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6 Economic Organization
and Innovation in Japan:
Networks, Spin-offs
and the Creation
of Enterprise
Michael L. Gerlach and James R. Lincoln

INTRODUCTION

Among the many extraordinary aspects of Japan’s postwar economic
growth. perhaps none is more dramatic than the nation’s move from
technological follower to technological leader. Overall rates of patent-
ing in Japan rose faster than in any other advanced economy over the
past several decades. such that Japanese inventors collectively rank at
or near the top of national lists of new patent holders (Okimoto and
Saxonhouse, 1987; National Science Foundation, 1997). Japanese com-
panies have also rapidly increased their technology exports. These
exports first exceeded imports in 1972, and by the mid-1980s, the tech-
nology export: import ratio was approaching 2:1 (Okimoto and
Saxonhouse, 1987). Even in 1994, with Japan in the middle of a reces-
sion, technology exports to the US exceeded imports by over $14
billion (National Science Foundation, 1997).

Equally impressive have been Japan's high rates of investment in
R&D, especially by the private scctor. After subtracting out the
defence component and considering only non-defence R&D. the
share of GNP devoted to R&D in Japan has exceeded the US figure
since the carly 1960s. This investment has come primarily from indus-
try: including grants-in-aid to national and private universities, the
Japanese government share was only 20 per cent in 1987, comparcd
1049 per cent in the USA (Mowery and Teece. 1993). In addition. and
perhaps contributing to these high investment rates. cconometric
analyses suggest that returns to R&D investments in Japancse indus
try are significantly higher than those in US industry (Mansficld.
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1988a). Thus it is clear that, whether measured by inputs or outputs,
Japan has moved well beyond imitation to become an extraordinarily
innovative cconomy in its own right.

The steep curve of this developmental trajectory, however, raises
interesting questions regarding the relationship between economic
organization and technological change. A significant competitive
feature of the Japanese economy, we argue in this chapter, has been
the strategic setting of the boundaries of economic activity. Corporate
expansion into innovative ventures has taken place through a dual
process of diversification at the firm level by means of the spinning
off of new companies and integration at the interfirm level through
key linkages among innovators, providers of risk capital, and users of
new technologies within coherent ‘innovation networks’. Boundaries
of core and satellite operations are shown to evolve through an
ongoing dynamic that is responsive to changing technological and
market opportunities facing economic actors. This dynamic has devel-
oped in a number of ways over the past century but remains a core
feature of the Japanese economy; one that has shaped the basic divi-
sion of labour among firms, the rates and trajectories of innovation,
and Japan’s overall industrial structure.

These points are developed through detailed analyses of the
emergence, evolution, and contemporary structure of the electrical
and electronics machinery industry in Japan. This broad sector
(including electrical engineering, semiconductors. data and informa-
tion processing equipment, telecommunications devices. and con-
sumer c¢lectronics) lies at the centre of Japan's contemporary move
into high technology scctors. It is distinctive both for the long-term
strategic importance placed on it in Japan and for its overall perfor-
mancc to date. Among Japanese industries. computers, communi-
cations equipment, and e¢lectronic components have collectively
generated the highest number of new patents awarded in the US
over the past decade (National Science Foundation. 1997). Indeed, the
number of patents granted by the US patent system to Japanese
mventors in these industries has exceeded the number granted to
inventors from all the countries of the European Economic Commu-
nity combined.

This chapter proceeds as follows. The first scction provides a com-
parative review of theoretical and empirical rescarch on the organi-
zation of innovation in the USA and Japan. Special consideration is
given here to the impact of firm size and interfirm co-operation on
rates and patterns of innovation and to the existence of hybrid
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arrangements that combine elements of market and hierarchical
organization at different stages along the innovation chain. Next we
analyse the linuts to full-scale integration in the innovative process
and the ways that these limits have been managed in the Japanese
electrical and electronic machinery industry through an active strat-
egy of spinning off firms and creating larger families of satellites. The
third section considers the converse problem of market failures and
shows how this has driven core and satellite firms to reorganize at the
interfirm level through a broad constellation of relationships, with
banks and other major investors, that form the basis for an innova-
tion network structure. The final section summarizes and concludes
the discussion.

THE SOURCES OF TECHNOLOGICAL CHANGE

Classical economists such as Adam Smith and Karl Marx — both wit-
nesses to the Industrial Revolution ~ focused on the central role
played by market and industrial organization in technological and
economic development. Thus, Smith explored the intertwining of
market expansion, the division of labour, and productivity growth,
while Marx was concerned with the ‘increasing organic composition
of capital’ (Dosi and Orsenigo, 1988: 14). Joseph Schumpeter picked
up these themes later in his critique of the rise of economic Boao._m
of perfect competition that focus on allocative efficiency within static
equilibrium and treat technical change as exogenous to the economic
system. For Schumpeter. economic growth and development were
inevitably linked to technical and institutional change, for these are
products not of small adjustments in factor prices. but of the creation
of entirely new combinations of those factors.

The :mwmmm between industrial structure and economic perfor-
mance has gained added salience in recent years due to concerns
regarding the vitality of high-technology sectors of the US economy
and the special role played by its smaller firms and venture capital
markets. Compare. for example. two popular accounts of this issue.
The first emphasizes the role of small-firm entrepreneurial innovation
as a well-spring of US competitive strength. as reflected in the role of
Silicon Valley in the development of the electronics industry:

The seeret of the ULS. success [in computers and semiconductors|
was the very system that the critics condemn. It counteracted high
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capital costs by targeting funds, released energies that were often
stagnant in large companies, attracted a crucial flow of inventive
immigrants, and fostered a diffusion of technology that compen-
sated for the lack of national coordination. (Gilder, 1988: 54-5)

A second view sees Gilder's argument as panglossian. suggesting
instead that the technological and capital requirements of new
product and process development have surpassed the scale of single
firms, and especially small firms, to promote sustained innovation.
Charles Ferguson (1988: 57) has responded directly to the above view
as follows:

Japanese, Korean, and even German competitors have not shared
the American taste for fragmentation and entrepreneurial zeal.
U.S. industry falls victim not to nimble, small companies but to
huge. industrial complexes embedded in stable, strategically co-
ordinated alliances often supported by protectionist governments —
exactly by the kind of political and economic structures that,
according to the free-market entrepreneurship argument, give rise
to stagnant cartels.

These stark alternatives reflect fundamentally opposed assumptions
about the ideal configuration of a ‘national innovation system’
(Nelson. 1993). In the first view. it is the ‘spontaneous urge to action’
and native optimism of entrepreneurial risk-takers (Keynes. 1936:
161) that arc the primary stimulants to economic innovation and
growth. In the second. it is structures of co-operation among enter-
prises that are most important because of the broad range of techno-
logical. financial. and commercial resources needed to bring
contemporary innovations to fruition. As we shall sce below. both
contain important truths,and it is in the interaction between them that
innovative performance is best understood.

Economic Organization and Innovation: Comparative Evidence

Most innovations take place through an unfolding chain of relation-
ships — from initial invention through stages of development to final
commercialization — connected by a varicty of feedback loops (Kline
and Roscenberg. 1986). Fach stage in the chain can in principle be
organized differently. with some linkages taking place within ver-
tically integrated firms. others through market-mediated  (con-
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tractual) technology transfers, and still others through hybrid forms,
in ways that are likely to shape the overall rates and trajectories of
innovation.

Following from the earlier arguments of Schumpeter (1955) and
Galbraith (1952), one determinant of innovation rates that has
received special attention is firm size. Large and diversified firms
would appear to enjoy several advantages over smaller and focused
firms in fostering innovation. Because they have a broader pool of
researchers, they should be better able to facilitate scientific interac-
tion, an efficient division of labour among technical specialists, and
the scanning of a wide range of the scientific base for possible appli-
cations (Kamien and Schwartz, 1982). They may also be at an advan-
tage in exploiting the development of unforeseen products because of
their name and reputation (Nelson, 1959). Where important comple-
mentarities along the value chain exist, multiproduct firms will gain
from the speed and range of commercial applications of R&D that
are available to them (Teece, 1986). Moreover, diversified firms should
enjoy the benefits of free cash flow from other lines of business which
they can channel into the funding of R&D, while avoiding some of
the monitoring costs of external capital markets that might require
the disclosure to the public of information regarding the innovation
that firms prefer to keep proprietary (Williamson, 1975).To the extent
that each of these advantages is substantial, important stages along
the innovation chain will be vertically integrated.

In spite of the intuitive appeal of these arguments, and informal
evidence that innovation in contemporary economies has indeed be-
come ‘routinized’ within the laboratories of large-scale organizations
(Schumpecter, 1955). the vast number of studies attempting to test
these propositions in the US economy fail to substantiate empirically
the prediction that large firms out- innovate smaller ones (for reviews,
see Kamien and Schwartz, 1982; Mowery, 1986; Cohen and Levin.
1989). The evidence to date points to relatively small and inconsistent
effects of firm size on R&D inputs. In few, if any, industries are there
indications of any systematic tendency for large firms to be more
research-intensive than smaller firms or for diversified firms to be
more so than focused enterprises. Evidence on R&D outputs (such as
patent rates) also demonstrates little support for the view that
significant economics of scale or scope exist in the innovative process,
at least across most industries in the USA. As Cohen and Levin (1989:
1078) conclude: “the effects of firm size . .. on innovation, if they exist
at all. do not appear to be important’.
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The case for scale and scope economies would appear 1o be
stronger in Japan. Small Japanese firms face a distinctive set of
disadvantages stemming from the difficulties individuals and small
groups of scientists and inventors have in building the kinds of
capital. labour, and trading relationships necessary to bring innova-
tions successfully to market. The Japanese labour market, for example,
heavily penalizes entrepreneurs who are unsuccessful in commerciali-
zing their technologies, because attractive mid-career alternatives
are largely absent, while Japanese capital markets remain underde-
veloped in the funding of venture businesses. These handicaps,
discussed in greater detail below, have contributed to the compara-
tively minor role played by small Japanese firms in basic invention.
Through the early 1980s, small firms in the USA produced about 19
per cent of all patents, despite spending only 4 per cent of total busi-
ness R&D expenditures. In contrast, small firms in Japan (which con-
stitute a much larger share of the total economy) accounted for 19 per
cent of all business R&D expenditures during this same period but
produced only 13 per cent of all patents. Smaller Japanese firms,
moreover, were far less likely to produce major technological inno-
vations than were their US counterparts (Okimoto and Saxonhouse,
1987: 399).

A similar pattern exists with respect to the effect of firm age
on innovation. Considerably less basic invention in Japan takes
place in newly-created venture businesses, and a much greater share
oceurs in pre-existing firms. Okimoto and Saxonhouse (1987: 400)
cite a survey by the Ministry of International Trade and Industry of
850 *venture' businesses which shows that fewer than 4 per cent
of these firms had existed for less than three years. Their own detailed
analyses of scveral industries reinforce the point. In contrast to
the USA. where the four largest startup biotechnology companies
spent about 40 per cent of what four large long-established compa-
nies spent on R&D. newly-founded firms are almost entirely absent
in the Japanesc biotechnology industry. In the Japanese machine tool
industry. a similar picture emerges: there are few new firms, with all
leading companies in cxistence for at least 30 years. Okimoto and
Saxonhouse note that Japanese firms enter high technology sectors
almost entirely through “lateral’ or “horizontal® routes from estab-
lished positions in their industries - for example food-processing.
paper and pulp. chemical, pharmaceutical, and textile companics into
biotechnology.

Most studies of innovation. however. focus on upstream R&D and
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the creation of basic, patentable inventions. At least as important in
the innovation process are downstream development activities,
including the design of products around specific user needs, the testing
and evaluating of their perforniince, and the creating of new and
appropriate manufacturing processes. These activities represent a size-
able, if underappreciated, contribution to successfully commercialized
technologies (for example, Rosenberg and Steinmueller, 1988). In
addition, it seems clear that whatever systematic advantage Japanese
firms enjoy over their US counterparts along the innovation chain,
it is at the later stages of development and commercialization
(Mansfield, 1988a and b).

A recent study of innovation among several hundred US and
Japanese firms provides more detailed documentation. In comparing
the speed and cost of adoption of new technologies, Mansfield
(1988b: 1157) begins by endorsing the view of a former IBM scientist
that Japan’s greatest technological strength vis-d-vis the USA is ‘the
speed with which developments are translated into improved
products and processes’. While his empirical results strongly support
this view, they also indicate that Japan's primary advantage comes in
the development of ‘external technologies’ (those innovations
invented elsewhere and diffused through some form of transfer
process) rather than ‘internal technologies’ (those innovations
invented by the firm itself). Mansfield finds that Japanese firms
take about 25 per cent less time to develop external innovations than
their US counterparts and spend about 50 per cent less money. He
also finds that the lower costs of development in Japan are explained
by the fact that Japanese firms spend far less for downstrcam mar-
keting. If the US firms in his sample could reduce their marketing
costs to Japanese levels, about 60 per cent of the Japanese cost advan-
tage would be eliminated.

Mansfield attributes his results to the strategic effort Japanese firms
put into reducing the time taken to develop and introduce innova-
tions. through tooling. equipment and manufacturing facilities. and to
the de-emphasis in Japan on marketing functions in the early stages
of a product’s commercialization. As we argue later. these and related
findings have more direct origins in the distinctive patterns of indus-
trial organization that make up the contemporary Japanese cconomy.
In particular, close linkages between supplicrs. innovators. and
customers have facilitated information flows in the carly stages of
development that help to speed innovations to market. These same
linkages have also provided a partially captive customer base that has







