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Economists from Marx, to Schumpeter have touted
capitalism as an engine of technical progress. But what kind of
an engine is it? How does it work? What are the strengths and
weaknesses? This essay hazards some answers to these ques-
tions 1-Section 1 is a broad theoretical assessment that begins
with Joseph Schumpeter’s seminal analysis of technical ad-
vance as an evolutionary process, but augments it, and-then
diverges from it in imporiant ways. In particular, it develops
the point that the relationships among science and technology.
and the institutional structures supporting scientific and tech-
nical advance are much more complex than Schumpeter and
scholars following in his tradition have recognized Section 2 is
the heart of the essay It draws on a wide range of recent
scholarship to describe the different parts of the modern
capitalist enging, what they do. and how they mesh. Based on
the foregoing. Section 3 dewvelops a particular view of the
current debate about strengthening mechanisms to facilitate
R&D planning and coordination.

1. The strengths and weaknesses of the Schuripe-
terian model :

Virtually all contemporary general accounts of
the capitalist engine are based on Joseph Schum-
peter in his Capitalism, Socialism, and Democracy

165} For-profit firms, in rivalrous competition, are

the featured actors The context within which they
operate is set, on the one side, by the laws and
ethos of capitalism which enable firms to keep
proprietary, at least for a while, the new technol-
ogy they create, and on the other, by public scien-

s | am indebted to the NSF, the American Enterprise In-

stitute and the MacArthur Foundation for suppori of vari-
aus pieces of the research that has led to this essay. And !
am grateful to Moses Abramovitz Wesley Cohen, Chris-
topher Freeman, David Mowery and Nathan Rosenberg for
very useful comments and suggéstions on an earlier draft

1 An earlier version ol this paper was pubtished as “Institu-
tions Supporting Technical Progress in American Industry”
in Dosi et al. [16}.
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tific knowledge. The latter lends problem-solving
power to industrial R&D. The former enables
tirms to profit when their R& D creates something
the market values. Indeed, given that its rivals are
induced by this context to invest in R&D, a firm

. may have no choice but to do likewise The result

is significant corporate investment in R&D, gen-
erating a bountiful flow of new products and
processes. It is left to the market to select ex-post
on the innovations offered by different firms, and
on the firms themselves.

Given the striking impact that Schumpeter has
had on subsequent analysis, it is worth noting that

* Chapter 7, where the basic picture is presented,

contains only six pages. While Schumpeter dis-
cussed technical advance elsewhere in that book
and in other places, his overall treatment is still
very sketchy. It also is worth noting that Capita-

lism, Socialism, and Democracy was written nearly

fifty years ago. At that time there was little solid
scholarship on technical change. Now there is a
lot. 2 Thus it now is possible to evaluate Schum-
peter’s model in the light of the evidence, 10 fill in
the essential fine structure, and amend or modify
as needed, so as to caplure analytically the essen-
tial system as of his time, and now.

The way 1 have put the matter suggests that, in
the light of what is now known, 1 still regard
Schumpeter as a useful analytic starting place. 1

do. In particular, I believe his insistence that the
system he described sets up technical advance as
an evolutionary process is exactly the right foun-

2 Bach of the following contains an important collection of
studies or summarizes large aspects of this literature: Dost et
al. [16}, Freeman {20] Rosenberg {54.60] Mansfield {37.38.,40]
Griliches [25), Nelson [47] and Nelson and Winter [50].
Many of the important studies have been published in Re-
search Policy Cohen and Levin [10] summarize the portions
of this literature concerned with the connections between
rechnical advance and market structure.

0048-7333,790,/83 50 © 1990, Elsevier Science Publishers B V. (North-Helland)
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dation premise However, Schumpeter never really
developed that point and modern scholarship sug-
gests a lot of useful development.

Also. many of the details of the modern capita-
list engine revealed by recent scholarship are not
even hinted at in Schumpéter’s coarse-grained pic-
ture. In particular. neither Schumpeter’s model,
nor more modern ones at that same level of ab-
straction, adequately comprehend the complex in-
tertwining of modern technology and science. or

“the rich and variegated set of institutions involved
in their advance, that existed even when Schum-
peter was writing. And of course Schumpeter could
not have foreseen the changes in the nature of
technologies and in the institutional landscape
that have occurred since his time. '

Both of these matters need elaboration. In the
remainder of section 1, I pursue these tasks.

I 1 Technical adeance as a cultural evolutionary
process

Schumpeter said it emphatically. “ The essential
point to grasp is that in dealing with capitalism we
are dealing with an evolutionary process.” Em-
pirical rtesearch on just how technical advance
occurs amply supports this proposition. Techaical
advance inevitably proceeds through the genera-
tion of a variety of new departures in compeiitiori

‘with each other and with prevailing practice. The

winners and losers are determined in_an_actual
delss

contest. Many contemporary modelers ignore this,
treating technical advance as if it proceeded with
much more accurate ex-ante calculation and be-
fore the contest agreement on winners than is the
case. Sidney Winter and I [50] have argued that
such models not merely oversimplify, but funda-
mentally misstate, how technical advance proceeds
under capitalism, which is through an evolution-
ary process in the sense above

Evolutionary processes have demonstrated re-
"markable power to advance the capabilities of a
species, or a technology, and to create elfective
new ones. However, evolutionary processes are
inherently wasteful, and technical advance in
capitalist economies 15 no exception. There are
wastes of both commission and omission. Looking
backwards one can see a litter of redundant inven-
tive efforts that never would have been under-
taken had there been overall monitoring. On the
other hand, economies of scale and scope that

might be achieved through R&D coordination

tend to be missed, and certain kinds of R& D that
would have high expected social value may not be
done, because individual firms do not see it as
profitable for them 1o do it and no one is minding
the overall portiolio Also. because technology is
to a considerable extent proprietary, one can see
enterprises operating inefficiently, even failing, for
want of access to the best technology These firms
may be induced to respond by basically reinvent-
ing what already has been invented

Of course the process through which technical
advance proceeds in capitalist economies differs in
various obvious respects from evoluticnary
processes m biology. On reflection, some of the
apparent differences may be more apparent than
real. Thus technology occasionally makes “big
jumps”. This is inconsistent with traditional con-
cepts of evolution in biclogy, but not with more
modern notions of punctuated equilibria. Also. it

“is clear that innovation is far from a strictly ran-

dom process; rather, efforts to advance technology
are carefully pointed in directions innovators be-
lieve to be feasible and potentially profitable.
However, here again the difference with biological

" evolution may not be sharp if one recognizes the

possibility (as do some contemporary biologists}
that selection has operated on genes to make
viable mutations more likely than would be the
case were mutation strictly random.

I propose that the feature that most sharply
distinguishes -the evolutionary process through
which technology advances from biological evolu-
tion is that new findings, understandings, gener-
ally useful ways of doing things, do not adhere

strictly to thetr Tinder or creator but are shared, at
least to some extent. In many cases the sharing is
intentional, in others despite efforts to keep find-
ings privy. But in any case, that the new_tech-

- nology ultimately goes public means that tech-

nology advances through a_‘“cultural” evolution-

ary process. The capabilities of all are advanced

by the creation or discovery of one, This is funda-
mentally different from biological evolution.

~ Schumpeter recognized this clearly. While in
his model of technical advance, the lure and re-
ward for corporate innovative efforts resides in
the temporary monopoly over the new product or
process, he stressed that in the general run of
things the monopoly is temporary. Sooner or later
competitors will catch on. And he recognized the
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powerful role played by public science and under-
stood that this made technical advance more effi-
cient. But this is a far cry from arguing that
technical advance under capitalism is not associ-
ated with considerable waste, at least as can be
seen with the vision of hindsight. 7

It is something of a puzzle, therefore, why the
capitalist innovation system has performed so well.
There certainly is nothing like the twin theorems
of welfare economics around to support an argu-
ment that capitalism “can’t be beat”. * But of
course this key question is: what are the alterna-
tives? Compared with what? Various socialist
scholars have observed the wastefulness of capita-
fism and proposed that a centrally planned and
codrdinated systemn, which treated technology as a
public good, ought to be abie to do better at
generating and using new technology.  The trou-
bles socialist economies have been having with
their innovation systems suggests that this is easier
said than done [27) The generally poor experience
capitalist countries have had when they have tried
to tightly plan major technical advances - for
example, in civil aitcraft and nuclear power -
reinforces the point [49]

What is it about technical change that makes
effective central planning so difficult, or perhaps

impossible? Certainly one important factor is un-.

gertainly.about where R&D resources should be
allocated in a field where technology is fluid. *
There generally are a wide variety of ways in

which existing technology could be improved, and

several alternative paths toward ‘achieving anm
these. And almost always uncertainty about where
the bets ought to be laid is accompanied by dis-
agreement on this matier among experts. Further,
studies done by highly qualified people attempting
to assess which would be the best route have
commonly after the fact been found to be badly
off the mark on one or another respect. Under

such circumstances, attempts to get ex-anle con-
- e et

3 1 refer here of course 1o the demenstration beloved by many
economists. that given a set of assumptions of great strin-
gency the allocation of resources generated by a competitive
system is “'Pareto optimal * See. for example Armrow and
Hahn [4].

While many scholars have stressed the importance of uncer-
tainty in R&D. Klein [30] has developed the point with
special force. See also the studies conducted under his direc-
tion at RAND and published in Nelson 147} and the model-
ing in Marschak et al [41]

sensus are likely to be futile, and appropriately so,
because in such a context exploration of a variety
of possibilities is called for.

While in principle there are better ways to
provide for this, the capitalist innovation engine
‘does define one viable way of assuring multiple

sources of initiative, with real_c_(zm;etilmu_gﬂ)&

those who place their bets on different ideas. And
it does so in a context where there is widespread
access to the basic generic knowledge one needs to
consider intelligently the possibilities, strong
incentives to heed market signals, and to cut losses
when it is clear one is a loser One should not
confuse the portfolio of efforts thus generated
with any kind of optimal portfolio, or presume
that the processes through which winners and
losers are determined are efficient in any meaning-
ful sense. But this engine of progress has over the

years generated remarkable results. (vt

It is not apparent how clearly Schumpeter un-
derstood the sources of strength of the capitalist
engine, or its inefficiencies. He certainly did recog-
nize the creativity, energy, and even stubbornness
that went into successful innovation, and the
uncertainties involved in breaking new ground.
But on the other hand. towards the close of Part 11
of his Capitalism, Socialism, and Democracy,
Schumpeter predicted an erosion of the impor-
tance of actual rivalry in technical advahce as
science became more powerful and innovation “is
reduced to routine” I shall argue Jater that this

wis a bad call.

Regarding the inefficiencies of the engine,
Schumpeter clearly recognized that the kaleido-
scope of temporary monopolies that are a conse-
quence of rivalrous innovation is incompatible
with efficiency of resource allocation in a static
sense, but argued that this matters little. Recall his
famous salvo, “this kind of competition [innova-
tion} is as much more effective than the other
[price] as a bombardment is in comparison with
forcing a door, and so much more important that
it becomes a matter of comparative indifference
whether competition in the ordinary sense func-
tions more or less promptly”. He also understoo
that innovation under the system he described was
wasteful, but this too did not seem to bother him
much,

There is no question that attempts since
Schumpeter to formalize his model have shar-
pened awareness of these matters. The alleged

Gl
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trade-off between static efficiency and dynamic
energy has been modelled by several scholars, We
now have models of the costs of “patent races”,
and recent work has called attention to the fact
that the myopia built into evolutionary systems
can sometimes lead technology down roads that
are far from the best *

However, the point I want to begin making
here is that, while Schumpeter’s model provides a
good stlarting place, it is too coarse-grained to
enable serious examination of the strengths and
weaknesses of the modern capitalist engine. A
closer look at how technical advance actually pro-
ceeds provides not only a more complex picture,
but one that is different in important respects.

[T.2The complex capitalisi engine )

The limitations of the simple Schumpeterian
formulation come into view when one studies the
advent and evolution of modern technologies like
airframes and engines, comiputers, semiconduc-
tors, synthetic materials or pharmaceuncals ® The
stark Schumpeterian model fails to recognize the
varieeated nature of modern technological knowl-
edge and the complex and often_subtle relation-
ships_between technology and science that are
essential parts of theése histories. Schumpeter
recognized that as science Erows stronger R&D
would become more professionalized. Yet, he mis-
sed some of the key consequences. A central one [
shall argue is not that technological advance has
become more routine, which it has not, but that
the_ generig aspecls of pew technolasy _gLL_J_igkij

R R Nelson / Capiialism as an engine of progress

stitutional division of labor. However, it is highly
likely that he adhered to the conventional wisdom
on these matters of his day, and ours. Science is a
body of understanding, téchnology of practice.
New science is created by university researchers,
seeking knowledge with little heed to practice.
Industrial scientists use that understanding to work
on what will enhance their company’s profits, with
little heed to advancing general knowledge. But
students of technological advance now understand
that matters are much more complex and mixed
up than this

In the first place, technology is not adequately
characterized as simply a body of practice. It
includes that but it involves, as well, a body of
generic understanding about how things work, key
variables affecting performance, the nature of
major opportunities and currently binding con-
straints, and promising approaches to pushing '
these back. ’

Now this analytic distinction sounds, at first
hearing, like the division between technology and
science according to the conventional wisdom.
And, indeed, in certain technological fields, like
the design and manufacture of semiconductors, a
good portion of the understanding rests on funda-
mental sciences like physics and chemistry How-
ever, in almost ail technologies a sizeable share of

generic knowledge stems from operating and de-

sign experience with products and machines and

their components and analytic generalizations re-

" flecting on these. This understanding may have

become common knowledge among the interested

Wy This phenomena has been

an important part of all these histories
Schumpeter never was explicit about just what

he thought sglence and technology were, or about

the nature of their connections, or about the in-

5 Sce for example. Arthur [5] on compgting technologies when
there are economies associated with the number of users of
each and David [13] on how the contemporary (ypewriter
Xeyboard came into being.

 For semiconductors see. for example. Braun and MacDonald

[7] Dosi [15] Malerba or Levin in Nelson [48] For com-

puters see for example, Katz and Phillips in Nelson [48] or

Flam [19] Miller and Sawers [43] and Mowery and Rosen-

berg in Nelson are good on aircraft Freeman [20] provides a

good summary of technical advance in synthetic materials

See Schwartzman [66] for pharmaceuticals.

only limited grounding in any fundamental sci-
ence, slanding, as it were, largely on its own

" bottom. This is not quite what philosophers of

science tend to mean when they talk of a “science™.

But a number of observers have noted that
many modern fields of inquiry that call themselves
sciences do not fit the classic mold. Thus fields
like computer science, chemical engineering,
metallurgy and pathology are basically about this
kind of understanding, and reflect attempts 10
make it more “scientific”. ®

Fconomists often have put forth the theoretical
premise that technology is a latent public good, in
the sense of being widely applicable, and inexpen-
sive (if not literally costless) to teach and learn

7 Dosi [14] calis these technological paradigms
% There are several recent accounts of how the engineering
ficlds came info being See Noble {51] and Kranzberg [32].
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compared with the cost of invention or discovery

in the first place On the other hand, some em-
pirical students of technical advance, especially
Keith Pavitt [54], have argued strongly that this
premise is basically wrong, with industrial tech-
nology being very largely firm-specific and costly
if not impossible to use elsewhere. The issue here
is not trivial, It is important both analytically and
\nstitutionally. I wish to argue that both positions
¢ half right It matters with aspect of technology
ne is talking about. _
The notion that technology is a latent public

good is_a reasonable first approximation. _if the f the

focus is on generic knowledce Generic knowledge
tends to be germane to a variety of uses and users,
Indeed mastery of such knowledge may be es-
sential if one is to advance or modify prevailing
practice with any efficiency. Relatedly, such
knowledge is the stock in trade of professionals in
a field, and there tends to grow up a systematic
way of describing and communicating such
knowledge. It is to the advantage of business firms
that the young scientists and engineers they hire
come equipped with such mastery. so there is a

natural harmony of interests between compapies
and schools JTegarding its codification.

Moreover, generic knowledge not only has
strong latent public good properties. As the ap-
plied sciences and engineering disciplines have
grown up directly oriented toward such knowledge
in particular fields, and dedicated to its advance
and codification, generic technological knowledge
has become more and more manifestly a public
good among professionals. An electrical engineer
or a materials scientist working at the forefront of
his or her field has a keen professional interest in
news of developments. It is well recognized that
the academic parts of these disciplines are by their
nature open, with strong individual and institu-

tional incentives to tell the news’ What is less .

adequately recognized is that new generic knowl-
edge creafed in industrial laboratories also is rela-
tively upon to outsiders knowledgeable of the
field. As I shall discuss later in some detail, scien-
tists and engineers in rival firms have a variely of
ways to ferret out the generic aspects of a compe-

bag. Some practiced technique is widely applica-

ble and easily learned by someone skilled in ihe
art, if access were open. But students like Pavitt
[54] and Nathan Rosenberg [59,60] have argued
persuasively that much of prevailing industrial
technique is of little use outside the firms employ-
ing it, involving fine tuning to their particular
products or processes And may industrial tech-
niques that operate effectively in a given establish-
ment can be transferred to another only with
considerable cost. even if the original operator is
open and helpful. Efficient operation of complex
techniques in many cases is as much a matter of
experience with particular products machinery
and organization, and practice fine-tuned to these
through a large number of tacit adjustments, as it
is of general understanding plus access to
“blueprints” and other documentation
cases * technology transfer”
and time consuming as independent R&D. °
While I have written as if there were a sharp
distinction between generic knowledge and par-
ticular technique, of course the line is'blurrz)The
locus of the line, and how blurred it is, is partly

. determmed by how patents are drawn up in a field

and their effectiveness, matters to which we will
return shortly. But to a considerable extent what is
generic and public depends on the extent to which
the scientific and engineering disciplines have built
up a body of general understanding that tran-

scends the specific applications. In no technology

s “what works and why” perfectly undersiood.
This is why inventive work is inherently uncertain,
or perhaps_it is better to regard inventive work as
always being uncertain because of a_human pro-

titor’s new technology, even_if the specific details

of products and processes may remain beyond

Regardmg publicness or pnvateness, the body
" particular extant techmque is more of a mixed

clivity to strive beyond what is known_scientifi-
cally. On the other hand, my argument is that,
because of the development of these disciplines,

- technologies today are much better understood

scientifically than they used to be.

The blurry line between genericknowledge and
specific application flags attention to the fact that
the division of labor between industrial labs and
universities in neither sharp nor innate. University
laboratories have worked in fields of basic science
like physics and molecular biology, but they also
have played a signilicant role in research in the

¥ Recently there have been several good studies of the cost of

technology transfer. See for examp]e Teece [68] and Mans-
field [40].
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applied sciences ~ fields like-metallurgy, electrical
engineering, and animal husbandry — which should
be understood as disciplines expressly concerned
with the generic aspects of certain technologies.
And in a number of fields university laboratories
have been an important source of pioneer versions
of new technology. One cannot recount the history
of fields like computers or the new biotechnolo-
gies without noting the major seminal roles played
by people at universiiies.

On the other hand, few accounts of industrial
R&D recognize clearly enough that some compa-
nies themselves engage in generic research in these
applied fields and that the general findings often
are published in scholarly journals '® Most of this
work is undertaken in focused search for solutions
to technical problems arising in particular design
and development efforts. But, as Rosenberg [62]
and Cohen and Levinthal [11] have argued, com-
panies in fields where the underlying sciences are
advancing tapidly often do research on those sci-
ences in order to stay up with them and to have
the capability to exploit developments in a timely
- manner, from wherever they may come; that is,
they join in the community advancing the relevant
sciences.

This observation flags two aspects of the mod-
ern capitalist engine that are absent from many
accounts First, while new peneric knowledge has
public good properties, one must invest one’s own

work in a field to know what to make of the news,
Second, those who are’in on the news together
tend to be active members of a research commun-
ity. And as members of a community, scientists
and engineers are expected- to share knowledge,
Research communities often are institutionalized
as scientific or engineering societies, which hold
formal meetings, to which members come to hear
the news. And these societies also serve as fora for
discussions of research agendas, of where the field
is going, who is doing whaf, ete.

And government agencies are an important part
of the modern system. They were moderately im-
portant when Schumpeter wrote, and since that
time have become much more so. Since the Sec-

!0 See, for example. the studies of publications by scientists
working for pharmaceutical companies by Narin dnd Rozek
[46] and Koenig [31].

R.R Nelson / Capitalism as an engine of progress

ond World War they have become the principal
funders of university resecarch. In some fields,
government agencies are major actors in the devel-
opment of new products and processes. Where a
government agency holds a strong interest in a
technology, it may try to coordinate prwate efforts
as well as fund them

Once one sees the differentiated nature of tech-
nology and its overlap with science, the wide
range of institutions that can be and have been
involved in the scientific and technological enter-
prise, and the major supporting and shaping role
played by government, it becomes clear that the
simple Schumpeterian sketch misses large parts of
the modern capitalist engine, and misspecifies
others. When the modern ‘engine is looked at in
more detail, one can see features that make it
more efficient, more capable of being steered, than
the simple Schumpeterian model recognizes. | am
not arguing here that the capitalist engine is effi-
cient in the standard sense of that term, or that
the wastes and proclivities toward myopia high-
lighted by simple models are really not there
Rather my point is that the engine is of a much
more sophisticated and effective design than sim-
ply drawn accounts of it

2. Institutions supporting technical advance in
modern capitalism

In this section I hazard an analytic description
of the modern capitalist engine as of the late
twentieth century. The level of abstraction will be
considerably lower than in the preceding section,
and I draw extensively on a number of recent
studies of how parts of the system work. I focus
almost exclusively on the United States. While I
would and will argue that the systems of the other
major capitalist nations are of basically similar
design, there are some interesting differences
Some of these will be treated in section 3.

I begin my sketch with the proprietary and

rivalrous part of the system, the part stressed in

most accounts. I shall be concerned with two
questions. Why the dominant role of R&D
laboratories attached to firms who basically make
their money by selling products? And how do they
get proprietary advantage from the R& D they do?
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then examine an aspecl of the system conven-
.Lhrough which firms leam from_each other, and
cooperate on some matters, These processes and
arrangements distinguish a cultural evolutionary
process from a biological evolutionary one. My

next topic is the role of universities, which I argue’

is much more complex and variegated than stan-
dard views of what universities do. In particular 1
stress the role of the applied sciences and en-
gineering disciplines as public repositories of
generic technological knowledge and of university
research in these fields

Einally, ['turn to different kinds of government
R& D support programs, which are an extremely
important part of the modern capitalist engine

] 2.1 The proprietary domain i)

2.1.1. The key role of the industrial R& I} laboratory

prise: The desire to shield R& D from pIéSSures to

" troubleshoot and to permit a longer run orienta-

tion called for a certain distancing {rom on-line
work, '

It is the tying of the labs to perticular compa-
nies tha[ make their money selling products or
services {other than R&D) that differentiates
caplta][sl syslems from most socialist ones, and
this aspect is well worth reflecting on. Why doesn’t
inventing mostly proceed in organizations that
specialize in R & D, like independent or
university-affiliated laboratories. who do work on
contract or sell their inventions to production
firms? The fact that these mechanisms are op-
erative to a certain degree affirms that the question
1s not specious

The reasons reveal a lot aboul the capitalist
engine. One is that the two factors stressed above
- the power of university training in doing in-
dustrial R&D. and the ability to advance technol-
ogy in separated dedicated facilities — have limits,
To do effective industrial R& D generally requires

Schumpeter highlighted industrial R&D as the
heart of the capitalist engine: organized inventive
efforts undertaken by university-trained scientists
and engineers, working in special facilities. tied to
particular business firms, and focused on advanc-
ing their product and process technologies. Many
scholars - Christopher Freeman {20] Nathan Ro-
senberg [60}, David Mowery [44], Lawrence Reich
[58], David Nobel [51] and David Landis [33] to
name a few — have told of the rise of this institu-
tional structure, first in the chemical and electrical
industries, and then more widely.

This arrangement now is so familiar that
analysts seldom reflect on it. Some of its aspects
are relatively easy to understand, and hold in
socialist systems as well as capitalist. The key role
played by university training clearly reflects the
general power the sciences of chemistry and
physics had achieved by the late nineteenth cen-
tury, and the successful developmem of the new
applied sciences and engineering disciplines based
on them which were directly oriented to generate
knowledge and technique useful in advancing
technology. Training in these was largely a job of
the universities. The use of people whose training
set them apart from on-line workers, the need for
special equipment and, sometimes, teamwork, lies
behind the widespread use of facilities and mana-
gement specially dedicated to the R&D enter-

knowledge about the technology of an industry,
that is not taught in school. It also often requires a

certain_amount of close and not pre-proeramma-

_ble interaction between lab and client firm or

firms, and complementary work and investment

on their part Thus to be effective, industrial R&D
must have close industry links.
In many cases the R&D a firm wants done is

: closeiy- 1ailored to its own product and process

technologies, its strategy for getting ahead or stay-
ing up, and its most pressing needs as it sees them.
Thus eifective_lab work requires not —only 1g-

dustry-specific but firm-specific knowledge, and

_sensitivity of the lab to_the needs of its ¢lient firm,
_ As stressed earlier it seldom is possible to specify

in advance exactly how an R&D project wilf turn
out, and often it is necessary to rethink and re-
specify objectives along the way. Williamson
[75,76], Teece [69] and others argue cogently that

Such relationships aredifficult to govern by con-

tract. Indeed in cases where process engineering is
"‘-’\J\_’-

important, or tatloring products to customer de-
mands, technical work may need to be closely
integrated with production and marketing and not

Actually, the question of how close to on-line problems and
capabilities a lab should work is a central one in R&D
management. For a discusston of the history of the issue at
Dupont, see Hounshell and Smith [29).
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sharply separated institutionally, much less con-
tracted out

And in many cases tomorrow’s high-priority’

R&D projects tend to grow out of today’s and of
what is learned in operating experience, A labora-
tory that did today’s work and with whom mecha-
nisms for interaction already are in place has a
natural start on tomorrow’s work. Thus there are
advantages to a firm of durable as well as close
bonds. with a lab serving it.

These factors calling for close lab—production
links are relevant in socialist economies as well as
capitalist ones. They explain ‘why the free-standing
research institute system of sacialist countries has
proved such an unsatisfactory vehicle for in-
dustrial research, and why socialist economies now
are moving R&D into the enterprise. In capitalist
economies there also are proprietary reasons for
trying Iab to enterprise

Much of the firm-specific information that
motivates an R&D project as well as the content
of the project will be regarded by the hrm as

proprietary, and thus the sponsor may want to.

assure that the lab does not consort with its rivals
As we shall see shortly, in many industries the
principal way a firm gains profit from 8 R&D is
through exploiting a head start. This requires not
only that the details of R&D be kept privy until
ripe for practice. To reap returns a firm also must
be able to identify and marshal in a timely manner
the production and marketing capabilities, what

Teece [70] calls- cospecialized assets, needed to

move rapidly and strongly into the latent market
before its rivals can get aboard Integration of
R &D into the firm facilitates such needed coordi-
nation. _

Of course this is not 1o say that firms never use
laboratories not tied to them, or that independent
labs never are important sources of invention. A
firm may choose to contract out for relatively
routine work or exploratory studies to a lab that
has expertise in the field, particularly if that work
can proceed with little access to information the
firm regards as proprietary Also, a lab closely tied
to a firm may become myopic, leaving room for
outsiders to do the real innovating. New firms, or
old firms coming into a new business, are a com-
mon phenomenon when prevailing firms get con-
servative. And in circumstances when a new tech-
nology is coming into being, and thus there is little
relevant specialized knowledge within any in-

dustry as of yet, independent or university-affilia-
ted laboratories may be the center of relevant
expertise. The current situation in the new bio-
technologies is a good example However, these
complications broaden and qualify but do not
negate the proposition that the industrial research
laboratory is the heart of the modein capitalist
engine.

2.1.2. Mechanisms for appropriation_and_their_do-

Above I suggested that one of the reasons firms
get their R&D largely done in in-house labs is
that this facilitates their appropriating the returns.
In this section I turn to means of appropriation
more generally.

Schumpeter never was explicit about just how a
firm that invested in R&D established and pro-
tected a proprietary edge. Economists and
historians of technology writing since his time
have recognized a variety of means, and their
work suggests that different ones are operative in
different industries. However, until my colleagues
and 1 designed the Yale survey, there was no
systematic map of the terrain. Since the details of
the questionnaire and the broad results of our
probes about appropriability have been reported
in several other places (in particular, see Levin et
al. [35)) here 1 will simply summarize those of our
findings that are most relevant to the topic of this
section. Some of what I recount will be general,
but much of the analysis will be of inter-industry
differences. The modern capitalist engine is not
just more complex than simple pictures of it, but
highly varicgated, ' :

To oversimplify somewhat, we distinguished
three broad classes of means through which firms
can appropriate returns to their igovations -
through¥the patent system, through “secrecy, and
througl‘@various advantages assgciated with ex-
ploiting a first-mover advantage — and asked our

réspondents in different lines of business to score
on a scale from one to seven the effectiveness of
these means for profiting from product innova-
tion, and from process innovation.

There were significant cross-industry dif-
ferences regarding the means rated most effective

12 The study by Wyatt et al. [77], while directed more narrowly
at- multinationa! corporations, covered some of the same
ground and came up with similar findings.
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for appropriating returns to product innovation
However, contrary to popular beliefs that stress
intellectual property rights, in_most industries the

gains _to_an innovator apparently come largely
from getting_there first and exploiting that_ad-
vantage, rather than by using the shield of a
patent, or actively keeping things secret. Included
herein are many of the industries generally re-
garded as among the most technologically progres-
sive, as semiconductors, computers, telecommuni-
cation, airframes and aircraft engines.

An interesting characteristic of most of the

above industries is that imitation is expensive eveén

if the new product is not protected by a patent. In
somme, produéts take the form of complex systems.
Our respondents from the industries producing
aircraft and complete guided missile systems —
canonical complex systems - reported that it would

what it cost the innovator to come up with some-
thing comparable, even if there were no patent
protection at all. Producing complex systems in-
volves many components and many details that
need to be got right; much of this learning pro-
ceeds on-line rather than in the lab, and is costly
and time consuming to do even if one has a model
to take apart, or blueprints in hand. These in-
dustries and others, like semiconductors, also in-
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volve complex production processes with

equipment finely tuned to product design. Getting
the production equipment in place and learning to
run it right is time consuming and costly and by
itself can yield an innovator a large and durable
advantage over followers,

In these kinds of industiies, firms tend to de-
velop differentiated areas of special competence.
These particular competencies may be diificult to
“transfer” to another firm, even when the former
is an active partner in the effort, as when a mother
firm tries to enhance the capabilities of a branch
abroad, or in a licensing and technology transfer
contract. Also, in f{ields like these, tomorrow’s
technology often grows out of experience creating
and working with today’s. > Thus an advantage
gained by a firm in a particular nook of today’s
technology is likely to lead to an advantage tomor-
row in the same or adjacent nooks. This, rather

B These technologies are what Winter and I have called
gumulativg, For good studies of cumulative technologies see
Sahal [63}, Enos [17) and of course Gilfillan {24).
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than durable control over a particular isolated
invention, is why the returns to a company of a
major initial technical advance may be long term.
But to reap those returns requires that it not rest
on its laurels. ' -

While I want 1o emphasize that patents play a
‘much smaller role in enabling innovators to reap
returns under modern capitalism than commonly
believed, there are certain industries where patent
protection is important, perhaps essential, for in-
novation incentive. Qur questionnaire revealed two
groups of industries of this sort. One consists of
industries where chemical compesition is a central
aspect of design: pharmaceuticals, industrial
organic chemicals; plastic materials, synthetic
fibers, glass. The other consists of industries pro-
ducing products that one might call devices: air
and gas compressors, scientific instruments,
power-driven hand tools, etc. ** In both cases the
composition of the product Is relatively easy to
define and limit. These conditions seem 1o be
conducive to ability to draw patents that can be
enforced. They also describe a context where, in
contrast with the more complex systems technolo-
gies discussed earlier, imitation is relatively easy
for a competent firm. Thus without patent protec-
tion an innovator would gain very little from its
investments.- _

The reports regarding means of appropriating
returns from process innovation were different in
interesting ways from those about product innova-
tion First-mover advantages and patent protec-
tion were rated less effective in protecting process
innovation than product innovation in almost all
industries. However, most industries rated secrecy
more effective. The lesser effectiveness of patents
and the greater of secrecy are probably opposite
sides of the same coin. Processes are easier than
products to hide from competitors; on the other
hand mimicking by a competitor is easier to detect
and prove for a new product than a new process

The lesser effectiveness of first-mover ad-
vantages in enabling returns to be reaped from
process innovation probably reflects that reduced
-cost tends to be translated into significantly en-
hanced market share more slowly than a signifi-
cant improvement in product design. If market

14 Our findEr;gs regarding where patents are important are
similar to those of Scherer et al [64], Mansfield et al [40}
and Wyatt et al. [77).
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share is relatively insensitive in the short run to

cost and price, this suggests that incentives for

process innovation should be associated with pre-
vailing firm size. o

_This conjecture squares with the evidence. The
bulk of industrial R& D is directed toward new or
improved products. Some of the industries marked
by high product R&D intensity are highly con-
centrated — aircraft, for example — others not so,
for example scientific instruments. However, in ail
of the industries where firms spent substantially
on product R&D, at least one of the means of
appropriation listed in the questionnaire was re-
ported highly effective. In contrast, few industnes
spend much on process R&D. In those that do,
firms tend to be large and the industry highly
concentrated.

Of course, the fact that firms in an industry
spend little on process R& D by no means implies
that no attention is being given to process innova-
tion. In many industries, the bulk of such work is
done by upstream firms, material and equipment
suppliers. The respondents to the Yale survey
reported that upstream firms were an important
source of new technology particularly when the
industry in question was not concentrated.

This finding is consistent with a proposition
put forth by Eric vor Hippel [13,14] that the locus
of inventive activity is determined, in part at least,
by where the ability to appropriate returns is
greatest When an industry is fragmented, if a
process innovalion is made by a firm in that
industry, its level of use is likely to be quile
limited, given the relative insensitivity of market
share to process innovation. But if process innova-
tions come in the form of new materials and
equipment produced by upstream firms, thé
market is the industry as a whole. It should be
noted here that the incentivés that locate process
innovation upstream reflect real efficiency gains to
the economy as a whole, That under capitalism
much of process innovation is done by equipment
and materials supplier makes process technology
more public for firms in the using industry.

Of course it is not one way or another. In many
industries firms do some work on their production
processes and equipment, and their upstream sup-
pliers also do some work. As argued above, the
relative balance seems quite sensitive to the degree
of concentration of the upstream industry. It also
seems sensitive to the extent to which the needs of

equipment users are specialized. Thus von Hippel
[74] has shown that the users who do significant
invention and design work on equipment tend to
have more exacting needs than others in their

- industry who rely ‘more on suppliers to do the

work

The analysis above is quite consistent with the
‘taxonomy” of sectoral patterns of technical ad-
vance that has been developed by Keith Pavitt
and his colleagues [53] In particular, in his “sup-
plier-dominated” set of industries, firms are small
apnd apparently not idiosyneratic regarding
equipment needs, and rely on upstream suppliers
for new equipment. In contrast, in his “scale-in-
tensive” industries firms are large and do consid-
erable R&D on their own. They may also draw
from the work of specialized equipment suppliers

[2 2 Technology taking, sharing; and interfirm c-ooa

eration

Corporate R&D and innovation yield proprie-
tary capabilities, initially. But generally not com-
pletely or for long. Sooner or later other firms
ferret it out. Often of course the original innovator
will strongly resist competitors getting in the act,
but sometimes the innovator is an active party to
dissemination '’

2.2.1. How proprietary téchnoiogy becomes public_

@ toward the firm it serves, an

An mdustrial R&D labor(%ory looks two ways:
owards the external

world to monitor developments that vield oppor-

tunities or which threaten the mother firm. As

Wesley Cohen and Daniel Levinthal [11] have
stressed, monitoring is an active process and in-
volves spending resources

Technical developments of significance to a
firm can come from a variety of different places
Technical change in downstream industries can -
shift the nature of the demands a firm faces New
equipment and materials developed upstream can

> The topic being discussed here is akin o that often caHed
the “diffusion” of innovations However in writings under
that rubric there often is a failure Lo distinguish between thg
spiead of an innovation created upsiream among customers,

and the imitation of 2 rival's innovation by competitors.
The focus here is the spread of technology among rivals
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profoundly influence what a firm can produce and
at what cost. Customers and suppliers generally
will help a firm stay up with relevant develop-
ments, but if a firm is simply a passive receptor of
such information it is unlikely to appreciate its
significance, or be able to respond rapidly and
effectively. An important part of many firms’ R.&
D efforts involves active monitoring of upstream
and downstream technologies

And of course a firm must stay up with what its
competitors are doing. While new generic knowil
edge is accessible to someone who knows the field
well and follows it closely, to stay current in a
rapidly moving field generally requires that one
have a hand in on the research. And to master the

details of new product or process technology .

created elsewhere may be time consuming and
costly, even for a company that has considerable
experience with the technology.

In the Yale survey, firms were asked about the
effectiveness of various means of acquiring know.-
edge about new products and processes developed
by competitors. These included doing independent

R&D or reverse engineering, trying to get infor--

mation from employees of the innovating firm and
perhaps hiring them away, patent disclosures, pub-
lications of various sort, and open technical meet:
ings. As in our other probes, we asked separately
about product innovations and process innova-
tions. Below [ concentrate on the product innova-
tion responses. _ a
Highlighting that monitoring outside techno-
logical developments generally is an active and
costly business; in most industries the means of

" monitoring judged most effective was either doing

independent R&I) (presumably while attending
to clues about what one’s competitors are doing)
or reverse engineering, The industries that gav:
these means low scores almost invariably wese
those that do little R &D themselves, hence do not
have the capabilities to employ them. Conversely,
virtually all R&D intensive indusiries rated one
or both very effective as a means of learning about
(and presumably mastering something comparable
to) competitors’ innovations. It is apparent that in
these industries the fact that viable firms have
active R&D efforts serves to bind them together
technologically, as well as to advance the frontiers.

Those industries that reported reverse en-
gineering to be effective also tended to report that

~ they often learned from conversations with scien-

tists and engineers of the innovating firm. Some
reported that hiring away competitors’ engineers

-and scientists was common practice. It is apparent

that in the United States in many industries ex-
change of information among professionals, and
interfirm flow of R&D personnel, serve as mecha-
nisms that keep generic knowledge public.

Patents are intended to disclose information,
and many of our industry respondents reported
they learned a lot from that information. The
industries that rated patent disclosures as effective
tended to be the same as those who rated patents
effective in protecting product innovations — drugs,
industrial organic chemicals, synthetic fibers, and
also a collection of industries producing devices of
various sorts. In many  of these industries
scrutinizing patents was apparently a.prelude to
taking out a license, but in some not.

Publications and open technical meetings were
deemed effective sources of information in a num-
ber - of industries. The industries rating these
sources highest tended to be of two sorts. Some
were connected with health, or with agricultural
processing; in these two areas there is a dense web
of information dissemination services, largely sup-

ported by governments. In others, engineering

societies were strong; the metal and metal-
processing industries and electronics are good ex-
amples.

It is thus apparent that in most industries com-
panies are not able to block information flow to
competitors. As noted earlier, Schumpeter under-
stood this well What may be more surprising, it
appears that in many cases they do not try to
block information flow, and in others actively
support it by encouraging employees to publish, to
talk at technical society meetings, etc. Why?

In the first place, the very staking of claims

~ involves the release of information. That is one of

the intents of the patent system, and where patents
are effective in protecting an innovation they also
reveal it. Companies in industries were aggressive
use of a head start advantage is important to
reaping returns have strong incentive to stake
their claim through advertising, open meetings,
and a wide variety of other ways, in addition to
patenting, They need to attract customers. To do

" this they need to tell them about their new wares,

and this means telling something to their competi-
tors too. N

Claim staking and the associated information




204 R R Nelson / Capitalism as an engine of progress

release_is needed not simply lo_establish legal

property rights and lure customers, but also to

make stockholders happy, and to attract new
capital. It is also ofteén important to let suppliers

know of one’s new technology, so that they may
adjust their own designs and R&D efforts better
1o serve it.

And to enhance the company’s reputation in
the scientific and technical world. A reputation for
doing first-class work enhances a company’s abil-
ity to compete for newly minted scientists and
engineers, to hire away more experienced ones,
and to hold onto its own. More hasically, it gets
the company, or the key scientists and engineers
working there, into the relevant networks. In the
pharmaceutical industry, company scientists are
major contributors to scientific literature Scien-
tists and engineers working at IBM, Bell Labs and
General Electric have won Nobel prizes for their
work. Corporate managers of some firms clearly
believe that encouraging their scientists and en-
gineers to be linked-in respected members of the
 relevant communities is an important investment
in corporate prowess 1o stay ahead of the competi-
tion,

It is also important to understand that the
divulging of certain kinds of information does not

significantly undermine a company’s real proprie-

tary edge. Where new products are patentable and
patents are effective, as in pharmaceuticals, it does
not hurt a company to publish generic inférma-
tion, if it gets the patent. Letting articulaied generic
information won in R&D go free does not
handicap a firm from reaping handsomely from its
product innovation, if it has a significant head
start on production and marketing of the product
in question, and the capacity to take advantage of
that lead.

‘Finally, there are industry-wide eificiency gains
to be had by sharing technology. Everyone would
be better off if everyone shared. Of course the fact
that sharing enhances group welfare does not mean
that individual firms have incentive to share. The
factors discussed earlier provide some incentive
for voluntary sharing of certain information by
firms, even if these were not associated with re-
ciprocity. But sharing of information that is im-

~ portant to proprietary interests tends to require
something in exchange.

2.2.2. Technology selling, trading, and sharing

Licensing a patent for money is the simplest
such mechanism. Surprisingly little is known about
patterns and characteristics of licensing, although
the last several years have seen several good stud-
ies [9,11] The limited evidence is that much of
patent licensing is between a {irm and its affiliates
or subsidiaries. In a large share of these and other
cases, the licensee’s plant is located in a different
country from the licensor’s. And terms often re-
strict the market of the licensee.

More generally, the evidence seems to be that
firms are loath to explicitly license direct competi-
tors, and, othér things equal, would rather export
or have a plant in a foreign market than license a
separate firm in that market. License fees extract
only a small portion of the value of the technology
to the user. Cavcs et al adduce a number of
reasons Iwo important ones are: first, that in
many cases the licensee has the option of invent-
ing around the patent or simply violating it and
risking suit; and second, that the decision by the
licensor to license generally reflects a judgement
that the licensee’s market cannot be easily tapped
by export or branch plant operation.

This is not to say that there are not situations
where firms license their direct market competi-
tors. However, these seem to be in industries
where licensees do independent R & D, proprietary
gains come largely from a head start in any case,
and there is an implicit or explicit reciprocity
about licensing certain kinds of technology. '*

I have little hard data fo support this proposi-
tion, but 1 suspect that patent licensing among
rivalrous firms, where it occurs, is basically the tip
of an iceberg of technology trading and sharing,
most of which does not involve explicit licensing,
In a number of industries there seems to be a
general implicit agreement not to licénse patents
explicitly, but not to enforce them either, even
when experience indicates that they can be. The
firms apparently recognize that they are better off
as a group if they implicitly make a common pool
of their technological knowledge, rather than keep'

1$ The well-known patent pools in aircraft design and manu-
facture, automobiles and radio reflect all of these factors. In
addition, prior to the pooling firms were engaged in litiga-
tion that clearly hurt all or most of the participants.
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their ‘individual pools strictly private, and if ihey
all refrain from costly litigation. There is the free
rider problem. But I note that these industries, as

‘those where there is explicit patent licensing re-

ciprocity, tend to be ones where a head start is the
principal mechanism assuring returns to innova-
tion, and significant R&D is required of any firm
for it to keep competitive, even if other firms do
not enforce their patents. A company's -patent
portfolio is largely protection against potential

—r—— T - - . .
suits of other companies using similar technology,

posing the threat of counter-suit. As recent litiga-
tion in the semiconductor industiy suggests, the
agreement not to enforce patents may be depen-
dent upon firms whose technology is being taking
thinking they get something in return.

‘Eric von Hippel {74] has studied several in-
dustries in which explicit “technology swapping”—
is prevalent. When a firm faces a technological-
problem, an engineer in that firm is likely to call
up an engineer he knows in another firm, who
often gives help I noted earlier that in a number
of industries conversation with employees of in-
novating firms was an important source of in-
formation about those innovations. Von Hippel .
argues that when help is given by one engineer to
another, an obligation is established wherein the
latter implicitly agrees to provide information to
the former when the former asks, and the informa-
tion is at hand to be given. Von Hippel observes
that this type of information swapping tends to be
most prevalent when the information involved is
not of major proprietary importance to the infor-
ming firm, in the sense that it would lose a signifi-
cant advantage over its rivals by divulging that
information. But within the limits set by that
constraint, voluntary exchange acts to keep down
the costs of a proprietary system, 7

The voluntary divulgence of information in
technical society meetings is a matter that war-

rants careful study, but has received little. My
impression is that three things are going on. First,
communication between upstieam and down-
stream firms, which willy nilly informs competi-
tors. Data from the Yale survey suggest that where
upstream suppliers make significant contributions

L § Allen [2,3] has described networks among Iengineers. See
also R. Allen [1] on the phenomenon of open ‘access o
competifors of new technological developments in sieel
making.

to technical advance in an industry, technical
societies also are rated as important. Second, the
sharing of generic findings, partly to enhance indi-
vidual and company reputation, and partly to
keep in relevant networks Third, the technical
society meetings set up the contacts for the kind
of exchange von Hippel describes. But to date
there has been very little study of these matters.

2.2.3. Inter-firm R& D .cooperation

Firms buy, trade and share technological in-
formation To a limited extent they also cooperate
in R&D. There are several conceptually separate
arenas where R& D cooperation seems quite com-
'mon" I} B

One is R&D cooperation between a firm and
l,LS__SJLpphﬁES..QLC_U_S_[QJ]leIS Earlier I noted the role

of upstleam firms in process innovation-in many
industries. Often this comes in the form of stan-
dardized equipment or materials, but in many
cases new equipment needs to be tailored to the
particular idiosyncratic needs of the user. In these
cases, downstream and upstream firms may each
possess different expertise and capabilities rele-
vant to the design of new process equipment that
need to be combined for work to go forward
effectively. ¥

Cooperative R&D arrangements between a
company and an upstream firm, often an
equipment supplier, are widespread. There are
clearly some proprietary knowledge leakage prob-
lems about these arrangements. In particular the
downstream partner may not be able to control
the manner in which the upstream partner deals
with the downstream firm’s compétitors. The con-
ditions in which these vertical arrangements thrive
thus probably involve either strongly idiosyncratic
process needs on the part of the downstream firm,
or long-term near-exclusive pairing, or acceptance
by the downstream firm that the kind of process
technology being worked on will not be a competi-
tive item strongly differentiating firms in that
industry.

Upstream-downstream interaction is just one
example of situations where two_or _more com-
panies produce goods that are sirong comple-

® Freeman [20} i)rovidcs a nice analysis of the relationships
between chemical plant designers and chemical companies. .
See Lundvall in Dosi et al. [16] for a discussion of long-run
vertical cooperation in design
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ments, or have different but strongly complemen-,

tary expertise or other capabilities, or both. Thus
airframe manufacturers cooperate with electronics
and engine manufacturers in the design and de-
velopment of new aircraft. Computer and semi-
conductor manufacturers often work together. A
semiconductor producer that is strong on product
design may share information and work together
with another company whose process technology

is stronger A new biotech firm with a strong

scientific staff but little production and marketing
experience, and an established pharmaceutical
company with limited in-house R & D expertise in
a field where the new firm is strong, may get
together on a project or group of projects 1

The latter are examples of R&D cooperation .

between firms broadly in the same line of busi-
ness. These kinds of arrangements tend to be
easier to work out when the firms in question are
not in strong direct rivalry, producing for example
products that appeal to somewhat different
* customers. As noted earlier, there has long been a
tradition of exchange ol tlechnological informa-
tion, and licensing, between firms in the same line
of business, but operating in quite different geo-
graphical markets.

" Yet even where firms are strongly rivalrous.
they may try to forget agreement to get done
cooperatively certain kinds of research where the
results are difficult to keep proprietary, or where
certain objectives are recognized as shared. There
may be indusiry-wide problems like inadequate
procedures for festing raw materials, the solution
to which might give little durable advantage to a
particular firm, but would significantly benefit the
industry as a whole. . In many instances an in-

dustry can collectively benefit by devising and

adopting certain comrion standards. Setling and
advertising these may be useful, for example, in
inducing greater efficiency and competition in in-
dustries providing inputs, or products that are
part of the same system, such as light bulbs and
lamps, or television sets and signals provided by
television stations Customers may value highly
the ability to use a product of one company
together with the product of another, as presently
in the case with PCs As the examples illustrate,

¥ There arc a number of recent studies on joint ventures. See,
for example. Mowery [45] and Harrigan [28}].
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there ‘may be serious conflict among companies
about whether there should be any standards, as
for example when a dominant company like IBM
is resistant to other companies making compatible
products, or about what the standards should be.
But in many cases there is sufficient shared inter-
est to engénder a cooperative standard-setting ef-
iort. For a good dlscusmon see Besen and Saloner
16]. :

In recent years there has been a sharp increase
i+ industry interest in mechanisms for cooperative
funding of generic research. While this partly re-
flects a rather mechanical imitation of what is
telieved to have been frutiful in Japan, it is also
ine result of a more considered appreciation of
some points that [ have stressed above. The ap-
plied sciences and engineering disciplines have
become more powerful. A company that is not
linked into their advance is disadvantaged relative
to a company that is. And the best way to get
linked in is to be in on the research. On the other
hand, the public good properties of what is learned
in generic research suggest that much is to be
gained by sharing expenses

In 1984 amendments to the Anti Trust laws of
‘the United States were made expressly to facilitate
such inter-company agreements" A few such
~ryanizations have been formed that stand on
their own — for example, the Microelectronics and
Computer Technology Corporation, until recently
the best known [55], and just recently Sematech
However, by far the greater number of recently
created industry-oriented generic research centers
have been connected with universities.

[2.3. The role of uriversities |

Universities are an important part of the mod-
ern capitalist engine. They are a recognized reposi-
tory of public scientific and technological knowl-
cdge. They draw on it in their teaching They add

“to it through their research.

Within the United States, university science
and engineering, and our science-based industries,
gizw up together. Chemistry took hold as an
academic field at about the same time that chem-
ists began to play an important role in industry.
The rise of university research, and teaching, in
the field of electricity, occurred as the electrical
equipment industry began to grow up in the United
States. In both cases the universities provided the
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industry with its technical people, and many of its
ideas about product and process innovation 2

Contrary to notions that academic science and
scientists stand at some distance from industry,
save to provide the latter with people, and pub-
lished papers, in many fields the links between
academic science and industrial science tradition-
ally have been close. Consulting by academic sci-
entists and engineers is not a new phenomenon
And industry scientists have long played a role as
advisors to academic science and engineering de-
partments, and as trustees at universities, like
MIT, who were training people and doing research
of relevance to industry. _ '

Academic science departments can be im-
portant to technical change for two quite different
reasons: because of the training they provide young
scientists and engineers who go into industry, and
because of the research they do. To be efiective in
industrial research, a young scientist needs to know
basic principles and research techniques, and these
can be taught by academics. The research they do,

while almost always good exercise for young scien- -
“tists, may or may not be directly relevant to

industry

The situation is dynamic, not static. Academic
research was very important to technological de-
velopments in the early days of the semiconductor
industry, but as time went by R&D in industry
increasingly separated itsell from what the
academics were doing. As | will document in a
moment, at the current time academic biology and
computer science are very Imporiant sources of

new ideas and techniques for industry. The latter”

is a new field, and the former is experiencing a
renaissance. On the other hand, technologies asso-
ciated with complex product systems or produc-
tion processes, like aircraft and aircraft engines,
telecommunications and semiconductor produc-
tion, involve much that the academics do not do,
and mostly do not know in any detail.

In our survey, my colleagues and I asked our
respondents to score, on a scale from 1 to 7, the
relevance of varieus ficlds of basic and applied
science to technical change in their line of busi-
ness. We also asked them to score, on the same
scale, the relevance of university research 1 pro-

2 Among the many good studies of the correlation of academic
and industrial research in chemistry and electricity are
Rosenberg [60], Nobel {51] and Thackray [71]

pose that a high score for a science on the first
question ‘signals the importance of wuniversity
training in that fleld, and a high score on the
second relevance of what academic researchers are
doing.

On the first question, every field of science
received a score of 6 or higher from at least a few
industiies. As one might have expected, some sci-
entific fields were of importance to only a few
industries. However, four broad fields - chem-
istry. material science, computer science and
metatlurgy — received scores of 6 or higher from
over 30 industries (out of 130).

The fact that an industry rated a field of sci-
ence as highly relevant by no means implies that it
rated university research in that field so. Thus
while 73 industries rated the relevance of chem-
istry as a field of 5 or greater, only 19 industries
rated university research in chemistry that highly.
Forty-four industries rated the relevance of physics
at 5 or greater. but only four gave that high a
score to university research in physics. This does
not mean that academic research in physics is
unimportant over the long run to technical ad-
vance in industry However, the impact will prob-
ably be stretched out and indirect, operating
through influences on the applied sciences and the
engineering disciplines, with the ultimate impact
on industrial R& D occurring through these.

What fields of university research have
widespread reported relevance to industry, in the
sense that a number of industries credited univer-
sity research in that field with a relevance score of
five or more? Basically, the applied sciences. Com-
puter science and material science head the list,
each with more than 25 industries giving such a
score, followed by metallurgy and chemistry, with
21 and 19 industries, respectively. University re-
search in the engineering disciplines also received
a high relevance score from a number of in-
dustries. Industries for which these fields are im-
portant look to universities for new knowledge
and techniques, as well as tramning

Biology, and the applied biological sciences
(medical and agricultural science), appear some-
what special today. While these fields are deemed
relevant by only a narrow range of industries,
those industries that scored these fields at 5 or
higher almost always rated university research in
these fields at 5 or higher too Thus at the present
time those industries whose technologies rest on
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the basic and applied biological sciences seem to
be closely tied to the universities for research as
well as training.

It appears that there are two ditferent ways in
which dcademic research feeds into technical ad-
vance in industry. In some cases academic re-
search provides the original “inventions” or pilot
versions of designs. that industry subsequently de-
velops and commercializes. This often happens i
the engineering disciplines where research in many
cases directly involves building and testing new
devices or designs. But in most fields what
academic research provides is not pilot inventions
but understandings and techniques that industry
can later employ for a variety of different pur-
poses. Thus academic research on cancer may
provides clues to pharmaceutical companies Te-
garding what to look for, but does not yield an
embryonic new design in itself. *' Of course there
are mixed cases Work in materials science in-
creases knowledge about how to find or create
miaterials for superconductivity. At the same time
some academic groups are now in on the hunt for
superconductive materials.

In industries where technological advance is

being fed significantly by academic research, firms

naturally look for close links with university scien-
tists and laboratories where that work is being
done. Traditionally, academia has been quite open
to those linkages. However, these tend to be
located outside the liberal arts and sciences part of
the university, in the agricultural experimentation
stations, the engineering schools and the medical
schools. ~

In recent years there has been an explosion of

new arrangements whereby a single firm or a -

group of firms funds research at a university
laboratory, and receives some sort of advantaged
access to that research or its findings. Not surpris-
ingly, the industries most engaged in these activi-
ties are ones where firms are large, and who rate
academic research as highly important to techno-
logical change of interest to them. The major such

21 The basic distinction is whether industrial R&D workers use
the findings and techniques of academic research in going
about their problem solving, or whether what comes out of
academic research directly- invokes particular industrial
R&D efforts 1o exploit those findings Our conclusions, that
the former is common but the latter is not, is quite con-
sistent with Gibbons and Johnston [23].

!

industries are pharmaceuticals, agricultural chem-
icals and electronics. And the fields of university
science being tapped by those arrangements tend
to be those where academic research was judged
highly relevant to technological advance in those
industries: certain of the biological sciences, and
computer science

Both the federal and state governments have
been actively encouraging these arrangements The
National Science Foundation has been supporting
Engineering Research Centers which link univer-
sity research to industry. There is a raft of new
state progiams that do this. In these arrangements
corporate support is often mingled with public
support.

My conjecture is that these kinds of new
arrangements for greater industry contact with
generic research will prove more durable in the
United Siates than the self-standing industry
cooperatives. The same free rider problems and
technology . transfer problems are there, and this
limits the magnitude of industry finding. But there
are also other parties interested in sustaining these
programs — ‘the universities themselves, for one;
these arrangements are becoming an important
part of academic research and teaching in the
affected fields — federal and state governments for
another. Fostering technical progress has become
increasingly an articulated rationale for public
support of university research.

12.4. Government R& D suppm

Particularly since the Second World War,
government R&D support programs have been an
important part of the capitalist engine A variety
of government agencies support R&D for differ-
ent purposes and in different manners, and any
attempt at classification hazards oversimplifica-
tion. However, 1 find it analytically useful to
distinguish among three different kinds of pro-
grams, 2

In one, the guiding purpose is to advance

knowledge in certain fields of science. The spon-

soring agency may see such advances as salient to
its own operational interests, or to its client con-
stituency, but the time horizon is long run and the
coupling of projects with pressing practical objec-

22 This section draws draws extensively on Nelson {50]
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tives relatively loose. In a second, the government
agency in question has a recognized operational
responsibility and an gsscociated need for mew or

better equipment, and R&D is rather closely tied
to meeting those needs. In a third, the objective is
to. meet the relatively short-run needs of an in-
dustry or other client population.

- These categories should of course be under-
stood as ideal types or models In fact many
government agencies pursue programs that span
two or even all of these types But I would argue
that in such cases it is analytically useful to recog-
nize that several different kinds of things are
going on '

Thus, let us return to university research. Since
the Second World War the United States govern-
ment has been thé dominant source of funding for

- research at universities. Many people think of the

National Science Foundation as the canonical
agency for university research support. The mis-
sion and program of the National Science Foun-
dation is a relatively clear example of the first
kind of program listed above. But significantly
before the advent of the NSF, government agen-
cies funded research at universities. The Hatch
Act of 1887 provided for Federal funding of agri-
cultural research, much of it at universities. Clearly

this program involved a blend of the first and the

third described above. _
And at lhékpresem time, despite the widespread

impression that the NSF is the principal govern- -

mental source of funds for academic research in
the United States, a significantly greater amount
of money comes {rom government agencies with
particular applied missions, who are seeking to
advance scientific understanding relevant to those
missions. Thus the National Institutes of Health

“are the dominant source of funding of academic

research in the biomedical sciences, the Depart-
ment of Defense the principal supporter of univer-
sity science in fields like materials science and
computer science, the Atomic Energy Comrhission
and its successor the Department of Energy in
high-energy physies and nuclear engineering, etc. 1
noted above the growing importance of programs
that fund vniversity research deemed particularly
promising to mdustry. :

Of course government funding of basic and
generic research is small-scale relative to procure-
meni-tied R& D, where an agency is funding work
associated with its attempts to get made and de-
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livered particular kinds of equipment, or to solve
particular problems of concern to it. While the
DoD is by far the largest spender on procurement-
related R&D, many other agencies spend some
when they wzint equipment different from or more
advanced than is available on the market. Thus
Census, the Post Office, and the Veteran's Ad-
ministration have on occasion invested in R&D
on equipment tailored to their needs.

While there is overlap between the basic or
generic research support programs of mission-ori-
ented government agencies, and their procure-
ment-tied R&D programs, I distinguish these on
several counts. One is the breadth of the objec-
tives. Another is the way the programs are
governed. In research-support programs scientists
and engineers from outside government as well as
in tend to play a major role in setting. broad
directions and in making allocation decisions
Universities generally are the locus of work, al-
though government and industry labs may be in-
volved as well In procurement-oriented programs
an office in the government agency makes the
decisions and monitors the effort closely. The
work is done usually in an industrial or govern-
ment laboratory.

The massive defense procurement-related R&D
programs of the last quarter century are so familiar
to contemporary observers that it is seldom re-
cognized that this phenomenon, like broad
government support of university research, dates
from the Second World War. Prior to then, much
less R&D went specifically into the design of
military equipment, and a large share of what did
was financed by companies themselves as an in-
vestment in possible future government sales.
There are several reasons why the Pentagon shifted
from the earlier policy of letting companies invest
in R&D to a policy of government finance of
R&D on systems and components that it in-
tended to pfocure when they were ready. One is
simply that during the war the armed services
worked with companies in that mode, and the
habit became natural. A second is that, largely
because their demands bed more ambitious,
the armed services wanted greater control over the

- R&D on the systems they wanted. As it turned

out, in the post Second World War era, both
aspects of the military R& D programs, the broad
research support aspect and the particular de-
velopment and procurement aspect have pulled
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into place a number of technologies of enormous
civilian significance, including modern semicon-
ductors, the electronic computer and jet aircraft.
Various observers have remarked on this, and
have gone on to argue that DoD R&D has been
the key to United States technological supremacy
in commercial products during the 1960s and
1970s However, this clearly was not a principal
intent of the DeoD.

Which brings me 1o the third type of program I
listed - R&D support expressly to enhance the
capabilities and competitiveness of an industry.
This is where much of the current discussion of
appropnale government R& D support policies is
focused. And despite the cluckings of some who
should know better that the United States never
has and never should engage in such “industrial
policies”, it is apparent that the United States
certainly has. and will continue to do so.

I noted earlier that support of agricultural re-
search dates back now over a century. While much
of that work has been located at universities, it has
been specifically aimed to help farmers and, in
some instances. farm product processing in-
dustries, And much of the work has been aimed at
solving particular practical problems.

In a number of instances, the procurement
interests of a government agency, particularly the
armed forces, have been used to argue for policies
to help an industry commercially Thus RCA was
formed at the explicit urging of the U 8. govern-
ment to assure that the U.S. had a strong indige-
nous radio industry, a matter deemed important
for national security The NACA was organized
through government to help the US. airframe
industry compele internationally so as to assute a
procurement base The recent formation of Sema-

tech .was justified by the argument that a commer-

cially competitive semiconductor industry is essen-
tial to national security The U.S. program in
support of civilian nuclear power also grew out of
national security ‘concerns, and the desire to ex-
ploit spillover. :

This is qiite a mixed bag. Recent policies that
move further in this area include Sematech and
the collection of university-based industry-ori-
ented centers mentioned earlier. However, perhaps
the most interesting aspect of the current policy
discussion has been the proposal that the govern-

ment take responsibility for coordinating both -

academic and industry work in emerging fields

like superconductivity and high-definition TV
What to make of this idea?

3. Towards a socialization of R&D?
31 The evolving roles of government

The modern capitalist engine is always in the
process of being redesigned and rebuilt. I began
this essay with Schumpeter’s characterization of
the American engine, circa 1942 At the time he
wrote, several of the important pieces of the con-
temporary system described in section 2 were not
yet in place. The strong publicly supported univer-
sity research system, and the massive military R&
D programs, were components added only after
the Second World War And even the part of the
system he highlighted - large companies with large
attached laboratories - was relatively new then
and nowhere near as prevalent as it became after
the war.

Schumpeter well understood that the capitalist
engine always was being redesigned. And he had
some strong notions regarding where the redesign
ultimately would go.

While most scholars of technical advance fasten
on those few pages of Chapter 7 in fact the
central argument of Capitalism, Socialism, and
Democracy was that the capitalist system he was
describing would sooner or later be transformed
into a socialist one. He put forth a2 number of
reasons. One he deemed as particularly important
was that it was increasingly becoming possible to
achieve major technical advances without the
wastes associatéd with the capitalist way. *. in-
novation itself is being reduced to a routine. Tech-
nological progress is increasingly becoming the
business of teams of trained specialists who turn
out what is required and make it work in predict-
able ways. The romance of earlier commercial
advantage is rapidly wearing away, because so
many more things can be strictly calculated that
had of old to be visualized in a flash of genius.” 2
Thus the arguments for capitalism were eroding.

How right was this call? Are we indeed seeing a
replacement of the capitalist engine with one of
basically different design?

23 por a discussion of Schumpeter’'s sometimes schizophrenic

views see Langlois [34] For the more radical stance. see
Veblen [72]
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I have argued throughout this essay that the
modern capitalist engine is a much more complex
mechanism than Schumpeter’s famous sketch sug-
gests. It is, indeed, a much more socialized system.
/ﬂave stressed the rise of the applied sciences’
and engineering disciplines, the codification of}
generic technological knowledge, and the profes- |
sionalization of R&D and related activities, as
important forces for the socialization of techno-
IL—[ogical knowledge, and to some extent of R&D, /

¢y Schumpeter’s call clearly was on-the m.gﬁéy/

Certainly government’s role in the system has
expanded since Schumpeter wrote, not only in the
US. but in the other major capitalist nations.
Everywhere governments have taken r‘esponsi-b'il_ity
for the funding of university research, and for a
good portion of higher education in science and
engineering In other countries, as well as the
United States, government agencies dependent
upon the advance of certain fields of science and
technology for the success of these missions have
made large investments in the advancement of
these fields Everywhere bodies exist to do at least
a modicum of coordination of national efforts in
fields judged strategic.
~ However, if by socialization one means ex-
plicitly planned and coordinated action across a
broad field of activity, then socialization is still
quite limited. There does indeed seem to have
been a significant increase in R&D cooperation in
some industries, partly as a result of government
policies encouraging this and partly as a result of
the firms’ own volition. But in the United States
and elsewhere the vast bulk of civilian-oriented
industrial R&D is funded by the companies that
expect to benefit from it Among firms in the
same line of business, while there is increased
cooperation on some maiters, rivalry is still the
general rule, .

What about JaEan? A number of analysts have
highlighted features of the Japanese R&D system
that differentiate it from the American and
European: the role that MITI plays in helping
industry chart out appropriale broad directions,
the coordination of public and private actions,
close interaction between companies and their
component and equipment svppliers and occa-
sionally among competitors in pre-competitive re-

" search. A strong case can and has been made that

these features add power and efficiency to the
Japanese system, 2

I would argue, however, that the Japanese sys-
tem is not of fundamentally different design from

the American, but rather is a different and per-
e N et

haps more effective model in the same broad class
One distinctive part of the present Japanese sys-
tem is concerned with cooperative pre-competitive
research. As the name implies, the results of this

M\vork are difficult to make proprietary, at

least immediately and directly And as generic
knowledge has grown stronger, it has become in-
creasingly important to industry that it keep a
hand in on its advance. The Japanese accomplish
this in their particular way. But as I argued above,
U.S. companies are being drawn down into similar
kind of work too, if through different mechanisms,
generally in association with universities There
are differences and changes going on in this arena,
but they don’t seem to involve a radical system
redesign

Many observers have pointed to the mecha-

“nisms orchestrated through MITI by which tech-

nologists in Japan get together and share knowl-
edge and judgements about where technology is
going and attempt to map out coordinated action.
But I have above mentioned that mechanisms for
sharing and coordination are not unique to Japan,
and recent policies in the U.S. and in Europe are
concerned with strengthing these Again, the djf-

ferences and changes would appear to be of de-

gree, not of kind.

And in Japan, as ClSBWhCIIC, the vast bulk of

industrial R&D continues to be work done
privately, and companies compete fiercely At-
tempts by MITI to guide and coordinate R&D
have been resisted when companies felt they en-
croached on proprietary turf

And Schumpeter’s prognostication that as sci-
ence grew stronger technical innovation would
become predictable and routine has turned out to
be a bad call. Since Schumpeter’s time a number
of large-scale and far-reaching R&DD programs
have been predicated on that belief, almost always
with bad results. While the problems of cost over-
runs and far off-target performance that have
marked American military procurement have been
interpreted by many as symptoms of weak mana-
gement, greedy contractors, and undue and per-
haps somewhat corrupt cronyism, it is evident that

2 For an especially perceptive aralysis see Freeman [21]



212 R R Nelson / Capitalism as an engine of progress

in most cases both the DoD and the contractor
vastly underestimated the uncertainty and the dif-
ficulty of the lar-reaching task they agreed to take
on. And since there was no real competition or
alternatives, pressures to cut losses were weak.
The problem the U.S. had with its nuclear reactor
programs, the ill-fated SST, and now with the
space shuttle, tell a similar story The European
record with large-scale ambitious and sheltered
projects is no better. While MITI has tried o
guide and coordinate industrial efforts, the focus
has tended to be on pre-competitive R&D, and
there certainly has not been tight planning of new
product development. In the United States. while
the discussion has been particularly sharp, it would
appear that the proposals that a government
agency coordinate work on superconductivity and
high-definition TV are aimed at pre-competitive
research. Indeed i1t is highly unlikely that the
companies involved would tolerate efforts to coor-
dinate their product design work -

But then. for product and process innovation,
the old messy process of letting a number of

different parties make their own bets using their-

own money and relying on ex-post evaluation to
decide what eourse was the right one still has a lot
to argue for it over a policy of ex-ante
technology-wide planning and administered coor-
dination. It. appropriately, stimulates a variety of
approaches in circumstances where it is a mistake
to narrow down exploration to a vety few. And it
serves as a guard against technological hubris of
an organization that would be czar. =

So I return to my starting place. Schumpeter’s
quick characterization remains a good first cut at
understanding the capitalist engine and its work-
ings. It is a much more complex machine than he
described and over the years it has grown even
more so Over the years we have learned to do
many things to make the original engine run more
efficiently, with more power and less waste, and
have learned to steer it at least broadly. We share
kn0w]cdge, and coordinate action in certain situa-
tions. Public funding and government leadership
have been used to make generic knowledge more
readily public, and to guide and spur the system
when this has seemed appropriate.

The structures Japan has developed over the
last fifteen years are further steps in thése direc-
tions. However, rather than changing the basic
nature of the engine, the new elements are better

_seen as cutting down some of its roughness, reduc-

ing some of its inefficiencies, enhancing its ef-
fectiveness, without significantly diminishing the
role played by pluralism, rivalry and ex-post selec-
tion. Technical advance under capitalism still
needs to be understood as proceeding through an
evolutionary process.

And so too the changes in the nature of the
capitalist engine itself At the present time a wide
variety of new kinds of organizations, new ways of
doing things, new patterns of inter-organization
interaction, are coming into being in the United
States and elsewhere. As with the advance of
technology. many different actors are involved in
these changes in the system, with very little in the
way of overall planning and coordination. And
like technical advance, institutional change is very
much a cultural evolutionary process Firms watch
other firms and try to learn from their experience.
When technical advance appears to be going be-
tier in one country than another, a variety of new
departures are induced in the latter with the aim
of emulating elements of the former’s system For
years the U.S. was the world's model; now obvi-
ously Japan is.

But as with techinological innovation, these new
departures regarding the way of going about doing
technological advance must be understood as
changes that may or may not succeed. Probably,
some will, and will become entrenched, and some
will not, and will disappear after a while. This
opénness of the engine to experimental tinkering
is one of its greatest design virtues.
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