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1. Introduction

Since the writings of Schumpeter, the role of firm
size in promoting technical advance has preoccu-
pied scholars of technological change. As inter-
-national competitive pressures have intensified in
recent years, the role of firm size has emerged as a
central concern of policymakers and industrialists
as well. In the United States, some argue that the
small entrepreneurial firm is the primary vehicle
through which new ideas are introduced into the
marketplace and that the diversity of ideas and
approaches flowing from small firms represents
American manufacturing’s key competitive advan-
tage (e.g., Gilder, 1988; Rodgers, 1990; Shaffer,
1990). On the other side, it is argued that only
large firms or consortia can command the re-
sources necessary to field the large research
efforts required to keep up with the large, often
cooperatively organized research operations of
Japan, and, more recently, Europe (e.g., Ferguson,
1988; Norris, 1983; Noyce, 1990). Over the
course of his career, Schumpeter himself spanned
the poles of this debate. In his earlier work,
Schumpeter (1934) saw the small-scale entrepre-
neur as the key to capitalism’s vitality. Later
Schumpeter (1942) argued that the large scale
enterprise was the principal engine of techno-
logical progress, although he feared that the
bureaucratic character of the large modern cor-
poration would undermine entrepreneurial initia-
tive and eventually sap capitalism of its techno-
Jogical vitality.
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In recent years, this controversy has been
dominated, with some exceptions (e.g., Jorde and
Teece, 1990), by industrialists and policy analysts.
Most of the arguments advanced by both sides are
based upon specific industries, most notably the
semiconductor and computer industries. These
arguments have largely failed to galvanize econ-
omists. Not only have the arguments been casually
developed, but there are strong counterarguments
to each, leaving us with little a priori basis for
favoring either position. For example, proponents
of large scale enterprise often allude to scale
economies and capital market imperfections to
rationalize the need for large firms and consortia.
Scale economies, however, bear only on the
optimal size of the R&D effort and relate only
indirectly to the optimal size of the firm. With
regard to capital market imperfections, there is no
consensus among economists as to the import of
such imperfections for investment in general,
much less R&D in particular. Those arguing in
behalf of small size have claimed that small firms,
unencumbered by bureaucracy, provide both the
freedom and economic incentives that stimulate
creativity and agility in response to economic
opportunity. On the other hand, while large firms
may be more bureaucratic, they provide a superior
human and capital infrastructure to support inno-
vative activity.

To the extent that economists have probed the
relationship between firm size and innovative
activity, the evidence for either side of the debate
has also not been compelling. Indeed, the pre-
dominant finding from a voluminous literature on
the subject is that in most industries, above a
modest threshold firm size large firms are no more
research intensive than smaller firms. This implies
that consolidation of firms above the threshold
would have no effect on total industry R&D
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expenditures, which has been widely interpreted
to indicate that above a modest firm size neither
small nor large firm size confers any advantage in
R&D (e.g., Kamien and Schwartz, 1982; Scherer,
1980; Baldwin and Scott, 1987).

We propose that even if small and large firms
are equally capable at R&D, there may nonethe-
less be important social advantages associated
with both large and small firm size. We suggest
that there is merit to both sides of the debate about
the optimal firm size for R&D, but not for the
reasons typically advanced. Our demonstration of
the social advantages of small and large firm size
proceeds in two stages. First, drawing heavily on
prior work (Cohen and Klepper, 1990, 1991), we
suggest that both firm size and technological
diversity influence firm R&D expenditures within
industries and we highlight evidence that supports
this claim. In the second stage, we go beyond our
earlier analysis, and, in a more speculative spirit,
consider not only how firm size and diversity
influence firm R&D expenditures, but also how
they affect the technical advance generated by the
expenditures. We argue there are virtues both to
having a large number of small firms in an industry
and to consolidating output in a few large firms.

The social advantages in our framework of an
industry composed of numerous small firms rests
on two notions suggested by Nelson’s (1981)
argument about the importance of competition
and diversity for technological change. The first
notion is that in the typical industry undergoing
technological change, there are many productive
ways of innovating. The other notion is that firms
have different capabilities and perceptions which
lead them to pursue different sets of approaches to
innovation. In such a world, dividing up industry
output over a greater number of small firms
increases the chances that any given approach to
innovation will be pursued, thereby increasing the
diversity of technological efforts in the industry.
While increasing the number of firms does not
necessarily benefit individual firms in the industry,
it promotes technical advance and, hence, benefits
society by increasing the number of productive
approaches to innovation that are collectively
pursued in the industry. From this perspective, the
source of the social advantage associated with
small firm size is not smallness per se but the
greater number of firms that small size implies
-given some industry demand.

Our argument about the social advantages of
large firm size stems from the idea that large firms
possess an advantage in appropriating the returns
from innovation due, in part, to imperfections in
the market for information (Arrow, 1962). This
causes the returns to large firms from any given
R&D effort to be greater than the returns to small
firms, leading large firms to conduct more socially
desirable R&D than smaller firms. Consequently,
consolidating output over a smaller number of
firms will result in the performance of more
socially desirable R&D for each approach to
innovation that is pursued. This benefit is realized
independent of whether there are any economies
of scale in the conduct of R&D or whether large
firms have superior ability to finance R&D.

Given the social advantages associated with
both large firm size and more numerous small
firms, there will always be a tradeoff associated
with changing the number of firms within an
industry. Reducing the number of firms will
increase the average firm size, which will increase
the level of innovative effort applied to each
approach to innovation that is pursued. This

~ comes, however, at the cost of reducing the

number of productive approaches to innovation
that are collectively pursued in the industry. On
the other hand, increasing the number of firms will
increase the diversity of approaches that are
pursued in the industry but reduce the level of
effort for each approach. The optimal number of
firms in each industry will depend on the relative
importance of these two effects, which we argue
will vary across industries.

We speculate that market forces alone are not
likely to lead to the socially optimal average firm
size and number of firms in each industry. For
example, the eventual displacement of larger
incumbent firms by smaller new firms will com-
promise the appropriability advantages of- size.
Alternatively, even when entry of new firms can
enhance social welfare by increasing the diversity
of approaches to innovation pursued within an
industry, we argue that such entry will not neces-
sarily be forthcoming. Although these opposing
forces could conceivably balance out to yield some
optimal number of firms, we have no reason to
expect this to occur in the typical industry.

We discuss how the failure of private initiatives
to lead to a socially optimal state will create a
tension from a policy standpoint. Following recent
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trends, obstacles to cooperative R&D efforts
within industries could be removed, which would
encourage the development of larger scale inno-
vating units. This will, however, reduce the diver-
sity of technological approaches pursued. Alter-
natively, diversity could be stimulated by govern-
ment subsidies to entrants. However, more entry
will reduce average firm size, thereby compromis-
ing the advantages of size. We suggest that it may
well be just this tension that, in part, has given rise
to the recent policy debates. We argue that there
are policies, however, that can to some degree
preserve the benefits of size while at the same time
maintain technological diversity.

The paper is organized as follows. In Section 2,
we present our framework and briefly review the
evidence that supports it. In Section 3, we suggest
how larger firm size is tied to technical advance. In
Section 4, we suggest how a larger number of firms
may yield greater technological diversity and how
that diversity, in turn, contributes to technical
advance. In Section 5, we discuss the tradeoff
implied by the existence of both an appropriability
advantage of large firm size and a diversity-
inducing advantage of having numerous small
firms within an industry. In Section 6, we conclude
by highlighting the limitations of our analysis and
by suggesting issues for further research.

2. A model of R&D investment

In this section we consider how firms decide how
much to spend on R&D. Our conception follows
the model of R&D investment developed in
Cohen and Klepper (1990, 1991). We discuss the
basis for the model and provide a brief description
of its implications. We refer the reader to Cohen
and Klepper (1990, 1991) for the formal and
more extensive development of the model.

The model is based on a distinctive conception
of an industry. The industry is assumed to be
subject to ongoing technological change. Follow-
ing Nelson (1990) and others, it is assumed that
technological advance can be achieved in many
different ways. A distinction is commonly drawn,
for example, between process and product innova-
tions. Moreover, there are typically many different
ways of improving technology within each of these
categories. For example, a production process
may be improved through automation and by
increasing the scale of production. Similarly, a

product may be improved along a range of dimen-
sions. For example, personal computers can be
made more user-friendly and they can be made to
work faster. These different approaches to en-
hancing product and process performance are
often additive in their effect on technical advance;
they do not represent competing or mutually
exclusive approaches to satisfying the same per-
formance objective. A firm in principle could
pursue all of the approaches or any subset of them.

Firms are assumed to be uncertain about the
profitability of pursuing any given approach to
innovation, both in terms of the cost of the innova-
tion and its gross returns. For simplicity, we
assume that all approaches are profitable to
pursue, although the firms do not know that in
advance. The  uncertainty concerning the profit-
ability of the various approaches to innovation
generates differences in firms’ expectations about
which approaches are worth pursuing. These
differences are assumed to reflect the differences
in the sorts of expertise possessed by each firm.
The differing expectations cause the firms to make
different bets on which approaches to pursue.

The firms that make the best bets will experi-
ence the greatest rate of innovation and technical
advance. It is assumed that eventually all innova-
tions (but not the approaches themselves) will be
copied, so that ultimately all benefits from innova-
tion will be passed on to buyers in the form of
lower prices. In the interim, however, firms that
innovate most will reap economic profits. They
will grow at the fastest rates over time, although
growth will tend to be incremental, reflecting,
among other things, the impact of uncertainty on
investment and convex adjustment costs. Those
firms that innovate the least will find the price of
their product falling below their costs and will
eventually exit. Over time the expertise required to
evaluate and exploit approaches to innovation will
change as the industry’s technology evolves. Firms
will be limited in their ability to change their
expertise,! and in the long run new firms with
more suitable expertise will replace the industry
leaders.

The consequence of this process is that at a
given moment in each industry there will be an
array of firms of different sizes and capabilities
with different views about which approaches to
innovation are worth pursuing. The model focuses
on how these differences condition firm decisions
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about which approaches to pursue and about how
much to spend on R&D for each approach
pursued. The number of firms and the output of
each firm are taken as given, having been deter-
mined by the evolutionary process leading up to
that moment in the industry’s history. For sim-
plicity, firms are also assumed to be price takers
and to choose their R&D expenditures indepen-
dent of the R&D expenditures of their rivals.

With regard to the approaches a firm decides to
pursue, we assume this choice is determined
exclusively by the expertise of the firm. A firm is
assumed to pursue a particular approach if it
possesses the expertise that would enable it to
exploit and recognize the value of the approach.
Consequently, in each industry the environment
governing the endowment of firms with expertise
will ultimately determine the approaches to inno-
vation that are pursued by firms in the industry.
We use a very simple model to represent this
environment. First, we assume that in each
industry the likelihood of a firm possessing the
expertise that would lead it to pursue any given
approach is independent of the likelihood of the
firm possessing the expertise that would lead it to
pursue any other approach. This implies that the
probability of a firm pursuing any given approach
is independent of the probability of it pursuing any
other.? Second, we assume that in each industry
the likelihood of a firm being endowed with the
expertise that would lead it to pursue any given

- approach is independent of the size of the firm.

This implies that the probability of a firm pursuing
any given approach is independent of its size.

The choice about how much the firm should
spend on each approach to innovation it pursues is
conceived as follows. Each approach to innova-
tion is assumed to be characterized by a range of
projects with different marginal products, where
the marginal product of a project is defined in
terms of the technical advance (measured in
standard units) generated from the project. Order-
ing the projects by their marginal products defines
a diminishing marginal product schedule that
relates the marginal product of R&D expenditures
on an approach to the level of R&D expenditures
on the approach, where it is assumed that the level
of R&D expenditures is proportional to the
number of projects pursued. All firms that pursue
an approach are assumed to face the same mar-
ginal product of R&D schedule for the approach.

Although the marginal productivity schedules
for all approaches are assumed identical across
firms, the marginal revenue schedules associated
with the approaches will differ across firms. The
marginal revenue a firm earns from a project
depends on the marginal product of the project
and the level of output over which the innovations
from the project are applied. It is assumed that
firms will typically not sell their innovations in
disembodied form either due to imperfections in
the market for information (Arrow, 1962) or
because the innovations are more valuable to the
innovator than to other firms (Cohen and Klepper,
1990).3 This implies that firms will appropriate the
returns to their innovations primarily through
their own output.* We also -assume that the firm
expects its growth due to innovation to be incre-
mental and conditioned by its pre-innovation
output level. This implies that the returns a firm
earns from any given R&D project will be propor-
tional to its sales prior to the R&D project, which
we refer to as the firm’s ex ante sales.

The assumptions governing the choice of
approaches to innovation and the amount spent
per approach form the basis for predictions about
firm R&D expenditures in an industry. First,
assuming no economies of scale in R&D, Cohen
and Klepper (1991) demonstrate that the assump-
tion that the firm’s expected returns to innovation
are scaled by its ex ante output implies that in each
industry all firms pursuing a particular approach
will spend an amount on R&D on the approach
that is proportional to their ex ante sales. The
simple intuition behind this result is that the
greater the firm’s sales then the larger the returns
from any given R&D effort and thus the larger the
optimal R&D expenditures of the firm. Further-
more, if the number of approaches to innovation
pursued by the firm is uncorrelated with its sales,
Cohen and Klepper (1990) show that the overall
R&D intensity of the firm (ie., the ratio of the
firm’s R&D expenditures on all approaches to its
sales) will be independent of its ex ante sales.

" Alternatively expressed, in each industry total firm

R&D expenditures will vary across firms propor-
tionally with the ex ante sales of the firms.

Second, Cohen and Klepper (1991) demon-
strate that if it is assumed that in each industry the
marginal product schedule of each approach to
innovation is the same and firms are equally likely
to adopt each approach to innovation, then the
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number of approaches to innovation pursued by
firms and their overall R&D intensity will be
binomially distributed. Intuitively, given that firms
will pursue different numbers of approaches, the
adoption of each approach by a firm can be
thought of as an independent Bernoulli trial. As
a consequence, in each industry the number of
approaches pursued by firms will be binomially
distributed. It was noted above that firms’ R&D
expenditures on any given approach will be
proportional to their sales. Coupled with the
assumption that the marginal product schedules of
the approaches do not differ, Cohen and Klepper
(1991) show that this implies that in each industry
firm R&D intensities will also be binomially
distributed, with the firms that pursue the greatest
number of approaches having the ‘largest R&D
intensities and the firms that pursue the smallest
number of approaches having the smallest R&D
intensities.

Both sets of predictions of the model are sup-
ported by evidence on how firm R&D expendi-
tures vary within industries. Cohen and Klepper
(1990) note how the predictions of the model con-
cerning the independence of firm R&D intensities
and firm sales accords with the large body of
evidence about the proportional relationship
within industries between R&D expenditures and
firm sales noted in the introduction. The predic-
tions of the model concerning the nature of the
distribution within industries of firm R&D inten-
sities are supported by the empirical regularities in
industry R&D intensity distributions documented
by Cohen and Klepper (1991) for a sample of
business units® belonging largely to the 1,000
leading American manufacturing firms as of
1974—1977. These distributions tend to be uni-
modal, positively skewed, and to contain a sub-
stantial number of nonperformers of R&D, which
is consistent with firm R&D intensity being
binomially distributed. Moreover, across indus-
tries the moments of the distributions are corre-
lated, which is also compatible with the binomial.
Indeed, as Cohen and Klepper (1991) show, the
model is capable of explaining not only the fact
that the moments are correlated but also the signs
of the correlations.

Thus, the model can explain a fairly exacting set
of regularities that characterize the distribution of
R&D intensities within industries. This provides
indirect support for the two central tenets of the

model: (1) returns to R&D are scaled by the size
of the firm; and (2) differences in firm R&D
intensities are attributable to differences across
firms in the number of approaches to innovation
pursued.

3. The advantages of large size

In this section we consider the implications of our
framework for the advantages of large firm size,
where size refers specifically to the level of output
of a particular product. Our discussion is largely
based on Cohen and Klepper (1990). Following
our earlier work, we assume that the mechanisms
within an industry for appropriating rents due to
innovation, such as patents, are given. We focus on
the welfare implications of the link in our frame-
work between firm size and the appropriability of
the returns to innovation.

Since, in our framework, the firm earns returns
on its innovations through its own output and
growth tends to be incremental, the returns to
R&D are scaled by the firm’s ex ante sales. As we
noted, this is the key in our framework to explain-
ing the proportional relationship between R&D
effort and firm size. This argument also implies
that large firms will have an advantage over
smaller firms in R&D competition. To see this,
consider two firms that produce the same product
and pursue the same number of approaches to
innovation. Suppose, for simplicity, that all R&D
expenditures result in innovations which lower the
average cost of production.t If the two firms spend
the same amount on R&D then our framework
implies that they would achieve the same unit cost
reduction. The larger firm, however, would apply
the unit cost reduction over a larger level of
output, enabling it to earn greater profits from its
R&D.” Moreover, our framework implies that if
two firms pursue the same number of approaches,
they will have the same R&D intensity, which
implies that the bigger firm will actually perform
more R&D than the smaller firm. This reflects the
greater return it earns from any given level of
R&D due to its greater size, which provides it with
an incentive to perform a greater level of R&D
than its smaller rival. Since it will earn positive
profits from this additional R&D, this reinforces
its advantage over its smaller rival.

Our interpretation of the relationship within
industries between R&D effort and firm size is
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quite unconventional. The standard interpretation
is that the proportional relationship between R&D
effort and firm size suggests no advantage or
disadvantage of large firms in R&D, although
Fisher and Temin (1973) caution against making
inferences about the advantages of firm size in
R&D from the relationship between R&D effort
and firm size. Of course, all we have shown is that
the evidence is compatible with a theory in which
there is an appropriability advantage to large firm
size in R&D. There is, however, no competing
explanation for why R&D effort should be pro-
portional to firm sales.

Our framework implies that the private advan-
tage accruing to large firm size also represents a
social advantage. Perhaps the easiest way to see
this is to consider the merger of two firms that
produce the same product, are the same size,
pursue the same approaches to innovation, and
spend the same amount on R&D on the same
projects within each approach to innovation. The
merger would result in two social dividends. First,
duplicative R&D would be eliminated, a point
suggested by other researchers (e.g., Spence,
1984). Second, and more novel, for each approach
to innovation pursued by the two firms, the merger
will increase the profitability of R&D at the
margin, thereby leading the merged firm to under-
take socially efficient R&D projects that were not
undertaken by either firm before the merger. In
effect, the merged firm will be better able to
appropriate the returns from its innovations than
either firm alone was able to do, causing it to
undertake a greater number of socially efficient
R&D projects than were collectively undertaken
by the two firms before the merger.

Much of the empirical literature in the
Schumpeterian tradition assumes that if R&D
effort rises proportionally with firm size, then the
size distribution of firms would have no effect on
the amount of technological change achieved in
the industry. In this view, technical advance is
solely a function of the total amount of R&D
performed in the industry, notwithstanding who
performs it. In contrast, Cohen and Klepper
(1990) argue that if innovations cannot be sold
and lead to incremental growth, then the total
amount of technological change generated in an
industry will be a function of not only the total
amount of R&D performed by all firms but also

the distribution of R&D effort across firms. By
redistributing sales and R&D expenditures from -
smaller to larger firms, total R&D expenditures
would not change but a greater number of socially
efficient R&D projects would be collectively
undertaken, thereby increasing the amount of
technological change generated per unit of in-
dustry R&D expenditure.

If large firms have an advantage in conducting
R&D, as our framework implies, then the appro-
priability advantage of size would be fully realized
under monopoly. We do not, however, commonly
observe the emergence of monopoly in R&D
intensive industries despite the appropriability
advantage of size. An explanation for this is that
even successful firms grow only slowly, and that
over time technology typically evolves in ways that
favor either new firms or firms that were formerly
less successful. Indeed, in his development of the
notion of creative destruction, Schumpeter (1942)
suggested that even monopolists will be displaced
in the long run for such reasons.

In the absence of monopoly, firms will have an
incentive to cooperate in R&D if they can appro-
priate the returns to their innovations only
through their own output. For any given approach
to innovation, all firms pursuing the approach
could benefit by pooling their efforts. They would
avoid the costly duplication of effort that would
otherwise occur. Moreover, because they could
apply innovations to their joint output, the firms
would collectively profit from R&D expenditures
that none of the firms could profit from individ-
ually. This suggests that it may be efficient for
government to allow cooperative R&D ventures
among competing firms pursuing the same ap-
proaches to innovation. Indeed, since the 1984
passage of the National Cooperative Research
Act, prohibitions against cooperative R&D ven-
tures have been relaxed. A large fraction of the
cooperative ventures formed since that time, how-
ever, have brought together firms with comple-
mentary capabilities rather than firms pursuing the
same approaches to innovation (Scott, 1988). This
suggests that firms have a range of incentives to
cooperate in their R&D efforts, and the one we
have identified may not, in practice, be para-
mount® Moreover, cooperation among firms
pursuing the same approaches to innovation may
be impeded by difficulties in communication and
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concerns about competitive advantage. If so, then
a more active role for government may be indi-
cated.

It is important to stress that the advantage of
size in our framework is based solely on the
assumption that firms’ returns to innovation are
scaled by their ex ante output. To the extent that
innovations can be sold in disembodied form and/
or that firms can reap the returns to their innova-
tions through rapid growth, the advantage of ex
ante large firm size will be less significant. It is
likely that both of these factors will vary across
industries and perhaps types of innovations (e.g.,
product versus process innovations).’ The greater
the extent to which the returns to innovation do
not depend on ex ante output, then the lower will
be the social benefits from cooperation.

4. The advantages of diversity

In this section we consider the role of techno-
logical diversity in technical advance and the link
between diversity and the number of competitors.

Diversity across firms is incorporated in our
framework through the assumption that firms
pursue different sets of approaches to innovation.
This in turn gives rise to differences in firm R&D
intensities that reflect differences in the total
number of approaches to innovation pursued by
each firm. As we discussed, this form of techno-
logical diversity allows us to explain regularities
characterizing the nature of the distribution within
industries of firm R&D intensities. Of course, this
does not mean that diversity is actually an impor-
tant determinant of R&D intensities within indus-
tries, but it does provide indirect support for this
view.

In our framework, diversity across firms’ inno-
vative activities stems from the existence of
different noncompeting approaches to innovation
within an industry. We conceive of these different

approaches not as substitute or parallel ways of -

achieving the same technological objective but
as independent ways of achieving technological
change.”® The total number of approaches to
innovation in an industry can be thought of as
being determined by the science and technology
underlying R&D in the industry. Which of these
approaches are actually pursued by firms in the
industry at any given moment will depend upon

the expectations and capabilities of firms in the
industry. It is certainly possible that some subset of
the approaches will not be pursued by any firm in
the industry. Indeed, if there are X firms in the
industry and the probability of any approach being
pursued by any given firm is p, then the likelihood
of any approach not being pursued by any firm in
the industry is (1 — p)*.

A simple measure of technological diversity in
our framework is the number of distinct ap-
proaches to innovation that are actually pursued
by the firms in the industry. This measure corre-
sponds well to the notion of diversity implicit in
the arguments of proponents of small scale enter-
prise who stress the greater breadth of ideas and
types of innovations pursued in industries com-
posed of numerous small firms (e.g, Rodgers,
1990). It follows directly from this measure of
technological diversity that the extent of diversity
will be directly related to the number of firms in
the industry. Since the likelihood of a potential
approach to innovation in an industry not being
pursued by any firm is (1 — p)%, the expected
number of different approaches to innovation
pursued in an industry will be an increasing
function of the number of firms, X. This implies
that on average industries composed of a greater
number of firms will be characterized by a greater
amount of technological diversity. Note that this
greater diversity does not emerge from any
superior creativity on the part of smaller firms. It is
simply the result of having a greater number of
firms in the industry choosing which approaches
to innovation to pursue.

The predicted relationship between the number
of firms and technological diversity depends upon
a key assumption of our framework, namely that
the likelihood of a firm pursuing any “given
approach is independent of the size of the firm. If,
alternatively, the probability of a firm pursuing
any given approach increased with the size of the
firm, it would no longer follow that increasing the
number of firms would necessarily increase the
expected degree of diversity.!! While there are
undoubtedly industries where the probability of
pursuing an approach is correlated with firm size,
the evidence concerning the regularities in the
industry R&D intensity distributions suggests that
the number of such industries is limited. Other-
wise, our framework implies that there would be a
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large number of industries for which the largest
firms are characterized by above average R&D
intensities,’> which does not conform with the
evidence. Moreover, if the probability of pursuing
an approach were an increasing function of the
size of the firm, then based on our framework the
distribution of firm R&D intensities within an
industry would depend on the size distribution of
firms and would, in all likelihood, not conform to
the regularities in the industry R&D intensity
distributions documented by Cohen and Klepper
(1991).

If the likelihood of pursuing an approach to
innovation is independent of the size of the firm
then two firms of equal size would together be
expected to pursue a greater number of distinct
approaches to innovation than one firm twice their
size. Having more firms provides more “indepen-
dent minds” to consider the alternatives, which
results in greater technological diversity. There are
a number of organizational factors that might
explain why the likelihood of pursuing any ap-
proach is independent of firm size and, hence, why
diversity is promoted by a greater number of
firms. We suspect it has something to do with the
way R&D proposals are processed within firms.
Following the argument suggested by Sah and
Stiglitz (1986, 1988), suppose that proposals are
initiated by technical staff and then subsequently
considered by higher level decision makers. If
large firms have more hierarchical levels than
small firms and a proposed approach can be
rejected at any level, an approach will have a
greater chance of being approved by a smaller
firm. As long as the number of proposed ap-
proaches in the two firms combined and the one
large firm are equal, the two smaller firms would
then be expected to pursue a greater number of
distinct approaches than the large firm. Alterna-
tively, suppose the probability of an approach
being rejected is independent of the size of the
firm. Even in this case, if all approaches proposed
in the large firm are proposed in at least one of the
two smaller firms and some are proposed in both
of the smaller firms,!® then the two smaller firms
combined will approve a greater number of
distinct approaches than the larger firm.!*

Suppose we are correct and the number of
firms is an important determinant of the diversity
of approaches to innovation pursued in an in-

dustry. In order for there to be an advantage
associated with small firm size, there must be some
benefit associated with the greater diversity
brought about by a greater number of firms. Our
framework highlights an obvious benefit from the
greater diversity — the exploitation of beneficial
approaches to innovation that otherwise would
not have been pursued. Indeed, this advantage of
diversity was suggested long ago by Alfred Mar-
shall when he stated that, “The tendency to
variation is a chief source of progress” (Marshall,
1920, p. 355). Even if diversity does promote
progress, as Marshall suggests, this does not mean
that social welfare is necessarily promoted by the
greater diversity associated specifically with an
increase in the number of firms. Holding the
output of the industry constant, if the number of
firms is increased then the average size of each
firm will decline. In the prior section, we showed
how in our framework the consolidation of firms
would yield social benefits. It follows that reducing
the average firm size would impose a social cost.
Assuming that the returns to innovation are scaled
by ex ante output, each firm will spend less on
R&D on the approaches it pursues, and for some
amount of time, the innovations developed by
each firm will be applied over a smaller level of
output. The net effect on social welfare of increas-
ing the number of firms depends on the magnitude
of these costs relative to the benefits of having
additional approaches to innovation pursued. We
consider this tradeoff further in the next section.
While it is not straightforward to establish the
social advantage of diversity in our framework, it
is possible to imagine circumstances in which the
increase in diversity brought about by a greater
number of firms unequivocally promotes social
welfare. For instance, suppose that firms are fully
able to sell their innovations and there is no
duplication among firms in their R&D efforts. In
such a world, all innovations will be applied
immediately to the entire output of the industry,
and a reduction in the size of each firm will not
diminish its incentives to conduct R&D. Then the
decrease in firm size associated with the increase
in the number of firms will have no effect on the
R&D expenditures of the incumbent firms nor on
the output over which any innovations resulting
from these expenditures are applied. Consequently,
any increase in the number of approaches pursued
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resulting from an increase in the number of firms
will provide a net benefit to society. Intuitively,
having a greater number of different minds (ie.,
firms) evaluate the possible approaches to innova-
tion will diminish the chance that a beneficial
approach to innovation will be overlooked.

Our claim that diversity within an industry will
increase with the number of firms implicitly
assumes that at any given moment there may be
firms outside of an industry that would pursue an
otherwise unpursued approach if they entered the
industry. Stated more baldly, it assumes that there
may be potential entrants who recognize an
opportunity but who do not enter the industry to
exploit it. One reason this could occur is if there is
some cost to entering the industry that exceeds the
gross profit the entrant could make from pursuing
the unexploited opportunity. From a social welfare
perspective, however, this cost should be counted
against the technical advance generated by the
increase in the number of firms. If the social
benefit of this technical advance was solely limited
to the producer surplus resulting from the en-
trant’s pursuit of a new approach, the net change
in social welfare from the increase in the number
of firms would be negative since the cost of entry
would exceed the gross profits the producer could
make from entering. Thus, for the increase in
diversity to bring about an increase in social
welfare, there must be some kind of wedge
between the private and social returns from the
pursuit of a new approach.

Our analysis of innovative activity, like many
others (e.g., Arrow, 1962; Scherer, 1979; Spence,
-1984), provides the basis for such a wedge. In
laying out the framework, we noted that eventually
all innovations are imitated. To the extent that the
costs of imitation are less than the benefits, the
social returns to innovation will exceed the private
returns.’> Consequently, it is possible that the
pursuit of new approaches to innovation by
entrants could be socially beneficial but not
profitable to the entrant. In that case, the social
benefits from greater diversity would not be
realized through private initiative.

Our arguments suggest that if policies to
increase the number of firms in an industry were
undertaken, diversity would be expected to in-
crease, which, in turn, could increase social
welfare. Such policies could include prohibitions

on horizontal mergers, subsidies of failing firms,
and/or subsidies of entrants. Note that none of
these policies requires the government to have any
special insights about the sort of innovations an
industry should pursue. Indeed, there is no reason
to expect the government to be any more enlight-
ened than firms about the best innovations to
pursue. The rationale for these policies is simply
that by getting more firms in the industry, there
will be less chance that beneficial opportunities for
technical advance will be unexploited.

It is important to note that the diversity-
inducing effect of the presence of many small firms
clearly depends upon the vitality of the science
and technology underlying technical advance in
any given industry, which we take as given. If this
science and technology base is moribund, then the
number of approaches to innovation that could be
pursued will be few. In this case, the relationship
between the number of firms and technological
diversity, and, in turn, technical advance, will be
weaker.

5. The tradeoff

In the last section we argued that it is not possible
to bring about an increase in diversity through an
increase in the number of firms without com-
promising some of the benefits associated with
large firm size. Not surprisingly, it is also not
possible to reap the benefits of large firm size
without compromising the advantages associated
with greater diversity. In this section we consider
further the nature of this tradeoff.

When diversity is promoted through a greater
number of firms, average firm size is reduced,

- which compromises the advantages associated

with large size firms. Consider, alternatively, the
costs associated with promoting the advantages of
large firm size through the consolidation of firms.
By reducing the number of firms in the industry,
the expected number of approaches to innovation
collectively pursued in the industry will decline.
Then, on average, a smaller fraction of the
beneficial opportunities for innovation will be
pursued, which will reduce social welfare. Thus,
just as increasing diversity through an increase in
the number of firms has offsetting costs, so does
increasing firm size through the consolidation of
firms.16
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Thus, in our framework, there is a tradeoff
between the advantages associated with small
firms and those associated with large firms. In
order to have more approaches to innovation
pursued, it is necessary to sacrifice some intensity
of effort for each approach, and vice versa. The
nature of this tradeoff is complicated and will
depend on a number of factors. Analyzing the
optimal average firm size for any industry in our
framework requires a formal model of this trade-
off, which is beyond the scope of the paper. We
can, however, use our framework to speculate
about the role of factors that would be expected to
shape the nature of the tradeoff: the extent to
which firms can either sell their innovations or
grow rapidly due to innovation, and the vitality of
an industry’s technology, as represented by the
number of different approaches to innovation
potentially available in the industry. To the extent
that firms can realize rents due to innovation via
rapid growth, licensing, and other mechanisms
that do not exploit the firm’s ex ante output, the
appropriability advantage of size will be limited. In
that case, an industry composed of a greater
number of firms will be desirable. To the extent
that the science and technology base of an industry
is such that the potential number of approaches to
innovation available to the industry is small, the
diversity advantage associated with numerous
sinall firms will be limited. In that case, an industry
composed of a smaller number of firms will be
desirable.

Consider the case of an industry in which there
are a large number of approaches to innovation
and firms can appropriate the returns to innova-
tion only through their own ex ante output, which
is the case where the tradeoff between the advan-
tages associated with large and small firm size is
the most acute. We suspect a substantial number
of technologically progressive industries will be
characterized by just such an acute tradeoff. There
is no reason to believe that in these types of
industries market forces alone will result in an
optimal number of firms. In any given industry,
there likely will be either too little entry to
promote sufficient diversity or entry may be so
unencumbered that the appropriability advantage
of larger firm size is excessively compromised.

If market forces cannot be expected to lead to
the optimal number of firms, policy makers will be

faced with the challenge of deciding whether the
number of firms in each industry is too large or too
small. This will require making extremely difficult
judgments. It is possible, however, that we have
overblown the challenge posed by the tradeoff and
policies can be designed to achieve the benefits of
both diversity and large size. Consider, for exam-
ple, current proposals that government condone
firm cooperation on “generic” research (e.g.,
Nelson, 1990). Such proposals can be interpreted
as suggesting that firms pursue separately R&D on
approaches which they do not pursue in common
and pursue together R&D on approaches which
they do pursue in common. In this fashion, co-
operative agreements could be crafted that would
permit the industry and society to benefit from the
appropriability advantage of large firm size with-
out compromising the benefits of diversity. In-
deed, cooperation on something resembling what
we call generic research is apparently one of the
models for cooperative research employed in the
Japanese manufacturing sector.

6. Conclusion

Our analysis lends support to both sides of the
debate concerning the optimal firm size for
achieving technical advance. It provides a basis for
why industries composed of many small firms will
tend to exhibit greater diversity in the approaches
to innovation pursued, and why greater diversity
will contribute to more rapid technological
change. It also provides a basis for why industries
populated by larger firms will achieve a more
rapid rate of technical advance on the approaches
to innovation that are pursued. These arguments
together suggest that a tradeoff exists between the
appropriability advantage of large size and the
advantages of diversity that accrue from numerous
small firms.!?

Our analysis has been more appreciative than
rigorous and, indeed, often explicitly speculative.
While we attempted to raise important questions,
our framework requires more structuring before
we can be confident about any of our conclusions.
Even in its inchoate form, however, our analysis
demonstrates that much needs to be done before
the current debate about firm size can seriously
inform policy. If we accept the plausibility of our
basic framework, it focuses attention on a range of
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issues and questions. The fundamental premise of
our analysis is that firm capabilities and percep-
tions differ within industries. This premise is not,
however, widely reflected in analyses of industry
behavior and performance, which typically take
some representative firm as their starting point.
Indeed, the analytic utility of our particular pre-
mise deserves scrutiny. Are differences in firm
capabilities and perceptions as critical to explain-
ing the industry patterns in innovative activity and
performance as we suggest? Do these differences
persist? Is our abstract characterization of these
differences and their effects on innovative activity
up to the task of providing a basis for policy?

These intraindustry differences in capabilities
and perceptions underpin the hypothesized rela-
tionship in our framework between the number of
firms within an industry and the number of distinct
technological activities pursued by the industry as
a whole. Surely this hypothesis should be tested.
To establish the relationship between numbers of
firms and technological diversity, we also made
two important assumptions, which themselves
should be examined. First, we assumed that firms
independently decide upon which approaches to
innovation to pursue. This assumption precludes
the clustering of firms around innovative activities
due to imitation, a phenomenon highlighted by
Nelson (1981) and Scott (1991). To the degree
that innovative activities yield relatively fast,
public results, the assumption may be suspect.
While our evidence indirectly suggests that such
clustering may not be critical for explaining
innovative activity in a wide range of industries,
more research would be helpful. Second, we
assumed that the number of approaches to innova-
tion pursued by firms is independent of their size,
implying large and small firms will tend to pursue
the same number of approaches. This assumption
probably does not apply to the smallest firms
within an industry, particularly to the extent that
such firms are often not full line manufacturing
firms. Does it apply, however, to the medium to
large firms that account for the preponderance of
R&D and economic activity in the manufacturing
sector? While our evidence again provides indirect
support for this claim, more empirical and theo-
retical research is indicated.

We also made other claims and assumptions
that deserve further attention. For example, we

argued that greater technological diversity stimu-
lates technical advance and provides gross incre-
ments to social welfare. Assuming it exists, the
mechanism linking diversity and technical advance
has never been examined empirically and is not
obvious. Our assumption that expected firm
growth due to innovation is incremental played an
important role in permitting us to hypothesize an
appropriability advantage of large size. Again,
both the assumption and its alleged effect on
innovative activity are worth examining. Finally,
we also need to test whether the relationship
between R&D and firm size within industries
depends upon appropriability conditions, particu-
larly upon the extent to which firms can sell their
innovations or grow rapidly due to innovation.!®
In conclusion, this litany of reasonable but unsub-
stantiated assumptions and arguments should
make clear that this paper is only a modest begin-
ning of a daunting research agenda.
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Notes

! An important theme of the work on industry evolution is
that it is difficult for a firm to change deliberately its core ex-
pertise (e.g., Nelson and Winter, 1982; Klepper and Graddy,
1990). The corporate strategy literature also implicitly makes
this point when arguing that firms should exploit their “core
competences” (e.g., Andrews, 1971; Porter, 1980), suggesting
that it is difficult for firms to transform their capabilities.

2 This is a strong assumption which we plan to relax in
subsequent development of our model. It can be rationalized,
however, by simply defining two approaches as distinct if the
likelihood of the approaches being pursued by any given firm
are independent. s

3 In recent years, it has been recognized that many innova-
tions are most valued by the innovators themselves because
they are either idiosyncratic to the innovator (Nelson, 1989)
or require idiosyncratic expertise for their exploitation that is
only generated in the course of the innovation process itself
(Cohen and Levinthal, 1989, 1990).

* The survey results of Levin et al. (1987) provide a strong
empirical basis for the claim. They find that the most effective
mechanism for appropriating rents due to innovation are first-
mover advantages, secrecy, and complementary sales and
service, all of which are implemented via the firm’s own sales.
> A business unit represents a firm’s activity in a given
industry.
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6 The following argument applies equally to product innova-
tions (Cohen and Klepper, 1990).

7 Cf. Nelson, Peck and Kalachek (1967) and Scherer (1970),
who also note this potential advantage of size.

8 See Scott (1988), Link and Bauer (1989), and Katz and
Ordover (1990) for a discussion of the range of factors that
may affect the benefits and costs of R&D cooperation.

9 For example, the ability of firms to sell their innovations in
disembodied form will vary across industries according to the
ease of defining and enforcing property rights over innova-
tions.

10 To make the idea of different, noncompeting approaches
to technological change within an industry more concrete,
consider the semiconductor industry. Historically, research in
semiconductors has been conducted in many areas, including
silicon manufacture, low-cost methods for semiconductor
manufacture, and the design of various devices such as MOS,
bipolar, integrated circuit, and memory devices. Each of these
can be thought of as different but complementary approaches
to innovation in semiconductors. Also, consistent with our
general framework, semiconductor firms have differed con-
siderably in the sets of these approaches that they pursued.
Texas Instruments, for example, possessed a broad range of
expertise in solid state physics, materials properties and
preparation, production process chemistry, advanced photo-
lithographic processes, semiconductor device and design
technologies, and pursued a broad range of approaches to
innovation. In contrast, companies such as Mostek, American
Micro-Systems and SEMI possessed more circumscribed
expertise in device design technologies, and pursued a
narrower range of approaches to innovation that focused on
the design of MOS, bipolar, or memory devices.

Our characterization of approaches as noncompeting con-

trasts with others’ conceptualization of different approaches
to innovation. For example, in the analyses of Evenson and
Kislev (1976) and Nelson (1982), different approaches repre-
sent distinct, competing ways of achieving the same techno-
logical end. Differentiating approaches in this way is relevant
when there is uncertainty about how best to achieve a
particular technological objective. In our framework, how-
ever, we abstracted from this kind of uncertainty. Our firms
differ, in contrast, in the objectives (i.e., approaches) they
pursue, reflecting differences in their expertise. While there is
often uncertainty about how best to achieve a particular
technological objective, we have abstracted from this kind of
uncertainty because it would not readily explain the regu-
larities in industry R&D intensity distributions. Indeed, it
does not readily explain why R&D intensities of firms in an
industry should differ at all in any systematic way (Cohen and
Klepper, 1991).
Il Holding industry output constant, an increase in the
number of firms will reduce the average firm size. If the
probability of a firm pursuing an approach were positively
related to its size, then the increase in the number of firms
would decrease the probability of any firm pursuing any given
approach. Then the probability of any given approach not
being pursued by any firm in the industry could fall with an
increase in the number of firms, which would cause the
expected amount of diversity to fall.

12 In our framework, if the probability of pursuing an
approach were positively related to the size of the firm, then
larger firms would be expected to pursue a greater number of
approaches to innovation, causing them to have above
average R&D intensities.

13 This is plausible if some of the approaches proposed in the
large firm are proposed by multiple individuals. In that case, if
the larger firm were broken into two firms, there would be
some probability that the technical personnel in each of the
smaller firms would propose the same approach.

14 Another reason firms of equal size might pursue a greater
number of distinct approaches than one firm twice their size is
that most firms tend to funnel control over their R&D
operations for a given industry through one individual, and
that individual will naturally reflect his/her own expertise and
perceptions in the decisions that are made. Thus, regardless
of the firm’s size, the approaches that are pursued will tend to
reflect one individual’s judgment. Indeed, a recent article in
the The Wall Street Journal (Rigdon, 1991) about Kodak’s
research on filmless cameras highlighted the importance —
and difficulty — of decentralizing high-level R&D decision-
making authority when a firm becomes aware of a distinct and
viable new approach to innovation within an industry. It
noted that while the research team working on new filmless
camera technology has been given its own budget and au-
tonomy over hiring decisions, the same individual who over-
sees research on more conventional film technologies also
oversees this research, which may ultimately inhibit Kodak’s
willingness or ability to pursue the new technology.

15 In a static setting, imitation reinforces the gross social
benefits accruing from greater diversity because the benefits
from the pursuit of new approaches will be reaped by more
than just the firms pursuing the new approaches. Imitation
may also yield dynamic dividends. As noted by Marshall
(1920, p. 271), “. . . if one man starts a new idea, it is taken up
by others and combined with suggestions of their own; and
thus it becomes the source of further new ideas ...” Thus,
pursuing a given approach may stimulate other firms “to
improve it, variegate it, more generally contribute to its
further advance,” (Nelson, 1989, p. 6) even in ways that
cannot be anticipated when the approach is first pursued. Von
Weizsacker (1980) also recognized this point when he
explored the implications of “sequential innovations” for the
welfare effects of entry barriers.

16 We managed to sidestep this cost in the example we used
earlier to illustrate the benefits of large firm size by focusing
on the merger of two firms that pursued the same approaches
to innovation. This insured that the merger of the firms did
not reduce the diversity of approaches pursued in the
industry. However, firms generally will not pursue the
identical set of approaches to innovation, so that consolida-
tions will be expected to compromise the collective number of
approaches to innovation pursued in the industry.

17 QOthers, such as Nelson (1981), have also recognized a
tradeoff between the diversity-inducing advantage of more
competitive industry structures and advantages of large firm
size, but not the particular tradeoff we have identified.

18 Cohen and Klepper (1990) demonstrate that if firms can
sell some fraction of their innovations in disembodied form or
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if growth due to innovation is unconditioned by existing
output levels, then large firm size will confer less of an
advantage and R&D effort should rise less than propor-
tionally with firm size.
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