is needed, in my view at leadt, to preserve an appropriately wide area of public scientific

knowledge.
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Can we protect the Republic of Sciencethrough Patent Law?

| find that many people are puzzled when they learn that patents are being taken out on genesor gene
codes, or more generdly are intruding into the reelm of science. Thereis awidespread belief that scientific
facts or principles or natura phenomenaare not patentable. Indeed, the courts have endorsed this position
strongly, as agenerd philosophical principle.

But the problem is that the lines between natural substances and principles and man made ones are
blurry not sharp. Nearly a century ago a landmark patent law case was concerned with whether purified
human adrendin was a natura substance and hence not patentable (athough the process for purification
certainly was patentable) or whether the fact that adrenain never was purein its natura state meant that the
purified substance was man made and hence patentable. The decison was the latter, and while it can be
argued that the decison was unfortunate, one certainly can see the logic supporting it. In any case, the
precedent set here has held through the years. (Parke-Davis& Co. v. H. K.Mulford & Co., 1911). Recent
patents on purified proteins and isolated genes and receptors are couched in terms that highlight something
that man has created or modified from its natural tate.

A recent article by Bar-Shalom and Robert Cook-Deegan (forthcoming) is concerned with the
consequences of apatent granted on amonoclond antibody (antibodiesare natural substances, but particular
antibodies cloned by a particular process have been judged not to be natural) which binds to a particular
antigen (anatura substance) on the outer surface of slem cells, and henceis capable of recognizing such cdlls
and serving asabasisfor processesthat would isolate tem cells The patent dso claimed Acther antibodies@
that can recognize and pick out that antigen. The latter part of the claim in effect establishes ownership of the

antigen. The authors argue, correctly in my view, that the incluson in the patent daims of dl Aother

Page 23 of 36



antibodies@meant that the patent was unreasonably broad and should have been pruned back by the patent
office and the courts. However, one can cearly seethe blurry lines here between the naturd and the artificid.
And the patentee could well argue that the Ainvention@was amethod of recognizing a particular antigen
(suchamethod would seem to fal within the bounds of patentability) and the particular antibody actudly used
wasjust an exemplar. Inthe casein question this patent was licensed exclusively to aparticular company and,
inturn, later used effectively to close down another company that had achieved aprocess capable of isolating
gem cdls earlier than the licensee using amethod judged to infringe.

Theissue of undue patent scope aside for the moment, the problem of determining the patentability of a
research output whose future use is largely in further reseerch seems amogt inevitable for research in
Pasteur=s Quadrant, for obvious reasons. The original work in question was done by an oncologist at Johns
Hopkinsuniversity. Theresearch clearly wasfundamentd, and a the sametime wasaming for understandings
and techniques that would be useful in dedling with cancer.

The problem becomes even more complicated in scientific fields that are concerned with advancing
understandings of technologies, fields like computer science and agronautica engineering. Thus Walter
Vincenti (1990) describes a some length the research done at Stanford during the 1920s that aimed to
develop good engineering principles (rdiable if rough Alaws@ that would guide the design of aircraft
propellers. Theresults of thisresearch werelaid open to the generd aviation design community and were not
patented. But had the researchers had the mativation, they probably could have posed their resultsintermsof
processes useful in propeller design, which might have been patentable then, and likely would be today. A
sgnificant portion of the work within the modern field of computer science is concerned with developing
concepts and principles that can help improve design. Up until recently at leadt little of thiswork seemsto

have been patented, but portion of it clearly could be.
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In each of these cases, the research outputs were (are) at once important inputs to a flow of future
research, and useful inputs for those who are focussed on solving practica problems. In much of this paper |
have been arguing that, because of the latter, there are mgor general economic advantages if those
undergtandings and techniques are part of the generd tool kit avallable to dl those working to advance
practice in the area. The obvious objection is that the ability of the discoverer or developer of these
understandings and techniquesto control their useisanimportant incentive for the research that createsthem.
| would reply thet, at least in the case of research at universities, funded by agovernment grant, thisusudly is
not the case. | will discuss university policy shortly.

But to return to the present discussion, | am not optimistic about how much of the problem can bededit
with by patent law. The focus here is on patent law on research outputs that provide tools for advancing a
science or technology, as contrasted with afina product or process per se. Here one can urge severd things
of the patent office and the courts. But the problem of innatdly blurry lineswill remain.

Firgt, one can urge more care not to grant patents on discoveriesthat largely are of natura phenomena,
by requiring a strong case that the subject matter of the patent application or patent is @rtificd@and by
limiting the scope of the patent to eements that are artificia (more on the patent scope problem shortly).
Demaine and Fellmouth make a smilar argument (2003) that patents should be alowed only on outputs of
research that area” subgtantid transformation” fromthenaturd. Thelineshereablurry. But thedopeclearly
isdippery and astrong argument can be made that the dividing line has been let dip too far, and leaning hard
in the other direction is warranted. In the case of purified natural substances, thiswould cal for a greater
proclivity to limit the patent to the process and not alow the purified product per se to be patented.

Second, one can urge ardatively strict interpretation of the meaning of Autility@or usefulness. This

issue is particularly important for patent applications and patents that argue very broadly that the research
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result in question can be useful in efforts to achieve something obvioudy useful- a case for usefulness once
removed. But the problem hereisthat the direct usefulnessthen isas an input or afocus of research, and this
isthe kind of generic knowledge and capahility | have been arguing is important to keep open and in the
public domain. A dricter interpretation here would require more compelling demongtration of significant
progress towards a particular practical solution than seems presently required, and particularly if combined
with the suggestion below about reining in patent scope, would be a mgor contribution to protecting the
commons.

Third, thereistheissue of the alowed patent scope. Thereisastrong tendency of patent gpplicantsto
clam practicefar wider than they actudly have achieved. The case above of aclaim covering Adl antibodies@
that identify aparticular substanceis acasein point. While there are obvious advantages to the patentee of
being able to control awide range of possible substitutes to what has actudly been achieved, there are great
advantagesto society asawhole of not alowing such broad blocking of potentid competitiveefforts. | believe
that getting the patent office and the courts to understand the red economic cogts of granting too broad
patentsis of the highest priority.

| have argued the specia importance of not alowing patentsto interfere with broad participation in
research going on in a field. One way to further this objective would be to build some kind of an explicit
research exemption, analogous to the fair use exemptionsin copyright law, into patent law. Indeed thereisa
long history of statements by judges to the effect that use in pure research is not a violation of a patent.
Universties clearly have been dinging to this theory to justify their freedom of research.

A recent decision of the Federa Circuit ( Madey v. Duke, Oct. 2002) has changed the Situation. Ina
ruling on an infringement it against Duke University, the court argued that doing research, basic or gpplied,

was part of the central business of auniversity, and that the university benefitted in terms of funding aswell as
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prestige from the research it did. Thus university interests, not Smply scientific curiosty, were & stekein the
research. Therefore, it was quite reasonable under the law for a patent holder to require that the universty
take out a license before using patented materia in research. After thisruling, it is highly likdy that patent
holders will act more aggressively when they believe that university researchers may be infringing on their
patents. Whilethereisachancethat the Supreme Court will reverse, that isnot agood bet. It now looks asif
an exemption for use in basic research will come into place only if there is new law.

However, under current university policies, acasefor such new law isnot easy to make. Among other
things, there clearly is a problem of how to ddlineate basic research. As| have been highlighting, much of
universty research isin Pasteur =s Quadrant, wherein many casesthere are practica objectivesaswell asthe
god of advancing basic understanding. And in recent years universities have been patenting their research
results.

Discussons with industry executives suggest that, until recently, industry often gave universty
researchers a de facto research exemption. However, now they often are very reluctant to do so. In many
casesthey see university researchers as direct competitors to their own research efforts aimed to achieve a
practica result which is patentable. And they fed themselves burdened by the requirement to takeout licenses
to use university research results that are patented, and see no reason why they shouldn=t make the same
demands on univergties. In my view, the obstacles to a serious research exemption are largely the result of
univergty policies.

Of the savera proposalsfor aresearch exemption that have circulated recently, | find one of the most
interesting to be that put forth by Rochelle Dreyfuss,(2002) In what follows, | amend it dightly. Under the
proposa a university or non-profit research organization (under one version of her proposd, any research

organization) would beimmunefrom prosecution for using patented materiasinresearchif 1) thosematerids
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were not available on reasonable terms (this is my amendment), and 2) if the university or other research
organization agreed not to patent anything that came out of the research, (or if they did patent to dlow useon
anonexcusve royaty free bass- my amendment). Certainly there could be some difficulty in determining, if
the matter was brought up, whether or not the patented material was available at reasonable terms, or just
what Areasonable@means, but in many of the most problematic cases this proposd is designed to fix, the
answer isthat they are not available at all. In some casesit would not be easy to determine whether a patent
emanated from a particular research project or from some other activity. But these problems do not seem
unusudly difficult compared with other matters often litigated. And it is likely that, for the mogt part, if a
research organization proceeded under thislaw, there wouldn=t be much litigation, ard therewould be much
reduced fear of such.

After the Duke decison, the road to a university research exemption amost surely must go through
Congress. The advantage of a proposa like that of Dreyfusis that it would trade open access to research
resultsfor universty researchersfor agreement of university researchersnot themsdlvesto add to the problem

of patentsin science. The principa obstacle to such aded | believe is the universities themselves.

Will Universities Come to the Defense of the Scientific Commons?

| believe the key to assuring that alarge portion of what comes out of future scientific research will be
placed in the commons is staunch defense of the commons by universities. Universities dmost certainly will
continue to do the bulk of basic scientific research. If they have policiesof laying their reseerch resultslargely
open, most of sciencewill continueto bein thecommons. However, universtiesarenot in generd supporting

the idea of a scientific commons, except in terms o their own rights to do research. In the era snce Bayh-
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Dole, universties have become a mgor part of the problem, avidly defending their rights to patent their
research results, and license as they choose..

Derek Bok (2003) has argued persuasively that the strong interest of universitiesin patenting is part
and parcel of trends that have led universities to embrace commercid activities in a variety of aress, for
example ahletics as well as science. Earlier | proposed that Bayh-Dole, and the enhanced nterest in
universities for patenting, should be regarded as one aspect of a broad increased public acceptance of the
importance of intellectud property rights.

But these factors do not make the problem any less significant, only harder to ded with.

| note that the current zed of universitiesfor patenting represents amgjor shift from the universities=
traditional support of open science. This does not mean that traditiondly university research was largdy
distanced from practica applications. There long hae been many university research programs designed to
contributeto economic development. (See Rosenberg and Nelson (1994), Mowery and Rosenberg (1989))
Since the late 19th century, university research has played a mgor role in the development of American
agricultura technology. The hybrid seed revolution which was key to the dramatic increases in productivity
made during the half century after 1930 in corn and other grain production was made possible by work at
agricultural experimentations stations that explored basic concepts and techniques of hybridization. These
basi ¢ techniques were made public knowledge. Universities dso made available on generousterms the pure
lines of seedsthe universities developed to serve as the basis for commercia efforts to design and produce
hybrids. University based research on plant nutrition and plant diseases and pests hel ped companiesidentify
and design effective fertilizers and insecticides. Very little of this universty research was patented.

American engineering schools and departments have had along tradition of doing research to help

industry. As noted earlier, Chemica and Electrica engineering were developed as scientific fidds largely
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within universities. Earlier | recounted Stanford=s role in developing principles of propeller desgn. Severd
universities played key roles in developing the early eectronic computers. There was some patenting of
devices that came out of university engineering research, but aso an gpparent continuing commitment to
contribute to the advance of basic engineering understanding as the common property of the professons.

American medica schools aso long have been contributors to technica advance in medicine and the
enhanced ability of doctorsto dea with humanillness. Medica schools occasiondly have been the sources of
particular new medica devices and new phamaceuticas, dthough thiswas not common prior to therise of
bi otechnology and modern ectronics. And while patents were sometimes taken out on particular products
(streptomycin, identified by ateam led by a Rutgers university scientist, isagood example) by and large until
the 1980stherewaslittle patenting, and many medica schoolshad an articulated policy of dedicating research
results to the public commons.

The sea change, or the schizophrenia, began to emerge as a result of severd developments.(See
Mowery et a, 2001). Firgt, during the 1970sand 1980sthere was abroad general ideologica changeinthe
United Statesin attitudestowards patents, from genera hodtility inthe 1930sand the early post war years, to
a bdief that patents were dmost dways necessary to simulate invention and innovation Actualy, severd
empirica studiesprovide evidencethat in many industries patentsarerel atively unimportant asagtimulustoR
and D (see Cohen et d, 2000). .However, much of the argument for Bayh-Dole concentrated on
pharmaceuticals, and patent protection was and continues to be important for pharmaceuticas companies.

There was, second, the rise of molecular biology as a field of science and the development of the
principa techniques of biotechnology, which for avariety of reasons made university biomedica research a
much more likely locus of work leading to pharmaceuticals or potential pharmaceuticals, and of techniques

that could be used in such work. Third, as noted, severa key court decisons made many of these
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developments patentable. The gpparent possibility of substantid income from university research clearly

atracted some university officids, and universty scientigts. The patenting of the Cohen-Boyer genesplicing
process, and the quick flow of subgtantid revenues to the two universties that held the rights, provided a
grong sgnd that there now was subgtantid money that could be brought in from licensang university

inventions.

The Cohen Boyer patent was granted prior to the passage of Bayh Dole. Bayh-Dolelegitimated, even
warranted, universty patenting. And universties have not been dow in adopting policies where patenting
anything that can be patented isthe rule.

Inmy view, thereis nothing wrong per sewith universities patenting what they can from their research
output. In some cases such patenting may actudly facilitate technology trandsfer, dthough in many casesitisa
good bet that technologicdl transfer is not enhanced but rather the university is Smply earning money from
what it used to make available for free. (Seethe cases studiesin Colyvas et d, 2002). The casesthat worry
me are oneswherethe universty islicensing exclusvely or narrowly adevelopment thet ispotentidly of wide
use, or where it is limiting the right to take a particular development further to one or afew companiesin
circumgances where there il is sufficient uncertainty regarding how best to proceed to make participation
by anumber of companiesin that endeavor socialy desrable. The argument that if an exclusvelicenseisnot
given, no one will try to advance, seems particularly dubious for research tools of wide application, or for
findings that appear to open up possihilitiesfor new research attacks on diseases where asuccessful remedy
clearly would find alarge market. Thusthe Cohen Boyer patent was licensed to al comers, and there were
plenty of them. The report by Colyvas et d (2000) gives severad examples showing the willingness of
pharmaceuticals companies © work from universty research findings that appeared to point towards

promising trestments, without receiving an excusve license.
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| do not see amajor problem if access to certain parts of the commons requires asmdl fee. What |
want to see happen isthat universties recognize that for research results of these sorts, if they patent them,
they havean obligationto license them to dl who want to usethem at reasonablefees. (Similarly, with respect
to Aresearchtool s@reated by industry research and patented, my difficulty isnot so much with thosewhere
use is open but users are charged a fee, provided the fee is not too high, but with those that are not made
widely available.) Bok (2003, p 143), recognizing the problem | am discussing here, proposesthat the mgor
universitiescometo an agreement to licensewiddy and easily, not grant exclusive licenses, to research results
that basicdly areinputsto further research. However, apolicy of open licensng of research resultsof certain
kindsisnot likely to be adopted voluntarily by universties, because this practice will not dways be seen as
maximizing expected revenues from intellectua property. And that is what many universties are aming for
now.

The recent report Sgned jointly by anumber of university presidents and chancellors, and foundation
presidents, (Akinson et d, 2003) showsthetenson here. The authorsclearly recognizethe problem that can,
and has, been caused by university patents (their focusisthefield of agriculturd research) that block or cause
high transaction costs for downstream research to advance agriculturd technologies, and announce the
establishment of a“Public Sector Intellectud Property Resource for Agriculture” which would make access
easer. But the authors stop far short of agreeing to agenera policy of open licensing of university reseerch
results that can set the stage for down stream applied R and D.

Univergties will not give up the rignt to earn as much as they can from the patents they hold unless
public policy pushesthem hard in that direction. | seethe key asreforming Bayh-Dole. The objective here, it
seemsto me, isnot to diminate university patenting, but to establish a presumption that university research

results, patented or not, should as agenerd rule be made available to al that want to use them at very low

Page 32 of 36



transaction cogts, and reasonablefinancid cogts. Thiswould not beto foreclose exclusive or narrow licensing
in those circumstances where thisis necessary to gain effective technology transfer. Rather, it would be to
establish the presumption that such cases are the exception rather than the rule.

| notethereisnothing in Bayh-Dole that explicitly encourages exclusive or narrow licenaing, but nothing
discouragesit either, and therhetoric associated with the legid ation pushed the theory that generdly dedicating
research results to the public commons did not encourage use. There is nothing in the legidation that says
universties should use their patenting and licensing power to maximize universty income, but thereislittlein
thelanguagethat discouragesthat. What isneeded, | believe, islanguage that recogni zes much better than the
current language that much of whet comesout of university researchismost effectively disseminated to usersif
placed in the public domain, and that exclusve or redtricted licensng may deter widespread use at
considerable economic and social cost.
The act as currently written does include the clause gating thet the objective of the act is: Ato ensure that
inventions made by nonprofit organizations...are used in amanner to promote free competition and enterprise
without unduly encumbering future research and discovery @However, gpparently presently thisclausehasno
teeth. My proposa isthat this statement of objective be highlighted and supplemented by the proposition that
in generd this objective cdls for licenang that will achieve the widest possble use. Excdlusive or narrow
licenang by auniversity should require an explicit ratiorale. Willingness of firmsto take up university reseerch
resultswithout an exclusive license should be regarded as evidencethat an exclusive licenseis not gppropriate

Such language would encourage univergties to move in the right direction on ther own, by
grengthening the hand of those a universities who believe that universities should be contributing to the
scientific and technological commons. At the present time, such university researchersand administrators seem

to be bucking the law aswell asinternd interests. It dso would provide legitimacy to Government agencies
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funding university research to pressfor licensing that gives broad access. The recent tusde between the NIH
and the Universty of Wisconsan regarding sem cdll patents illustrates the vaue of such an amended Bayh-
Dole Inthiscase, the Univeraty origindly had in mind arranging an exdusivelicensefor afirm, and that would
have been very profitable for the university. The NIH in effect indicated that unless the university licensed
widdy and liberdly, it would consider the universties licensing policies when evauating research proposds.
The universty then went aong with the license policies advocated by NIH. Severd legd scholars have
proposed that, under the current law, the NIH inthis case was skating on thinice. Thereisnothing in the law
that explicitly calsfor open licensng. And had the NIH been forced to follow its bark with abite, they might
well have been taken to court. Rai and Eisenberg (2001)make a Smilar argument for amendment of Bay
Dole.

Or condder how case andyzed by Bar-Shalom and Cook-Deegan might have gone had the
amendment | am proposing beenin place. Itislikey that the NIH recognized quite early inthe gamethevdue
of dlowing more than one company to work with the new technique for identifying sem cells, and of having
widespread research use dlowed, and would have balked at the exclusive license that was given had it felt
itsdf on afirm footing for doing s0.. Later in the game the NIH was asked to open use of the patented
technique, under the Amarchin@provisons of Bayh-Dole, but did not do so becausetheway thelegidationis
written such a step clearly is exceptiond. It would have been in afar stronger position to accede to the
request to open up useif the language | propose werein the legidation.

Many universty administrators and researchers certainly would resst such an amendment, on the
grounds thet it would diminish ther ability to maximize financid returns from their patent portfolio. As |
observed above, the principal support for university patenting with freedom to license asthey wish now comes

fromuniverstiesandisbased on their perception of their own financid interests; the casefor it on groundsthat
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this facilitates technology transfer no longer is credible. If pressed hard, the case that the current policy is
againg the public interest should carry theday. And it isinteresting thet, if universitieswere so condrained in
their licenang policies, that might damp
their resi tanceto aresearch exemption of the sort proposed by Dreyfuss, sincethefinancia coststo them of
agreeing not to patent or not to charge for licenses would be diminished.

The burden of thisessay isthat our scientific commonsisin danger, the costs of having it erode further
aelikdy to be high, and that we ought to move to protect it. What | have proposed above is a strategy for

protecting the commons.

*The author is George Blumenthal Professor of Internationd and Public Affairs, Columbia Universty. He
wishes to thank John Burton, Wedey Cohen, Paul David, Rochelle Dreyfuss, Nathan Rosenberg, Bhaven
Sampat, Marie Thursby, and Eric von Hippd for very helpful comments and suggestions on earlier drafts. |

hasten to add that none of the above necessarily agrees with dl of the position espoused here.
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