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Abstract

In this paper, | briefly review the motivations fioventive behavior and describe
two common incentive systems that harness and esgewuch behavior. This
review of well-trodden ground is performed only teat the implications of the

rise of the networked knowledge economy for theaiveness of these incentive
systems can be noted. Some theoretical resultisenoperation and stability of the
two incentive systems for the production of knowjedare presented with a
discussion of how they might apply in the networkecbnomy. The paper

concludes with suggestions on open research qusstio
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I ncentives for Knowledge Production with Many Producers

Presentation to the European Commission/U.S. NatiScience
Foundation/Organization for Economic Cooperatiordddevelopment Conference
on
Networks of Knowledge: Research and Policy fothewledge-Based Economy
Brussels, June 7, 2004

The starting point for thinking about economic pglfor the knowledge economy
Is that the production of information and knowledge&haracterized by relatively
high fixed costs and low marginal costs. In additisuch production is highly
cumulative (uses prior output as input or is subjeccontinuous enhancement
over time) and usually has somewhat uncertain ussgbplication. Therefore,
social and possibly even private welfare can ofterincreased by the provision of
new knowledge to large numbers of individuals alow price. Wide access
increases the productivity of the knowledge bottamasnput to future knowledge
creation, and as the basis for the production of geods and services. The central
problem becomes the design of incentive systemst thath reward
inventors/knowledge producers and encourage disseion of their output.

The basic ideas in the opening paragraph above I familiar to economists

and other scholars for a long time (e.g., Nels@59), Arrow (1962), Scotchmer

(1991), etc.), but their importance has increasigd the advent of the internet and
other computer networking methods used in the privaiu of research, often over

long distances. The principal effect of the inceeas computer networking and

internet use is that it lowers the marginal codisfributing codified knowledge to

the point where it is essentially zero. This innturas the potential to reduce
incentives for production of such knowledge or norease the demands of the
producers for protection of their property righishe knowledge.

In this paper, | briefly review the motivation fowentive behavior and describe
the two incentive systems that harness and encewach behavior. This review
of well-trodden ground is performed only so that #ffects on these systems of
the rise of the networked knowledge economy camdied. Some theoretical
results on the operation and stability of the twwmentive systems for the
production of knowledge are presented with a disiomsof how they might apply
in the networked economy. The paper concludes suggestions on open research
guestions.



1 Two (or three) worlds of invention

If we wish to think about policy towards knowledgenduction, we must first ask
what motivates the producers of knowledge. Keydiacthat have been identified
in the literature are curiosity and a taste foesce, money, the desire for fame and
reputation, and as a secondary goal, promotioarure (Stephan 1996). The latter
two goals are usually achieved ygority in publication, that is, being the first to
get a discovery into print. Although monetary in@mns clearly a partial
motivation in the search for reputation and proomticonsiderable evidence exists
that for researchers in universities and publieaesh organizations with some
level of guaranteed income the first motive, irgedlal curiosity, is of overriding
importance (e.g., Isabelle 2004). For this typeestarcher, the desire for financial
rewards is often driven by the desire to fund tleim scientific research (Lee
2000) rather than by consumptiper se Scientists’ motivations also are colored
by the culture in which they are embedded, witditianal norms giving way to a
more market-oriented view among some younger sstsribday (Isabelle 2004,
Owen-Smith and Powell 2001).

Several scholars (e.g., David, Merton, etc.) hasscdbed the two regimes that
allocate resources for the creation of new knowdedge is the system of granting
intellectual property rights, as exemplified by meod patent and copyright
systems, the other is the “open science” regimeyfe found in the realm of
“pure” scientific research and sometimes in realitc@ammercial technological
innovation, often in infant industries (Allen 1988uvolari 2001). Today we also
see this system to a certain extent in the proomctif free and open source
software. The first system assigns clear propéghits to newly created knowledge
that allow the exclusion of others from using tkabwledge, as well as the trading
and licensing of the knowledge. As is well-knownicls a system provides
powerful incentives for the creation of knowledgs, the cost of creating
temporary monopolies that will tend to restrictputtand raise price. Additionally,
In such systems, the transaction costs of combimieges of knowledge or
building on another’'s knowledge may be rather hagig in some cases achieving
first or even second best incentives ®ha postlicensing impossible (Scotchmer
1991). The use of other firms’ knowledge outputl witen require payment or
reciprocal cross-licensing, which means negotiatiosts have to be incurred.
Finally, obtaining IP rights usually requires pablion, but only of codified
knowledge, and trade secrecy protection is oftex us addition.



The second set of institutional arrangements, samstreferred to as the norms
governing the “Republic of Science,” generatesmtizves and rewards indirectly:
the creation of new knowledge is rewarded by irsgdaeputation, further access
to research resources, and possible subsequencimhaeturns in the form of
increased salary, prizes, and the like (Merton 19968). This system relies to
some extent on the fact that individuals often miver create for nonpecuniary
reasons like curiosity. Dissemination of reseasduits and knowledge is achieved
at relatively low cost, because assigning the “mioghts” to the first publisher of
an addition to the body of knowledge gives creatrsncentive to disseminate
rapidly and broadly. Therefore, in this system tm& of others’ output is
encouraged and relatively cheap, with the costgo@ppropriate citation and
possibly some reciprocity in sharing knowledge. Bu$ evident that this system
cannot capture the same level of private economiarms for the creation of
knowledge. Inventors must either donate their warkeeceive compensation as
clients of public or private patrons.

| have written elsewhere about the tension thatearwhen these two systems
come up against each other (Hall 2004). For examples common for the
difference in norms and lack of understanding ef plotential partner’'s needs and
goals to produce breakdowns in negotiations betwerstry and academe. These
breakdowns can have an economic as well as cultarsge, as shown by Anton
and Yao (2002) in a study of contracting under asgtnic information about the
value of the knowledge to be exchanged. In additi@me is the simple fact that
both systems rely on reciprocal behavior betweeth Iparties to a knowledge
exchange, so that contracting between particip@antse two difference systems
becomes subject to misunderstanding or worse. iShlkistrated by the reaction
of the genomic industry in the U.S. when askedhke tout licenses to university-
generated technology: once the university startisgdike a private sector firm,
there is a temptation to start charging them fer ube of the outputs of industry
research, and consequent negative effects on cbsesrwho still believed
themselves part of the “open science” regime.

Before leaving this topic, notice should be takéram important variation of the
“open science” regime for the sharing of knowle@geduction outputs, one which
has existed many times in the development of imgudlstoughout history: the free
exchange and spillover of knowledge via personaetact and movement, as well
as reverse engineering, without resort to intaligicproperty protection. | will call

this system the ClI regime, for collective inventi&xamples include the collective



invention in the steel and iron industry describgdllen (1983), the development
of the semiconductor industry in Silicon Valley (Hand Ziedonis 2001), and the
silk industry in Lyons during thancien regimehat was described by Foray and
Hilaire-Perez (2004). In these environments, mdswioich are geographically
localized innovation areas with social as well asitess relationships that build
trust (or at least knowledge of whom to trust), theentive system for the
productionand exchangef knowledge is somewhat different than in eitbkthe
other two systems.

The first and most obvious difference is that thedpction of “research” in the
industry setting is supported not by public or ptespatronage but by commercial
firms that finance it by the sale of end produtiat tincorporate their discovery.
Because rewards come from the sale of producterr#tian information itself, as
they do in the conventional IP-based system, trairslp of information about
incremental innovations is motivated by differeahsiderations than in the case of
the OS regime. Although priority is not per se adilie except in the sense that it
may confer lead time for production, shared knogedespecially about
incremental improvements to a complex product, asc@ived to be useful and
essential for the progress of the entire industgjuding the firm that shares the
knowledge. When an industry is advancing and grgwiapidly, the desire to
exclude competitors from the marketplace is nostasng as when an industry
reaches maturity. An implication is that this foohfree exchange of knowledge
tends to break down, or is unstable over time, a&s llappened in many of the
historical examples. In the next section of thegpdpreport on some models that
try to capture this idea and give conditions whee academic or industry-based
OS regime might break down.

2 Stability of incentive system equilibria

Gambardella and Hall (2003, 2004) explore the dam@ under which these
different systems of knowledge generation and sgadevelop, and when they
might be expected to break down. That is, what $etsboundary lines between
the domains in which these two regimes, one ofiyfrekared knowledge and one
of proprietary knowledge, are found, and how stablthat boundary to external
forces or the behavior of individual actors? Totklg, we use two simple models,
one of collective invention in the commercial areaad one of “open science,”
both of which are based on the basic insight ino@IEL971). We show that the
only way to get a stable equilibrium with individsiaoperating under “open



sharing” rules is when there is coordination amamgjviduals. Otherwise, the
sharing (cooperative) equilibrium tends to breakvildecause some individuals
find it in their interest to defect. We also givenditions under which there are
more or fewer individuals contributing to the good.

In Gambardella and Hall (2003), we present two rsydene for the collective
invention case, and one that applies to the opiemtsicc research setting when IP
is available. The collective invention model hypasizes that the joint output of a
set of user-innovators is used to produce a goodo@ble quality that is sold in
the market by an oligopolist facing downward slgpidemand. The user-
innovators care about the quality of the final gaxlwell as about their own
income, but the relative importance of these tvabdies varies across them, so they
are heterogeneous. Each one chooses whether tatepender OS rules and
charge marginal cost for their output or to také aupatent and charge the
monopoly price. Clearly they weigh their effecttbe quality of the output against
the increase in income from a higher price in mgkims decision. We show that
unless they can be coordinated by a lead user-atapwr a set of norms, it is
individually rational to deviate to IP, at least th® number of them becomes
greater than a very few. It is also true that tleedfit from deviation becomes
stronger as the market size increases. This mayideroat least a partial
explanation of the observation that free knowledparing seems to be more
prevalent in immature industriés.

Our model of open science versus privatization rassuthat a body of scientific
knowledge in a particular area will be suppliedhilyi by scientists supported by
government grants and by scientists financed byrthgket, who have the option
of taking out patents and selling their knowledgépat to competitive firms at a
monopoly price. We call the first group the OS seeind the second group the IP
sector. Examples might be production of informat&mout a particular gene
sequence and its use, or the production of a siitedatabase from a variety of
inputs. Note that the scientists operating undenm#y not be in the private sector,
but could represent university researchers workimgugh a technology transfer
office. In our model all scientists are assumetidoe a taste for scientific output
(the body of knowledgeper seand also for income, but the relative tradeoff
between the two is heterogeneous across scierfitgssseems to us to capture the
true state of affairs fairly well.



The government that supports scientific researclesfaa budget constraint and
allocates funds to those who wish to work underv@d8e maximizing scientific
output. We show that without coordination and asribhmber of scientists in the
area increases beyond a very small number, the sialyle equilibrium is one
where all the scientists work under IP rules. Tfibecause an individual scientist
who deviates from OS to IP receives a discrete jumpcome, but only reduces
public scientific output (for which he has a tashkg) an infinitesimal amount.
Therefore, some of form of coordination, socialmpor willingness to imitate the
behavior of “lead researchers” or conform to th@estations of university or
research organization administrations is needednforce an equilibrium with
scientists working under OS rules. But, of coutses, is exactly what the norms of
the “Republic of Science” provide.

We model the existence of social norms or leadetee community by assuming
that deviation from OS to IP occurs only when a soeably large group of
scientists leave together. With this kind of cooadion, we find that an interior
equilibrium with some scientists working under Gfel gome under IP will usually
exist. We also show that the share of scientistkwg under OS will decrease if
the demand for research output from the downstré@ms increases, the
government reduces its budget for scientific redearor fewer scientists
coordinate when they change regimes. All threeheté¢ factors appear to be at
work at various times and places in the recent, gasit is perhaps not surprising
that we have observed more attention paid to seguntellectual property rights
on the part of university researchers.

Gambardella and Hall (2004) extend the above mtmdshow that a mechanism
that can work to enforce the OS equilibrium andrease the diffusion of
knowledge in a setting like the one above is a tyjp@ral or copyleft licensing at
zero cost, where the licensor is also requiredcenke his output to others at zero
cost if its production uses the licensed knowlehgait. In effect, this mechanism
resembles the General Public License (GPL) usegh@&m source software. As we
indicate below, an unresolved question is how tueae sufficient production of
certain auxiliary services and support when sulitease is in place. In our paper,
we provide empirical evidence that shows the widemgp privatization of an
incidental output of applied economic research,neawetric software, largely
because the production of such software is not gfatthe research output that is
rewarded under the norms of “open science” andusecaesearchers in the field
demand a set of services that cannot be suppasted public funds.



Several conclusions have emerged from the observand modeling of two
stylized ways of sharing and protecting knowledgepction:

1. The OS model works best when there are commamsiand the
community is relatively small, or focused on a camnngoal, such as the
advancement of science or the growth of a new tnglus

2. Larger and more profitable markets are likeletad to defection from OS
to IP, and once that has happened it is diffiautja back. That is, IP tends
to be an absorbing state.

3. Finally, the OS model relies to some extentegitn public financing or
on tolerance or even active encouragement by indutms of leakage
and spillovers from the efforts of their employees.

3 Resear ch questions

In this paper | have tried to provide a framewook thinking about different

modes of knowledge sharing and their consequermceabd incentives to produce
knowledge, one which is admittedly rather simptifrelative to the complexity of
arrangements in place in various arenas. In my vesvframework is as valid for
the networked economy as it is for the traditidaaywledge economy. What may
have changed in the present day are the cost$fudidg knowledge relative to the
cost of producing it and the cohesion of the comtresithat produce it. The

second implies that breakdown of systems with tr@ging of knowledge are more
likely to occur.

The effects of the change to the relative costdifffising knowledge are more
complex. One implication is that social welfardikely to be enhanced by more
diffusion at zero price (online journals that areefy accessible, etc.). However,
there is still the problem of paying for the commpéntary inputs to the diffusion
process, such as cyberinfrastructure, softwarenter@nce, customer service, and
so forth. None of these activities normally yiekturns in the “open science”
system in the form of priority, so they will be wrgdrovided in that system. Some
of them, such as cyberinfrastructure, will probably provided by government
funding. But how much, and should any of the inwesit be charged to users?

A central question for research and policy is tleesgion of how the different
regimes for knowledge sharing interact and whatpbap when they come up
against each other? For example, suppose that abeneof the open science
community decides to privatize some of his or heovidedge by licensing it



exclusively to a commercial firm? Will this caugat particular area of research to
slow down (because researchers no longer havesattresrtain results costlessly)
or to speed up (because commercial demand forroksgathat area increases)? Is
there really a present day danger that the abgpritate of IP will take over
scientific research? On this subject we have thgeguresults of Walsh et al
(2003) for the biotechnology industry. They findathrecent increases in the
patenting of research tools in the United Statesritd impeded pharmaceutical
industry or university research, at least not yéey do find that there have been
delays and sometimes restrictions in obtaining sxt¢e patented research tools,
and cases of research redirection (as in Lerneb)19%ey also find widespread
use of “working solutions” such as taking out liseg, inventing around patents,
infringement (often informally invoking a researeRemption), developing and
using public tools, and challenging patents in tohilowever, the survey was
conducted prior to the Madey decision, which effedy removes the research
exemption defense, so more work in this area idecke

Another area for future research would look at¢hanging incentives faced by
researchers operating under the traditional norhscience as research becomes
highly collaborative and linked across a network.implied by the models | have
reviewed, larger communities that are not geogralyi localized will find it
more difficult to sustain a cooperative equilibriuidP protection is available. In
addition, the Mertonian reward system is based w#mgngly on identifying the
knowledge producer who is “first” but this beconwmmsiderably more difficult
when there are large number of such producersddaatvery different systems.
There are important differences between, for examiile U.S. and continental
European reward systems with respect to job temutk,U.S. researchers usually
working for 7 to 10 years post-degree before besgured of a permanent job, and
European researchers commonly receiving tenurelgtadter they are hired. Do
such differences make collaboration problematicabee the participants are
facing different reward structures?

The models presented earlier capture a phenomdminhias frequently been
observed in practice, which is the tendency foritiduction or strengthening of
IP rights in some area to lead to privatizatiomneention output. But they leave a
number of question unanswered. First, none of conlals explicitly incorporates
the reward system of Mertonian science. Althougy ttho allow for a generic taste
for science on the part of the researcher or qualitthe part of the innovator, his
rewards are not directly linked to his productiviBoing so would complicate the



analysis and make it easier to achieve interiantsmis, although the basic results
would survive.

Second, our models currently contain no welfareyarsga we do not know yet
under which conditions the cooperative knowledgarisly equilibrium yields

higher output at lower cost than the IP regime. ftnemer keeps costs lower and
allows more spillovers, but incentives may be tow-powered to encourage
production of certain essential inputs (such ageumg software or customer
service). The latter has powerful incentives buy nead to constrain output. This
problem is of course general, and similar to thestjons in antitrust, but the
particularities of its application to the productiof scientific research and its
auxiliary output deserve further study.

Finally, the models do not yet tell us how to getombination of outputs created
by different knowledge sharing systems suppliethatright level for society. This
Is the central question for a modern networkedareteendeavor.

Notes

! We can subsume both cases as instances of “pg&’braelf patronage of the
donated efforts is a special case of this. Seed@#93) and Dasgupta and David
(1994).

® There are of course many other things going ahasndustry develops, such as
shakeout and consolidation, as well as verticalngigration, that may also
encourage the development of the use of IPRs.

* Although see Nuvolari (2004) for an apparent exemphere the presence of
strongly enforced patents in the steam engine tngu@Natt's) led to a
development of a collective invention model in Gmeall for steam-driven
pumping engines that used a different technology.



References

Allen, Robert C. 1983. “Collective InventionJburnal of Economic Behavior and
Organization4 (1): 1-24.

Anton, James J. and Dennis A. Yao. 2002. “The S#Hleldeas: Strategic
Disclosure, Property Rights, and Contractiri@gview of Economic Studies
67 (4): 585- 607.

Arrow, Kenneth. 1962. “Economic Welfare and theo&Htion of Resources for
Invention,” in R. R. Nelson (ed.)The Rate and Direction of Inventive
Activity. Princeton, NJ, Princeton University Press: 609:62

Carayol, Nicolas. 2004. “Academic Incentives andsd@ech Organization for
Patenting at a Large French University,” Paperemwesl at the Third EPIP
Workshop, Pisa, Italy, April 2/3.

Dasgupta, Partha, and Paul A. David. 199Foward a New Economics of
Science,’Research Polic23: 487-521.

David, Paul A. 1993. “On the three P’s.... ProcuretnBroperty, and Patronage,”
ABCDE, World Bank Review

Foray, Dominique and Liliane Hilaire-Perez. 2004hé Economics of Open
Technology: Collective Organization and Individu@llaims in the
‘Fabrique Lyonnaise’ During the Old Regime,” in @atonelli, D. Foray,
B. H. Hall and W. E. Steinmueller (edsBssays in Honor of Paul A.
David.

Gambardella, Alfonso, and Bronwyn H. Hall. 2003. n“‘Qhe Stability of
Intellectual Property Regimes: IP Protection ver&sen Source/Open
Science,” Sant'anna School of Advanced Studies &aimiversity of
California at Berkeley. Manuscript.

Gambardella, Alfonso, and Bronwyn H. Hall. 2004.rdprietary vs. Public
Domain Licensing of Software and Research Produetger presented at
the Third EPIP Workshop, Pisa, Italy, April 2/3.

Hall, Bronwyn H. 2004. “On Copyright and Patent teotion for Software and
Databases: A Tale of Two Worlds,” in O. Granstrded.), Economics,
Law, and Intellectual ProperfyAmsterdam: Kluwer Publishing Company.

Hall, Bronwyn H., and Rosemarie Ham Ziedonis. 200lhe Determinants of
Patenting in the U.S. Semiconductor Industry, 19894,” Rand Journal
of Economics2: 101-128.

1C



Isabelle, Marc. 2004. “They invent (not patentelithey breathe: what are their
incentives to do so? Short tales and lessons fesearchers in a public
research organisation,” Paper presented at thel Bi#tP Workshop, Pisa,
Italy, April 2/3.

Lee, Yong S. 2000. “The Sustainability of Univeydmdustry Research
Collaboration,”Journal of Technology Transf@b (2): 111-133.

Lerner, Josh. 1995. "Patenting in the Shadow of @&itors,"Journal of Law and
Economics38(2): 463-496.

Merton, Robert K. 1957. “Priorities in Scientificiddovery: A Chapter in the

Sociology of Science American Sociological Revie??(6): 635-59.

. 1968. “The Matthew Effect in Sciencestiencel59(3810, Jan. 5): 56—

63.

Nelson, Richard R. 1959. “The Simple Economics a§iB Scientific Research,”
Journal of Political Economy7: 297-306.

Nuvolari, Alessandro. 2004. “The Anatomy of ColleetInvention Processes: A
Study of Early Nineteenth Century Steam EnginegtiRgper presented at
the Third EPIP Workshop, Pisa, Italy, April 2/3.

. 2001. “Collective Invention during thetiBh Industrial Revolution:
The Case of the Cornish Pumping Engine,” DRUID, &dmagen Business
School Working Paper 01-05.

Olson, Mancur. 1971.ogic of Collective Action: Public Goods and thesdhy of
Groups Cambridge, MA: Harvard University Press.

Open Source Software Foundatibittp://www.opensource.org/licenses/

Owen-Smith, Jason and Walter W. Powell. 2001. “TadeRt or Not: Faculty
Decisions and Institutional Success at Technologgn3ter,” Journal of
Technology Transfez6 (1/2): 99-114.

Scotchmer, Suzanne. 1991. “Standing on the ShaulderGiants: Cumulative
Research and the Patent Lavdgurnal of Economic Perspectives29-41.

Stephan, Paula E. 1996. “The Economics of Sciendeurnal of Economic
Literature XXXIV: 1199-1235.

Walsh, John P., Ashish Arora and Wesley M. Coh&032 “Effects of Research
Tool Patenting and Licensing on Biomedical Innawati in W. M. Cohen
and S. A. Merrill (eds.),Patents in the Knowledge-Based Economy
Washington, D.C.: National Academies Press: 285-340

11



