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Abstract

In this essay | compare two different theoretical frameworks in economics for orienting
analysis of issues in technology policy. One is a neoclassical framework that sees appropriate
policies as dealing with “market failures”. The other framework is provided by an evolutionary
and institutional approach to economic analysis that sees appropriate policies as building or
maintaining an effective “innovation system”. It should be no surprise that | believe the latter
framework is the more useful one. | begin by laying out the key general differences between
the two broad theoretical frameworks, and how they lead to different perspectives on
technology policy. Then | turn to a particular case: technology policy regarding
pharmaceuticals. Finally, | comment on the general question of the role of economic theories
in framing policy analysis.
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In this essay | compare two different theoretfcamneworks in economics for
orienting analysis of issues in technology polioye is a neoclassical framework that
sees appropriate policies as dealing with “mar&gtifes”. The other framework is
provided by an evolutionary and institutional a@gmio to economic analysis that sees
appropriate policies as building or maintainingeffiective “innovation system”. It
should be no surprise that | believe the lattean&aork is the more useful one.

| begin by laying out the key general differenbeswveen the two broad
theoretical frameworks, and how they lead to déferperspectives on technology policy.
Then I turn to a particular case: technology potegarding pharmaceuticals. Finally, |
comment on the general question of the role of eson theories in framing policy

analysis.

Differences in the Perspectives
At the broadest level, and possibly the deepestditfierence between the
neoclassical theory that has dominated microecontmenrizing over the last half

century, and the evolutionary economic theory ih&tking shape, concerns their



assumptions about the economic context for acti@oclassical theory sees the
economy as in an equilibrium configuration, at restundergoing well anticipated
change, in any case with actions appropriate t@timéext something the decision makers
have learned through relevant experience, or clanlete based on what they know
securely. In contrast, evolutionary theory séesdconomy as always in the process of
change, with economic activity proceeding in ategnhthat never is completely familiar
to the actors, or perfectly understood by themr @g-discussion see Nelson and Winter,
1982).

The difference here corresponds to the distincidnumpeter drew, in his Theory

of Economic Developmer{il934), between the context for action set inmtiauing

circular flow of economic activity, and the conteett by an economic environment
where innovation is going on. We modern evolutigrezonomic theorists, like
Schumpeter, believe that the latter context is amhetter characterization than the
former of conditions in modern capitalist economisd it would seem that it certainly
is the context that should be assumed in analgsisezrned with design or evaluation of
technology policies.

This difference in the assumed context of acteaus the two theories to very
different conceptions of what is meant by “ratiériahavior. Both theories assume that
individual and organizational economic actors parshjectives, usually in a reasonably
intelligent way. Rational behavior in neoclasktb@ory means that economic actors can
and do choose the course of action from all possibks that, in fact, maximizes their
expected utility. In contrast, the “rationality” attors in evolutionary theory is bounded,

in the sense of Herbert Simon. (See for exampldoidels ofMan, 1957). There is no



way they can understand fully the context in whitoky are operating, yet they have to
cope, somehow. To a considerable extent the copuadves the use of routines that
have in the past yielded satisfactory results.tBatactors in evolutionary theory also
have the capability to try something new, for exewhen they judge what they have
been doing as inadequate in a changed contexto generally where they think the
see an opportunity to do better.

A related difference between the two theories isaw they conceive good
economic performance. Neoclassical theory proptheg#ghe performance of an
economy should judged in terms of how close ibia theoretical optimum. In
evolutionary theory there is no theoretical optimsmce the range of possibilities for
economic action is always changing, generally gngwbut in a way that cannot be
predicted or specified in detail. Economic perfonceis seen in terms of the rate and
nature of progress. Enhancing these clearly is vdwiinology policy is all about.

| want to note, highlight, that most of what is wable in the standard
contemporary tool kit of concepts and understarslisgnot tied to the assumptions of
neoclassical theory. | include here such conceptpuablic goods” and *“externalities”.
These concepts surely are extremely valuable imrozgng thinking about issues of
technology policy. So also is the proposition tfatthe most part competition is an
important vehicle for advancing the public inteyestd monopoly or collusion something
to be avoided if possible. The argument that “imices matter” and that, in many cases,
designing policies to shape incentives appropgaiela more effective strategy than
trying directly to mandate behavior, is built deeithin the traditions of today’s standard

economics, and almost surely generally providesigpodance.



But these concepts and maxims are not logically teea structure of modern
neoclassical economic theory. They are perfectlijamhe within an economic analysis
structured by evolutionary theory, although in sonsses they are seen then in a
somewhat different light.

| want to turn now to another important differenbetween neoclassical
economics and the evolutionary-institutional applothat | espouse. It is regarding how
one should look at the institutional complexitynabdern capitalist economies.

| believe that the deep incorporation in modernciessical economics of the
theory that, under particular conditions, the openaof a pure market yields outcomes
that are Pareto optimal, leads to a way of recaggiactual institutional complexity that
is awkward and potentially biased. In particulamnsmarket elements in an economy, for
example elements of an active technology poliaydtéo be analyzed and rationalized as
possible responses to “market failures”. From mintpof view, there are three different
(but related) major problems with this orientation.

First of all, it gives pure market organizationravireged standing, as the default
structure. The implicit presumption is that onewddayo with market organization, and
leave market organization strictly alone, unlese can develop a case that there is
something wrong with doing that. Supplements toketaorganization, or quite different
forms of finance and organization of an activitye @laced in a position of being a
“second best” solution, justified only because me&sKfail” in some sense.

But it seems to me intellectually strained to nadilize that government agencies
are in charge of managing the air traffic contrgdtem, or matters relating to public

health, or (to get to technology policy) for fungia good portion of a nation’s basic



research, with universities doing much of that wdr&cause of “market failures”. It is
much more balanced, much less biased, to seedtiffgypes of funding and organization
as being good for different kinds of things, tharsee markets as the preferred general-
purpose mode of operation, except when they “fdihis certainly seems a better way of
thinking about a variety of possible technologyigek, from the general accepted one of
funding basic research, to more controversial diles supporting certain kinds of
industrial applied research. (For a more extendgdraent, see Nelson 2002).

An important reason, and the second problem witmtlarket-failure theory point
of view, is that pure market organization alwaydsfaat least to some extent. The
conditions for a pure market organization to resulta “Pareto optimal” equilibrium
never are fully met. This is recognized, impligitin serious policy discussion, where the
argument about policy almost never is about whetinersituation actually is “optimal”,
but rather about whether the problems with thetigsegime are sufficiently severe to
warrant active new policy measures. That is, amalysactive government policies, like
technology policies, inevitably involves a compansof different ways of doing things.
My argument is that the “comparative” mode of ase\yshould be theoretically explicit,
and that the analysis of different ways of orgargzigoverning, and funding an activity
proceed without bias.

Thus it is clear that virtually all R and D yielésternalities, in the sense that
some parties not involved in R and D decision mgkiill be able to learn something
useful from the results. It also is true that tmelerstandings won from any R and D
effort have public good properties, at least in $lea@se that use by one party does not

reduce the stock of understanding that might bd byeanother.



But there are good reasons for leaving decisiors iamestments in R and D
aimed to advance commercial product lines and psocechnologies mostly to
commercial firms. Among other things, that is whfre relevant expertise resides. And
various special institutional “devices”, like a @at system, can help support incentives
of firms to do this kind of R and D, even thouglowing patents generates economic
inefficiencies (market failures under a neocladsiarspective ) of its own. The
institutional “call” here, that is endorsed by mdstowledgeable economists, is that
balancing the plusses and minuses of different vedygetting commercial product and
process development done, society is better offilgamostly it to business firms and
paying the price of allowing patent protection @nproduct and process technology.
However, as | will consider in a moment, in someaarthe consensus here is not sharp,
for example regarding certain classes of pharmazzsit

Regarding basic research, the results of whicHileet/ to be far upstream from
something commercial, the situation is differenéréluniversity researchers often have a
better knowledge of what is going on in a fieldrthdo most researchers in commercial
firms. While if one allows patents on research atggdar upstream from direct practical
application one can provide firms with a profit é@mtive to do such work, as in fact we
have done in biotech, the economic costs of allgwiasic scientific discoveries to
become private property can be very consideraltle.cbmparative institutional call here
is widely agreed to support funding basic reseavih public monies, and having it

undertaken in institutions that have an interesigan science.



My argument is that in both of these cases, theortapt analysis is not so much
whether markets “fail” to some degree or not. Rattiee issue is how best to to get the
work done.

The third problem with the market-failure orientetito questions of public policy
is that, as the examples above indicate, just aetlsn’t any such thing as a perfect
market, there is no such thing as a pure markefroon another point of view, markets
always are supported and complemented by a widgerah non-market apparatus. A
patent system is a complex and expensive legattatel put in place (among other
reasons) to enhance the expectations of potentiatpe inventors that they can profit
from their market oriented work. The R and D of-fwofit pharmaceutical companies
aimed at developing new drugs draws from publicding of biomedical research and
training at universities.

Which brings me to the concept of an innovationteays | have used the term
(Nelson 1993) to recognize and refer to the commer varied set of actors and
arrangements that, through the actions and interectthey engender and mold,
influence the pace and pattern of technologicabvation in a field. Innovation systems
— | use the term flexibly to fit the particular $&tt matter under analysis — come in a
variety of sizes and shapes: national, regionattosal, technology specific. The
advantage of the concept, at least in my viewhas it focuses attention on the variety of
institutions and institutional actors that are ilweadl in innovation in a field, and it does
so without invoking the notion of “market failuréd rationalize the non-market parts of

the system.



From this point of view, government programs, pek¢ special legal structures,
are part of the system. This does not mean thahtdogy policies do not require careful
scrutiny, evaluation, continuing efforts to adjtre#m to changing circumstances, to make
the better. But policies to support, for examplentedical research at universities, and
proposals to modify those policies, are considargteir own right. Thus the question of
whether to provide more public money for reseatchn@versities and public labs for the
purpose of developing drugs for diseases that maldgue poor countries clearly is a
difficult one. But within a perspective that sees “@novation system” as a natural
concept, it can be addressed without a backgrootidmthat the market obviously could
do the whole job in the best possible way, if itrevét for that darned market failure
problem.

My brand of evolutionary economics sees institudlogvolution as a central part
of the dynamic processes of economic change. tutistis evolve, along with
technologies. The institutions, and the way thegi; involve both private and public
actors. An important consequence of this pointiew is that policymaking is seen as a
continuing process. Existing institutional struet including bodies of relevant law,
and particular government policies and programsene&an be regarded as optimal.
They are, and should be, always subject to scrutiliyhile the intensity of political
debate about whether reforms are needed in a plartisector or industry, and if so, the
appropriate reforms, tends to wax and wane, thieypptocess is a continuing one.

In some cases the policy dialogue cuts across a sicth of economic sectors,
as the current discussion regarding whether pagéotm is necessary. But much of the

discussion, as well as the policies are technologgectoral specific. Below | have
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chosen to do a relatively extensive discussion reSgnt policy issues regarding the

pharmaceuticals, rather than touching more lightlyseveral cases.

Technology Policy and Pharmaceuticals

A major advantage of the innovation systems oaigm to technology policy, at
least in my view, is that it induces a broad viefathe various forces and actors whose
actions are determining the pace and charactezabinblogical advance in a field, and
thus wards off the analyzing of a particular polisgue as if it were the only game in
town. In many sectors, and broad technologies,nabien of policy debates are going on
at once. Pharmaceuticals is a fine case in pofotus below on the US, but much of the
policy debate | describe also is going on in ottemtries.

The innovation system in pharmaceuticals contameny actors and many
aspects. The discovery or creation of new pharmmeds, their production, and their
marketing, is largely today the business of forfipqarivate enterprise. However, since
the 1950s the introduction of new pharmaceuticalstite market, and modes of
production of pharmaceuticals, have been undet tegulatory restraints, in the United
States, and in most other advanced industrial mstigvhile pharmaceutical companies
do the lion’s share of the work on the developnaant testing of new pharmaceuticals,
since shortly after World War Il, the National limstes of Health have taken broad
responsibility for the funding of basic biomedicatearch in the United States. Most of
that research goes on at universities. An imporgamtion of the testing of new

pharmaceuticals, while funded by industry, goes abnuniversity-affiliated medical
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centers. In some cases a government agency hasdfamdl guided aspects of the testing
of a new pharmaceutical.

While to a lesser degree than in most high incommtries, a large portion of the
purchases of pharmaceuticals in the United Stateovered by insurance. A growing
portion of that insurance is public. While in otloeuntries particularly the public part of
the health insurance system has negotiated phautizade prices with companies, this is
happening to a lesser degree in the United States.

Patent protection is particular important for phaceutical companies. And
pharmaceutical companies have a strong influencthershape of patent policy in the
United States.

None of these features stays constant for veny.lorhe whole structure is almost
always changing in one way or another, and the ggpijate direction of change is a
continuing matter of public policy debate. Let marge various aspects of the current
policy debates regarding pharmaceuticals goingidhe US. Some of these do not relate
directly to matters bearing on technological inntawg but all of them set the context for
the technology policy debates

In the US the most visible and probably most ingoar policy debate concerns
proposals for public policies to extend the ranfipemple covered by health insurance.
This debate has been strongly influenced by tecyicdl advances in pharmaceuticals.
Today the accepted medical treatments for a widgaaf diseases involves the use of
pharmaceuticals that were not available ten or tywgears ago, and these drugs are
expensive. The rising price of medical care is goméactor behind the growing

pressures for widening insurance coverage. And th@nissue gets resolved will have
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strong influences on pharmaceutical developmenmoAt surely there will be a
significant expansion in publicly supported heattburance coverage, and with that new
pressures and mechanisms to put ceilings on oralmarglown the price of
pharmaceuticals. This will affect both the profifspharmaceutical companies, and their
incentives as well as their funding for new drugelepment.

The concern in the US about high prices of phaeutkcals also is behind a
continuing debate about whether current patentdegrly curtails competition. Here an
important part of the argument is about whether games with patents are extending
their monopoly, holding off the rise of generic quatition, through a set of mechanisms
that have been given the name “evergreening”.

The issue of pharmaceutical prices also is inwblue the growing political
pressures in the US to try to do something aboaithigh prices of pharmaceuticals in
poor countries. The issue of high pharmaceuticaeprfacing developing countries is
tangled up with whether those countries are jestifin buying, or encouraging the
production of, generic versions of those pharmacalstunder the terms of TRIPs (Trade
Related Intellectual Property). It would appeart thanajor diplomatic battle is pending
between some of the larger and more powerful deuspcountries, and the United
States.

The pharmaceutical companies have expressed ¢becern, and with good
reason, that the advent of price controls, or gigomownward pressure on prices, in the
US, and a reduction in the strength of patent ptmie, will erode their revenues, and

hence their capacity do to research and developriiely have made similar arguments
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against polices aimed to reduce prices in lessldpgd countries, although the stakes for
them there are less.

In counter, a number of voices have been arguiagrmost of the R and D done
by pharmaceutical companies either is orientedeteelbping “me too” drugs that add
little of therapeutic value to what already is &falie, or involves picking up embryonic
new drugs that that have come out of publicly fuhdeniversity research, and
establishing a patent based monopoly on what théglas largely paid for. While still
vague, there clearly are some arguments afoot ghsignificant change in the way
pharmaceutical R and D is done is in order, andl ithgarticular Government support
should move beyond the funding of basic researcid start to encompass drug
development.

In particular, there is advocacy for public supgparf pharmaceuticals
development in contexts where it can be argued ¢batpany expectations of profit
potential are low, while the social, and even theall economic, benefits of the
development of new medication would be high. Hirere are separate discussions
about three different areas: the development of)glror diseases prevalent in poor
countries but not rich; so-called “orphan” drugg fde-threatening or debilitating
diseases where the affected group is relativelyllsraad vaccines. Proposals for
programs in these areas face the challenge of ra®sig appropriately the kind of
organization that would do the publicly financedrikwowhat would be done about any
resulting intellectual property rights, whether thducement should be in the form of a
guaranteed market, or prize, or whether the proghould work through contracts and

grants, etc.
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And then there are a variety of issues relatingassible reform of the intellectual
property right system bearing on pharmaceuticdlsaumber of studies has shown that,
compared with most other industries, the abilityaoEompany in the pharmaceuticals
industry to profit from its innovations is strongigpendent on patent protection. At the
same time, it is clear that pharmaceutical comzaaie able to use their patent protection
to support very large margins between producticstscand the prices they charge. This
fact is prominent in many of the debates about Ipigarmaceuticals prices, and what to
do about that problem.

As mentioned earlier, one contentious matter isthwér, and if so how, to reign in
the current proclivity of pharmaceutical firms hiolg patents on a particular drug to
delay generic competition on the expiration of dniginal patent through practices called
“evergreening”. The issue of whether government®wfincome countries should have
the right to purchase pharmaceuticals from ger@oducers, in effect voiding the legal
power of the patent in such cases, also has beatiomed above. One of the arguments
for government funding of pharmaceuticals developnas well as research is that then
the patent rights could be controlled by governmant licensed on terms that would
encourage competitive pricing.

But there also are issues relating to what shbelgatentable in the broad area of
pharmaceutical research, including the upstreaensei For example, should genes, or
gene fragments, or receptors, be patentable? aterkissue stems from the fact that, in
the period since 1980, when the Bayh-Dole Act wasspd, universities have been active
participants in patenting. Should Bayh-Dole be adeel, and should there be some

restrictions placed on university patenting andngng?
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There are a number of other issues under discuskai | could mention here.
However, | think | have laid enough out on the ¢abb that it is clear that the various
technology policy issues relating to pharmaceuticeed to be seen in the contest of the
overall “innovation system” — the wide variety afr€es and actors that influence
technological innovation in this area. And the eamtneeds to be seen in the light of
evolutionary theory. It is change that is drivifg tpolicy discussion. Analysis based on
the assumption that the problem is to move from wm@appy neoclassical equilibrium
position to another better one, and that the kegadtiing to a better equilibrium is
understanding of present market failures and trséggdeof policies to fix or cope with

them, is at best not very helpful, and in my viewgsas much of what is going on.

How Does Economic Theory Influence Policy Analysis?

But shouldn’t understanding of such things as éxatrnalities are almost always
generated by R and D, that scientific and technosddinowledge is non rivalrous in use,
and that monopoly tends to lead to and supporelgeps between price and costs, play a
role in thinking about the kinds of technology pglissues | sketched above? Obviously
yes. But as | argued earlier, working with thesedki of concepts and maxims does not
require accepting the whole baggage of neoclasgieaky. We evolutionary economists
feel perfectly at home working with them when cdesing how to make innovation
systems work better. In the particular case beingsidered, these understandings
certainly weigh against allowing broad patents @search results that have a wide range
of potential applications and, more generally asgfairelying heavily on for-profit

enterprise to fund and undertake this kind of neteaBut they equally warn against
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encouraging, or allowing, universities to patergseh kinds of things. The nature and
relevance of these kinds of understandings extemels beyond their signaling of
“market failure”.

| think it useful to reflect a bit on the questitwahat kind of policy guidance can
be drawn from any kind of a broad economic framéw®arCertainly not the kind of
guidance that basic knowledge of constants antigethips that physics, or aeronautical
engineering, gives to designers of a wing of a m@wraft. The guidance there is to a
considerable extent in the form of established ttaive knowledge that enables
reasonably reliable calculation of the relationshietween wing shape and drag, the
ability of different materials to withstand pressand heat, etc. While understanding of
physics, aeronautical engineering, and materignea, provides a lot more to designers
of an aircraft wing than quantitative relationshg®d constraints, it does provide these,
and these are extremely valuable.

Econometricians sometimes propose that estimatedoenetric models provide
guantitative relationships and constraints to gufte development of economic policy,
but this proposal should be taken with a grainaif. s While econometric models can
provide some “ballpark” numbers to help locate thaicy analysis, no economic
policymaker that | know treats these numbers wittytleing like the respect that
aeronautical engineers treat numbers regardingsttength of materials. Also, the
econometrician’s argument should not be taken easa for neoclassical theory. As |
suggested earlier, most of the (reduced form) émpmitfit by econometricians are as
compatible with an evolutionary theoretic rationas with a neoclassical theoretic

rationale.
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Rather, what an economic theory provides for podinalysis is a framework for
interpretation. My argument in this essay is that most useful framework for analysis
of issues of technology policy that economists nwave is an evolutionary theory of
economic change that recognizes the complex itistiai structures supporting and

molding innovation that is signaled by the cona&@n “innovation system”.

18



References

Nelson, R. (ed.), 1993, National Innovation Syste@sord Un. Press, Oxford

Nelson, R., 2002, “The Problem of Market Bias in ddm Capitalist Economies”,
Industrial and Corporate Change

Nelson, R., and Winter, S., 1982, An Evolutionahe®ry of Economic Changelarvard
Un. Press, Cambridge

Schumpeter, J., 1934 (first published 1911), Theofh of Economic Development
Harvard Un. Press, Cambridge

Simon, H., 1957, Models of MafViley, New York

19



