part V National systems of innovation

Preface to Part V

Richard R. Nelson
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The chapters in this section follow on naturally from those in Part IV. In
Part IV the focus was on the evolution of particular technologies, and on
how technical change was both shaped by and shaped firm behavior and
industry structure. Here the focus is wider, being concerned with national
systems of technical change spanning the full spectrum of industries. And
the institutional concerns are broader.

The thrust of both Nelson’s chapter on the United States and Freeman’s
on Japan is that modern national innovation systems are complex institu-
tionally. While they involve the institutional actors and activities con-
sidered in the chapters of Part IV, they include as well institutions like
universities dedicated to public technological knowledge, and government
funds and programs. While these two chapters deal only with the United
States and Japan, a description and analysis of the innovation systems of
any of the other major industrialized nations would show a similar complex
structure. Private-for-profit firms are the heart of all of these systems. They
compete with each other, but they also cooperate. In all nations universi-
ties play an important role in the innovation system. And in all modern
nations, public funds account for a significant fraction of total R & D
spending, in some cases being nearly as great as total private funds.

There are certain essential similarities among the innovation systems
in advanced industrial nations. There also are certain interesting and
important differences. The contrast between the United States and Japan
brings this out strikingly. A comparison of the two national systems is
particularly interesting because throughout much of the post-war period
the United States has been the clear technological leader in most fields, but
over the last decade Japan has caught up in many, and now is ahead in a
few. technologies.

As noted, in both nations there is vigorous technological competition
among firms in the same industry. However, in Japan, under the auspices
of MITI. there also has developed a tradition of inter-firm cooperation in
certain kinds of research. In the United States, university —industry inter-
action has been close for a long time in many industries, and in some
technologies universities have been an important source of invention, This
scems to be much less the case in Japan, where the distance between
industry and universities seems to be greater. In both nations, the govern-
ment has played an important role, but the nature of the roles has been
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strikingly different. In the United States, defense and space R & D pm..
grams accounted for a large share of total industrial R & D during the
1960s, and spillover to civilian technology was considerable during that erg

in the fields of aircraft, semiconductors and computers. In recent years the

evidence suggests that spillover has been much less substantial. In Japan,

government industrial R & D support has been very small compared with

the level in the United States, and in particular there is very little defense

R & D spending. On the other hand, principally through MITI, the
Japanese government has played a significant role in trying to direct and
orchestrate the Japanese industrial R & D effort in certain key industries,

Much of the current public policy debate in the United States, in Europe
and in Japan is concerned with the efficacy of, on the one hand, significant

government R & D support for the advancement of particular techno-
logies, in the style of the US Department of Defense, and, on the other,
MITI-like coordination of industrial research.

The chapter by Lundvall takes a different cut at analyzing national

systems of innovation. His focus is on user—producer interactions, which

he argues is an important if often overlooked feature of the innovation

process. He argues plausibly that geographical and cultural closeness
facilitate effective interaction, and goes on to propose that national
borders tend to enclose networks of technological interaction which define

national innovation systems. He puts forth several reasons why there are

such national systems —common government, as well as common heritage

and education (at least in the relatively homogeneous Nordic countries),
and obstructions to cross-national flow of labor being prominent on his list.
The Nelson and Freeman chapters simply assume that there are national
systems, and that borders matter. Lundvall presents a theory as to why this
might be the case. Actually, rather little is known about just how borders
affect the flow of technological information and capabilities, which is what
many governments are concerned about, or the patterns of interaction
between upstream and downstream firms, which is Lundvall’'s focus, or
university industry connections, which is another interesting topic. It seems
clear that borders matter, but not clear how much, or in what ways.

The chapter by Pelikan is concerned with a theoretical exploration of
whether a capitalist innovation system can be out-performed by a socialist
one, where by the latter he means one in which officials appointed by a
central authority control the use and creation of technology. He argues
that it cannot, because of the likelihood that incompetent people will
control the process in socialist regimes, whereas under capitalism pluralism
and competition tend to assure good management, or at least that there are
ports of entry with good management. While Pelikan does not consider in
any detail the inefficiencies of the pluralistic capitalist system that have
been stressed in several places in this book, or the large potential gains
from some centralization in some cases, his stress on the dangers of
centralization echo some observations in Nelson's chapter. Of course, one
could look at the real question as being not about the relative merits of a

-

11
PREFACE TO PART V 3

fully decentralized versus a fully managed system, b"'thab{;"fl cll'n{:]\;f “r?olﬁ(h
centralization or decentralization is‘appfopnate for w a(tj :nin so-caue(i
This is implicitly the way the matter 15 being trcated. nowadays in s o
capitalist economies. And many socialist economies are experim Thg
with a certain amount of decentralization and even competiion.

results of these experiments will be interesting to watch,
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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? What are its
key components? How does it work?

This chap‘ter is a preliminary report on my theoretical and empirical
research on innovation systems in capitalist economies. That research has
been powerfully shaped by the understandings about the nature of techni-
cal progress, and perceptions: of the role and organization of corporate
R & D, discussed earlier. The emphasis here is on mapping and trying to
comprehend the wider institutional structures within which corporate
R & D and technical change proceed in capitalist economies. If technical
change is far more complicated and variegated than it is depicted in
:rstan_dard economic theory, so too are the institutional structures support-
g it.
~ The focus here is on the contemporary US scene. The following chapter
1s concerned with modern Japan. There are many similarities between the
two national innovation systems, but some important differences as well.
They will be initially signalled here, and developed at greater length in the
following chapter.

Also, one of the striking features of national innovation systems is that
they change over time, usually gradually, but sometimes sharply. The
occasional large changes in innovation systems are part and parcel of the
occasional sea changes in technical-economic paradigms discussed earlier
by Freeman and Perez. While I shall sketch where the current US system
came from, and how it is different from what it used to be and why, space
precludes giving that subject adequate treatment here. And while 1 will
speculate a bit about where it is going, how the new technologies discussed

in several places in this book will drive it, I cannot here consider that
malter at any length.

The complex capitalist innovation system

Partllcularly in comparison with Soviet-style systems, there are three rather
obvious characteristics of national innovation systems in capitalist

*The research on which this cha i
apter is based has been funded partly by PRA-NSF, ; .
by the American Enterprise Institute. k. Sieapety
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economies. One is the privatization of much of new tech_nology. which
harnesses profit incentives and market forces to its creation. A sccpnd
striking feature is the existence of multiple, independent, generallg{ r{va}-
rous sources of mew technology. A third, and rclate_d, char'aclenstlc 15
heavy reliance on ex post market forces to select on the innovations offered
by different firms, and on the firms themselves. ‘

“put tersely, in capitalist countries, technical change is set up as an
evolutionary process. The research on technical change, discussed earlier
in this book, increasingly is explicitly analyzing it as such.! The fact that the
process is that way in good part reflects the particular institutional structure
of capitalist countries. Technical change proceeds in quite different ways in
Soviet-style economies.

Evolutionary processes in general, and technical change in particular,
are inherently wasteful, at least with the vision of hindsight. Due to
the unplanned, uncoordinated nature of industrial R & D in capitalist
cconomies, R & D allocation is doomed to be inefficient, compared with
any kind of an ideal. Looking backward one can see a litter of failed or
duplicative endeavors that probably never would have been undertaken
had there been effective overall planning and coordination. Economies of
scale and scope that might be achieved through R & D coordination are
missed. Certain kinds of R & D that would have high social value simply are
not done. Also, because technology is to a considerable extent proprietary,
one can see many enterprises operating inefficiently, even failing, some-
times at considerable social cost, for want of access to the best technology.

It is something of a puzzle, therefore, why the capitalist innovatiqn
system has performed so well. There certainly is nothing like the twin
theorems around to support an argument that capitalism ‘can’t be beat’.
But. of course, the key question is: what are the alternatives? Compared
with what? Various socialist scholars have observed the wastefulness of
capitalism and proposed that a centrally planned and coordinated system,
which treated technology as a public good, ought to be able to do better at
generating and using new technology. The troubles socialist economies
have been having with their innovation systems suggests that this is easier
said than done.

What is it about technical change that makes effective central planning
so difficult, or perhaps impossible? The basic matter, I would argue, is the
uncertainty that almost always surrounds the question, where should R &
D resources 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 any of these—
not simply uncertainty about where the bets ought to be laid, but also
disagreement among exprts. Under such circumstances, attempts to get
ex ante consensus are likely to be futile or counter-productive. What the
capitalist innovation system provides is multiple sources of initiative, and a
competition among those who place their bets on different ideas. And it
does so in a context where, as I shall elaborate later, there is widespread
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access to the basic generic knowledge one needs to understand the technj !

;:E] ]:IOE:SlbllllieS. and strong incentives to heed market signals. It is left ¢
e market to decide. ex post, what were the good ideas. This is aﬁ

inefficient and wasteful way to do things, and painful for the losers but,

given the nature of technological uncertainties and the way humans ang

organizations seem to think and behave, it may be hard to do much better
er

than to set up technical change as an evolutionary process.

‘ Also, }t_]érc is another feature of capitalist innovation systems that
tially mitigates the problems discussed above. In capitalist econo i
tc?hnalogy, or aspects of it, is partly a public good. Thcs;e public il
private faces of technology both complement each other and are at ogc]l]sd

The .pub]u: aspect of technology helps to control the inefficiencies
associated with the private rivalrous aspect, but at the same time builds ]

other problems into the system.

Schumpeter’s perceptive analysis about how new technology get
gcperated and spread in capitalist countries clearly recognizes bt:uthgth!i
private and public sides.” He saw the lure and reward for innova;tion in r.he
quas'l—rcms on the private temporary monopoly associated with the imro?

- duction of a new product or process. However, in Schumpeter’s analysis
thc_ mpnopoly normally is limited. Sooner or later competitors will be asirle
to imitate, or invent around, the initial innovation. The fact that techno-
logy ultimately goes public has three benefits.® First, this assures that a
healthy share of the benefits of innovation go to user*:-’.. and that ‘triangle’
costs are kept down. Second, knowledge of the new innovation provid:fs a
base and a spur for further innovation by others. Third, by facilitatin
suhscquz;m competition, the dangers that a company can build a wide ant.’ilg
durable industry monopoly out of a particular innovation are kept under
con‘lrobi, However, all of these public benefits will come to naught if fear of
rapid imitation damps incentive to innovate in the first place.

Fromlone point of view, the job of institutional design is to get an
appropriate balance of the private and public aspects of technolo
enc'nfgh private incentive to spur innovation, and enough pub]icncssgfc;
facﬂ]ta.le wide use. Access to an innovation by competitors should ml)t be
s0 rapid or complete as to dull incentives to innovate. On the other hand
lhe stronger the restrictions on access and the longer their lastin the:
higher the social costs in terms of less than optimal use.* e

~However, while this simple view of trade-offs is illuminating, it is too

S!m[.?lfl. [t represses that different kinds, or aspects, of tcchnolégy differ
SIEgmhcantly‘ in terms of latent publicness. Also, the institutional structure
;O;Z?:‘ capitalist systems is much richer than that depicted in simple

It is important to distinguish between two different aspects of a techno-
logy. Qn the one hand, a technology consists of a body of generic know-
!edgc, in the form of generalizations about how things work, key variables
influencing performance, the nature of currently binding c:mslrainls and
approaches to pushing these back, widely applicable 'probleln-SL;lving
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heuristics, etc. Dosi (1982) has called these packages of generic knowledge
‘technological paradigms’. On the other hand, a technology also comprises
a collection of specific ways of doing things. or artefacts, which are known
1o be effective in achieving their ends if performed or used with reasonable
<kill in the appropriate context. Much, if not all, of the generic knowledge
tends to have properties of a latent public good. Such knowledge tends to
be widely applicable, and germane 1o a variety of users. Access to generic
knowledge may be essential if one hopes to advance further the technology
with any force. Also, in a system where there is considerable inter-firm
mobility of scientists and engineers, generic knowledge is very difficult to
keep proprietary. On the other hand, while portions of the set of extant
techniques possess latent public good properties, in the sense that certain
technigues are widely applicable, a good part of it is not appropriately so
characterized. As Keith Pavitt (1984) has stressed, a good portion of
technigue is of rather narrow application, being tailored to the attributes of
the products and processes of particular firms. Thus restriction of access
entails little cost.

Also, there is much more to the capitalist innovation system than for-
profit firms in rivalrous competition. There are, as well, a variety of
mechanisms through which firms share technological knowledge, and
cooperate on certain kinds of R & D. There are universities in it, and
professional societies. There are public monies, as well as private funds.

Once institutional richness is recognized, along with different aspects
and kinds of technological knowledge, the simple ‘trade-off” view of the
matter needs to be supplemented by another one. One can see the task of
institutional design as somehow to get the best of both worlds. Establish
and preserve property rights, at least to some degree, where profit incen-
tives are effective in stimulating action, and where the costs of keeping
knowledge private are not high. Share knowledge where it is of high cost
not to do so, and the cost in terms of diminished incentives is small. Do
the work cooperatively, or fund it publicly, and make public those aspects
of technology where the advantages of open access ar¢ greatest, or where
proprietary claims are most difficult to police. Put another way, the design
problem involves institution creation and task assignment at least as much
as simple trade-offs taking institutional structure as given.”

This chapter is organised as follows. In the next section I describe the
proprietary parts of the capitalist system, with particular emphasis on the

means through which firms appropriate returns to their investments in
innovation, and consider some consequences of the uneven effectiveness of
these means across industries, and across different kinds of innovation.
The subsequent section is concerned with technology sharing, and R & D
cooperation among firms. Universtities, a very important part of the
institutional structure, are considered in the following section. Next is a
{reatment of government programs in support of R & D. In the concluding
section 1 pull these strands together.
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Proprietary technology: mechanisms, domains and consequences

R & D carried out by business firms, in rivalry with other firms i
same industry and looking to innovation to get ahead or stay u . li?. i
tl;earl of the modern capilalist engine. Christopher Freeman (1982)plj\lmt:he
osenberg (1985), David Mowery (1984) and others have told 1he‘ t o
lh'e growth of employment of scientists by industry, and the rise DISI 013' o
trial research laboratories. Such laboratories proved profitable f(I)n L;?
firms because they served to link the increasingly powerful generic 1;:r o
!cdgc apd methods of modern science to the problems and oppurlunit'gow-
industrial technology, in an environment where both kinds of knt:nw.rll.a-sc'iE)f
could be b_rought to bear on project selection and execution. However fge
a moderln industrial research laboratory to be profitable for a firm inves,ti e
in one, it was not sufficient that organized, focused scientific research lI:g
able to push forward industrial technology in directions the market woulg
pay well for. The firm had to be able to appropriate a non-trivial share of
LI;osc benefits. In pE‘lIliCUIaI. a firm undertaking expensive R & D had to
didviglsitér\:{]ce that its competitors would not reap on the cheap what they
IHlstonans and economists studying technical change in capitalist coun-
tries ha_ve recognized a wide variety of means through which firms
appropriate returns to their investments in innovation. However, until m
colleagues and I designed a questionnaire with the purpose of ‘cxploriny
exactly wtherc different means of appropriation were effective, there was ng
systematic map of the terrain. Since the details of the quest;onnairc and
'I(he broad results of our probes about appropriability, have been re ;)rted
in several other places, here I will simply summarize some of our ﬁﬂdin S
that are most relevant to the topic of this chapter.® :
To oversimplify somewhat, we distinguished three broad classes of
means through which firms can appropriate returns to their innovmioﬁs—
through tht_: patent system, through secrecy, and through various advan-
tages associated with exploiting a head start—and asked our rcqpondent; in
d;;ferf:m lines of business to score on a scale from one t;j seven Ithe
jenne;vt::;?;l:lss of these means for product innovation and for process
There were significant cross-industry differences regarding the means
rated most cflfcclivc for appropriating returns to product innuvati;m
'IC'onl.rary to widespread lay beliefs, patents were rated the most cffccliw*;
instrument in only a small number of industries.” Those tended to be of
two types: those producing chemical products, and those producing rela-
tively simple mechanical or electrical devices. In industries Iikegscmi-
conductors and computers, a head start and related advantages were
reported as the most effective means through which firms app?o riated
returns. But while there were significant inter-industry diffcrcnccxpin the
means reported most effective, most of our industries reported at Ie:as;t uni
of the means as being very effective in enabling a firm to apprui)riatc:
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returns from product innovation. However, our respondents from the
food-processing and metal-working industries tended to report that there
was no effective means for them to protect their product innovations. It is
interesting to note that these industries are characterized by very low levels
of product R & D relative to sales.

Most industries reported that, with the exception of secrecy, the
«tandard means for capturing returns from innovation were less effective
for process innovation than for product innovation. A significant fraction
of industries reported that no means was particularly effective. It is
interesting to learn that in most industries firms spend very little on process
R & D.

My colleagues and I have studied the effect of the ability to appropriate
returns on the R & D intensity of an industry through regression analysis.
We measured ability to appropriate through the means discussed above by
the score assigned to the most effective means. Since a firm that accounts
for a large share of a market can appropriate returns, even if the means
considered in our questionnaire are not effective, we also included a
measure of industry concentration in the regression equations. The bulk of
industrial R & D is aimed at new or improved products, and the ability to
appropriate variable had a positive and significant effect in the cross-
industry product R & D intensity regression. The ability to appropriate
returns to process innovation variable had a positive sign in the process
R & D intensity equation, but it was not significant. In contrast, industry
concentration had a much larger positive coefficient in the process R & D
regression than it did in the product R & D regression.”

These findings are consistent with an important structural feature of
capitalist economies. Except in highly concentrated industries, process
innovations come largely in the form of new machines and materials
(products) made by upstream suppliers. If one reflects on it, one can sce
that this ‘institutional assignments’ solution has some efficiency advan-
tages. Except for highly concentrated industries, if the process R & D is
done upstream, innovators will be able to get their innovations applied to a
larger fraction of industry production than if the process innovations are
done in-house and use is restricted (say by secrecy).

In our questionnaire we asked our respondents to assess the contribution
made to technical change in their line of business from various outside
sources, particularly upstream suppliers. Our regression analysis suggests
that upstream contributions are greater, the less concentrated the user
industry. Also of interest is the fact that the contribution of upstream firms
was strongly positively correlated with the reported contribution of pro-
fessional and technical societies. These latter would appear to be important
vehicles for sharing information about new process technology, and about
technological needs. I turn now to consider this sharing, cooperative aspect
of capitalist innovation systems.
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Technology sharing and R & D cooperation

Private R & D yields proprietary knowledge, initially. But that knowledge
does not stay private; it leaks away and becomes public. The fact that
proprietary technology ultimately goes public enhances the ability of the
economy to use new technology, both in production and as a base for
further research and development. However, to the extent that a signifi-
cant share of the benefits of a company’s R & D goes to competitors, or
consumers, its incentives to do such R & D are diminished.

At first thought, one might presume that firms that create new techno-
logy ought to exert strong efforts to hold back that technology from going
public, and in the normal run of things they clearly do. However, in some
cases firms take positive action to make their proprietary knowledge avail-
able to others.

Patent licensing, of course, is a widespread practice. Here, while there
are exceptions, society gains by enlarging the range of firms that can use a
new technique, and the licensor collects a portion of those gains. This is
easy enough to explain.”

Not quite so easy is the practice of implicit patent pooling, which exists
in a number of industries, under which rivalrous firms apparently have an
agreement not to sue each other for infringements. Such arrangements
reflect an apparent agreement among a group of firms that they are all
better off if they make a common, big pool of at least some of their
technological knowledge, than if they all try to keep their individual pools
strictly private. It seems that, within limits at least, rivalrous companies can
and do recognize the ‘public good’ properties of technology. There is a
possible problem here, of course, of free riders. My conversations with
people in industries where these arrangements exist indicate that patent
pools tend to be limited to firms that are active in R & D and hence are
contributing to the pool, and that patent suits are likely to arise when non-
contributors ta the pool are known to be drawing significantly from it.'

Technical and professional societies provide formal structures for the
sharing of technological information. As noted earlier, these societies seem
to serve as vehicles for communication between suppliers and users. They
also facilitate the spread of certain kinds of information among rivals.
Industrial scientists and engineers, like academics, take pride in their
professional reputations, which to a considerable extent are enhanced, and

recognized, through publication of articles in journals associated with pro-
fessional societies, through giving talks at their meetings, etc. For the
members of these societies, new technology is the news they gather to hear
about. Their operation almost certainly speeds the ‘going public’ of new
generic technological knowledge.'' R & D cooperation among firms also
long has been a part of the capitalist system. Cooperation between user
and supplier has been discussed in an carlier chapter. Firms in the same
line of business, but operating in separated markets, sometimes have
combined cross-licensing with exchange of information about technological
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problems and opportunities thus engaging in a form of ‘de facto R_& 51
cooperation. This pattern has long been common among firms operating .
different national markets. In recent years th_crc'hasl been a surgclo-
explicit joint R & D ventures am_m\.glzcompames in different countries.,
particularly in aircraft and electronics. o linds of

Even rivalrous firms may forge agreements to have certain kinds o
research carried out cooperatively where the results are difficult to kcclp
proprietary, or where it would be disadvan_tageous to the group as a whole
to do so. Typical examples are industry-wide pro}:lems, hkc']earnmg how
better to grade and test raw materials, or to est.abhsh ap_propnate star}dards
for inputs. There is a tradition in some industries of trying to fund this type
of work collectively, through some Kind of an agl:CEd—uporl voluntary tax
formula for contribution to a trade association, which can support research
at universities, or at independent laboratories. There are obvious free-
rider limits on this mechanism, however. :

In industries closely linked with science, the results of generic rese_arch
have strong, latent public-good properties and are difficult to keepl private
for long. As a result only a few, generally very lar_ge. firms engage in m\.l(?h
of this work. Most of it is undertaken at universities, as I shall elaborate in
the tollowing section. ‘ . a

However, in the past ten years or so in several different _mdustnes,
groups of firms have come together to finance and have generic research
carried out through formal cooperative research arrangements. These have
been particularly prominent in the United States in the Isemlconductor and
computer industries. Some, like the Microelectronics and Con‘lp'uter
Technology Corporation, involve a group of member ﬁr‘ms who ]omltly
fund an agreed-upon body of research in special laboratories. .Others, like
the North Carolina Microelectronics Center, have been organized by state
government, and involve public, as well as private, funds. NCM_C and t_he
Center for Integrated Systems at Stanford University are associated with
universities. .

These new cooperative R & D organizations clear!y were motivated by
the belief that cooperative generic research was an important reason for
Japan’s technological and economic success in hggh-technoicgy industries.
This part of the Japanese innovation system is discusseq at some Iengtp in
the following chapter. As will be stressed, in Japan universities play h}tle
role in such endeavors; indeed, with certain exceptions, the connections
between university and industry research are relatively weak. In contrast,

in the United States university research and industrial research.oﬁen ha\'e‘
been intertwined closely. I turn now to that part of the United States
innovation system.

The role of universities

Since the last part of the nineteenth century, universities have becomt? an
increasingly important part of the capitalist engine. They are a recognized
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repository of public scientific and technological knowledge. 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 grew up together.' Chemistry took hold as an
academic field at about the same time that chemists began to play an
imporant 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
industry with its technical people, and academic research provided many of
the ideas about product and process innovation.

It is important to recognize that these are two quite distinct kinds
of contribution. Academics may be able to teach what new industrial
scientists need to know, without having their research be particularly
relevant to industry. It may be necessary for young scientists to learn the
basic principles and research techniques of a field before being able to
work effectively in an industrial laboratory, even if the research being done
by academics stands at some distance from what is going on in industry. In
some technologies, academic research may be illuminating the opportuni-
ties and providing the key insights for industrial R & D, but in others the
cutting edge of industrial R & D may be far away from academic research,

The situation is dynamic, not static. There is evidence that academic
research in chemistry and electrical engineering has over the years dimin-
ished as a source of important new knowledge for industry. Academic
researchers were very important to technological developments in the early
days of the semiconductor industry, but as time went by research and
development in industry increasingly separated itself from what the
academics were doing. As I shall document in a moment, at the current
time certain areas of academic biology and computer science are very
important sources of new ideas and techniques for industry. The latter is a
new field; the former is experiencing a renaissance.

To probe at some of these issues, in our survey my colleagues and [
asked our respondents to score, on a scale from one to seven, the relevance
of various fields of basic and applied science to technical advance in their
line of business. We also asked them to score, on the same scale. the
relevance of university research in that field.

The fact that an industry rated a field of science highly relevant by no
means implies that it rated university research in that field so. Thus while
seventy-five industries out of 130 rated the relevance of chemistry as a field
at five or greater, only nineteen industries rated university research in
chemistry that highly. Forty-five industries rated the relevance of physics at
five 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 un-
important over the long run to technical advance in industry. However, the
impact will likely be stretched out and indirect, operating through
influences on the applied sciences and the engineer disciplines, with the
ultimate impact on industrial R & D occurring through these.
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What fields of university research have wideSprc_ad rcportgd rele\.rfanciitto
industry, in the sense that a number of industrics accredne:l Sn:;ermegi
research in that field with a relevance score of five or morc“ ]10 pand
science and materials science head the |ISI.If0|1()WCd by muta urtgyLl i
chemistry. The industries for which these sciences ar‘e 1mpoil ant c'r:1 5
ook to universities for new knuwle;lge anfi techniques, as well as t‘ra1“ l—ii

Biology. and the applied biqlugwa] sciences (medma_l ar!g a{i;z,r:gu uere
science) appear somewhat special today. \'\«fhl]e thgse scienti il elds wh ;
deemed relevant by only a narrow range of industries, thosle in Iustnes t ah
scored these fields at five or higher almost always rated university researc
i jelds at five or higher too. .

h ;zszzti;gsdg\:here techfological advance is peing_fcd ‘Slgnllﬁcal.lﬂ).f bﬂ
academic science naturally look for close links with university scientists z'm

the laboratories where that work is going on. In r'cccnt years there !m\;e
been a large number of new arrangements estab.hsheid whereby a smg(cel
firm or a group of firms funds research at a university l_aborat_ory, ?qn

receives some sort of advantaged access to that rcsear_c}} orits fmdmgs..l-l ot
surprisingly, the industries most engaged in these activities are ones where
firms are large and academic research is ralcc! as highly important ltl:)
technological change. The major such ipdustnes are [.)ham:laceut;cz? s,
computers and semiconductors. And the n.f:lds of unlversuy‘scu:n;ch‘e;::g
tapped tend to be those where academic res-earch was judge' ig )[
relevant to technological advance in those industries—the biologica

ie computer sciences.

Scﬁlﬁi)z?:cture I?s that in the United States t_hesc kinds Of_ new arrange-
ments for support of industry-oriented generic r_escarr:h will prove more
durable than the self-standing industry cooperatives. The same frec-r{der
problems are there, and this limits the magnitude of mdusn:y‘fundmg.
However. the universities themselves are imeres‘ted in sustaining thf:se
programs, and federal and state governments are likely to provide funding
ruﬁr:hf:glnlrast. because of the presence of MITI, in Japan there is a
mechanism for pulling together and subsidi.zing groups gf firms to do
generic cooperative research, without involving a university C()l'lne:.'.:tloni

And, as noted, Japan’s efforts in this area have preceeded largely w1_th0t_1

university involvement. Which route will turn out to be more effective in

the long run is hard to say.

Government programs in support of technical change in industry

Particularly since the Second World .“"i:IlI. government R&D support.h has
been an important part of the capitalist innovation system. However, t erlc
are major differences across countries in the roles played by governmgfn[j
In Japan, in certain key industries MITI has orches.tratc.d the R =
attack, getting companies to think through together which directions oug
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to be followed and what goals pursued if commercial primacy were to be 1

achieved. The United States has no organization like MITI, and the
y to plan and coordinate the

government role generally has not been to tr
development of broad technologies, except in fields highly relevant to the
military, and where it has tried to do so the experience usually has beep
bad. Rather, the governmental involvement, while large and important in
some areas, has tended to be quite selective. In good part this is because
where firms are rivalrous, government R & D is viewed with latent h
as potentially helping one’s competitors. To be accepted, government
funding must be viewed as benefiting the industry as
justified by overriding natural interests.

[ have found it analytically useful to distinguish three different kinds of
government R & D support programs. One kind is concerned with basic g
research. The second is tied to government procurement needs. A third
class, of relatively modest importance in the United States, is expressly
aimed to advance the commerical competitiveness of a particular industry,
or group of firms."” )

While acceptance of a governmental responsibility for broad funding of
basic research at the universities was reached in the United States only
after the Second World War, the tradition of governmental support of
selected kinds of research at universities developed much earlier. Thus the
Hatch Act of 1887 provided for federal funding of agricultural research,
During the 1930s there began to be a trickle of federal funds into health-
related research. Prior to the Second World War, the armed services
funded a considerable amount of research at universities to foster the
development of computers,

However, government funding of research at universtities was piecemeal
until after the Second World War. During the 1920s and 1930s various
influential scientists in industry were trumpeting the importance of
university research, as well as teaching, to the health of their industries,
but the policy message they and their academic colleagues gave was that
industry should band together to support universities. For reasons that are
obvious to economists, this call for industrial voluntary contributions to
finance a public good failed to achieve its purpose. By the end of the
Second World War, industry scientists and university scientists were ready

to appeal for public funding for university basic research, and they got it.

Despite a popular impression that the National Science Foundation is
the principal governmental source of funds for academic research in the
United States, in fact a significantly larger amount of government research
SUppOTt to universities comes from government agencies with particular
applied missions, which arc seeking to build the scientific understanding to
advance those missions. Thus the National Institutes of Health are the
dominant source of university funding in the biological sciences. The
Department of Defense and the Department of Energy are the major
sources of university research support in the fields of concern to them. It is
interesting that the fields of academic research deemed most relevant to

ostility
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hnical advance in industry by our questionnaire rcspongsntsash\i\crﬁ
= ded to be those in which a mission-oriented govcrnmenli agency, e
lin t;c National Science Foundation, has been providing significan
a:
Sulgfocr;'urse governmental funding of academic rescarchdpr».:scmtljy 1551:::[11);

i : rt of R & D on products and sy :
compar'fdwilr:t}t; gtzvr;rrr;r:::rr;t:go:uEEoown purposes. The massive defense-
e t-felalcd R & D programs of the last quarter century arc so
proc'u'rcmencontcmpomry observers that it seldom is recognized that this
famllmrf:r?on like government support of university research, dates from

hcns?:r:ond \J,Vorld War. Prior to then, much less R &_ D went into the
e n of military equipment, and a large share of what did was financed by
ngtllianics themselves as an investment in possible future government
Sal"]e';.cre are various issues about the efficacy of the post-Second World
war military R & D programs that can l?c raised. The ctlentral‘ c:rri1te 15'1};:
effectiveness of these programs in assuring US and world sewra H)IS am.j
issue involves both the appropriateness of the goals: of the p_rgg m i
the cffectiveness with which these were pursu‘ed. Thisisa rnz_lbswe czsepcan
topic and I cannot address it here in any detail. Howevcr’, a a{)ronggi i
be, and has been, made that many _of these programs hd\"t",“ ccnd riblem
ingly misguided and disgracefullykmlsmanaged: One major allege f[:he -
is lack of a sophisticated mechanism for apgramal ot ub]et_:twes. o 03
provided by customer markets. Another f: Ialjke]c:f] E:stf:nous comp
: roducers. once an R & D contract has be -
dmﬁ:(g)tier issue is the effect of these programs on the character of a1;1'5
civilian technology. While prior to the Second W_orld W_’ar thcfe wtcl:re 11: i;;
instances where defense demands served to pull into existence I:cc_ ant)trg =
of subsequent value to the civilian eccnpmy.lt_miy a few otlt cb(;: :v e
major importance. Usually advances in military techlf ogy d[; -
advances originally achieved for other purposes. In t&e [;wo b inul)
following the Second World War, however, _m_l!ltarjf R” pu i
place a number of technologies of enormous civilian mg‘mhc‘anc'ef mv e
modern semiconductors, the electronic computer, and jet airera Bognlg&
observers have remarked on this and have gone on to argue that i
D has been the key to US technological supremacy during the
1970s. -~ ot
However, during the post-war& p;:)rigd Enh(tjar_;;ﬁl; é%agshi; gt;;f;ﬁeﬁ;
é share of total industrial R in the Um es, s
L‘:Egc:z:jirom a certain amount of civilian R & D by b1d§img a\:layc::s;al?;rel
scientific and technical resources. Also, wu_h few exceptions, t\ e s
pay-off per dollar of military R & D certainly has bcc‘n \.;cry :;r:lzina e
technologies pulled into place in the two decades z_i[_tt‘,r t;: 8\:-']13 haqycost
exceptional; since 1972 it is arguably the case ﬂ!a[ mllndry_ ; :
the US considerably in terms of foregone cn"‘.han alternamfcs,. s
While NASA funding of new technologies has been far smaller
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DOD funding, project Apollo complemented DOD R & D funding a
procurement in pulling into existence important advances in semj.
conductor and computer technologies, and a variety of new materials 0{-
subsequent widespread use. The NASA programs have differed from the
DOD programs in one very important respect. From its beginnings NASA
has advertised itself as a vehicle for advancing American technology acrogs
a broad front through technology-stretching procurement. -

Perhaps because political support for NASA has not proved durable, in
recent years a number of observers have come to see DOD R & D support
programs as a vehicle to be used explicitly to enhance civilian technology,
However, national security needs to have a strong imperative of its own,
and the DOD is unlikely to be willing to see its programs diverted much to
generate more ‘spillover’. And, as noted, in recent years at least the
civilian harvest from military R & D has been thin. Nonetheless, it is likely
that a new governmental role. that of advancing civilian technology across
a broad front by financing ambitious technology-stretching projects, is
gaining political currency. In Japan, MITI has played that role. The United
States has no MITL. Just how the United States will organize the provision
of government funding for stretching civilian technology, in particular
whether it will find a different instrument than the DOD, is hard to say.

Compared with the magnitude of DOD R & D, public finance of R & D
to develop civilian technologies has been small change. However, two such
programs warrant attention. |

One is the long-standing support of nuclear power reactor R & D. This
program has been closely controlled from Washington, has tended to
concentrate resources on a small number of designs liked by government
officials, and arguably has led the nuclear power industry of the United
States into a dead end. This, and similar programs in Europe. provide
strong support for my earlier warnings about problems of trying to plan
and control technical advance centrally.

The other is the more-than-century-old program of support of R & D to
lift agricultural productivity. This program has been highly decentralized
and quite responsive to farmers’ demands. Various studies show that the
rate of return has been very high.

While many observers have looked to the agricultural R & D support
program as a model that might be widely extended, in fact most industries
have resisted government R & D support, not welcomed it, for the reasons
suggested earlier.

What is it about farming that has led the *firms” in this industry actively
to demand, not resist, government R & D support of applied as well as
generic, work? A principal factor is that individual farmers, unlike indivi-
dual firms in industries such as pharmaceuticals, are not in rivalrous
competition with each other. It does not hurt one farmer if his neighbor
becomes more productive. Put another way, there is very little proprietary
knowledge among farmers. At the same time, regional groups of farmers
perceive that their sales can be enhanced and their profits increased if their

d
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pwductivity and the quality of their crops are improved. Thus a regional

roup of farmers has a strong interest in getting effective apphctiorgzzzﬁl;
and development undertaken aimed to enable them, as a g;ou[:-. e
more competitive. The circumstances here clearlly arre rat ;r ipgs ;
unlikely that the agricultural model can be used in many industries.

Reprise

This essay has been concerned with laying out T.he institgtiona! s},:ruct:f]c'zf
supporting technical advance in modern capitalist countries, with par :h ;
lar focus on the current US scene. I hope I have been persuasl.we Da-
capitalist innovation systems are far more comp.lc'x th:lm commonly recog
nized, and far more complex than their depiction in extant economic
m(;dbe:;an this essay by observing that, \:vhilc'thf:‘, capita]ist engine Db“\;l;ﬁ]ly
has been a powerful one, inefficiency is built into its ba:s]c destlg_n. ile
privatization of new technology harnesses the profit motive to its creation
and leads innovators to be sensitive to market opportunitics, privatization
causes waste both in the use and generation of technology. While I c?o not
believe that the power that has been ggnerated mult_l have been w:llh an
engine of radically different design, that is far from saying that the engine is
i i way.
Opf-]lr(?\zle:;:.nghe eﬁgine undoubtedly is less inefficient than simple models
of it, which miss the complexity, would suggest. .Thc: system has mgnaged
to avoid a good share of the costs of privatlz:duun. whll_e preserving thg
profit motive for industrial innovation, by treating as pgb]lc la_rge Eqrts 'eu'lCI
aspects of technology, through involving institutions llk_e universities a]r_i
providing liberal amounts of public money. In my view the capitalist
innovation system has solved the institutional assignment problem not
optimally, but tolerably well. :
p:)?:ogrse, the institutional assignment problem never 1s solved once and
for all. As science and technology change, and as the nature of research
and development in different areas of scienf:e and technology change, so
too do the institutional structures appropriate to the endeavor. In the
United States there is no single agency responsible for looking at Fhe
national innovation system as a whole and n‘acor_nm?ndmg or manda.ung
needed changes. Rather, new institutions and institutional assignments are
created pluralistically, and the structure itself changes through an evolu-
TOCESS.
tlo?ﬁcr:yn]:odcm corporate R & D laboratory itself, the heart of the sysi(;m.
grew up during the early twentieth century as a resg.lt of bets made by a few
scientists and businessmen. Events proved them right, anc_:l the lesslon was
learned by other firms. The nature and the source of fundlr}g of university
research in the United States have also followed an evolutionary pattern,
with different kinds of universities doing different things and being open to
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different kinds of initiatives on the part of business and government
Zoted ealrlier, the system of government funding of unihvcrsily r:e;.;:f
f;iclxzz ‘Dn y after various other proposals for funding had been tried ang
At the present time there are a lot of organizational experiments goj
on. Indust_ry cooperation in the finance of generic research is now Lhc% oel
_In the United States there has been a surge of new arrangements lin:ge.
industry to }Jr?ivcrsity research, in some cases initiated by industry andn-'lg
some cases initiated through government programs. It is too early Eo jud -
which new departures will be fruitful and survive and which will m:-tJ Bie
they are going on. Such institutional experimentation may be the ol
durable strength of the system. e
As nqted, at the present time there are many voices in the United States
suggesting that the country experiment with a structure like MITI. Othe
ha\{e suggested that MITI, while appropriate to catching up .techni
Ioglcaliy, is not a useful institutional vehicle for a country at the frontie
Still others argue that it is, but that is hard luck for the United Stat;
because our historical traditions and political structure make it impossible
for us to put in place such a structure, or not to abuse it were it in place
Whether the DOD should be used in a MITI-like way in tcchnologicai
ﬁg]ds of national security concern is, as observed, a matter of curr
dispute. , em
I shall make a strong bet that over the coming decade, through one route
or another, that the US innovation system will adopt a number of features
I'.h.at are noteworthy on the Japanese scene. The following chapter des-
cribes some of these features. vl §

Notes

1. E%\rlier chapters have noted that this view of technical change is flatly at odds
with the treatment of techr!ical change contained in virtually all neo-classical
mc?dels that address the topic. This conflict is discussed at length in Nelson and
Wmte!- (1982), where we also attempt to lay out a general structure for formal
evolutionary models of technological change.

2. The basic Schur.npeterian model was mapped out in his Theory of Economic
L?eu_e:'qpmem, first published in 1911. The characterization in Capitalism
fn?m[m‘m.tfm{ Democracy (1942), published nearly thirty vears later diffcr:;

inly in that large corporations have replaced individual e .
locus of innovation. d S

3 ;I'hﬁ a;]d subsequent characterizations of the benefits and costs of making
echnology public are based on Nelson and Winte arti
oo, Winter (1982), particularly

4. Perhaps the best analysis that vi i i

: analysis that views this problem in te F: -
g e p erms of balance of trade

" 'Iv‘:ms this sa studg,: in t!w spirit of ‘the new institutional economics’. Oliver

illiamson’s work in this area (1975, 1985) has been particularly influential

h
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but many other economists now are concerned with the details of institutional
structures and how the present ones came into being. For a survey of much of
this work, see Langlois (1986).

6. A description of the questionnaire and a preliminary report of some ot the
findings is contained in Levin et al. (1984).

7. Taylor and Silberston (1973), Scherer et al. (1959), and Mansfield, Schwartz,
and Wagner (1981) also have provided evidence of the limited number of
industries where patents are important.

g. These results are consistent with those of Pavitt (1984) in his more systematic
study bearing on upstream-downstream relationships.

9. Unfortunately, economists have only begun to map out the domain of patent
licensing. For a sketch, see Caves et al. (1983).

10. For case studies of technology sharing, see von Hippel (1986) and Allen
(1983).

11. Unfortunately, there is very little published research on just what technical
societies do, and the nature of the information passed around. My obscrva-
tions above are based on limited evidence.

12. For the story of aircraft, see Mowery (1986); for electronics, see Haklisch
(1986).

13. These and other partnerships between universities and industry are described
in New Alliances and Parmerships in American Science and Engineering, put
out by the Government-University-Industry Research Roundtable, National
Academy Press, 1986. See also the survey by Peters and Fusfeld (1982).

14. See Thackray (1982), Noble (1977), and Rosenberg (1985).

15. This section draws heavily on Nelson (1982, 1984).
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Technology gaps and institutional innovation

When Britain opened up a major ‘technological gap’ in the first industria]
revolution, this was related not simply to an increase in invention and
scientific activities, and to a cluster of innovations in the textile, iron and
engineering industries, but to novel ways of organising production, invest-
ment and marketing and novel ways of combining invention with entre-
preneurship (see Chapters 2 and 3). Similarly, when Germany and the
United States overtook Britain in the latter part of the nineteenth century
and in the twentieth century, their success was also related to major
institutional changes in the national system of innovation, as well as to big
increases in the scale of professional rescarch and inventive activities
and new clusters of radical innovations, In particular both countries
developed new ways of organising the professional education of engineers
and scientists and of organising research and development activities as
specialised departments within firms, and employing the new graduate
engineers and scientists in design, production, marketing and management
as well as in research.

Again today, when Japan is drawing ahead in some important new
technologies, this is related not simply or even mainly to the scale of
R & D, but to other social and institutional changes. Japan drew ahead of
the United States in the relative intensity of civil industrial R & D already
in the 1970s and is now well ahead (Patel and Pavitt, 1987). But more
significant are the measures of ‘output’ of the science and technology
system which suggest a Japanese lead in exploiting the results of R & D
(Freeman, 1987). Japanese trade performance in the 1970s and 1980s is
further indirect evidence of this success, based as it is on new product and
process design, and high quality.

This chapter therefore considers the nature of this new ‘technology gap’
and those qualitative aspects of the Japanese ‘national system of innova-
tion” which might help to explain it.

It seeks to identify some of the distinguishing features of the Japanese
‘national system of innovation’, not because they are unigue, but on the
contrary because they are likely to be emulated increasingly as inter-
national technological competition intensifies. This chapter first of all dis-
cusses the role of central government, especially MITI; it then considers

the role of firms, especially the ‘Keiretsu™; and finally other social and
cducational innovations.
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The role of MITI

Recently, a voluminous literature has grown up on the T-juea:}fJTI;Ec;Z
explaining the technological performance of 1.hctPL}S s fumss
cconomy. Some of this literature tends o atlnb;.ll]e apthcr. a.rt i
mainly to government policies ingpircd by MITI, while a]mo a;:_l oot
centrates on debunking this ﬂO‘lIOI‘I. It is clear that a large 1; A
Japanese success must be attnbuted‘ to the m;la.nagemel_n o S
change by numerous Japanese enterprises, but this success was re z: il
social and institutional changes promoteq and SOI‘E‘IE:tImf!S initia E{~ y
MITT, and to the persistent pursuit of certain long-term strategic goa :t 3
The not-so-invisible guiding hand of MITI shaped_ ['t'lc long-term ;:;a erl '
of structural change in the Japanese economy and this 1Influc_nce x;ras ?:gi;l
exerted on the basis of judgements about the future d:rcct_lon %1 tec 2; .
change and the relative importance of various te::_hqaiogmg, e.cemcc‘-
point of interest from the standpoint of this analysis 1s lh_al;‘m the }mt -
iate post-war period, after an intense debate, J?Pan s[;ve«::u"u.aliyf rejec Z e
long-term development strategy bascEi on traditional theur}g: o rcc-mgem
tive advantage (Shinohara, 1982). This was apparently at that nmﬁ SUbg-
advocated by economists in the Bank of Japan ar}d ek;ewhere T\.lv 0 .
scribed to the free-trade doctrines of the classical school. 1:5' 3
advocated a ‘natural’ path of industrialldevelupmem,_hased on a]:mir:{e
relatively low labour costs and comparative adva_ntagc in labour-mt}:l:nsh i
industries such as textiles. One of the central points at issue ‘waj whcthzr
Japan could hope to compete in the aulamqbﬂe industry ant ; wd ::J -
special steps should be tzken llo {fnc,:oura%i;s growth, but the
affected industrial and trade policy in its entirety.
dﬁILr: ‘fhilgg':ly days, according to G.C. Allen (one of the few l?.‘lmpiig
economists who consistently attempted to study and learn from agar: -
experience), the views of the Bank of Japan had some 1qﬂyence.f ]l:‘ltgr-
the whole the burcaucrats and their ad\ilsers at thcl Ministry o‘
national Trade and Industry (MITI) prevailed. According to Allen:

Some of these advisors were engineers who had been drawn by the wa; l“-t?qﬂb!;
management of public affairs. They were the las_l ?cn?lc to al-lowrth;ms:, ]\:::i,m i
guided by the half-light of economic theory_. ThEIT instinct was thu _ml :fﬁcienc e
Japan's post-war difficulties on the supply m_de. in cnh'anccd tec {I‘lgﬂi T ywcrc
innovations in production. They thm}ght in .dynarmc terms. c:rl p:m ni nes
designed to furnish the drive and to raise the finance for an cccnolm}‘hE f gSSCd
created rather than simply to make the best use of the resources it then posse .
[Allen, 1981] ' | oy :

Thus. MITI saw as one of its key functions the promunoln n‘r t hL, rlnos
advanced technologies with the widest world market potential in t. ;[ _OI_I:g
term. In this respect MITI differed from almost all other Ianalog(_:us m:;:
tries and Departments in Western Europe or North America, which n'-lgbl 3;
did not see themselves as responsible for long-term tt:chnullogy }SD lc::.
until much later (i.c. in the 1970s or 1980s) and were guided by very
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different conceptions of comparative advantage. Even today most do
accept the same responsibility for technology as MITT does.
As early as 1952 the ‘Enterprises Rationalisation Promotion Law’ Pro-
vided direct government subsidies for
the experimental installation and trial operation of new machines and equipmen
plus rapid amortisation and exemption from local taxes of all investments
research and development; second, it authorised certain industries (1o be desi
nated by the cabinet) to depreciate the costs of installing modern equipment by
per cent during the first year; and third, it committed the central and log
governments to building ports, highways, railroads, electric power grids, gas maj

and industrial parks at public expense and make them av
industries. [Johnson, 1982]

ailable to approve
From this and many other examples it is clear that MITI (and some other
ministries) saw it as one of their main responsibilities to encourage the
introduction of new technologies through new investment. Furthermo
this law is particularly significant in its clear recognition of the crucial rol
of externalities and infrastructure for innovative firms (see Chapter 21 by
Perez and Soete), and of the role of government in ensuring the availability
of the necessary infrastructural investments. This tradition has continued |
right through to the 1980s in the development of regional policies which lay
great stress on the development of science, education, communications
and transport infrastructure (Kuwahara, 1985). Regional policies have
consistently sought to strengthen technological capability throughout the
country, particularly in small and medium-sized firms. There are nearly 200
‘prefecture laboratories’ (i.e. an average of four in cach prefecture) which
offer research and technical advisory services, varying with the structure
and needs of local industry (Ergas, 1984).

However, although the young generation of aspiring technocrats in
MITI espoused enthusiastically their role in charting and promoting the
adoption of advanced technology in post-war Japan, they never attempted
to do this alone. On the contrary, they established a mode of working
which depended upon a continuing dialogue on questions of technological
development, both with industrial R & D people and with university
scientists and technologists. This meant that they were well informed about
the broad trend of new developments and were well placed to form an
overall view or ‘vision” of what was required. Later, this mode of con-
tinuous consultation with the Japanese scientific and technological
community was systematised and this has been described by Irvine and

Martin (1984) in their book, Foresight in Science Policy: Pic
Winners,

king the

The informal mode of continuous consultation remains. however, even
more important and has been vividly portrayed by Vogel (1980). In his
book, Japan as No.1, he lays great stress on these informal contacis as
fundamental to MITI's success in restructuring the Japanese economy and
orienting the leading firms to a desired course of action.
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i i i i ire
reements they promote among companies in a given Indusmalt:f;;mvﬁii A
el ¢ level of trust than can be achieved through fqnﬂﬂl con s b
a hl.ghc' sue arises, interested parties schedule even more 1{lf_0rmﬂ1 gat e"_lf-  and
SPCCIEC\’:?;en neccs;ary, bureaucrats from other ministries join thlcsc me';\“ ?:rican
PRt knowledgeable experts and men of influence are c_alled 1 .| {n" =
g “em officials and business men negotiating ECONOMIC MALLETS feel 3| 2 a%-.-out
ﬁ?‘:dr:amntagc because Japanese officials are much better informed, not only
is

Japanese companies but often about American companies . . . [p. 76]

i as
Although the responsibility for prDm_.OllI'lg advanced 1fecfh::g-:gﬁy ;rldm
cepted throughout the post-war perqu. the mode o ];.le i g;hjn
& nsibility changed over time. The pollc:]:?s of MITI have bee uiti
-TSE; pragmatic and eclectic in their choice of means, althoug q 4
: nsistent in the long-term goals. Cansc‘qucntlg_z there have ::_n a%
cﬁa“ es in the methods and instruments of industrial technol_cngy po lgzyh
't::-othgexternal and internal circumstances change.cl.‘ As Koshlr'a_ (1:}]8 ])9532
hown, the post-war period can be divided into distinct ph_as-;s. in the 4
sa:lin:a:t ;ohvsical controls, allocations and priorities were still lrn[_mn;mt. ; :d
in the 1953[}5 indirect fiscal and other incentives were used to sumuhatcb &
channel the huge investment boom. In the 1970s gnd 198{)?. thereh asl ce
a clear recognition of the strategic importance of information techno {)Egi. ;
Clearly the success of such a system must_ depend on a reas:oghm)_
accurate identification of the key areas in \'-:hICh to ccncz?ntr?le e S
logical effort and new investment, both at nanonalfleve}. at Kmn:)t:umvest
1 is-specification for new areas -
and at company level. Serious mis-speci g il
:l?ent could l-;ead to enormous waste of resources and clearly accuracgs :1{11
this context refers both to future trends in technolc-gy z}nd futurz :ri.:o o
: i A lot of effort in Japan go
world markets and society generally. L S
ati 5 -term ‘visions’ of the future, both at natio
b W i i iti d in numerous think-tanks
i mpany level, as well as in unwcrs:l}es and i ous think-t:

?: it‘i;ri {9??.), There is no other society where ﬁnaanal msuturuuns.
ba'nl;:q and even the Ministry of Finance devote such attention to the future
irection of technical and social change. _ !
d]r;he Japanese system of informal and formal technok;glcalll f:orecastung

i ulati ical and industrial policies not so
mits the formulation of technologica dustri; iss ot
Ef:ch on the basis of particular products or of existing l}r:duslm: a;)z:;s;xg;

i is irms and industries, but rather on the i

or the weight of established firms an . ok
those newg‘technologics which are likely to transform the established exist
i tern. ' ‘

mng:lil recognition of the importance of information technology occurr.ed
very early inl apan. Of course there were individual experts %nd csrqpames
i erict nised it at least as early. But the impor-
in Europe and America who recog A Iy e ne TR

ational Jap: tem of forecasting lay in the ditfus T

tance of the national Japanese sys ACtE, :
generalisation of these expectations through a large number of @mp'.;t;::g
in a great variety of industries. This helped to create a climate where ]i X
would make investments in new products and processes -assomalcd :’-’lt the
new technology on a much larger scale than elsewhere in the OECD area,
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where this confidence was sometimes
lant in the diffusion of information a
Chapter 3 on uncertainty and invest
economic paradigm).

The promotion of ‘generic’ technologies, especially information techno.
logy, has now become a regular feature of technology policy and industrigj
policy in almost every member country of the OECD in the course of the
1970s and 1980s. The extent to which such efforts are successful wil]
depend not simply on the scale of resources, which are committed in the
public and private sectors of the economy, but also on social conditions and
attitudes and appropriate institutions, particularly the ‘national system of
innovation’. The Japanese system seems particularly well adapted to take

advantage of the enormous potential of information technology for severa]
reasons:

lacking. This was especially impar.
nd communication technology (see
ment at times of change in techng.

(1) the systems approach to process and product design;

(2) the flexibility of the industrial structure;

(3) the capacity to identify crucial areas of future technological advance at
national and enterprise level;

(4) the capacity to mobilise very large resources in technology and capital '

in pursuit of strategic priorities;
(5) the horizontal flow of information within and between firms.

We now turn to consider the role of firms, especially the *Keiretsu’ in
relation to these five points.

The role of firms in the Japanese national system of innovation

Ever since 1868 Japanese central government had worked closely with
industry in modernising the Japanese economy and importing foreign
technology. But Japanese national policies for technology in the 1930s
were driven mainly by military imperatives. Dependence on imported oil,
rubber and other industrial materials and the carly development of a war
economy led to a one-sided concentration on the promotion of techno-
logies primarily designed to strengthen autonomous Japanese military
capability.
As Yamauchi (1986) pointed out,

the government and industrialists did not pay as much attention to reducing
production costs or increasing productivity as to how they could modify imported

technology to produce first class defence equipment and adjust it to Japanese raw
material sources. .

It would of course be a mistake to underestimate the technological
advances already achieved in Japan before and during the Second World
War. Japanese industry was not only capable of independent design,
development and production of complex military equipment, such as air-
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aft and tanks, but also of a wide range of machinery. Hcfw::j\'er. Ja&i;
e ed behind in the techniques of mass production of cars an Ennsuﬁow
:fugr%.bies and in some branch;s of hth? ch;:zﬁ;ls industry such as

ses i icals and synthetic m . _

r?censt?:Spglstp—:;r];hci?;ﬁ?:swas re{“ognised from the outset that I.he |mpjart
of :lass and flow production techniques was cruc;al f:l:r ecct);li':ﬂl;:::s;;:;
It is not so widely recognised that from 1!12 earhes; a‘ys addges

anied by a systematic policy designed to improve these technolog -1
3 The method of assimilating and improving upon imported 1enihno ogy
was mainly some form of ‘reverse engineering’ (Ta‘rm.Jll:a, 198:(; a[]’ri\::it,
1985). This involved trying to manufacl.urc a pr?duct similar to o st 03;
available on the world market but without du‘eclt foreign 13::!&.5 bl
transfer of blue-prints for product and process design. The \rl espr g
of reverse engineering in the 1950s and l?ﬁ{ls had several major
quences for the Japanese system of innovation.

(a) Japanese management, engineers and workers grew aoc;;sliprﬁf:d :3
thinking of the entire production process as a system and o "[':1 ln mfhi]-
an integrated way about product design and process d!:mgn:ﬁ d:s cap =
ity to redesign an entire production systenr:l_has been identif ed as one i
the major sources of Japanese compelitive success m m ustnuI:SBS.-
diverse as shipbuilding, automobiles and colour television (J'ones. . .
Sciberras, 1981; Peck and Wilson, 1982_)‘ W'hereas .!apanege ;ms
made few original radical product innovations in these mdustne; t lﬁg.r
did make many incremental innovatic_ms, as shuw_wn for exampie, y : Sz
Japanese lead in vehicle patenting in the United S_tates.. They 3 -
redesigned and reorganised many processes so as to improve produ A
tivity and raise quality. The automobile industry is probably the mos
spec‘laCuiar example (Altschuler et al., 1985; Jones, 1?85), G

(b) Japanese engineers and managers grew accustomed to k1 o
‘using the factory as a laboratory’ (Baba, 1985). The wor do o
R & D department was very closely related to the w?rk‘(.)f' pro -ECE?
engineers and process control and was often almnst indistinguisha c‘t
The whole enterprise was involved in a learning and dcvclnprgen
process and many ideas for improving the system came from the shop-
ﬂagirr;ce almost all studies of the management of inr_mvatmq in Wesfern
Europe and the United States point to the lac!c of integration bet“ee:r;

R & D, production management and_ marketing as a major source 0
failure, the integrative effect of learning by creative reverse evglll‘lcer-
ing conferred a major competitive gdvanlage on many Iaeancseh}rm?‘;
It also gave production engineering a much higher status t 1‘?'1 k.
usually the case in Europe or the United States. These horizontal links
are p}ohably the single most impnm?.nl.]fcg;urc of the Japanese
ati SyS f innovation at enterprise level. .
(c) ];{d::?',::; sgr::;rr;;r?ring in such industries as automobiles and machine
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tools also involved an intimate dialogue between the firm responsible
for assembling and marketing the final product and numerous
suppliers of components, sub-assemblies, castings, materials and so
forth. The habits, attitudes and relationships engendered during this
prolonged, joint learning process did much to facilitate the high
degree of cooperation with subcontractors which finds expression, for
example, in the ‘just-in-time’ system. Another factor fostering such
intimate relationships was the conglomerate ‘Keiretsu' structure of
much Japanese industry (see below).
(d) The emphasis on high quality of products which is characteristic
of Japanese technology policy also owed much to the experience of

reverse engineering. In the 1950s, the first production models, whether

in automobiles, TV sets or machine tools, were often of relatively poor
quality (Jones, 1985; Baba 1985). A determined effort to overcome

these defects led to a widespread acceptance of such social innovations

as ‘quality circles’ (originally an American innovation) and to the
development of greatly improved techniques of guality control not
simply at the end of the production run but at every stage, including all
components from subcontractors. Some of the most important (and
most closely guarded) Japanese innovations have been on-line inspec-
tion, test and quality control equipment and instrumentation arising in
this process. Where the quality of components from subcontractors
was particularly bad, as in the case of castings, this led to intense

pressure from MITI for the restructuring of the entire industry and a

drastic change in its techniques. In other cases these problems were
dealt with by joint technical effort between assemblers and sub-
contractors.

This Japanese approach to the import of technology may be compared
and contrasted with the methods used on the one hand in the Soviet Union
and on the other hand in many Third World countries. The Soviet Union
was also engaged in the large-scale development and import of technology
in the twentieth century (Sutton, 1971) and also used reverse engineering,
but in the Soviet system much of the responsibility for diffusion and
development rested with central research institutes or Project Design
Burecaux. This meant that much of the ‘technological learning process’ took
place there, rather than at enterprise level, and acute problems were

experienced in the transfer of technology from the specialised R & D

institutes to factory level management. This weakness has been increas-
ingly recognised and the institutional arrangements have been changed
considerably in the 1970s and 1980s to strengthen R & D at enterprise level
and to regroup research activities in close relationship with enterprises.
This process has probably gone furthest among the socialist countries in the
DDR, where in the 1980s responsibility for R & D, design, production and
world marketing is now under one management system in the large group$
called "Kombinats'. '
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In many Third World countries, on the other hand, the method r.:;f
technology transfer was very often either through subsidiaries of multi-
nationals or by the import of ‘turn-key’ plants designed and constructed by
foreign contractors. Neither of these methods is likely to result in an
intense process of technology accumulation in the (relatively passive)
recipient enterprise. Dissatisfaction with both these methods has led, on
the one hand, to pressures on multinationals to set up local R & D
activities in addition to training, as in Brazil. On the other hand, it has led
1o efforts to ‘unpackage’ imported technology and to devolve part nf_ the
design and development to local enterprises. The Japanese policy '?f reject-
ing foreign investment and putting the full responsibility for asmm:l:_atmg
and improving upon imported technology on the enterprise is more likely
to lead to ‘systems’ thinking and to total systems improvement.

At an earlier stage in economic development, by establishing specialised
in-house R & D departments in the chemical and electrical industries,
German and American firms were able to achieve a world lead in the
newest technologies in the latter part of the nineteenth century. At that
time the R & D department provided a point of entry for the findings of
fundamental scientific research to be assimilated and used in contemporary
industrial technology and for some of the brightest scientists and engineers
to be recruited into the new industries. However, as the R & D department
became a part of the regular organisation of most large industrial firms,
some of the disadvantages of specialisation began to be apparent, espe-
cially the cultural barriers between ‘academic’ R & D, and the production
and marketing divisions of companies (see, for example, Burns and
Stalker, 1957). One of the reasons for the relatively successful performance
of small entrepreneurial firms in areas where development costs were low
was that they were able to overcome the internal communication and
cultural barriers much more easily through the integration of rescz{rch.
production and marketing by the innovative entrepreneur working with a
few colleagues.

The Japanese success, however, seems to have been based far more on
an integrative approach within large firms. Their approach to proFluct land
process design, often originally developed through reverse engineering,
created a new style of innovation management which reintegrated R & D
with engineering design, procurement, production and marketing even in
the largest organisations. As development, production and marketing went
ahead, the whole organisation was committed to the new products and
Processes in a way that was relatively uncommon in other countries.
Morcover, once development work began, lead times were often very
short, especially in the electronics industry.

Horizontal information flows increasingly characterised Japanese
Management organisation rather than the vertical flows so characteristic of
the hierarchical US corporation (Aoki, 1986). It is interesting that this
feature of Japanese management was singled out not only by an academic
economist {(Aocki) but also by the head of research of one of the most
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successful world-wide competitors of the Japanese electronics companies —
Northern Telecom—in his centenary address to the Canadian engineering
institutes.

These horizontal information flows are also an important feature of the
inter-company cooperation within the ‘Keiretsu’, as was emphasised by the
MIT study of the world automobile industry (Altschuler er al., 1985):

The Japanese practice of group coordination, simultaneously attains the scale and

coordination advantages of Western-style vertical integration and the flexibility of
deeentralisation. Its aim is cooperation and mutual information flow between the

parts rather than rigid top-down hierarchy . . . Because the members of an indus-
tnial group are coordinated through their equity links and management working

groups, they are able to share research facilities, support staff (such as accountants
and marketing responsibilities) and production capacity . . . Finally, the Japanese

have developed relationships among the automotive industrial groups, their finane-

ing sources, and industrial groups in other sectors that seem to carry competitive
advantages over the typical arrangement in the United States . . . [p. 148]

Clearly, the Japanese model of competition has some distinctive fea-
tures. It permits and encourages a long-term view with respect to research,
training and investment. For this reason it is a vital element in the national
system of innovation. Firms which are in more perfect competitive market
situations would not be able so easily to amass or to allocate resources for
these long-term objectives. Indeed there would be strong pressures from
the capital markets for them to improve short-term profitability by sacrifie-
ing long-term investments. This model does not appear to correspond very

closely to the model of a competitive capital market and evolutionary
competitive survival of competence postulated in Chapter 18.
The formation of large conglomerates and of vertically integrated groups

of companies is of course not confined to Japan. But most commentators

on the Japanese economy agree with the MIT study that they have a

specially important role there particularly in relation to technology, finance

for long-term investment and world marketing strategies and networks (the
‘Shosha’).

Goto (1982), in an original analysis of the ‘Keiretsu' explains the

peculiar success of the Japanese groups in terms of Williamson's (1975)

theory of transaction costs:

resource allocation in a market economy is implemented within the firm under the
direction of the manager, or through the market by the market mechanism. The
division of labour between these two modes is determined by their comparative
efficiency as an instrument to implement all transactions. Here we can sce thereis a
third possibility. From the standpoint of the firm, by forming or joining a group, it
can economise on the transaction costs that it would have incurred if the transaction
had been done through the market, and at the same time, it can avoid the scale
diseconomies or control loss which would have occurred if it had expanded intern-
ally and performed that transaction within the firm.

He notes that Williamson refers to the Zaibatsu as an alternative mode in a
footnote but does not develop the point because he regards them as 8
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‘culturally specific’ phenomenon. Goto 'érgues that they are not a‘uni'qu:?ly
Japanese type of institution and that they have a wider economic signifi-
cance. Chapter 12 by Teece strongly confirms this. _ ]

Imai and Itami (1984) have given a review of other ways in which
Japanese firms use the ‘organisational’ mode of resource a!locatfon rather
than the market mode. The lower cost of capital for strategically important
areas of long-term invesiment is recognised by many other commentators
as one of the most important,

Education, training and related social innovations

None of the developments at enterprise level which have been described
above would have been possible without changes in the education and
training of the work-force and a set of related social changes which broke
down the barriers between ‘blue-collar’ and *white-collar’ types of em-
ployment.

The Japanese education and training system is remarkable for lwo_ffeaA
tures: first of all, in the absolute numbers of young people acquiring
secondary and higher levels of education, especially in science and
engineering; secondly, in the scale and quality of industrial training, which
is carried out mainly or entirely at enterprise level. Japan is now, together
with the United States and the Soviet Union, among the leading countries
in the world in the extent of educational opportunity, both at secondary and
tertiary level. However, this provision for secondary and higher cducat?on
has been complemented increasingly by an intensive system of education
and training in the large firms. The high level of training intensity goes
back a long way in the leading firms and was directly related to their efforts
to assimilate foreign technology. Thus, for example, Fukasaku’s (19?_3?)
study of training and research in Mitsubishi shipbuilding before the First
World War shows that already then the company had its own training
establishments providing a high level of technical education. Sakurai’s
(1986) study of Mitsubishi’s diversification from mining and shipbuilding to
chemicals and electrical engineering between the two world wars shows
again that the training and retraining of their own employees from the
mining companies was a crucial element in their success, as well as the
setting up of a central R & D laboratory to develop new products and
processes, which also acted as a training establishment.

The combination of a high level of general education and scientific
culture with thorough practical training and frequent up-dating in industry
is the basis for flexibility and adaptability in the work-force and high-
quality standards. The Japanese system of industrial training is distin-
guished further by its close integration with product and process innova-
tion. The aim is to acquaint those affected by technical change with the
problems that are likely to arise, and give them some understanding of the
relationship between various operations in the firm. This again greatly
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facilitates the horizontal flow of information. Thus the ‘systems’ approach
is inculcated at all levels of the work-force and not only at top management
level. Obviously, the availability of a large number of good-quality pro-
fessional engineers, not just in R & D but in production engineering and
management too, penerally has played a vital part in the Japanese success
in the import of technology, the redesign of processes and products, and
increasingly now in autonomous innovations.

This success was also based on a high level of general education. Praig
(1987), in his comparison of Japanese and British education, concludes
that the standard of attainment is higher in Japan especially for the average
and below-average pupils. One of its consequences is to encourage all-
round capability at lower levels in the work-foree so that problems of
breakdown and maintenance are more rapidly dealt with. Another advan-
tage of this approach is a smoother assimilation and readier acceptance of
new process technology. Finally, it has facilitated the participation of the
work-force in the improvement of quality, which is widely acknowledged
as one of the outstanding successes of Japanese innovation management in
the post-war period.

The huge increase in the scale of education and training in Japan since
the Second World War was accompanied by a number of other major
social innovations which reinforced the capacity of Japanese society to
implement technical change at a high rate. Some of these were only
indirectly related to the national system of innovation but Aoki (1985) and
Dore (1985) are probably right in seeing them as complementary to those
changes which directly affected the management of technical innovation.

The abolition of the distinctions between blue- and white-collar workers
started earlier and has probably gone further in Japan than most other
industrial countries. Before the Second World War the distinctions in both
status and income were probably at least as rigid as in other industrial
countries. But immediately after the Second World War, a rather curious
combination of circumstances led to a social levelling process which went
further and faster in Japan than in most other countries. During the period
of direct American military occupation and government, a number of
radical ‘New Dealers’ were able to put into practice tax reforms, which
they were unable to implement during Roosevelt’s *‘New Deal’ in the
United States. At the same time the strength of the Communist-led unions
in some industries was sufficiently great in the immediate post-war period
to induce the newly restructured large Japanese firms to make major
concessions to blue-collar workers with respect to their status and forms of
remuneration. The change of management in many of the larger firms also
facilitated a new approach both to social and technical issues. This unique
combination of circumstances led to rather low income differentials
between management, white-collar and blue-collar workers—probably
lower than almost any other capitalist industrial country—and 1o the
abolition of most of the status differentials, which continued to charac-
terise British and some other European firms (such as different hours of
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work, different eating arrangements, etc.). It should be_remcmbcrcd,
however, that income statistics do not tell the \;hcﬂe story since the upper
roups receive many ‘perks’ and benefits in kind.

g Thl:;se social chan!;es, together with the system of ann,ua] bonuses rc:ated
{o company performance and the ‘lifetime cmplgymem_ system in []lji a:ﬁe
company sector, provided a powerful combination of incentives. Li he ' el
education and training system and the systems approach to technica

innovation, they provided a basis for ccnt?nuous lmprovement in producl;
tivity through work-force involvement 1n tv.‘echmcal change, altl_uau%l

‘ifetime employment’ never covered the entire work-force even in t f.;
large firms (McCormick, 1985). This certainly C.lld not mean any form Ii."J
sworkers' control’. The social system remained hierarchical and deferential
but with considerable opportunities for climbing ladders.

The new techno-economic paradigm

It has been argued that, with respect to the role of ccntrai_and h::_cal
government, the organisation of firms for the managcmeq’t of innovation
and the role of education and training, the Japanese national system of
innovation has some important competitive advantages. These advantages
are likely to be particularly important in relation to the change of techno-
economic paradigm which is such an important feature of contemporary
structural change in the world economy (see F:haptef 3). Indeed . the
developments in the Japanese national system of innovation have _[ecenrcd
an important stimulus from information technology as well as reciprocally
ting its diffusion. o
pr(ﬂinuﬁ,h Japanese firms were not the major contfibx{tors to the ongm:_a.l
radical innovations in computers and tclecommulmcatmns.rthe Japanese
technological forecasting system did indeed identify the main e!emcnts of
the emerging ‘ICT" paradigm earlier than elsewherel. anq this enabled
Japanese firms to exploit the potential of the new ?ara:hgm in such areas as
robotics, CNC machine tools, flexible manufacturing systems, construction
and financial services more rapidly than most other countries. Japanese
policy-makers recognised the crucial importance of 'infmn?au,on technology
at a very early stage and the goal of a ‘knowledge-intensive’ economy was
proclaimed already at the beginning of the 1970s. The OPEC crisis accel-
erated a trend in the policy-making of Japanese government and industry,
which was already well articulated. ‘ _

Various measures to support the computer industry, the semlmndutftor
industry and the electronics industry go back to the 1?505. but at that time
they were not regarded as part of a new tcchnullogma! pgra(hgm which
would pervade the entire economic system, hult simply as important new
sectors with very high growth rates and very big world m:{rket potential,
The need to economise in space and materials were also |mpl-urtglmt con-
siderations. Originally, it was the consumer-goods electronics industry
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which was the main focus of attention, as one part of the overall expansion
of the then dominant assembly-line, mass-production technology. The
semiconductor industry was seen as important mainly in this context,
The capacity of the Japanese semiconductor industry to overtake the US
industry provided the basis for an increasingly original contribution to
innovations in consumer electronics.

The first computer development programmes were initiated in Tokyo
University, the laboratories of the Japan Telegraph and Telephone
Corporation (NTT), and MITI institutes in the 1950s, and a succession of
laws were passed from 1957 onwards giving MITI broad powers to promote
electronics industry developments including computers.

The combined effect of these various measures, persistently pursued by
MITI and other agencies for more than two decades, was to establish a
semiconductor industry which was drawing ahead of the US industry by the
1980s and a viable Japanese computer industry able to compete with IBM
when trade was liberalised (Gregory, 1986). No European companies had
comparable success.

But the explicit and successful fostering of these two strategic industries
was only one strand of Japanese information and communication techno-
logy policy in the 1970s and 1980s, albeit a very important one. Two other
strands were equally. if not more important from the standpoint of the
economy as a whole: the diffusion of IT cuside the electronics industry
itself and the policy for the telecommunications network.

The distinctive feature of a new techno-economic paradigm (see Chapter
3) is that it has effects in every sector of the economy, providing scope
everywhere for renewal of productivity increases through a combination of
organisational, social and technical innovations and for a broad range
of new and improved products and services. The main problem in periods
of change of paradigm is not so much in the leading-edge industries (in this
case, computers and VLSI) as in the adaptation of the rest of the economy.
It is here that the type of structural and institutional inertia problems
identified by Perez (1983, 1985) are acute, and that national policies and
new regulatory regimes are especially important.

The Japanese economy has been particularly successful in adapting the
new paradigm to the needs of some other industrial sectors, especially
mechanical engineering, vehicles and now construction. Kodama (1985,
1986) points out that the expression ‘Mechatronics’ was first coined in
Japan in 1975 and that even before that in 1971 an explicit policy designed

to induce ‘fusion’ was initiated with the ‘Law on Temporary Measures for
the Development of Specific Machinery and Electronics Industries’, which
spoke of ‘consolidation of machinery and electronics into one’, and
‘systematisation’ of them.

The successful Japanese development of robotics, CNC machine tools
and flexible manufacturing systems has also owed a great deal to the
group structure of Japanese industry. The collaboration of the leading
Japanese vehicle firms with “their own’ robotics suppliers and similar
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collaboration with electronic firms in the same groups 1s one obvious
ms;::nlt;t long run perhaps even more signiﬁc.am._ is the Jaﬁms;;e m:’lr:d-
structural policy with respect to T.elecun_}mumcallons.\BOl dq:: i
since its privatisation the telephone utility 1(NTT) has‘pl‘lrsue i .eg o
gramme for an ‘Integrated Network System (INS)_. This is crlmsag AL
ultimately providing a connecting web for mfurma.tm.n sewnffsl L::ll]I F;;.ngadd
and industrial users throughout the country. It wﬂll put a lg}lll':l f :
pased infrastructure in place in anticipation of its uses, w_ i edmmi:;m
tancously developing those uses through model programrgn?cs: and p
projects’ (Borres ef al., quoted in Arnold and Guy, 1986, - ‘j}.l Ll 5
This appears to be a bolder strategy than-that of most ot t::r'D -
countries, which is largely based on rcspond!ng to currlent nltw‘:1 _usm ;3[
opportunities and is therefore more conservative in the scale and scope ;
new infrastructural telecommunications investment. The INS (.:c:ni_:ep_
‘represents a discontinuous shift in the ch.aracter gf telc::om?lumc..‘moqa.
networks' since it will enable broad-bandwidth services using video signa s
or other forms of very rapid data {ransmission to use the same nc_twurk as
telephone services. It will ultimately permit a wider rangelof new mfﬂrm}a;
tion service provision, linking computer and telecornmumcatmln nc;wulzes
as a digital technology. The Japanese strategy therefore tack e\f 1 emcz
strategic problems of diffusing information technology both to th; se ;;
and manufacturing industries and to hc—psehqld CONSUMeTs. _T is l;r‘;ﬁ
simply ‘deregulating’ and ‘privatising’. It 1s anllmponanl step in establi
ing a new ‘regulation regime’ as well as a new mfra.struclure. ae
As Melody (1986) has forcefully pointed out, in all OECD counbr #
during the ‘era of “deregulation”™ more rcgulat(‘)ryﬂa-:tl,wly has lcad
generated than ever existed in the so-called “rfsgulauon' era’. Nauopﬂa an f
international policies will have an enormous _mﬂuence on the provision o
new services, on technical standards, on terminal and systems nterconnecs
tion, on value-added network services (VANS), on the l‘ElidIG [rcqycncy
allocation and on prices. Japanese policy has -cleaﬂy rccn_gm_scd the tur;ldsll-
mental strategic importance of this _regulatlun underpinning thg W 0;
change of techno-economic paradigm in the same way as an e!c1_:1r1c pow
distribution system, a highway network or a railway network in previous
sriods. . .
pt:;othe case of the Fordist mass-prudlucti.on paradigm, as ‘:’a;.lrrl'.m:,hiL
(1986) insists, Japan was two decades behind in the 1950s but hz}qht de'gr;e;e
advantage of following a production system a.lready wcl! established in =
United States and elsewhere, and improving upon it. In the cas(;:
information and communication technology, j",'Paf‘ is among the Ic:a ers.
This was already evident in consumer electronics in 1’n:e 19?&3_ aFd 15¢p\:
increasingly apparent in capital goods, manufacturing systems, informatio
systems and infrastructure.
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Conclusions

In this context the organising and energising role of the Japanese forecast-
ing system is important. The *Visions' of the future produced by STA,
MITI, NIRA and other government and private sources do not pretend to

be accurate predictions, nor do they commit companies to

inflexible plans,
They chart

the broad direction of advance for the economy and for techno-
logy and give companies sufficient confidence in this vision to make their

own long-term investments in research, development, software, equipment
and training. In this respect technological forecasting plays a role similar to
that of project evaluation in sophisticated research-intensive companies,
Nobody believes that it is possible to eliminate uncertainty, but a thorough
discussion within the firm of the range of probabilities and alternative
strategies serves to mobilise resources. to expose difficulties and bottle-
necks, and above all to energise the participants, secure consensus and
heighten awareness.

It may be that this consensus tends to diminish the pluralism and range
of evolutionary alternatives which Nelson distinguishes as so important in
the US system. Nevertheless, the contemporary success of the Japanese
national system of innovation in catching up and moving ahead in informa-
tion technology confronts other countries with a formidable challenge and
has had severe disequilibrating effects in the world economy (Chapter 3),
But catching up with Japan is certainly not an impossible task. Nor does
this mean simply imitating Japan. Potentially there are a variety of
different social and institutional alternatives: J apanese solutions are
certainly not perfect. In some respects Sweden has found equally good or
better solutions.

The Swedish example is of special interest because this is a case of a
small European country with fairly limited resources which is neverthe-
less among the leading countries in the production and the diffusion of
robotics, in the design and manufacture of telecommunication equipment
and generally in computer applications. Sweden’s successful diffusion of
ICT has been achieved whilst maintaining excellent social services, a rather
high degree of consultation with trade unions and safeguards for civil
liberty, Swedish industry has made particular efforts to keep in touch with

Japanese developments and in general to take the best from world techno-
logy. Sweden was also committed fairly early on towards giving ICT a high
priority and probably has the most advanced training and retraining system
in Europe. This clearly demonstrates the feasibility of catching up with
Japan and perhaps of doing better.

In the case of the US national system of innovation analysed by Nelson
in Chapter 15, there are clearly some important similarities and some
major differences. The strength of the Japanese challenge in world markets
has already led to determined effort in the United States to recover the US
technological lead in many industries and services. The US automobile
industry, for example, is striving in a variety of ways to assimilate Japanese
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prganisational and technical innovaltiun's and cmu;atﬁ 112 T:g:gﬂ:zie .f-:;} :
more general level there is increasing evidence © y ci gt
T FCSPEC: TL{: lﬁusr;g!:ogf ?r'l:i;:iralives for joint
i i S es, a who g !
g:iiitr::'ﬁin::;ii]:ﬁ:ﬂ (;ltjs;;nl_:) programmes !inkin_g im_.l:[lls_try é‘;?ul::';f:;z
ties have been taken in the 198[}5.‘ Howeycr, a le_stln‘gms ing fe e
i \dustrial policies in the United S
oy CTC? ;iif]cldﬁ.lgfftfg (lirdcr the au[:spiccs of defence agencies such
{hﬂ][;)t:.?}?; (Arno%d and Guy, 1986). This limits their effectiveness and
il]s]eir strategic objectives in terms of the perfqrmance of tlb‘.c Cltv:r:e:i?;z;ljn
As we have seen, the priority given to strategic clefenced objec 2[ ro-ale 5
in the 1930s delayed the assim:{?t:l%réﬁ t;f the most advance
ction technology (Yamauchi, : .
prgf::lothcr signiﬁcangty difference between the Japanese zmun:1 I:T[% :?Jl:ﬁ:::(_li
systems of innovation lies in the area of Ifundamen_tal Ijesearf: : e
States has clearly been the world leader in basic scientific re:,el_jarcl g
Second World War and, as Nelson’s chapter has shown, u etm'mmst :
between this (largely university-based) research and the priva e; II [ruitﬁ |
financed applied research and development has Ibcen zu;1 exn;:?; g }irmemiw
source of radical innovation in the post-war period, alt oufg .0 ¥
of this interaction varies very much by md_ustry and field uj scienc .ﬁmda_
It is sometimes suggested that the relatnie weakness of apancsi e
mental research by comparison with the UI’“lllB(EI States may no;w pre zmion
Japanese economy from further strengthening its te;hnulog!ca co;np . an{i
This is indeed an important topic of debalc. and pohcy—maku'n_g u; agions =
some of the most powerful leading compm}':u:;I hav: ::fe:jhﬁ??: wﬁfilc iy
uild up their basic research. How s :
:Ec]jrifgztt\iiﬁl Nt!lSGI:I’S thesis that su-:oestt;fm fundamcnta? rcscar;h ?Lrl?atijast;ly
flourishes most in an environment which s_l;mulatzs ;E&l:s?:e irg ggenpscmmiﬁé
H is conducted mainly in universities an !
:-:ll;\a\;?ﬁ: Lundvall (Chapter 17) has also sh,owfvn how Lrn_porliant :::n ﬂ:;
interactions between ‘users’ and ‘producers’ in the nationa Isl}rs
innovation. These links are particularly strong in the Japa_n;:s; 313,1 ﬁT ihesis
But while there would be much agreement in Japan wit ; efs i
on the advantages of the United Ste_itcs _(and E‘urope] llr:! bm:akcn e
university research, there are two gualifications which should be
account in considering the performance of the two systems. ——
The first is that the contribution o_f Japanlese‘ l.ll'll\fCt'?]UCE.s. oftt i
scientific research and to .Ta!:alnetsc ln?}l.l:ttr}fp;??:;ﬂ?i bl;l;:; ne?n e
estimated. Whilst it is certainly true E ol
ience is relatively much less Slgmﬁf;a_nl than her cumlnbutnon orl
?zi:ilr:fology, it is E:f:y no means negligible and, :nn{;: ;mpog:;ﬂii\r:r :ls-.
increasing rapidly. Even in the 194!.]5, l‘JSDIS and 1)6‘~ ; aParllia] il
ties were making major contributions which were an _eSsenFor cxm;‘ <
the development of new technologies n _J apanese lndl-lal:l:-)l;_‘ Lt'mawwpmd,,
Tokyo University played a leading part in the work which ulti 3
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to the success of the Japanese robotics and computer development pro-

grammes. There is much more interaction between Japanese universitieg
and industry than is commonly realised in the West even though the
networks operate under different financial arrangements than those
customary in the United States. It would have been impossible for
Japanese industry to succeed in mastering new technologies without g
fairly strong interaction with university basic research in some ways very
similar to that described by Nelson.

The second qualification is that it is not actually essential to be the world
leader in basic science in order to be a world leader in technology. It is

necessary to have a strong capability in basic research in order to assimilate
and advance most important new technologies today, but since world
scientific literature is an open literature and since world-wide exchange of

ideas is still a characteristic of the world's scientific community, it is not
essential to fead in science in order to develop and exploit new technologies

in advance of competitors, as the United States itself demonstrated in the
latter part of the nineteenth century.
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17 Innovation as an interactive process:
from user—producer interaction to the national
system of innovation

g;!gr—}ikc? Lundvall

Institute for Produciion, Aalborg Umiversity, Aalborg

Introduction

In this chapter the focus is upon the interactive aspects of the process
of innovation.! The analysis takes as its starting points two important
characteristics of an industrial economy: the highly developed vertical
division of labour and the ubiguitous and all-pervasive character of innova-
tive activities. It follows that a substantial part of innovative activities takes
place in units separated from the potential users of the innovations.*

Here we shall argue that the separation of users from producers in the
process of innovation, being "a stylized fact’ of a modern industrial society
(capitalist or socialist), has important implications for economic theory.
When we focus upon innovation as an interactive process, theoretical and
practical problems tend to present themselves differently than in main-
stream economic theory.

The interactive aspects of the process of innovation can be studied at
different levels of aggregation. In the first part of the chapter we discuss
‘the microeconomics of interaction’. In the second part we present some
preliminary ideas on how a model of a national system of innovation can be
developed.

The micro-foundation: interaction between users and producers

In standard microeconomics the agents—firms and consumers—are
assumed to behave as maximizers of profits and utility. Perfect competition
with numerous buyers and sellers, the flow of information connecting
them. encompassing nothing but price signals, is the normative and
analytical point of reference of the theory. Monopolistic structures and
complex client relationships are regarded as deviations from this normal
and ideal state.

The kind of ‘microeconomics’ to be presented here is quite different.
While traditional microeconomics tends to focus upon decisions, made on
the basis of a given amount of information, we shall focus upon a process of
learning, permanently changing the amount and kind of information at the



350 BENGT-AKE LUNDVALL

disposal of the actors. While standard economics tends to regard optimality
in the allocation of a given set of use values as the economic problem, par
préférence, we shall focus upon the capability of an economy to produce
and diffuse use values with new characteristics. And while standard economics
takes an atomistic view of the economy, we shall focus upon the systemic
interdependence between formally independent economic subjects.

Product innovations in a pure marker?

In an economy characterized by vertical division of labour and by ubiquitous
innovative activities, a substantial part of all innovative activities will be
adressed towards users, outside the innovating units. In such an economy
successful innovations must be based upon knowledge about the needs of
potential users, and this knowledge is as important as knowledge about
new technical opportunities (Freeman, 1982, p. 124, passim). When an
innovation has been developed and introduced, it will diffuse only if
information about its use value characteristics are transmitted to the
potential users of the innovation. Within organizations and firms, this
constitutes an intra-organizational problem, to be solved through inter-
action and information exchange, involving different individuals and
departments belonging to the same organization.

Here, however, the focus will be upon those innovative activities which
are oriented towards new products to be presented to a market. For
simplicity, we shall label such innovations ‘product innovations’, keeping
in mind that they might constitute new materials and new process equip-
ment, as well as new consumer products. Further, we shall not primarily
treat innovations as single events. By using terms such as ‘the process of
innovation” and ‘innovative activities’, we indicate that the traditional
separation between discovery, invention, innovation and diffusion might
be of limited relevance in this specific context.’

How can the mutual information problem be solved when the producer
and the user are separated by a market? If the market is ‘pure’, in the neo-
classical sense, the problem must remain without a solution. In such a
market the only information exchanged relates to products already existing
in the market and it contains only quantitative information about price and
volume. Anonymous relationships between buyer and seller are assumed.
In such a market the innovating units as well as the potential users will
operate under extreme uncertainty. Producers have no information about
potential user needs and users have no knowledge about the use-value
characteristics of new products. If the real economy was constituted by
pure markets, product innovations would be haphazard and exceptional.

It is interesting to note that the pure market—hailed by some neo-
classical economists for its ability to establish an efficient allocation of
resources on the basis of very limited amounts of information—forms an
environment hostile to innovative activities, and that product innovations
would be all but absent in a capitalist economy characterized by perfect
competition. At an abstract level, a socialist economy would be expected
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to overcome this crucial information problem more easily through a pllan-
ning mechanism, taking into account the need for the cxchang.c of qgaht_a-
tive information. According to a recent study of innovations in the Soviet
Union, however, the lack of efficient user—producer interaction seems to
be a major problem in the ‘real existing socialist countries’ (Amann and
Cooper, 1982).

Anne P. Carter (1986) has recently pointed to the neglect of product
innovations in production models as a general and serious w‘eakncss. Bt_n
this neglect might be said to be fully consistent with the microeconomic
assumption of pure markets as the norm. In a world where all products
were characterized by constant use-value characteristics, pure markets
could survive, and those pure markets would tend to reproduce the existing
set of use values. Introducing product innovations into economic models
cannot but erode the traditional concept of the pure market.

Product innovations and transaction cosis

One well-established alternative conception of the process of exchange is
the transaction cost approach presented by Oliver E. Williamson (1975).
What are the implications of product innovations if we take this approach
as our point of departure? According to Williamson, markets characlerirze_d
by small numbers, uncertainty, limited rationality and opportunistic
behaviour will tend to become hierarchies. High transaction costs will
induce vertical integration. A market where product innovations were
frequent would involve true uncertainty at both sides of the mark_el. the
uncertainty emanating not from the external conditions for transaction but
from qualitative change in the commodity itself. It would also imply what
Williamson calls ‘informational impactedness’—an uneven distribution of
information. The innovating unit would, typically, have much more, and
more certain, information about the use value characteristics of the new
product than the potential user.

In the Williamson framework, as in the neo-classical world, we would
expect product innovations to be exceptional. They should become
internalized and transformed into process innovations through vertical
integration, ) :

It is, of course, quite difficult to measure the proportion of innovative
activities directed towards product innovations in the sense of the concept
used here. One of the few systematic innovation data banks is the one
developed at the Science Policy Research Unit, Sussex University. Amm}g
the more than 2,000 important post-war innovations reported in Pavitt
(1984), more than a half were developed for outside firms (ibid., p. 348).
OECD data on the allocation of R & D activities confirm that product
innovation is as important a phenomenon as process innovation in the
OECD area. )

Thus neither standard microeconomics nor the original transaction cost
approach are easily reconciled with the stylized facts of a modern indus-
trial economy. In order to explain the actual importance of product
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innovations we must take a closer look at the (assumed) market-hierarchy
dichotomy.

The organized marker as a solution?

If all transactions in the real world took place either in ‘pure markets’ or in
‘pure organizations’, innovative activities would be less frequent than they
are, and they would mainly take the form of process innovations, The fact
that product innovations are frequent in the real world demonstrates that
most real markets are ‘organized markets’ rather than pure markets. The
actually observed relative efficiency of the capitalist system, in terms of
innovative behaviour, can only be explained by the fact that the invisible
hand of the pure market economy has been replaced by bastard forms,
combining organization elements with market elements.

The organized market is characterized by transactions between formally
independent units and by a flow of information on volume and price. But it
also involves relationships of an organizational type. Those relationships
might involve flows of qualitative information and direct cooperation.
They might take a hierarchical form, reflecting that one party dominates
the other, by means of financial power or of a superior scientific and
technical competence. As we shall see, a purely hierarchical relationship
will, however, often prove insufficient. Mutual trust and mutually
respected codes of behaviour will normally be necessary in order to over-
come the uncertainty involved.”

User-producer interaction in the process of innavation

We shall now take a closer look at the specific forms of user-producer
interaction in relation to the process of innovation. The producer will have
a strong incentive to monitor what is going on in user units. First, process
innovations within user units might be appropriated by producers or
represent a potential competitive threat. Second. product innovations at
the user level may imply new demands for process equipment. Third, the
knowledge produced by learning-by-using can only be transformed into
new products if the producers have a direct contact to users. Fourth,
bottlenecks and technological interdependencies, observed within user
units, will represent potential markets for the innovating producer. Finally,
the producer might be interested in monitoring the competence and learn-
ing potential of users in order to estimate their respective capability to
adopt new products.

The user, on the other hand, needs information about new produets, and
this information involves not only awareness butl also quite specific
information about how new, use-value characteristics relate to her/his
specific needs. When new user needs develop—for example, when bottle-
neck problems occur—the user might be compelled to involve a producer
in the analysis and solution of the problem. This can only be done success-
fully if the user has a detailed knowledge about the competence and
reliability of different producers.
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When complex and specialized equipment is developed and sold to
users, there will be a need for direcr cooperation during the process of
innovation. The cooperation is not a single act but takes place at different
stages of the process (Rothwell and Gardiner. 1985). First, the user may
present the producer with specific needs to be fulfilled by the new product.
Second, the producer might install it and start it up in cooperation with the
user. At this stage, the producer might offer specific training to the user.
After the product has been adopted there might follow a pcriudlwhcrc the
producer would have obligations regarding repair and updating of the
equipment.

The uncertainty involved in this kind of transaction will be considerable.
Not only is the user buying a product with unknown characteristics. He is
also buying the cooperation of an external party for a future period. It
should be obvious that the room for an opportunistic producer to cheat is
considerable. Conversely, this implies that ‘trustworthiness’ becomes a
decisive parameter of competition. If a user has a choice between a
producer known for low-price and technically advanced products, but also
for having a weak record in terms of moral performance, and one well
known for trustworthiness, the first will be passed by. This implies limits to
opportunistic behaviour. Those limits are reinforced when users pool their
information about the reliability of different producers.

The exchange of information between user and producer also involves
uncertainty and room for cheating and disloyal behaviour. The user must
disclose her/his needs to the producer in order to get workable solutions.
The producer has an interest in disclosing the full capacity of his product
and in giving the user insight into his technical competence as a potential
cooperator. But in both cases a full disclosure might be abused by the other
party. Information might be spilled to competitors and each party may
invade the market of the other party. Again, the abuse can only be
restrained if codes of behaviour and mutual trust form an element of the
relationships. Without any such restraints, transaction costs would become
prohibitive and vertical integration would become a necessary outcome.

How strong is the element of organization?

The clement of organization might be quite weak in certain markets. If the
product is simple, its use-value characteristics changing but slowly, and the
expenditure for its procurement forms a negligible part of the user’s
budget, the market might become quite ‘pure’. When its use—valu_e
characteristics are changing rapidly, are complex and the product is
expensive, the element of organization will be strong. The former type of
goods will, typically, be developed by the producer alone and bought ‘off
the shelves’, while the latter will be developed in an interaction between
the user and producer, and the act of exchange will involve direct coopera-
tion and exchange of qualitative information.
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The flow of information

In markets where the element of organization is strong, the flow of
information might be analysed in terms parallel to those applied in the
theoretical analysis of pure organizations. Here we shall use some elements
from a conceptual framework developed by Kenneth Arrow (1974). The
flow of information can only take place if there exist channels of informa-
tion through which the message can pass. Further, a code of information is
necessary in order to make the transmission of messages effective. The
establishment of channels of information may, according to Arrow, be
regarded as parallel to a process of investment in physical capital. It is a
time-consuming process involving costs. The development of a common
code is also time-consuming and involves learning. The more the code is
used in transmitting information, the more effective it becomes. *Learning-
by-interacting’ increases the effectiveness of a given set of channels and
codes of information.

The selectivity of user—-producer interaction

The organizational element will not link every single producer to every
single user —here we disregard pure monopolistic and pure monopsonistic
situations. Normally, each producer will have a close interaction with a
subset of all potential users and each user will be attached to only one, or a
small subset of all potential producers. This selectivity reflects the need to
develop non-economic relationships of hierarchy and mutual trust. It also
reflects the need to develop effective channels and codes of information.

User—producer relationships in time

It takes time to develop selective relationships involving elements of hier-
archy and mutual trust. It also takes time to develop effective channels and
codes of information. Once those relationships have become established, it
will not be cost-less to sever the connections. Inertia—a general resistance
to change and risk aversion—combines with rational motives in reinforcing
existing user-producer relationships. Cereris paribus, the user will prefer
to trust producers, known from her/his own experience, rather than getting
involved with a new producer. The investment in information channels and
codes will be lost if the old relationships are severed and new investment in
the creation of new relationships will be required. Therefore user—
producer relationships will tend to become enduring and resistant to
change. Only if the costs of keeping the existing relationships going are
apparent, or the economic incentives offered by new relationships are
substantial, will a reorganization of the markets take place.

User-producer relationships in space

The user-producer relationship is defined in ‘economic space’ coupling
units, close to each other, in an input-output system. The selective user—
producer relationships will involve units more or less distant from each
other in geographical and cultural space. The importance of distance will
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vary with the type of innovative activity involved. When the technology is
standardized and reasonably stable, the information exchanged may be
translated into standard codes, and long-distance transmission of informa-
tion can take place and involve low costs. Here, user-producer relation-
ships involving units located far away from each other might be cft'e_clive.

When the technology is complex and ever changing, a short distance
might be important for the competitiveness of both users and producers.
Here, the information codes must be flexible and complex, and a common
cultural background might be important in order to establish tacit codes of
conduct and to facilitate the decoding of the complex messages exchanged.
The need for a short distance will be reinforced when user needs are
complex and ever changing.

When the technology changes rapidly and radically—when a new
technological paradigm (for a discussion and a definition, see Dosi, 1982)
develops—the need for proximity in terms of geography and culture
becomes even more important. A new technological paradigm will imply
that established norms and standards become obsolete and that old codes
of information cannot transmit the characteristics of innovative activities.
In the absence of generally accepted standards and codes able to transmit
information, face-to-face contact and a common cultural background
might become of decisive importance for the information exchange.

Vertical integration as a means of overcoming geographical and
cultural distance

The development of transnational capital and of vertically integrated firms
operating all over the world reflects that ‘organizational proximity’ may
overcome geographical and cultural distance. But vertical integration may
have its price. It tends to exclude integrated units from the interaction with
producer units and user units outside the integrated firm. Such indepen-
dent firms will tend to guard themselves against an open information
exchange with a vertically integrated unit. As users, they risk to get less
efficient technology than their integrated counterpart and competitor. As
producers, they fear that the know-how built into their product innovations
will become expropriated by the integrated user and transferred to an
integrated competing producer.

Also, the vertically integrated units may prove to be more rigid and less
susceptible to new technical opportunities and new user needs than the
parties operating in an organized market. The tendency towards vertical
integration is strong, but there are also certain counter-tendencies at work.
The trade-off between saved transaction costs and the loss in terms of a
more narrow interaction with external parties will differ between different
parts of the economy. It will, among other things, reflect the state of the
technology and the character of the process of innovation.

User and producer characteristics and the innovative potential of interaction

Not all user-producer relationships promote innovative activities. Being
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closely linked to conservative users having weak technical competence
might be a disadvantage for a producer, and vice versa. The innovativeness
and the competence of users and producers are important qualities which
might stimulate the other party. The degree of standardization among
users might also be important. Being dependent upon a set of users with
very diversified needs might make it difficult for the producer to accumu-
late experience and to exploit scale economies,

The effectiveness of the user-producer relationships grows with time.
As a subset of users and producers gets more experience from interaction,
the clements of hierarchy and mutual trust are strengthened and the
exchange of information becomes more open. The code of information
becomes more effective in transmitting complex messages related to the
process of innovation. As we shall sce below, this ‘effectiveness’ does not,
however, guarantee efficiency if the criterion is user satisfaction at a low
cost. The negative side is inertia and resistance to change.,

‘Unsatisfactory innovations’

Traditional welfare economics tends to disregard innovative activities. It
analyses the allocation of a given set of use values with given character-
istics. Nor are the concepts used easily adapted to a normative analysis of
the process of innovation. There is no point in asking how actual innova-
tions deviate from ‘an optimum’. Innovations not yet conceived are not
known to us, and therefore we do not have any well-defined points of
reference for such an analysis.

In certain instances it might, however, be possible to demonstrate how
innovative activities and technological trajectories deviate systematically
from user needs. When deviations cannot be ascribed either to a lack of
technical opportunities or to an unwillingness among users to pay the costs
for an adaption to the user needs, we might label the innovations ‘unsatis-
factory’.

When the user-producer relationships are characterized by a strong
dominance of producers in terms of financial strength and technical com-
petence, such deviations become more likely. In the field of consumer
goods the producer dominance is very accentuated. The producer organ-
izes both the process of innovation and the information exchange with
users. In this field we should expect ‘unsatisfactory innovations' to be
frequent (Freeman, 1982, p. 202ff). A pattern of dominance and hierarchy
might be found also when the user is a professional organization. If a few
big firms produce scientifically based, complex and systemic products for a
greal number of small, independent user units—each with a low technical
and scientific competence —producers will dominate the process of innova-
tion and the likelihood of unsatisfactory innovations becomes great. In a
study of the Danish dairy industry, such a pattern, resulting in ‘hyper-
automation’, was found to characterize the relationships between pro-
ducers and users of dairy equipment (Lundvall er al., 1983).

In such situations coordination among users might develop and resources
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might be pooled in order to develop a counter-competence. Such a co-
ordination will often be more difficult to make efficient when the users are
consumers than when they are professional units. Government regulation
Or government support to user organizations might be necessary in order to
rectify an unsatisfactory trajectory in consumer technology.

Another background for unsatisfactory innovations might be inertia in
user—producer relationships and the ‘effectiveness’ of already established
channels and codes of information. In a historical period characterized by
the development and introduction of basic radical innovations, the rigidity
of the existing set of user—producer relationships tends to become mani-
fest. A basic radical innovation will often be produced by a new sector with
weak forward linkages. The potential users of the innovation will be found
in most parts of the economy, and those users will have backward linkages
to producers, having little experience and competence in relation to the
new technology. Existing user—producer networks will prove to be tena-
cious and it will take considerable time for a new network to become
established. During such a period of transition, productivity might be
stagnating, while new technological opportunities seem to flourish.

Here, the problem is not only specific unsatisfactory technical innova-
tions, but rather a general ‘mismatch’ in the whole economy. Christopher
Freeman and Carlota Perez (1986) have discussed how a ‘technological
revolution’, based upon information technology. might provoke mismatch
problems related not only to capital and labour but also to the existing
socio-economic institutional set-up. The rigidity of user-producer rela-
tionships might be regarded as one important aspect of this last type of
mismatch. It is important because it has its roots in the very core of the
market system, in markets producing innovations. Policy strategies,
putting all the emphasis upon flexibility through the market mechanism and
minimizing the role of government in the process of adjustment, seem to
be somewhat off the point when rigidities are produced and reproduced
within the markets themselves.

Is innovation induced by supply or by demand?

One of the classical disputes in innovation theory refers to the role of
demand and supply in determining the rate and direction of the process of
innovations (Mowery and Rosenberg. 1979; Freeman, 1982, p. 211). The
user-producer approach puts this question in a new perspective. On the
one hand. it demonstrates that demand does play an important role in the
process of innovation. On the other hand, it puts the emphasis more upon
the quality of demand than upon demand as a quantitative variable. The
very substantial user expenditure channelled into the demand for private
transportation has not resulted in radical product innovations in the auto-
mobile industry. Conversely, very competent and demanding users have
provoked radical innovations in areas where the volume of expenditure has
been miniscule. The role of users in relation to the development of new
scientific instruments is illustrating in this respect.
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] Individual innovations might appear as unrelated to user needs, such as
innovations emanating from science. In the second part of this chapter it
will bclargued that even science has its users and that many innovations
appearing as purely supply-determined, have their roots in a user:
proc:!ucer interaction placed early in the chain of innovation. In this pers-
pective general statements about the role of ‘demand’ and ‘supply’ do not
seem very relevant.

Some implications for industrial and technology policy

The fact that technology is influenced by the demand side has been used to
argue for a laissez-faire technology policy. If demand is provoking the
innovations called for, there is no need for state intervention. Those
arguing that the supply side plays the dominating role will often recom-
mlend government support to R & D activities and education, combined
with an active manpower policy. The implications of a user—producer
approach are somewhat more complex.

First, technology policy should take into account not only the compe-
tence and innovativeness of units placed early in the chain of innovation.
The lack of competence of users and the tendency of producers to domin-
ate the process of innovation might be as serious a problem as a lack of
competence on the producer side. Even when the state itself acts as a user
one will often find that the competence will be too weak and this migh;
Tcsult in ‘unsatisfactory innovations’. Two Danish case studies, looking
into the role of local government as user of waste-water technology and
office technology, demonstrated how a lack of local user cnmpettncg had a
negative effect upon the systems developed and used (Gregersen, 1984;
Brangaard eral., 1984).

Second, government may intervene, directly or indirectly, in relation to
lhf! establishment and restructuring of patterns of user—producer relation-
ships. In a period characterized by gradual technical change and incre-
_rnental linno'-'ations. a national government might sustain national and
international user-producer linkages which already exist. It might also
support the establishment of specific organisations, intermediating
beiween groups of users and groups of producers, pooling information,
and thereby stimulating the production and diffusion of innovations.

In a period characterized by radical innovations and a shift in techno-
IOgi(.:aI paradigm, the task of government becomes vastly more complex
an::i important. In such a period, there is a need for a transformation of the
existing network of user-producer relationships. The inertia originating in
theL(‘)Tganized markets will at the national level be supported by the
pa_lnltncal power of strong interest groups, closely associated with the pre-
vailing structure. The difficult task for government will be to stimulate the
renewal, or severanee, of well-established user—producer relationships
and the establishment of new relationships.
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Standard microeconomics and the user—prd&&cer approach

$ome of our results can now be confronted with the kind of microeconomic
theory presented in standard textbooks. We make the following observa-
tHons:

—  The element of organization will be different, in terms of content and
strength, between different markets and it will change over time. Some
markets will be more susceptible to an analysis based upon the con-
cepts of optimizing agents acting at arms-length distance than others.
This raises some doubt about the intentions to construct one single
model of micro-behaviour, assumed to be generally valid for all
markets—a problem discussed by Kornai (1971, p. 207ff).

_ The standard approach will be most relevant when technological
opportunities and user needs remain constant. When product innova-
tions are continuously provoked by changing technological oppor-
tunities and users needs, it is no longer meaningful to assume optimiz-
ing behaviour. ‘Short-run’ decisions, by producers to become involved
in certain lines of innovating activities, and by users to choose among
new products, will be characterized by true uncertainty, as will, @
fortiori, long-run’ decisions, referring to the establishment of (and
investment in) new relationships and information channels.

—  Standard microeconomics regards technical change as an exogenous
process and its outcome as technical ‘progress’, indicating growing
efficiency. In organized markets the existing set of user—producer
relationships may produce technological trajectories, deviating
systematically from what is ‘satisfactory’, even when users and pro-
ducers act according to profit motives.

— In standard microeconomics, changes in relative prices will influence
the decisions taken by users and producers automatically and instan-
taneously. A world characterized by organized markets will be sluggish
in this respect. The existing set of user-producer relationships and the
continuous qualitative change in products will reduce the responsive-
ness to changes in relative prices.

National systems of innovation

In the first part of this chapter, we found that the microeconomic frame-
work, as presented in standard textbooks, is not casily reconciled with
certain stylized facts of the modern economy. A highly developed vertical
division of labour, when combined with ubiquitous innovative activities,
implies that most markets will be ‘organized markets’ rather than pure
markets. In this second, and final, part we shall sketch some of the implica-
tions of our micro-approach for the national and international level.
Elements of a model of a national system of innovation will be introduced.

The subdisciplines in economics most relevant in this context are theo-
ries of economic growth and international trade. Standard growth models
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are developed under the assumption of a closed economy. This is a natural
assumption in so far as the models regard new technology as falling ‘as
manna from heaven’ and as equally accessible for all actors, sector, regions
and nations, Standard foreign-trade theory assumes labour and capital to
be perfectly immobile and commodities to be perfectly mobile across
national borders. It has the assumption of perfectly free and mobile
technology in common with standard growth theory.

This last assumption is at odds with what can be observed in the real
world, where some countries establish themselves as technological leaders,
generally or in specific technologies, while others tend to lag behind.
According to the user-producer approach, geographical and cultural
distance is a factor which may impede the interaction between user and
producers. This might contribute to an explanation of why different
national systems display different patterns of development.

The nation as a framework for user-producer interaction

The tendency towards internationalization of trade, capital and production
has been strong during the post-war period. Some would even argue that
nations tend to become obsolete as economic subjects. But this process of
internationalization has not wiped out idiosyncratic national patterns
of specialization in production and international trade. The fact that
Denmark is strongly specialized in dairy machinery, Sweden in metal-
working and wood-cutting technology, and Norway in fishery technology
cannot be explained by the general factor endowments in those countries.
Rather, we should look for the explanation in the close interaction
between producers of such machinery and a competent and demanding
domestic user sector (Andersen et al., 1981).

Interaction between users and producers belonging to the same national
system may work more efficiently for several reasons. Short geographical
distance is part of the explanation; more important may be a common
language and the cultural proximity. It is thus interesting to note that firms
in the Nordic countries tend to regard all the Nordic countries as their
‘home market’. This might reflect that those nations have very much in
common in terms of culture and social organization (Dalum and Fager-
berg, 1986).

Another factor of importance is. of course, national government. The
role of government in relation to the process of innovation has been
seriously underestimated according to recent historical studies (Yakushiji,
1986). Besides more direct interventions in relation to specific innovations,
government imposes standards and regulations, making domestic inter-
action more efficient. In important instances the state intervenes directly in
the network and supports existing user-producer relationships.

The fact that national economies have idiosyncratic technological capa-
bilities reflects that international transfers of technology is neither cost-less
nor instantaneous. Some parts of knowledge can be embodied in traded
commodities, while other parts are embodied in the labour force. The
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limited mobility of labour across national borders can partly explain why
technology is not easily transferred internationally. The Structuru.j.of thc
pational systems of production and innovation is a product of a hlhllor’lt.c[il
process and it cannot be transferred as easily as ‘factors of production - t
might be here that we find the most fundamental restriction to inter-
national learning and international transfer of technology. _ :
The importance of nations as frameworks for user-producer lr_ueracugn
does not rule out transnational interaction, however. 'In some industries
and technologies the required scale of the R & D eff(l)rt is so enormous that
not even the biggest of the transnational firms can _arffm:l to go alone when
developing a new product. This is the case for civil aircraft, space te‘c]"u?u—
logy and nuclear power. Here the pattern of user—pmduc_er interaction
(ranscends national borders. But even in these areas, national interests
related to international competitiveness and mililary_gnalﬂ put certain
limits to the actual cooperation taking place, according to recent case
studies (OECD, 1986). _ ‘ . _ o
Applying a user-producer perspective to !nlernat{-:}lnal relations br!ngal
forward the structural interdependency, characterizing the process of
innovation within and between nations., On this hackgrour}d we shall
sketch the outlines of “a national system of innovalion‘: IElarhcr research
involving international comparisons of innovative calpabllmes hdb dcmun-
strated ﬁllporlunt international differences at lhe_mlcm le.vel.l in terms of
management strategies and firm behaviour, sumcumes_tak!ng into account
differences in the environment of firms, financial institutions and labour
relations, for example. Such studies. useful as they are, mighl underplay
the importance of the structure of the full system of innovation, however,
When the process of innovation is regarded as the outcome of a complex
interaction, it is obvious that the whole system might be more than a sum
of its parts. ) _ ‘ ‘
The concept of the national system of innovation will be Idevcloped step
by step, using earlier contributions on sysiems of pmduqson and on the
division of labour within systems of innovation as some of its clements.

National systems of production

While Anglo-Saxon Industrial Economics tends to re_lualrd national econ-
omies as ‘a bunch of industrial sectors’, the French tradition has been more
oriented towards the systemic interdependence between dntfc_rcnt parts of
the economy. Verticals of production or “filieres’, encompassing all stages
of pruductit;n from raw materials to final products, are important units of
analysis in this tradition (de Bandt and Humbert, 1.985_}. A br:_'n:;-xder con-
cept, also bringing in public agencies and financial institutions, industrial
subsystems or ‘mésosystemes industriels’, has rcccml_y bccn_dcvelnpcd and
proposed as the units, most adequate, for industrial policy (de Bandt,
1985). -

An even more ambitious appmach, presented h.y soime Fren_ch MArxists,
and inspired by the work of Frangois Perroux, defines "the national system
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n?’ pru;luctinn‘ as a unit of analysis. The national industrial system is
divided into a small number of sections. defined by the cconomicrfuncti()n
of the output and by its sector of use (investment goods, semi-manufac-
tured goods and consumer goods) (GRESI, 1975). Some of the contribu-
tions in this tradition assume the section producing investment goods for
the production of investment goods to be the strategic one for ::cmmmic
growth and development. National systems, having a strong position in this
area, will tend to have a strong international competitiveness and vice
versa. The national system of production is thus not assumed to be a closed
system. On the contrary, it is the specific degree and form of openness

which determines the specific dynamics of each national system of produc-
tion.

Production and innovation

In order to judge the relevance of this model it is necessary to look into
the relationship between the process of production and the process of
innovation. These processes differ in important respects but they are also
mutually interdependent.

Production is a repetitive process where routines tend to develop. The
flows of goods and services between different subsystems can—if use-
value characteristics remain constant—easily be quantified in terms of
value and volume. The process of innovation might be continuous and
cumulative, but it will always have a unique element, stressing the impor-
tance of creativity, as opposed to routine decision-making. The flows
between the subsystems will be complex and systemic information, difficult
to translate into quantitative terms.

The interdependency between production and innovation goes both
ways. On the one hand, learning taking place in production—as “learning-
by-doing” or as ‘learning-by-using’—forms an important input into the
process of innovation, ‘Learning-by-interacting’ will, typically, take place
between parties, linked together by flows of goods and services originating
from production (this is a prerequisite for user—producer relationships to
become enduring and selective). On the other hand, the process of innova-
tion might be the single most important factor restructuring the system of
production, introducing new sectors, breaking down old, and establishing
new, linkages in the system of production, y
~ This interdependency between production and innovation makes it legit-
imate 1o take the pational system of production as a starting point when
defining a system of innovation. But the division of labour in the system of
innovation is not just a reflection of the division of labour in the system
of production. Some parts of the production system will be more prl)(luc-
tive in terms of innovations while others primarily will be users of innova-
tions developed by others. This is documented in some recent contribu-
tions to innovation theory.
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The vertical division of labour in the national system of innovation

Most innovation studies, focusing upon vertical interaction, have put the
emphasis upon the division of labour in the process of innovation. The
pioneering studies of the sector producing scientific instruments, made by von
Hippel (1976). demonstrated that process innovations were often developed by
the sector itself. Even when independent producers were involved the users
played an important active part in the process of innovation.

In Pavitt (1984), a taxonomy, referring to different types of industries
according to their respective role in the process of innovation, is presented.
Using a data base for important UK innovations, containing information of
origin and address of each innovation, three different types of sectors were
identified —supplier-dominated, production-intensive and science-based.
This taxonomy and the further subdivisions made are extremely useful in
defining the division of labour within the national system of innovation.

Flows and stocks in the national system of innovation

Earlier we pointed out that the flows within the system of innovation take
the form of complex and systemic information—messages difficult to trans-
late into quantities. This is also true for the stocks of the system. Know-
ledge, scientific as well as know-how and tacit knowledge, is difficult to
measure. Other important ‘stocks” may be the inventiveness and creativity
of individuals and organizations and those are even more difficult to assess
in gquantitative terms.

In standard economics there is a strong tendency to define scientific
analysis as synonymous with the establishment of quantitative and mathe-
matical models. If we accepted this dictum, important aspects of the
national system of innovation would be regarded as being outside the
realm of economic science. As pointed out by Georgescu-Roegen (1971, p.
316ff), this ideal of science is not uncontroversial, however. It reflects an
epistomology imported from Newtonian physics. Georgescu-Roegen
demonstrates that ‘dialectical concepts’—along with arithmomorphic
concepts—must be a part of any science analysing change.

Further, there have been different attempts to develop a quantitative
analysis of the flows within national systems of innovation. As a matter of fact,
the already mentioned study by Pavitt (1984) may be regarded as a quantitative
approach using the number of ‘important UK innovations’ as the unit of
account. Another interesting contribution in this field is Scherer (1982). Here a
detailed input-output matrix for the US industrial system is developed on the
basis of information gathered on patenting and R & D activities.

In both of these papers it is the industrial system which is at the centre of
the analysis. This is natural in so far as most innovations emanate within
this system. But when we look at the system of innovation from a user—
producer perspective it becomes interesting to take a closer look at the
interfaces between industry and the academic community and at the inter-
faces between industry and some of the ‘final users’ of industrial innovations —
workers, consumers and the public sector.
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In a recent paper by Nelson (1986) the division of labour in, and per-
formance of, the US system of innovation is discussed. It is demonstrated
thgl universities and other public institutions involved in the production of
science are important paris of this system, acting in a way which makes
them complementary to the innovative activities going on in the private
sector. It is obvious that any model of a national system of innovation must
take into account the interaction between universities and industry.

Science and technology in a user-producer perspective

In the first part of this chapter we focused mainly upon the interaction
h_-ctwe»len firms producing goods and services, The user-producer perspec-
live might, however, be applied to early stages in the chain of innovation —
basic rescarch, applied research and developmental activities. It is almost
built into the definition of ‘basic research’ (as non-applied) that it should
take place without any specific purpose or address. This picture is too
simple, however. Even pure science, as mathematics and logics, has its
users, and the agenda of science will often be determined by users in
applied science. Also in this area the innovativeness and cmll;.lﬂetcnce of
users may influence the rate and direction of scientific discovery. In a case
study referring to Bell Telephone Laboratories. Nelson (1962) has demon-
strated the close interaction between basic and applied research.

_ What separates pure science from technology is primarily the institu-
tional framework. Science will. typically. be produced in universities
according to an academic ‘mode of behaviour’, while technology primarily
will be produced in private firms according to a profit-oriented ‘mode of
behaviour’. The academic mode will typically be characterized by non-
pecuniary incentives— the “search for excellency’ will be a strong motive
power (sometimes even combined with an urge to understand what is going
on). The output of science will be widely dispersed because the world-wide
diffusion of research results is a precondition for recognition of excellency
(David, 1984). This mode of behaviour implies a different culture from the
one predominating in profit-oriented firms. Norms, values and incentives
are different, as well as the language and the codes of information used in
the two spheres.

It is not surprising that the link between universities and industry has
become a political issue. The growing recognition of the role of science in
relation to technology and production has made it a national priority to
strengthen this link. The flourishing of *Silicon Valleys', characterized by a
rlcinsflz interaction between “excellent” universities and high-technology firms
in different parts of the world, has given the debate further impetus. In
most OECD countries the establishment of “sicence parks™ and ‘techno-
polises’ has become a part of industrial policy.

The efforts made to integrate and subordinate academic activities in
relation to industry may not be cost-less, however. If the academic mode
of production is undermined and replaced by a profit-oriented mode of
behaviour, where pecuniary incentives become more important and where
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secrecy regarding the output becomes more frequent, the academic mode
of behaviour may lose one of its principal merits—its tradition for world-
wide diffusion of knowledge. In the field of biotechnology this process
seems already to have reached a critical level (Chesnais, 1986). National
systems of innovation may temporarily become strengthened when uni-
versities become subordinated to industry. In the long run, the production
and world-wide distribution of knowledge may become weakened.

Introducing the final users of technology into the system

The classical actors in innovation studies are individual entrepreneurs and
the R & D laboratories of big firms. Secondary parts may be played by
scientists and policy-makers. The user—producer approach points to the
fact that ‘final users’ in terms of workers, consumers and the public sector
may have a role to play in relation to innovation.

The fact that workers and consumers tend to be absent from the scene in
most innovation studies reflects, to a certain degree, the reality of a
modern industrial system. Both in planned and market economies the
process of innovation tends to become a professionalized activity and
workers and consumers tend to become passive beneficiaries or victims in
relation to new technology, rather than subjects taking an active part in the
process of innovation. It is, however, not self-evident that such a division
of labour is ‘natural’ and appropriate. Active and competent final users
might enhance the innovative capability of a national system of innovation.

Further, the actual participation of ‘final users’ may be underrated in the
literature on innovation. Workers play an important part in the daily
learning process taking place in production and many incremental innova-
tions may be the product of skilled workers improving on the process
equipment. Where workers are directly involved in the process of innova-
tion, the outcome in terms of productivity and efficiency might be more
satisfactory than when they are excluded from this process. Some studies of
the Japanese experience seem to point in this direction.

Among consumers we find some interesting examples in the user clubs
established in relation to specific brands of personal computers. Here
private consumers act as professional users, developing new software in an
interaction with producers of hardware and software. But for most con-
sumer goods the interaction is organized exclusively by producers gather-
ing information about, and manipulating, consumer needs. An interesting
theoretical contribution giving consumer learning an important role in the
overall development of the national economy is made by Pasinetti (1981),
who maintains that the learning of new needs are of crucial impaortance for
the maintenance of full employment. When productivity is growing and
demand for existing consumer goods becomes satisfied. the learning of new
needs by consumers is a necessary condition for avoiding ‘technological
unemployment’,

We have already pointed out the importance of the public sector as a
final user in relation to technology policy. The most comprehensive and
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important historical example might be the military industrial complexes in
the United States and the Soviet Union. In both these cases, the state has
acted as a competent and very demanding user on a very big sca]e-
Through long-term contracts radically new and advanced products have_;
been developed. In the Scandinavian countries there is a growing debate
on the possibilities of building ‘welfare-industrial complexes’ oriented
towards the fulfillment of social needs in relation to energy, housing

environment, transport and the health service. Such complexes might, ii‘
the public sector acts as a competent user with a long-term perspective, be
as effective as ‘warfare-industrial complexes' in provoking new techno-
logy. There is no reason to believe that the positive impact upon the well-
being of citizens should be less,

Social innovation as the basis for technical innovation

In a period characterized by radical change in the technological basis of
the economy, established organizational and institutional patterns might
prove to be important obstacles to the exploitation of the full potential of
new technology. In such a period, social innovations might become more
important for the wealth of nations than technical innovations. The Gor-
bachev drive for social change and democratization in Soviet Union
might be seen in this light. In the capitalist countries the focus is still
narrowly oriented, either towards the manipulation of financial variables
or towards an ‘acceleration of technological progress’. Institutional
change, strengthening the competence and the power of final users, might
be one of the social innovations which can give national systems of innova-
tion a stronger position in the world economy. It would also imply that
unsatisfactory innovations became less frequent.

The need for social innovations and institutional change is even more
urgent at the world level. The enormous and growing gaps between rich
and poor countries reflect that the international transmission of knowledge
and technology is not working as assumed by standard economy theory. In
so far as specific technological capabilities are rooted in national networks
of user-producer relationships, ‘technology transfer’ can only solve part of
the problem, however. There is a need for strengthening the whole
national system of innovation, including science, industry and final users.

Notes

1. The hasic ideas presented in this chapter have many different and hetero-
geneous sources. They reflect a collective effort among the IKE group, at
Aalborg University, where a rescarch team, studying Industrial Development
and International Competitiveness, has pursued theoretical and empirical
work, based upon a dual inspiration from French industrial economics and
British innovation theory. An earlier, but more extensive. presentation of
those ideas and their different sources can be found in Lundvall (1985). This
booklet was worked out in 1984, during my stay as a visiting fellow at the Science
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Policy Research Unit, Sussex University. and at the Department of Economics,

Stanford University, and financed by a grant from the Social Research Council

in Denmark. Christopher Freeman, Carlota Perez, Luc Soete, Keith Pavitt,

Kenneth Arrow, Nathan Rosenberg, Paul David and many others at SPRLU and

in Stanford commented generously upon my work. This version has benefited

not only from discussions with the participants at the Lewes and Maastricht
meetings but also from comments from my colleagues and friends in Aalborg,

Esben Sloth Andersen, Bjern Johnson, Asger Braendgaard, Bent Dalum,

Birgitte Gregersen and Lars Gelsing.

Adam Smith recognized the significance of this separation, presenting it as an

important source of wealth and productivity growth: “All the improvements in

machinery, however, have by no means been the inventions of those who had
occasion to use the machines. Many improvements have been made by the
ingenuity of the makers of the machines, when to make them became the

business of a peculiar trade’ (Smith, 1776, p. 8).

3. We believe, however, that the user-producer perspective might be useful in
clarifving how the different stages in the chain of innovation relate to each other
in different parts of the economy.

4, Itisinteresting to note that Williamson, in his most recent work, recognizes that
most transactions take place in organized markets. The dichotomy between
pure markets and pure hierarchies is substituted by a scale where those two
forms represent the extreme paints. Itis now argued that most transactions take
place *in the middle range” of such a scale (Williamson, 1985, p. 83). Bucstill his
analysis tends largely, to neglect the process of innovation per se as a factor
reinforcing vertical integration and organized markets. Recent contributions by
Tapanese economists (Imai and Trami, 1984) do take into account technical
innovation as a factor affecting the pattern of organized markets, but their focus
is primarily management strategies rather than the implications for economic
theory.

a
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1 8 Can the imperfect innovation systems of
capitalism be outperformed?*

Pavel Pelikan

The Industrial Institue for Economic and Social Research, Stackholm

Introduction

In this chapter, capitalism will be considered in a somewhat broader
perspective than in the rest of this volume. Rather than examining how
technical innovations are handled within any given capitalist system, I
propose to use a comparative approach. I will consider the entire class of
capitalist systems, compare its potential with the potential of some non-
capitalist systems, and then search to identify in more detail those systems
where technical innovations would be handled relatively best.

To justify the usefulness of such a comparative approach and to formu-
late my main questions, Chapter 15 by Nelson is a convenient point of
departure. Focusing on the US capitalist system, Nelson examines its ways
of handling the great variety of kinds and stages of the innovation process.
He points to the advantages as well as to the imperfections of this system,
and suggests that it could be improved by changes in its institutional
design. He leaves open the question, however, of how far and in which
direction such changes should go.

Clearly, this question cannot be given a solid answer without compara-
tive analysis. As most likely no economic system is perfect, one cannot
judge what should be done with a given imperfect system without compar-
ing its imperfections with the imperfections of alternatives. Two errors are
to be avoided: the one of defending a given system if at least one alterna-
tive were better, and the opposite error of rejecting it if all alternatives
were even worse. '

Given an imperfect capitalist system where technical innovations are
handled in a suboptimal way, there are two specific questions which I wish
to examine here:

— Is a superior system more likely to be found within the class of capi-
talist systems or outside it?

* The financial support of the Marianne and Marcus Wallenburg Foundation is gratefully
acknowledged, I thank Piet-Hein Admiraal, Leszek Baleerowicz, Bo Carlsson, Pierre-André
Chiappori, Gunnar Eliasson, Ken Hansen, Ronald Heiner, Albert Hirschman, Richard
Nelson, Keith Pavitt, Tomas Pousctte, Nils-Henrik Schager, Nick von Tunzelmann, Stephen
Turner, Oliver Williamson, Sidney Winter and Bengt-Christer Ysander for valuable com-
ments on earlier drafts. None of them is responsible for my conclusions and remaining errors.

i
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— What properties should such a superior system have: in particular,
what role in promoting technical progress should it assign to govern-
ment?

Comparing economic systems for their technical innovativeness is,
however, not easy. The problem is that a suitable approach must be not -
only comparative, but moreover dynamic. As Nelson and Wima‘:r (198%)
emphasize, technical progress is an evolutionary process for which static
analysis is insufficient. But with a few exceptions, the existing dynamic
approaches have not been comparative, while the comparative ones have
been largely static. Surprisingly enough, this is even true of Schumpeter
(1942), who did discuss both capitalism and socialism, but when he came to
his famous dynamic problem of ‘creative destruction’, it was only capital-
ism he examined with care.

Among the exceptions, the most valuable ones probably are the com-
parative study of organizational adaptability and technical innovativeness
by Balcerowicz (1986), and the more empirically oriented survey of tech-
n;cal progress in East and West by Hanson and Pavitt (1986). In a some-
what parallel way, I have made my own attempts to develop a dynamic
comparative approach to economic systems in Pelikan (1985, 1986, 1987).

But none of them provides a ready-to-use method for the present pur-
poses. This means that this inquiry must pursue two objective; besid-{s
comparing different economic systems for their technical innovativeness, it
must also search for a theoretical method which would make such a
comparison fruitful.

The context and the scope of the inguiry

There are many different questions which the two objectives involve.
Given the limited space of one chapter, I can examine only a few of them
here. To avoid misunderstandings, it is useful to present a brief survey of
all the questions involved, situating the ones which will be examined in a
broader context. This will also allow me to point to the limitations of the
inquiry and to warn in advance about some of its unusual steps. ) ‘

The questions involved in any comparative study can be divided into
three main areas: rerminology, values and analysis. As the central question
usually is of the kind, ‘is one economic system better than another sys-
tem?”, the three areas can be exemplified by the following questions: What
is an ‘economic system’? What is to be ‘better’? How to find out which
‘system’ is ‘better’? )

The questions of terminology cannot be neglected, for the clarity and the
productivity of the entire inquiry depends on the care with which its terms
are selected and defined. As the present topic is broader than what the
well-defined terms of neo-classical economics can handle, the use of some
non-standard terms—in pm'licular ‘system’. ‘arrangement’, ‘structure’,
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‘organization’ and ‘institution’—will be inevitable. The greatest difficulty
with these terms is that they sound treacherously familar, but lack an
operationally clear and generally accepted meaning.

As the following section will explain in more detail, one of the unusual
steps I propose to take—and which I claim is essential for all dynamic
comparative approaches—is to depict an economic system in a dual way,
by what I term ‘the regime—structure framework’,

In the short run, an economic system is depicted in the usual way, by the
economy’s ‘structure’—e.g. by the specific mixture of markets andfor
private andfor public hierarchies into which the economy’s agents are
arranged.

In the long run, when such a structure itself changes—e.g. as markets
and hierarchies form, expand, contract, take over each other, or dissolve —
the system is depicted by the set of the prevailing institutional rules,
referred to as the economy’s ‘regime’. By itself, this is not so unusual
either, for institutional rules are often discussed in modern economic
literature,

What is less usual is to consider a regime together with the correspond-
ing structure as a couple, putting them into a well-defined, dynamically
interesting relationship. Intuitively, the regime can be thought of as the
rules of a game, and the structure as the configuration of the players
actually playing the game. The basis of the relationship is that each regime
is largely responsible for the formation and the development of the cor-
responding structure, which in turn is directly responsible for the
cconomy’s performance, including technical innovativeness. (For the
reader familiar with biology, a useful formal analogy is the modern dual
view of a living organism—as a genotype and as a phenotype.)

When the meaning of the term ‘economic system’ is clarified, the next
terminological question is, of course, to classify and provide with names
the great variety of forms which economic systems can assume. But here is
the first limitation of the present inquiry. Without giving this question any
detailed satisfactory answer—such an answer would probably require a
new Linné —most of the time T will limit myself to two rough classification
principles. Following Williamson (1975). I will classify structures into
markets, hierarchies and mixtures of the two. As to regimes, the basic
classification will be into two large classes—capitalist and socialist. Follow-
ing the marxist tradition, it is private ownership of capital, transferable
through capital markets, which will be regarded as the main distinguishing
feature of the capitalist regimes. Towards the end of the inquiry, however,
some finer distinctions will also be made.

Two points should be emphasized. One is the difference between the
two classifications. Under the influence of neo-classical economics, which
is limited to studies of given. constant and simplified structures, this
difference has been effaced and economic systems have been reduced to
such structures. Typically, a capitalist system has been reduced to a set of
markets and a socialist system to a hierarchy of eentral planning. Here, in
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contrast, capitalism is not identified with markets. nor socialism with
hierarchies. The present view is that, in general, the structures of both
capitalist and socialist systems are variable mixtures of both n?arkets and
hierarchies. Clearly—given the extensive use of markets in modern
socialist economies and the presence of large hierarchies in mc_delm
capitalist economies—this view must be recognized as far more realistic.
Only one kind of market is not allowed, by definition, to develop under a
socialist regime —the market for capital. ‘

Consequently, the technical innovativeness of capitalism is definitely not
to be judged from the technical innovativeness provided for by pure
markets. It will be fully recognized that hierarchies can often outperform
markets—as witnessed by the example of large and successful capitalist
firms. and theoretically exposed by Williamson (1975). What I will argue is
that different regimes should be judged according to how conducive they
are to the formation and the development of suitable structures, which
in any modern economy will most likely contain both markets and hier-
archies. The unusual problem to which I will then call attention is that
markets as well as hierarchies can be of very different qualities, and that
some regimes may be conducive 1o the formation of markets and hierarchies
of better qualities than other regimes.

The second point of emphasis concerns the meaning of the terms ‘capi-
talism’ and ‘capitalist regimes’. As already indicated, they do not refer to
any specific regime, either real or idealized, but to an entire class of
regimes. This class should be understood as containing a very large number
of specific regimes, both real and idealized, with possible wide differences
in performance capacities in general, and in technical innovativeness in
particular. Their only common feature is that they all allow for private
ownership of capital, transferable through capital markets. As regimes are
only sets of rules, capital markets need not even actually exist; the only
condition a regime must fulfil in order to be classified as capitalist is that its
rules (in particular property rights) allow such markets to form and to
develop, if entrepreneurship is supplied. This means that this class is far
from limited to laissez-faire regimes. It also contains regimes which allow
government to play a more or less significant role—to be discussed in the
last section— provided that the above feature is maintained.

Regarding the questions of values—to decide what is ‘better’ and what is
‘worse’ —they are often considered to be the stumbling-block of all com-
parative studies. It is often claimed that such a study must depend more on
the subjective values held by the student than on any objective analysis.
For instance, any verdict in favor of a capitalist system is claimed to require
liberal, individualistic or even egoistic values, whereas to value above all
equity, solidarity and altruism is expected to yield a verdict in favor of a
socialist system

Fortunately and somewhat surprisingly, however, this is not quite true,
and especially not when different systems are to be compared for technical
innovativeness. The general idea of how to avoid values is due to Nelson
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(1981) and—in what may be regarded as another unusual step—1I will apply
it here. To begin with, each economic system is divided into two inter-
related but separable parts:

— the system of final consumption, generating final demands;
— the system of production, determining the ways to meet these
demands.

The focus is then reduced to comparing different systems of production,
regarded as instruments for meeting some given final demands. These may
be mostly demands for private goods, as generated by an individualistic
consumption system with high income inequality, or contain high demands
for subsidized merit goods—such as day care, education, public transport,
medical care, health insurance and pension plans—as generated by a social
welfare systemn with low income inequality. [f some systems of production
can be shown to outperform other systems of production, regardless of what
the final demands are, they can be said 1o be ‘better’ in a value-free fashion,

As to innovation systems, they are simply regarded as parts of the
production systems. Clearly, much of the abilities of any production system
to adjust to and meet any final demands will depend on the abilities of its
innovation system to supply it with suitable product and production pro-
cess innovations.

The limitation here is that only those values which can be expressed in
terms of final demands are respected—and avoided—in this way. Although
‘final demands’ can be given a very broad interpretation, even embracing
items not usually regarded as goods to be produced—such as high em-
ployment, social security, and protection of nature and culture —some
values may nevertheless not qualify. In particular, these are the values
which one may have about systems of production per se—e.g. appreciating
the freedom and the challenge of private enterprise or, on the contrary, the
less free but possibly more stable and reassuring atmosphere of central
planning.

Let me emphasize, however, that even if such values remain unsettled,
they need not disturb the inquiry. The reason is that one can take them into
consideration ex post, while fully recognizing any results which the inquiry
might reach without them. For instance, if different systems of production
were ranked according to ‘pure’ technical innovativeness, this ranking
could easily be adjusted to any such values ex post by a suitable trade-otf:
the ranking of a highly innovative but little valued system would simply be
somewhat lowered, and vice versa.

Finally, let me turn to the analysis employed. It has two features which
should be noted and justified in advance. One is its roundaboutness.
Although the main topic is technical innovativeness, not much will in fact
be said about new products and production technologies. Instead, most
attention will be paid to organizational and institutional problems.

To justify such a shift of focus, recall that, since Schumpeter. technical
and organizational changes have been recognized as closely tied to each
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other. The regime-structure framework enriches this picture by showing
that organizational changes moreover strongly depend on the prevailing
institutional rules. The inquiry must thus consider a long loop of causes and
consequences, leading from the rules (‘regime’) through changing organ-
izations (‘structure’) to the evolution of products and production techno-
logies, and back to the organizations—and, in the long run, to the rules
themselves.

The evolution of products and production technologies is thus only one
link in a long chain, and not even the most important one for the present
purposes. As Nelson and Winter (1982) point out, this evolution is not
entirely natural (‘darwinian’), but more or less directed. What is most
important here are the different ways in which the structures themselves
evolve under different regimes. And in these areas, organizational and
institutional problems clearly dominate.

The other notable feature of the present analysis is the lack of mathe-
matical models. Although all the terms used have been defined with
sufficient precision, 1 have not yet found suitable mathematical methods to
embrace the complex relationship between regimes and technical innova-
tiveness in its entirety, without assuming away some of its essential parts.
Consequently, the analysis is purely qualitative, and its results only
approximative. But hopefully it does throw some new light on the question
of how an innovation system could, and how it could not, be improved
upon.

The regime—structure framework and organizational dynamics

To begin with a well-known picture, recall that neo-classical micro-
economics depicts a capitalist economy as a collection of maximizing
private producers and consumers, linked together by a set of markets. In
the same spirit, comparative economics often depicts a socialist economy
as a collection of maximizing socialist producers and consumers, linked
together by a hierarchy of central planning.

Generalizing slightly, I define structure—meaning “organizational struc-
ture’—by three groups of parameters:

— a collection of economic agents (e.g. firms, agencies or individuals);

— their behavior (e.g. maximizing or satisficing):

— the (organizational) arrangement which links them together (e.g. a
certain mixture of markets and hierarchies).

A structure can be visualized as an active device (‘mechanism’) or
(‘organism’), which functions in a certain specific way. The agents inform
and motivate each other through exchanges (transactions) of signals and
resources, either among themselves or between themselves and environ-
ments (e.g. nature, other economies). What the agents do is determined in
part by the agents’ own behavior and in part by the arrangement which
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links :Lhern together. As will be explained below, each such arrangement
contains rules which constrain, but usually do not uniquely determine, the
behavior of its participants.

Globally, the functioning of a structure can be measured and evaluated
by various performance indicators, such as aggregate output, productivity
efficiency, transaction costs, or—what is of particular interest herc-—g
technical innovativeness.

Note the difference between a structure and its arrangement. An
arrangement only describes the agents’ interrelations, e.g. the markets
and/or the hierarchies which link them together. A structure moreover
specifies the agents” actual behavior—e.g. their response functions or
routines —by which they have adapted to the constraints of the arrange-
ment. Whereas each structure implies a certain way of functioning, and
certain performance abilities, this need not be true of arrangements,
An arrangement only has a certain potential to perform, but its actual
performance also depends on the behavior of the participating agents.
Only in the special case of identical agents (e.g. if all were equally perfect
optimizers) would an arrangement determine performance. On the other
hand, if the agents are not identical and their true behavioral charac-
teristics are difficult to observe —and this case will be of much importance
later in my argument—identical arrangements may be observed to have
different performance abilities.

Nelson's chapter provides important examples of the potential of
different arrangements in the area of innovation. Extending Williamson's
(1975) comparative analysis of markets and hierarchies, he shows that
different arrangements are differently advantageous in providing for
different innovation activities. For instance, activities with high costs of
technology transfer and easy-to-appropriate returns are shown to be best
conducted by profit-seeking firms on markets, whereas various non-market
arrangements are shown more suitable in opposite cases.

For the present argument, the most important lesson one can learn from
these examples is that there is no single-type arrangement—neither markets,
nor hierarchies—which would be universally optimal for all innovation
activities. This extends into the area of innovation the well-known result of
Williamson’s that neither market nor non-market arrangements are
universally superior, but have different comparative advantages and dis-
advantages for different kinds of transactions. The general conclusion here
is that fechnical innovativeness requires a variegated structure of different
kinds of arrangements—e.g. a mixture of several kinds of markets and
several kinds of hierarchies—which could suceessfully handle the entire
spectrum of innovation activities.

The greatest advantage of studying structures is that they are directly
responsible for the economy’s function and performance. In the long term.
however, they are unsuitable to represent an economic system. Whereas
‘system’ should refer to some relatively stable parameters, structures rarely
remain stable for a long time. For instance, every time a market forms or
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dissolves, or a firm enters, exits or merges with another firm, the structure
changes.

The search for a relatively more stable set of parameters naturally leads
{o the set of institutional rules which, like the rules of a game. constrain the
behavior of the economic agents involved. While the agents can enter, exit
or change their arrangements in various by the rules permitted ways. the
rules can stay put. Examples of such rules are property rights in the sense
of Demsetz (1967), or the economic constitution in the sense of Buchanan
(1975). The presently used term ‘regime’ is due to Hurwicz (1971) who
formally defines it as the set of institutional constraints on the decision
spaces of the agents within an economy.”

Note first that each arrangement implies a regime. For instance, each
market implies certain transferable property rights and certain rules of
signalling and contracting. Similarly, each hierarchy implies certain rules
determining the rights and the obligations for each of its members, On the
other hand, each regime typically allows several alternative arrangenents 1o
form. For instance, under the same property rights, differently competitive
markets may form—including no market at all, if the agents do not supply
enough entrepreneurship.

For a national economy, the regime is usually quite complex. including
all the institutional rules which pertain to all parts of the economy’s
arrangement—such as labor law, corporate law, patent law, antitrust law,
and also various customary and ethical norms. stemming from the under-
lying culture.

An important part of each such regime are the rules which specify the
cconomic role of government. At one extreme, a laissez-faire regime may
prohibit government from playing any significant economic role, while, at
the other extreme, a socialist command regime may require government to
organize and run the entire production, according to the rules of a certain
planning procedure. Postponing the discussion of some more interesting
intermediate cases to the last section, let me now only emphasize that the
economic role of government under the given rules of a given regime is to
be strictly distinguished from the institutional role of government in making
and changing the rules and thus the regimes (e.g. through legislation). This
corresponds to Havek’s (1967) classification of government activities into
‘particular measures’ and ‘general rules’. Since the present inquiry is
limited to comparing given regimes, without examining how they are. or
could be. made or changed, only the former—the economic, or “particular
measures’, role—will be discussed here.

The advantages and disadvantages of studying regimes are comple-
mentary to those of studying structures. Whereas a regime is relatively
more stable, it is, on the other hand, less directly related to the economy’s
performance. The problem is that a regime does not actively perform, but
only influences the performance of an interposed structure. What a regime
needs, in order to show analysable effects, are some active. interacting
agents whose behavior it would channel, through the specific constraints of
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its rules, towards certain actions rather than others. All known economiec
analysis of institutional rules refers indeed to an assumed structure —such
as a sel of perfectly competitive markets populated by perfectly rational
agents, who always take maximum advantage of whatever institutiona]
rules happen to exist, which is explicitly or implicitly referred o in most of
the property rights literature.

The gquestion then is what can be gained by considering regimes if
structures are needed anyway. My guess is that not much, as long as one
limits attention, as neo-classical analysis does. to initially postulated
constant structures. But the situation becomes quite different when strue-
tures are regarded as variable, and their formation and development
submitted to analysis. In such an organizationally dynamic view, regimes
and structures play distinct and complementary roles, forming a promising
theoretical framework. It is this view which Schumpeter (1942) advocated
by saying: “The problem that is usually being visualized is how capitalism
administers existing structures, whereas the relevant problem is how it
creates and destroys them.” This view will also be adopted here, with the
notable difference from Schumpeter that other regimes than capitalism will
be considered, too.

To see what organizational dynamics is about, consider first that in real
economies both regimes and structures change and develop. The rules of a
regime may change through legislation and/or a spontaneous evolution of
custom. Structures may change, as already noted. through organization
and reorganization of markets and/or hierarchies. The important point is
that the two kinds of changes need not go together. In particular, a regime
need nor change every time the corresponding structure changes. For
instance, a market, a firm or an entire industry may appear or disappear,
while the prevailing institutional rules may stay put.

Consequently, the dynamics of economic systems can be divided into
two relatively independent branches: instirutional dynamics, studying
changes of regimes. and organizational dynamics, studying changes of
structures under a given regime. The former, which is about the political,
legislative and cultural processes through which institutional rules form
and reform. will not be considered here. It is the latter on which the
present inquiry focuses.”

The basic principle of organizational dynamics is that each given regime,
through the constraints of its rules, channels in certain specific wavs not
only the functioning of an existing structure (as standard analysis has
studied), but also the formation and development of such a structure (as
Schumpeter urges us to study).

This principle indicates the strategy for the present inquiry. If different
regimes are to be compared for their technical innovativeness, and if this is
part of the performance of the corresponding structures, the crucial problem
is which structures, of which performance, can form and develop under
different regimes.

One subtle peint about the regime-structure framework should be
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noted. Although the principle is simple enough, a Clos:t_::r look discovers a
complication. When using this framework, one cannot ignore the fact that
the structure of a real economy may involve sevem{ ngrlr_famm_{eve!s qf
organization. This may seem upsetting for the theoretical cconu_:}rmsl who is
used to dealing only with one such level at a time, ¢.£. only Wl[i:l firms but
not with their internal organization, as the older microgconomics us-?cl to
do, or with individuals but not with firms, as the more recent trnnsa-?nonal
analysis proposes to do. But the complication is not as serious as l.t may
seem. The framework, if slightly adjusted, may depict any multi-level
organization by its recurrent application. o

To see the main idea. consider the following two levels of organization,
which will be sufficient for the present inquiry:

_ the internal organization of multi-personal agents, such as the internal
hierarchies of firms and government agencies;

_ the overall organization of all agents into a national economy, such as
a set of markets or a hierarchy of central planning.

Clearly. both levels can be depicted by the regime-structure framework.
For instance, a firm can be said to have a certain internal structure (in-
cluding a certain internal arrangement) and a certain internal regime (the
written and unwritten rules of conduct for its members); and the entire
cconomy can be said to have a certain overall structure (including a certain
overall :irrangcment) and a certain overall regime. Whenever necessary., t'c-
avoid confusion, the adjectives ‘internal’ and ‘national’ or ‘overall’ will
denote the two levels of the same concepts.

Structures and arrangements of different levels are easy to relate to each
other. One can simply say that lower levels add details to higher levels. For
instance. the internal structures of firms and agencies add details to the
overall structure of an economy, displaying some of its agents as arranged
collections of smaller agents (e.g. plants, departments, and ultimately
individuals). The overall structure (arrangement) can then be seen as a
structure of structures (an arrangement of arrangements).

The relationships between regime of different levels is more subtlle. In
general, a higher-level regime contains rules which constrain the design of
lower-level regimes. For instance, corporation law and labor law are rules
of the national regime which constrain the design of the internal regimes of
firms. Different national regimes may be differently restrictive, allowing
for more or less variety of internal regimes. For instance, in many socialist
cconomies. the national regime is so restrictive that it also determines most
features of the internal regimes of all firms. .

For the present purposes, the essential difference hc"m:ccn i nalli-::tnal
regime and the internal regimes of multi-personal agents is in their origins.
Only national regimes originate in the above-mentioned p(;lilical*_legmlulwe
and cultural processes. In contrast, inlernall |'egimv:.l$ are de._%lgnedlﬂnld
redesigned, under the constraints of the prevailing national regime, within
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the agents themselves—e.g. by the owners or top managers within a fi

possibly after voluntary or compulsory negotiations \;'ilh the fi rl':},
empluy‘e.cs. It is therefore natural to regard the formation and dcvelim 3
ment of internal regimes as part of the organizational dynamics which iop-
be cxz_nmmud here. Institutional dynamics, from which inquirv"nbstracts y
thus limited to national regimes. This means that only nalit:m‘al‘re i o
and not the internal regimes of firms and agencies, will be assumed Si\lzgis‘

Economic self-organization

In the context of capitalist economies, the processes by which structures
t'urm and develop—the subject of organizational dynémics—havc been
studied under several names. For instance, besides ‘creative destruction®
used by Schumpeter (1942), Alchian (1950) and Nelson and Winter (1982)
speak of ‘selection’, Eliasson (1984) of ‘structural adaptation’, and Marris
and Mueller (1980), in a survey of earlier studies of these rocesses, of
‘self-organization”. = T

Fora cumparatilve approach, T believe the latter term most suitable. It is
more comprehensive than ‘selection’ or ‘adaptation’, and it also has the
advantage of pointing to an interesting literature outside economics where
helpful cues for understanding these processes can be found. This is the
recent mathematically or biologically oriented literature about strange
Iocps- anll'l sglf—orgunization. In the present volume, more o.n self-
organization, including further references, can be found in the chapters by
Allen an‘d Silverberg, who address this problem in a broad methodological
perspective.

In contrast to such broad approaches, the present discussion of self-
organization is quite narrow and pedestrian. The processes by which the
struct_ure of an economy organizes and reorganizes under a given regime
constitute only one limited stage of the processes by which the entire
society organizes and reorganizes. In order to mark the limits. I will s cak
of economic self-organization. ‘ Ly

T'his means that [ leave aside several other stages, assuming that they
hav‘e already done their work., somehow. These include the formation of
regimes—possibly called “institutional self-organization”—and the closely
related formation of languages, values and customs — possibly ca‘tlcd
‘cultural self-organization’. And one should not forget, as social scientists
tend to do, the historically preceding “biological self-organization” whicl:L
has formed the genetic potential of human brains to create amli learn
!alnguallges. cultures and institutions, on which the entire self-organization
of societies ultimately reposes. )

_ To narrow the focus on economic self-organization clearly involves the
risk of missing some possibly significant feedbacks through which it relates
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1o other stages of self-organization of societies. An importani example is
the feedback which, in somewhat different terms, the marxists like to
emphasize: maladapted structures of economies produce crises which
provoke institutional and cultural changes, resulting in a more or less
different regime for the next round of economic self-organization.
Admitting that such feedbacks may be significant, I nevertheless contend
that a good understanding of how economic self-organization works under
different given regimes is essential. Although it may not be sufficient, it is
certainly a necessary basis for any more ambitious study where also the
evolution of regimes is to be examined.”

To visualize economic self-organization in more concrete terms, recall
the example of markets and hierarchies which organize, reorganize,
expand, take over each other, contract or dissolve. In general, economic
self-organization is made of processes which change at least one of the
three components of a structure:

— the collection of economic agents (e.g. through entries, exits, take-
overs or divestitures);

— their behavior (e.g. through internal self-organization of firms, or
learning of individuals, conceivable as internal self-organization of
brains);

— their arrangement (e.g. through formation, modification or dissolution
of various communication and motivation channels of which different
types of markets and hierarchies are made).

It is possible to provide for a relatively simple microeconomic model by
abstracting from demographic changes—that is, by assuming a constant set
of individuals of given learning potential (the competence to acquire
competence). In this case, economic self-organization can be depicted as a
game played by these individuals, under the rules of the prevailing regime.
Such a game includes the following kinds of moves:

— designing and redesigning various (multi-level) arrangements;

— assigning and reassigning positions within these arrangements to
specific individuals;

— learning of new individual behavior (new competence) within the
given learning potentials.

These kinds of moves may be taken separately or simultaneously. For
instance, an entrepreneur may design a firm, assign himself a certain
position within it, and learn a new competence while doing so. As a result
of these three kinds of moves, the given individuals keep organizing and
reorganizing themselves into a series of structures.

For the present purposes I need not elaborate this model in detail, but
only outline how it relates to, and differs from, standard analysis.
Obviously, the main difference is that the formation (self-organization) of
structures is considered at all. It is only when a structure is formed that
standard analysis can start its work—to determine how such a structure
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functions and performs. This difference then entails several other
differences.

First, the usual view of economic behavior must be enlarged by a new dimen-
sion. Traditionally, economic agents have been examined for their allocative
behavior, thatis, for their ways of transacting signals and resources within some
already organized structures. To some degree, their learning behavior has also
been studied, e.g. in the theory of learning by doing. The new dimension —
which T propose to call associative —is the behavior by which the agents form,
modify or dissolve the various inter-agent links of which structures are made,
such as lasting contacts with business partners, long-term employment con-
tracts, and the control of firms or agencies.’

Associative behavior involves its specific associative constraints —such as
limited span of control, limited precision of languages, and limited trust—
and associative preferences—such as favoritism, nepotism, and likings for
rituals, status and control (‘power’). Such constraints and preferences
influence the behavior of economic agents side by side with the usually
considered resource constraints and consumer preferences. To the surprise
of conventional analysis, they may push economic self-organization
towards structures which are far from allocatively efficient.

All economic agents are thus recognized as associatively active and
selective. They all contribute to economic self-organization by influencing
at least some links of the structures in which they become involved. But
their contributions are likely to be asymmetric, in particular in complex
structures. Such structures, in order to begin to form, usually need an
entreprencur-organizer —private or public—to provide an initial design
and to trigger the formation. The model thus throws a new light on the role
of entrepreneurs, making it comparable to the role of catalysts in the
formation of chemical compounds.®

There is another additional problem that the model must solve. In the
excitement over the new problem of self-organization, one must not forget
(as some students of self-organization tend to do) that the old problem of
resource-allocation does not disappear. The additional problem, then, is
how these two problems relate to each other. Although formal modelling
is difficult, the general principle is simple. To recall, economic self-
organization forms organizational structures which determine how
resources will be allocated. But since economic self-organization, in turn,
needs resources—e.g. the capital which a firm needs for entering, expand-
ing, taking over another firm, or simply surviving — the resulting allocation
of resources becomes an important constraint on further self-organization.

An organizationally dynamic comparative analysis thus slowly begins to
take shape. Although it agrees with traditional analysis that structures
determine performance, it does not compare them directly. Instead. the
focus of comparison is shifted to regimes. These are compared for their
capacities to channel, by the constraints of their rules, economic self-
organization towards structures of some desirable performance, which, in
the present case, is a high technical innovativeness.

.b
}
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The strange loop of economic competence

The difficulty with this strategy is that it substantially prolnng{j: analysis. h.
preserves the old question of how structures perform, and raises the nt;a-
question of how structures self-organize. The strategy could lhardly_ e
fruitful, unless we can find a substantial short cut from properties of self-
organization to the performance of structures. Wha}t we need is a charac-
teristic feature of structures which is crucial for their performance, and at
the same time easy to identify as a product of th_cir %elf-orgamzalfon. I now
wish to argue that such a feature exists, giving it the name ‘economic
-ompetence’. ]
LOMI;' starting point is the concept of competence as inltr_cuduced by H‘emer
(1983).7 In essence, competence measures the capac‘mes‘of an agt..nt to
solve difficult problems. Each level of competence implies a maximum
difficulty of problems which can be solvedhopumal‘ty, If more difficult
problems must be solved. their solutions are hkc!y to contain ct?stiy erTors,
and thus be suboptimal. To refer to such a situation, Heiner coins the term
‘competence-difficulty gap’. : . ¥

As Heiner points out, limited competence is caused by imperfect ability
to use information, which is to be distinguished from the }lsuf.tll_y con-
sidered case of imperfect information. One consequence of this distinction
is that one can finally recognize in theory what has been m{nmanplgce in
practice: the possibility of different results when the same mform_anor} is
used by agents of different competence. In order to refer to such a situation
in terms close to the usual economic jargon, I shall say that competence 1s
scarce and asymmetric.® s o _

For the present purposes, it is essential to distinguish economic compe-
tence from competence in other fields, such as technology and Pcrl!m:s.
Such a distinction can be found already in Knight (1921), who insisted
on the difference between economic problems, the subject proper of
economic analysis, and technical problems, which call for the competence
of natural scientists and engineers. . . '

Economic competence can be regarded as a mixture n‘r- thrc; basic
components, corresponding to the above-mentioned three dimensions of
economic behavior: allocative competence—e.g. the competence for
deciding on the quantities and/or prices of Iinputs and outputs, or for
choosing production techniques; associafive competence—e.g. : the
competence for designing, joining, modifying or Icav.mg organizations; an::l
learning competence, with the meaning qr ‘economic or business talents’,
as the competence to learn these two kinds of :fon?pclence. In contrast,
technical competence is the competence [m. designing p_mdu-::ls and pro-
duction processes in terms of physical \"Ell'lablfj‘s, and ||1:31udcs also the
competence to learn such competence, or ‘technical talents’. i

To be sure, technical competence can also be of much concern for an
economist, in particular in studies of technical innovations. I‘:Jlon:enver, it is
often intimately interwoven with economic competence. Typically, the



384 PAVEL PELIKAN

solutions of technical problems require economic evaluation, while the solu-
tions of economic problems are constrained by available technologies. It may
even be the same person—such as the Schumpeterian entrepreneur — who
uses both. But a difference nevertheless exists and, as will become clear shortly,
is of great importance for economic theorising. It is one thing to design a
product or a production process in terms of physical parameters, and another
thing to evaluate the private and/or social costs and benefits of such a design, in
order to decide for or against its use in production. Whether the technical
design and the economic evaluation are made by different persons or by the
same person is clearly immaterial for the validity of the distinction.

The reason why this distinction is so important is that the two kinds of
competence raise substantially different problems for economic theory.
Paradoxically enough, it is technological competence which is easier to
handle. As the well-known literature on human capital, learning by doing,
and job assignment amply illustrates—and it is perhaps useful to emphasize
that this literature is about technological and not economic competence —
neo-classical theory has no difficulties in recognising that technological
competence may be scarce and asymmetric. This kind of competence can
simply be regarded as a property of human factors of production, and its
production and allocation treated in a formally similar way as the produc-
tion and allocation of any other capital good.

But the apparently innocent step from scarce and asymmetric technical
competence to scarce and asymmetric economic competence demands a
real somersault from economic theory. When acting as workers, engineers
or scientists, people can be regarded as factors of production. But when
acting as traders, investors, managers, policy-makers or planners, they
must be recognized as economic agents. To admit that their competence
may be scarce and asymmetric even for these roles undermines the entire
neo-classical theorizing. It contradicts the fundamental neo-classical axiom
that all economic agents are perfectly rational optimizers—that is, of
equally abundant competence for solving economic problems.

To show how much the beautiful axiomatic building of neo-classical
economics is damaged, let me elaborate. If economic competence is scarce
and unequally distributed, it becomes a scarce resource and the problem of
its allocation must be raised. But this problem is fundamentally different
from all allocation problems for which neo-classical theory has been built.
Whereas all other scarce resources are merely objects being allocated,
economic competence determines at the same time the very method of
economic calculus by which resource-allocation is governed.

The crucial role of the rationality axiom in neo-classical theorizing is thus
exposed from a somewhat unusual angle. This axiom is needed to separate
the objects from the method; what it implies is that all agents have
abundant economic competence for which no allocation problem ever
arises. But if economic competence is scarce and itself in need of alloca-
tion, this separation is destroyed and a strange loop, from the family of
paradoxes which have scourged axiomatic building of modern mathematics,
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appears in full beauty. Economic competence spreads on both sides of the
fence: the altready allocated economic competence determines I::I.‘? method by
which further allocation of economic competence 1s gu.vemed & e '

This step, besides being theoretically disturbing, points to two important
problems. The first is the possibility of pnth-del?endcm_:y in economic self-
organization, in particular in the formation of hierarchies. lmltlal accidents
in the allocation of competence among the founders of a hierarchy may
gradually amplify, possibly causing the entire hicl:rarchy to bcc:f:)me per-
vaded by exceptional competence, or exceptional incompetence. ,

The second problem is the possibility of important failures of economic
systems which have been well known in practice, but thus far neglected in
theory. According to neo-classical analysis, all welfare losses in all systems
must ultimately be aseribed to improper motivation of perfectly competent
egoists. Even the losses due to imperfect or assymetric information must
ultimately be ascribed to improper motivation of the agents whfn pave the
right information but do not communicate it, or who could obtain it but do
not search for it—for instance, because of differences between private and
social costs and benefits. But when this step is taken, we can moreover see
the losses caused by possibly well-motivated but not so competent egoists or
altruisis. This means that economic systems can now be assessed not only
according to how well they can cope with egoism, but also according to
how well they can cope with incompetence. Since lack of competence can
harm technical innovativeness at least as much as lack of motivation, this
prablem is of high relevance here. !

The dependence of technical innovativeness on economic competence
can now be summarized as follows. Although the competence at the
fighting line of technical progress is technical, it is on economic compe-
tence that its production, recognition and deployment depends. Therefur_e,
the technical innovativeness of an economic system ultimately depema:.s' on its
abilities to allocate efficiently economic competence. In particylar, this is the
competence of entrepreneurs, managers, invcstors,_ policy-makers or
planners to read and interpret economic signals, to estimate future supply
and demand, to evaluate the probability of success of different research
and production projects, to design contracts and orgalnizlationsa and, last
but by no means least, to estimate the competence limits of others and
oneself.

Economic competence as an outcome of economic self-organization

To complete the short cut, I now need to establish that the use of ecpno_mic
competence in an economy is determined by economic sclf—orgamzat!on.
An essential element of my argument is the concept of ‘tacit kﬂowlt:dga:', as
introduced by Polanyi (1967) and discussed in the cuntcxtloflevnlunonary
economics by Nelson and Winter (1982). In essence, this is knowledge
which can be freely used by its owners, but cannot be expressed and
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communicated to anyone else. The point 1 now wish to make is that
economic competence is tacit in this sense.

The best theoretical justification that some knowledge (information)
must always be tacit can probably be found in computer theory. It clearly
shows that in order to observe, interpret, act upon or communicate any
information, some information must always pre-exist, such as working
knowledge of concepts, codes (languages) and logic. Although some of
such information might have been communicated on an earlier occasion,
that communication inevitably required some pre-existing information,
too. The upshot is that at least some of the information on which all
communication and decision-making ultimately repose must be tacit, that
is, inherent to the systems involved. As an example. think of a computer,
where the entire hierarchy of treatment of software, communicable
through its inputs and outputs, ultimately reposes on its hardware,
inherent to its construction.

The claim that economic competence is tacit obviously depends on how
this is defined. To choose the right definition. let me examine a little closer
Heiner’s distinction between information and ways of using information.
Strictly speaking, a way of using information is also information (e.g. a
program or a routine), and there may be ways of using this information
(e.g. programming programs), and so on ad infinitem. "' This discloses that
the distinction is not uniquely determined, but offers a number of options.
To fit my claim, I make the definition coincide with the distinction between
communicable and tacit information. This means that not only data (e.g.
prices and quantities), but also all communicable ways of using data as well
as all communicable ways of using such ways (e.g. instruction books,
computer programs), are regarded as (communicable) economic informa-
tion. This means that I will use ‘cconomic competence’ to refer to the
(residual) ways of using information in economic decision-making which
cannot be communicated, but are inherent to each economic agent—such as
the competence to understand and suitably apply instruction books and
computer programs, but which cannot itself be put in an instruction book
or a computer program.

The upshot of this definition is that the only way by which individuals can
acquire economic competence is their own learning, based on their own
experience, formal education, and the innate (andior by early education
determined) competence to learn economic competence ‘economic talents’

The next step I need to take is to define economic competence as a
property of not only individuals, but structures in general, This will make it
possible to speak, for instance. of firms, agencies and entire economies as
being more or less competent.

Let me now define the competence of a structure as the allocation of the
individual competence involved in the structure. This means that a structure’s
competence is made up of all the individual competence involved, but
without being a simple sum of individual contributions. What also counts is
the structure’s arrangement, and the allocation of specific individuals over this

.
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arrangement. Clearly, the competence employed for top c_cnnon-;:c ée‘mi}or;s;;
such as those of entrepreneurs, managers, investors, policy-ma ers and p
ners—must weigh more than the competence of the rank and ﬁIE:. o
Two implications are of particular importance. F|rst—a51d t:; |'S,I Fuca;
another way of expressing conventional WISdUI_'l'lIl—'th same indivi L!;_at_a i
form structures of different competence, if :'::rg;lm}ze:l mlg‘(: c|t=:n__
arrangements. Second —and thisis a Icss_us_ual point for economic tl clorf, |
the same arrangement can result ;:}1 rt'r;r]e;en.r competence if it involves
iffe ifferently permuted, individuals. . .
m'l:{‘icr;::;nf;:ifmpcteai has already been rclatt?d_ to indivi_dual rauunlz;hlw:.r.
It is now moreover possible to relate it to x—e_f,fwwnr:y of firms a‘nd a ('Ill:d-
tive efficiency of economies. The three _Lr_admonally separate f,:;n(;:cgul,—'
rationality, x-efficiency and allocative efhc:epcy—a_rc t!'nus provi ﬁ \:1[ 1t a
deep common meaning. At different levels of organization, th_ey a re1 er. o
the economic competence of structures, determining the structures per-
ance abilities. :

fo?}:iné:ni?usion that economic compelence is al!ocalcd by economic self-
organization is now easy to draw. That economic compele‘nce. cannot ble
allocated through the usually studied in[cr-z-agent transactions obviously
follows from its tacitness. And that it is precisely economic Sclf—qrgamza-
tion which must assume this task is nearly as obvious. As an ml;erc;:t
property of structures, economic competence must be aﬂoca:t;d ):h[ e
same processes by which structures are tur-mcd. And, jr:uy L_leﬁnmon. ese
are the processes which constitute econome self-organization.

Economic self-organization under different regimes

What has thus been established is that technical progress depelnds_ on
economic competence, which is allocated by economic ;eli-nrgarn}zauon.
The next step is to examine how this is cl‘m[}nelled by different rcgn:nes.

Let me begin with the behavior in a mmllar_way as ﬂ}c _rulels of a gan}c
constrain the behavior of the players. Following the Qisunctmn between
allocative and associative behavior, the rules of a regime can be divided
into two corresponding categories:

_ allocative rules. constraining the agents in their allocating of resources
(e.g. in investment, R & D, production an.d Lrac!c): o i

—  associative rules, constraining the agents in their associating and dis-
sociating (e.g. in entries, exils, cooperation agreements, take-overs
and divestitures).

As associating and allocating are interrelated, both calcgur_u:_s |_nlﬂzenﬁe
economic self-organization. To the extent that resources are required, thc
allocative rules—such as property rights—play an important role. Fiut 1 c
distinguishing feature of self-organization is that it not only uses l‘Cb-Dl..il'il;'Eb‘
but moreover changes structures for the next round of resource-allocation.
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It is for this additional area that the associative rules are specialized. They
can be exemplified by antitrust law, corporate law. the rules regulating
entry and exit, and the rules regulating the labor and capital markets—
where most of the associating and dissociating of individual employees,
managers and owners is conducted under a capitalist regime.

A regime thus influences economic self-organization in a double way.
Its allocative rules do so indirectly, via their responsibility for economic
results, determining which structural changes become economically
feasible. Its associative rules do so directly, by determining which of the
economically feasible changes are moreover institutionally permissible,

Although when new, a regime must begin with the structure inherited
from its predecessor, its double influence on economic self-organization
makes it increasingly responsible for the subsequent states and perform-
ance abilities of the structure —much as the genetic message of an organism
is responsible for the development of the organism’s anatomy and behavior.
This discloses as illegitimate the neo-classical habit to assign an arbitrarily
postulated structure to a given regime —such as a set of perfectly competi-
tive markets to capitalism, or a hierarchy of optimal planning to socialism
—without verifying whether the regimes in question are actually capable of
engendering or at least preserving such structures.

To determine how economic self-organization would actually unfold
under a single given regime is not easy: a complex simulation model would
probably be required. But fortunately, and somewhat surprisingly, the
question of how different regimes compare with each other in channelling
cconomic self-organization can be given an approximative but meaningful
answer by relatively simple means.

The key idea is to focus on failures of economic self-organization, and to
assess different regimes for their abilities to resist them. Since economic
self-organization is modelled here as (several levels of) selective associat-
ing and dissociating of economic agents, let me denote such failures as
associative failures.

In general, to speak of failures of economic systems requires the choice
of certain values, or performance criteria (e.g. Pareto optimality, or a
more specific social welfare function), in order to determine what is a
failure and what is a success (or an optimum). But here it is possible to
avoid the question of values in the way described above in the second
section. Economic self-organization can be assessed for successes and
failures in adapting production structures to some given final demands,
regardless of what these actually are.

Associative failures can be divided into two basic categories:

— surviving errors, consisting of mistakenly formed and afterwards
neither corrected nor dissolved maladapted structures —such as an
incfficient market, a poorly organized firm. or an incompetent policy-
making or planning agency which survive for long periods of time;

— absent successes, consisting of potentially successful structures which.
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although feasible given available competence, failed to fnrm_—sutch_zs
new firms promoting new technologies, or otherwise supc_r'mr to lI-
cumbent firms, whose entry has been hindered or not sufficiently
encouraged.

Referring to these two categories, a simple rnethpd fu-_r comparing |'eg|n?-:-:s
can be devised. The main idea is to compare their resistance to associative
failures, that is, their intolerance to surviving errors and their openness to
associative trials, If regime A proves to be relatively more resistant to
associative failures than regime B, the conclusion will be that the structures
formed under A are likely to become better adapted, and therefore per-
form refatively better than the structures formed under B—and this
regardless of final demands, and also regardless of how poorly ad.agtatd lh‘e
structures under A might appear according to some gbso]utc ( mrvlanal)
criteria. Consequently, if it is technical progress '_whlch is demanded, it will
also be better promoted under A than under B—in the sense that a suua_ble
variegated structure, containing the right mixture of markets and hier-
archies of the right qualities, is also more likely to form under A than under B.

Capitalism is necessary for superior technical innovativeness

After the somewhat long, but I believe inevitable, theoretical Fletour, it is
now possible to outline the answer to the initially state_d question. ‘LET.' me
expose the main points by way of justifying the following proposition: the
superior regimes, promoting technical progress bea‘n.:r than all ?r}wr regirmnes,
belong to the class of capitalist regimes—that i',i‘,l regimes allowing for private
ownership of capital, transferable through capital marker:s. =

To avoid misunderstanding, let me emphasize what this proposition does
not imply. First, it does not imply that technical progress wquld be
successfully promoted by all capitalist regimes; the possibility that mrr_;e: of
them may perform poorly is not at all excluded. Second, ic proposition
does not imply that a superior regime should.bc of the Im.s-&:ez-fatre kp‘{d.
excluding all active role of government. Private ownership of capital,
transferable through capital markets, is claimed to be a necessary, but
possibly not sufficient, condition for superiaril}r.. . ‘

This proposition clearly contradicts neo-classnlzal anuly'sm-whwh fqmgl]y
proves—by constructing various methods of optimal socialist planmn.g -
that some socialist systems can perform at least as well as .me best capitalist
systems. To justify the proposition I need to show \\I'hy this proof no longer
holds when economic self-organization enters the picture.

Recall that the two crucial assumptions for this proof are: the stocks. of
all resources can be measured, at least by their users; and all production
units as well as the planning agency are perfectly competent optimizers.
But neither holds for economic self-organization, specialized in allocating
tacit, scarce and asymmetric economic competence. ‘

Because of its tacitness, economic competence is a resource whose
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stocks cannot be directly measured, not even by their users, as the frequent
cases of overestimation or underestimation of one's own competence
amply demonstrate. Only indirect measuring, via actual performance, is
possible. Such measuring requires competition, in the sense of contests
or tournaments, conducted in the same field as the competence 1o be
measured. Hence for measuring economic competence, the competition
must also be economic, and not political or rhetorical.

Because of its scarcity and asymmetry, economic competence cannot be
a priori assumed to be allocated in any favorable way. In particular, one
cannot simply assume that socialist firms and planning agencies are com-
petent at will. Their competence must be put in question and examined as a
result of economic self-organization under a socialist regime.

But if the two assumptions do not hold, the following proposition does:
economic self-organization cannot be optimally planned in advance, but
must invelve experimentation through associative trials and errors. The
reason is easy to see. If economic competence, which economic self-
organization is to allocate, cannot be directly measured. there is no reliable
information base, neither centralized nor decentralized, for an optimal
planning of its allocation. Moreover—and this is how the strange loop of
cconomic competence manifests itself here—unless economic competence
is optimally allocated already at the outset, the planning agency itself may
be far from assembling the best available competence for this task, Conse-
quently, any regime which is not sufficiently open to associative trials and
ready to cope with associative errors even at the highest organizational level
can easily cause the structure of the entire economy to become one huge
surviving error.

This proposition thus exposes the crucial importance, under an y regime,
of the generation of associative trials and the elimination of subsequent
errors or, alternatively, the selection of successes. A too lax selection will
cause surviving errors, whereas a too constrained trial-generation will
cause absent successes. Moreover, absent successes may also be caused by
a severe but misdirected selection which prematurely eliminates future
successes in temporary difficulties.

[tis now easy to see why private ownership of capital and capital markets
are so important. Consider the two basic alternatives for ruling them out,
to which I refer as ‘government socialism’ and ‘cooperative socialism’.
Each alternative refers to a large class of regimes, both real and idealized,
which may differ in many other rules, but have similar property rights for
capital. Since much of economic self-organization is shaped by these rights,
significant global conclusions can be drawn for each class, regardless of
what the other rules are.

In all regimes of the government socialist class, capital is formally owned
by central political authorities. Even if the decisions on its current use can
largely be delegated to lower levels, economic self-organization must
remain largely centralized. Balcerowicz (1985) speaks of ‘centralized
organizational rights’, and Hanson and Pavitt (1986) describe this as a
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situation where any organizational reshaping requires prior approval from
the central authorities. Note that such regimes may, but need ru.?n‘ reqlalre
central planning of resource-allocation. This class_ls thus rnm.jh Iargfar t aln
the usually studied socialist planning, for it also includes quite decentral-
ized socialist regimes which allow for extensive use of product and labor
markets, such as in Hungary. . )
There are several joint reasons why this way of channelling economic
self-organization is inferior. First, it assigns to the central aulhont_lcs a
dominant role, for which they are unlikely to assemble thc' best avm_l:.iblc
competence, given their origins in political and not economic chpetlt1g11.
And even if the most competent entrepreneurs, managers and investors of
the old regime were initially selected, such a selection would soon bem!'nc
obsolete in a dynamic world where new types of competence, including
competence for judging competence, may continuously be required. )
Second—and much of this is in fact a consequence of the first—economic
competence will likely be misallocated also at all lower levels. The entire
structure of socialist firms and their hierarchical and/or market arrange-
ments is likely to contain more of both absent successes and surviving
errors, because of a too constrained trial-generation and a too lax error-
elimination. The most competent trials are likely to be prevented for lack
of the necessary approval from the probably less_ competent ccnlral
authorities. And too many errors (‘lame ducks’) are likely to ke.ep surviv-
ing because of their monopolistic privilcgcsl andfor generous 5ub5ld1es§~l::-ni
‘soft budgetary constraints’, to use KOIT!&I"& (1980) term. The tl‘n-piritl-.;l
findings of Hanson and Pavitt (1986) are in very good agreement with this
ical argument. N
th?\?ortc:i;ml i% is the low expected competence of the central aut‘hontles
which is seen here as the main reason why soft budgctaryf constraints are
unlikely to be used in a more clever way. To be sure, highly ::ur?petent
investors might be able to perceive the fine differences between “perma-
nent lame ducks’ amd the recuperable ones, which can be tr_ansfnrmed into
future successes. They can then outperform the short-sighted product
markets by helping the latter with selective investment as well as re-
structuring, often requiring important changes in the top management.
But—and this is the essential point—investors with such competence are
unlikely to be found and kept without continuous economic competifion on
capital markeis. . o
Let me now turn to the regimes of the class of cooperative socnal:s_m.
where the social ownership of capital is decentralized, c‘achlﬁrm being
owned by the collective of its employees. No (l:(:rlll'ﬁl planning is rcqun'f:d%
and product and labor markets can cxtcn_swcly be used. But capita
markets must be limited to credit markets, with no real stock e:_nchangc,
Following Ward (1958), neo-classical analysis sees the main problem
with cooperative socialism in the perverse responses ut'. cmp!nyge-uwncdl
firms to changes in demand and profit. But in broader discussions, sucll': as
in Vanek (1970). this problem has not been recognized as decisive. Several

S ———
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ways Eo alleviate it have been proposed, and the principles of employee
participation and profit-sharing have been claimed to more than compen-
sate for it by other social and economic advantages, '

Let me therefore emphasize that the present argument is of quite g
different kind. It does not put in question any of the claimed advantages, It
admits that successful cooperatives may exist, and that many private ﬁr;'ns
might benefit from applying some of these principles within their internal
structures. What the argument claims is that cooperative socialism as g
regime is conducive to structures of lower technical innovativeness than
what at least some capitalist regimes can achieve,

. A scrutiny of associative failures can again justify this claim. At first
sight, it seems that surviving errors need not worry cooperative socialism
more than capitalism. Since product and labor markets can be used fully
competition and hard budgetary constraints seem able to keep eliminatiné
lar{'se ducks as rigorously as under the best capitalist regime. But this is not
quite true. In order to see why, let me begin with absent successes which
constitute a more obvious drawback of cooperative socialism.

Collective decision-making. as implied by the cooperative ownership of
capital, acts as a constraint which discourages or prevents some new firms
from entering and some small successful firms from expanding. On top of
the problem of perverse incentives for growth of firms, as exposed by
Warq, the present argument adds the problem of scarce, tacit and asym-
metric competence. Successful entry and expansion of firms are often
!‘xascd on exceptional competence of innovators, entreprencurs and
investors, which, just because of their exceptionality, will often be mis-
understood in any larger collective. That this problem will tax new indus-
tries and new technologies with particular severity is obvious.

A related problem arises with the supply of capital, in particular risk
capital, on which associative trials often strongly depend. As is well
explained by Neuberger and Duffy (1976), cooperative socialism not only
precludes stock markets, but strongly constrains the entire banking sector.
Only government, and under certain restrictions existing production co-
operatives, can be allowed to enter. As a consequence, this sector is likely
to suffer not only from absent successes, but also from surviving errors, to
the detriment of its resulting competence. It is not only that no potentially
competent investors from outside government and existing production
cooperatives can ever try, but also that government banks may grow
bureaucracy, lose competence and yet keep allocating much of the scarce
capital.

With the low expected competence of the banking sector in mind, it is
easy to see the high probability of surviving errors also in production. The
survival of a firm does not depend only on its customers, but also, and
sometimes above all, on its investors. Unless these are extremely compe-
tent, they will more often than not fail to recognize lame ducks from future
successes in need of capital. Consequently, the production structure will
likely contain more of the former and less of the latter, in comparison
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with regimes which allow more competent investment structures to self-
organize. And it is precisely here that private ownership of capital and
room for fully fledged capital markets prove essential.

Nelson's qualified praise of capitalism is thus strengthened in a compara-
tive context. It is not markets, but the potential for efficacious experi-
mentation with both market and non-market structures at all levels
of economic organization which is shown to be the crucial comparative
advantage of capitalism as a class of regimes.

Note that this argument differs from the usual pro-capitalist arguments
of the public choice or the neo-austrian varieties. As to markets, they are
not claimed to be always superior to non-market arrangements; the risk of
market failures in resource-allocation as well as in self-organization is
recognized as real. As to government, it is not a priori regarded as the
villain of the piece. In contrast to Public Choice, government is here
accorded the benefit of the doubt as to its intentions, and only its economic
competence is, in a probabilistic way, put in question. Moreover, the
discussion is limited to the role of government in produiction, in particular
in R & D, and in the corresponding investment. The areas of macro-
economic policies and policies concerning income transfers and consump-
tion, both public and private, are left aside. A wide variety of policies in
these arcas—ranging from what may be called ‘conservative capitalism’ to
‘advanced welfare society’ —may thus be fully compatible with the present
argument.

How to improve upon capitalist regimes?

Since the claimed advantage of capitalism is only comparative and con-
cerns the potential of only a subclass of capitalist regimes, it is fully
legitimate to suspect any given capitalist regime —as Nelson does with the
US capitalism—of leaving room for improvements. To conclude, let me
briefly address the question which Nelson notes but leaves oFcn —of where
to search, and where not to search, for such improvements. -]

Two kinds of institutional rules are central to such a search: those about
economic competition, and those about the economic role of government.
According to the present argument, the main task of competition is to
select and promote persons and multi-personal structures of the best avail-
able competence, or at least to demote the persons and to dissolve the
structures of insufficient competence. As has been shown, the selection of
highly competent investors and, with their help, of highly competent hier-
archies is crucial. Whereas highly competent hierarchies can much improve
upon the short-sighted selection of producers and innovators by product
markets, mediocre hierarchies can, on the contrary, do much worse than
these markets.

The implication is, in essence, that economic competition should be
modelled after tournaments in organized sports, in order to discover and
promote specific competence (rather than general ruthlessness).
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The old intuition of the US legislators is thus given a somewhat unusual
theoretical support. The main point—which is simple in principle but
involves a host of subtle problems in practice—is to keep the entry to and
the exit from all markets, including capital markets, reasonably open, and
the competition itself reasonably fair-play. The search for improvements is
thus directed in part to removing institutional barriers to entry and exit,
and in part to prohibiting predatory (strategic) behavior of incumbent
competitors, e.g. by suitable legislation on antitrust and fair business
practices. Another task is to neutralize perverse incentives to associating,
such as the likings of managers for corporate control per se, or the incen-
tives of stockbrokers to push for any mergers, whether efficient or not.

As 10 government, the present argument exposes its low expected econ-
omic competence, regardless of its intentions.'® The general implication is
that government should be institutionally prevented from intervening by
selective measures in production, R & D and the corresponding invest-
ment, whenever it is possible to organize economic competition in such a
way that more competent private agents for taking such measures (e.g.
sponsoring and coordinating research or redressing failing firms) are likely
to emerge.

The emphasized clause is of much significance. It may justify a non-
negligible agenda of selective measures (which would not be welcome by
either the public choice or the neo-austrian approaches). It calls attention
to the possibly important category of such measure for which private
agents are unlikely to emerge, and which are better taken with relatively low
expected competence than not taken at all.

One example is the application of antitrust to particular cases. Even if
the government agencies in charge are of imperfect competence for this
task, their intervention can be justified on similar grounds on which
imperfect umpires are preferred to no umpires at all in organized sports.

Another example is government entrepreneurship in some socially impor-
tant areas where private entrepreneurs are slow in appearing. As the supply
of private entrepreneurship is, at least in part, culturally conditioned, such
areas may be of more importance in some cultures than in others. The
crucial, but often violated, requirement is that the entry to such areas remain
open and the government initiated units be exposed to competition, on
comparable terms, from potential private entrants. The society will then
gain in one of two ways: such a unit may succeed —which the present
argument does not exclude but only shows as somewhat unlikely—or
provoke, by its poor performance, more competent private entrepreneurs (o
enter and take over such a previously neglected area.

The coordination and sponsoring of research, in particular generic (or
basic) research, is probably one such area in any culture. To be sure, not
even here should private entrepreneurship be underestimated; in Chapter
15, Nelson gives several examples of private foundations supporting
basic research, as well as of privately organized cooperative agreements
among firms and universities for various R & D ventures. But private
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entreprencurship here is likely to be insufficient—in some {_:uitures more
than in others—which means that some government policies may help,
even when conducted by poorly motivated government agencies of relarively
low expected competence. ) .

Such policies include —and many [hcorctica_l cconomists should acknow-
ledge this case personally —government subsidies to bﬂSLIL‘ research. One
may very well admit that the subsidies are likely to be mma]loc_atcd—c.g.
because of favoritism andfor a lack of highly competent foresight, more
subsidies may go to conventional lines of research, yielding ‘luw;r margu_ml.
contribution’, than to emerging scientific innovators, capable U.i prodxllcmg
‘higher marginal contribution’. Nevertheless, even the dmfappmmcld
innovators will probably agree that this is a better solution than if no basic
research were subsidized at all."” _

Another promising candidate for government policy is the choice of
technical norms, especially when it matters less which norm is chosen than
that a norm is chosen.'®

In general, the list of candidates worth examining is quitc. Io:_lg, France
and Japan provide perhaps the best-known examples of ca_lpllahst systems
where government engages, with variable success, ina particularly long list
of policies intended to promote technical innovativeness. .AS | canmlal
examine such a list in detail here, let me briefly summarize the main
principle implied by the present approach: "

— Policies with high coordination effects and low competence require-
ments—such as the choice of a technical norm among equally good
alternative norms—imply high social gains at a low risk, and can be
safely recommended.

— The more the effects of a policy—in terms of social L}iiiflﬂ or losses—
depend on the competence efn[q!loyed. the riskier it is to allow a
government agency (o conduct it.”

Paradoxically enough—and this is perhaps the only definite conclusiunll
can draw here —many such risks can be reduced only in capitalism. It is
only there that successful innovations can also be supported by indepen-
dent private investors, in spite of possible policy errors.

Notes

1. The second error is the one Demsetz (1969) warns against in his discussion of
what he calls ‘the nirvana approach’ and “the grass is always greener laltac.)"._ln
part, this chapter can be seen as corroborating., extending and qualifying
Demsetz’s argument.

Institutional rules. as any rules of a game, raise the problem of their oht_:\erv-
ance. Here | abstract from this problem by assuming for each of the regimes
considered that the agenis involved effectively observe. and expect each other
to observe, all its rules. Since such rules originate partly in written law an_d
partly in unwritten custom {cthics). one can imagine that their observance 1s

3
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11.

12.

achieved by a mixture of formal law enforcement, informal social sanctions,
and internalized ethical norms.

Referring to the above-mentioned analogy with the genotype-phenotype
framework of modern biology, organizational dynamics can be considered
analogues to ontogeny, and institutional dynamics to phylogeny. The diffe-
rences in time-scales are. of course, not the same. Phylogeny is so much slower
than ontogeny that the phenotype of an organism can usually form and fully
develop under a constant phenotype. Although the present simplifying
assumption of given regimes corresponds to this case, in real economies the
two dynamics are often interwoven (cf. also the discussion on economic v,
institutional self-organization below).

Although the evolution of regimes may also depend on many non-economic
factors (e.g. religious, ideological or cultural), the evolutionary potential of
each regime is strongly constrained—and the marxists should be first to
agree—by its economic performance. But as this performance depends on the
structures formed, it is the economic self-organization under each regime that
will eventually determine much of the regime’s fate in the broader process of
institutional self-organization.

The failure to see associative behavior as a separate dimension of economic
behavior seems to be the main reason why theory has made so little progress in
studies of economic self-organization. In cconomic literature, the closest topics
probably are coalition formation, long-term employment contracts, and the
issue exit v, voice as examined by Hirschman (1970). Balcerowicz (1985) has a
similar concept in mind when he speaks of ‘organizational actions’.

It is instructive to note that such an enlarged view of economic behavior can no
longer refer to the paradigm of mechanics, on which neo-classical economics
has been built, but is closer to that of chemistry or biochemistry. Economic
agents can no longer be regarded as passively accepting their roles in a given
‘mechanism’, but must be recognized as actively and selectively ‘reacting’ with
cach other (cf. the affinities of atoms and molecules, and the role of catalysts).
They must be recognized as themselves forming and reforming the *mechan-
ism’—and one should now rather say ‘organism’—of which they are parts.

See also Heiner's chapter in the present volume.

To term unequally distributed competence ‘asymmetric’ has been suggested to
me by Heiner in a personal communication. *Asymmetric competence’ thus
nicely complements the familiar *asymmetric information’.

The most inspiring reference about strange loops is probably Hofstadter (1979).

- The chapter on ‘Injelitis’ in Parkinson (1957) provides an excellent example of

a path-dependent process through which an entire hierarchy can become
pervaded by incompetence.

Winter (1971) was probably the first economist who exposed such an infinite
regression in economic decision-making. This problem has been recently
elaborated by Mongin and Walliser (1987).

Whereas many students of self-organization use this new field to combat
reductionism and methodological individualism, I believe, and hopefully
demonstrate by the present discussion, that the two principles can fruitfully be
used even in this field.

- See Heal (1973) for a pedagogically excellent survey of these methods. The

paradox that it is neo-classical analysis which provides such a strong defense of
socialism is pointed out in Nelson (1981) and elaborated in Pelikan ( 1985).
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14. During the discussions on the economic reform in Czechoslovakia, T helped to
elaborate one of such ways in Kocanda and Pelikan (1967).

15. This question has in fact two components: the theurcl@cal knuw]edgn‘: of f:-uch
improvements, and the political means for implcmcnlm[_; lhem_. I will briefly
address only the former, fully aware of the fact that there is no direct way from
theoretical knowledge to practical implementation.

16. The conjecture that government lacks this type of competence has often been
made (see. e.g. Eliasson, 1984), but the present argument seems to be first to
provide it with theoretical justification. .

17. As Cazes (1986) points out in his revealing comparison of Tocqueville,
Cournot, and Schumpeter, it was already Tocqueville who advocated govern-
ment support to basic research as a necessary condition for avoiding decadence
of a democratic society.

18. See Arthur’s chapter in this volume for a more detailed discussion.

19. From a somewhat different point of view, the case of Japan is examined in
detail by Freeman in Chapter 16. .

20, This proposition corroborates and extends in an organizationally dynamic
context the conclusion about the limits of government policy-making reached
by Heiner (1983).
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