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While the mainstream of Western economic thought believes in competitive markets, the
Schumpeterian school considers concentrated industry to be the ideal vehicle for the advancement
ofindustrial technology. Empirical evidence on the Schumpeterian hypothesis that a concentrated
industry allocates relatively more resources to its research and development (R & D) activities
has been inconclusive. We believe the reason is that the Schumpeterian hypothesis is too general
and vague. The fact is that there are several dimensions of industrial concentration, for example,
total number of firms in an industry, interfirm differences on a variety of characteristics such as
sales, assets, resources, and so forth. Similarly, R & D activities.are of several types such as long-
term or short-term research, and basic research or applied research and development. Unfortunately,
modeling efforts focusing on resource allocation by specific types of concentrated industries to
specific types of R & D activities are almost nonexistent, with the exception of Joglekar and
Hamburg (1986, 1987) who showed that industries consisting of smaller numbers of firms allocate
relatively greater amounts of resources to their basic research than industries consisting of larger
numbers of firms.

Extending Joglekar and Hamburg’s models here we find that when two industries consist of
the same number of firms, in most cases, a heterogeneous industry falls as short of its Pareto
optimal investment in basic research as its comparable homogeneous counterpart. Numerical
examples suggest that in some cases, concentrated (heterogeneous) industries may do worse.
Policy implications of the results as well as directions for further research are discussed.
(INDUSTRY CONCENTRATION; RESOURCE ALLOCATION; INAPPROPRIABLE RE-
SEARCH; HETEROGENEOUS INDUSTRY; INDIVIDUALLY RATIONAL EQUILIBRIUM;
PARETO OPTIMAL ALLOCATION)

1. Introduction

The failure of a free market system to attain socially optimal allocation of resources
to research and development (R & D) is a generally recognized problem. Yet, we are
just beginning to understand the types of R & D activities that receive relatively serious
underinvestment, the types of industries that are more prone to underinvestment in
certain kinds of R & D, and the types of government intervention strategies that are
likely to be effective and efficient in the correction of that underinvestment in different
types of industries. In three recent papers, Joglekar and Hamburg (1983a, 1986, 1987)
explore several characteristics influencing the degree of an industry’s underinvestment
in its basic research. For example, these papers conclude that industries with (i) greater
investable resources, (ii) greater inter-industry competition, (iii) less interfirm competition
and (iv) greater risk aversion, display relatively less underinvestment in their basic re-
search, and consequently, need less government support. Insofar as total number of
competing firms in an industry is viewed as a dimension of industry concentration,
Joglekar and Hamburg’s (1986, 1987) following finding seems to be most relevant to
this study. They find that industries consisting of a larger number of firms fall farther
short of their Pareto optimal investment in basic research than do industries consisting
of smaller numbers of firms. Joglekar and Hamburg did not analyze that other important
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dimension of industrial concentration, namely heterogeneity, and its implications for
underinvestment in basic research. The primary focus of those papers was on homoge-
neous industries (i.e., where all firms are identical). Using Joglekar and Hamburg’s
(1983a) general model, in this paper, we consider the effect of heterogeneity on an in-
dustry’s underinvestment in its basic research, and the consequent implications for gov-
ernment policy.

Joglekar and Hamburg (1983a) characterize ““basic research activities” as those that
possess a high degree of inappropriability (i.e., a firm investing in these activities cannot
fully capture all the benefits resuiting from them) and some risk, in contrast to applied
research and development activities that are largely appropriable but highly risky. To
analyze the problem of underinvestment in an industry’s basic research, Joglekar and
Hamburg (1983a) model the behavior of a group of firms, each member of which is faced
with two investment opportunities, one in appropriable activities, (e.g., plant investment,
brand advertising, and patentable applied research and development) and one in basic
(inappropriable) research. The characterization of basic research as inappropriable implies
that a firm’s benefits depend upon the total investment in the pertinent basic research:
activities from all sources (i.e., the firm itself, other firms in the industry, and the gov-
ernment ) regardless of the identity of investors and the distribution of investments. Each
firm is assumed to be rational, self-interested, risk averse and constrained by a maximum
amount of investable resources at its disposal. It is assumed that funds that are not spent.
on pertinent basic research activities are expended on activities whose benefits are fully
appropriable; that is, whose benefits are available to the investing firm and only to the
investing firm. A firm’s benefits from appropriable and inappropriable (i.e., basic research)
activities are assumed to be independent of one another,' but are each characterized by
risk. That is, the benefits are assumed to be independent random variables with mean
benefits from each type of activity being a function of only the investment in that type.
Each firm is assumed to seek a maximization of its expected utility from the combined
benefits of its investment in appropriable activities and the total investment from all
sources in inappropriable basic research. Thus, a firm’s allocation of its own resources
depends upon its perception of allocation by others. The firm may perceive the allocation
of other firms to be totally independent of, or partly or fully dependent on, its own
allocation.

! Some scholars question our assumption of independence of benefits from appropriable investment and the
benefits from basic research. Some argue that inhiouse basic research allows a firm to absorb externally available
knowledge. Our approach is to consider such inhouse basic research as an appropriable investment. Others
argue that basic research (not necessarily inhouse basic research) primarily increases the quality of a firm’s
downstream innovative activities. In that sense, its benefits lie in increasing the return on the firm’s future
appropriable investment. We do not see why one cannot still treat a firm’s benefits from industry wide basic
research and those from a firm’s appropriable investment in any given year as independent of one another.

We do realize that, particularly in the R & D context, a firm’s benefits often depend on the total portfolio of
its investments (and possibly, the portfolios of competitors’ investments). Investment in an R & D activity that
is not supported by appropriate investments in other activities (e.g., plant and equipment, personnel training,
advertising, etc.) may yield far less benefits than could be potentially obtained. Hence, it may seem that an
analysis that does not recognize the interdependence of benefits may be of little value. However, it should be
recognized that real life firms often ignore that interdependence while making their resource allocation decisions.
The modern, decentralized corporation attempts to separate and distinguish between the costs and benefits of
different departments and activities (or “profit centers”). It attempts to allocate resources based on the separate
profitability indices so developed. Consequently, in a study of the resource allocation behavior of the industry,
the assumption of independence of benefits seems reasonable.

Nevertheless, we (Joglekar 1978, Appendix D) did carry out preliminary investigations under the assumption
that a firm’s benefits from investments in alternative opportunities are interdependent. Assuming that the
combined benefits are represented by a Cobb-Douglas type function, Joglekar (1978 ) obtained results that were
quite consistent with the results presented in Joglekar and Hamburg (1983a, 1986). However, Joglekar (1978)
did not use that model to carry out an analysis that would parallel the results presented in this paper. That is a
task for future research.
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Assuming that, in the final equilibrium, each firm’s perception of others’ behavior is
actually borne out, Joglekar and Hamburg (1983a) arrive at the industry’s total allocation
to the desired basic research activities. This equilibrium allocation is seen as the actual
allocation by the industry and is compared to the “socially optimum” allocation to basic
research. The concept of Pareto optimality helps define the social optimum. Pareto op-
timality assumes that a resource allocation that improves the utility of some firms without
reducing the utility of any of the remaining firms is socially desirable, and that this
optimality is attained when no such reallocation is feasible.

Joglekar and Hamburg (1983a) use this model to confirm the economist’s long standing
conclusion that unaided industry allocation (even in a voluntarily cooperating industry)
to basic (inappropriable) research is suboptimal. They go on to use the model to analyze
the effectiveness and efficiency of fiscal instruments of government stimulation of basic
research. They conclude that provision of government seed money is generally counter-
productive, while the provision of matching subsidies is not cost-efficient. Exploiting the
same framework, but restricting themselves to homogeneous industries, Joglekar and
Hamburg (1986 ) investigate the effects of several other industry characteristics upon an
industry’s allocation of resources to basic research. They question the validity of a number
of popular beliefs about the need for government support of basic research in various
industries. For example, contrary to popular belief, the greater the risk aversion displayed
by member firms in an industry, the less may be the need for government support of its
basic research. Also, the larger the number of firms in an industry, the greater may be
the need for government support of that industry’s basic research. Joglekar and Hamburg
(1987) verify the foregoing findings for normally distributed benefits instead of expo-
nentially distributed benefits, assumed in the earlier papers.

In short, the Joglekar and Hamburg (1983a, 1986, 1987) framework permits many
useful insights. In this paper, we exploit the same framework to analyze the effect of
industry heterogeneity on an industry’s investment in its basic research. §2 briefly re-
capitulates the Joglekar and Hamburg (1983a) model. §3 manipulates that model to
analyze the case of a heterogeneous industry in which each firm’s individually rational
solution to its resource allocation problem is a ‘“noncorner solution.” That is, each firm
decides to invest at least some amount of money in the industry’s basic research. The
numerical examples in §4 present a noncorner as well as a corner solution case. §5
presents the conclusion of our analysis.

2. The Model

Portions of Joglekar and Hamburg’s (1983a) model, relevant to our analysis here, can
be summarized as below:?

G=1{1,2,...,i,...,g} an industry of g firms,

x; = i’s investment in X;, an appropriable investment opportunity (e.g., plant invest-
ment, brand advertising).

Firm i’s benefits from X; are assumed to be exponentially distributed * with the mean
(ax; + Bxix;), where

ay; = Index of general competitive advantage of firm i, and

Bx: = the increment in mean benefit per dollar of the firm’s investment in X;.

2 Joglekar and Hamburg (1983a) explicitly incorporated government subsidies as part of the model. Here,
because our focus is different, we have eliminated the reference to government subsidies. Careful readers will
also find other (minor) differences in the notation here, for example, in the definitions of ¥z and W. However,
the logic of the model is the same as in Joglekar and Hamburg (1983a).

3 For a rationale underlying the assumed exponential distribution, see footnote 5 of Joglekar and Hamburg
(1983a). Also note that Joglekar and Hamburg (1987) verify the results of Joglekar and Hamburg (1983a, 1986)
under the assumption of normally distributed benefits. The analysis presented here deserves to be similarly
verified.
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Let

¥: = i’s investment in Y, the industry’s basic research investment opportunity whose
benefits are available to each firm in G regardless of the amounts invested by each firm.

Firm i perceives that other firms together will contribute a fixed sum k¢, to Y regard-
less of what i does and will match every dollar of y; with mg_; dollars; k;_; = 0, and
mg-; 2 —1. Assume that, in the equilibrium, each firm’s perception of other firms’
behavior is actually borne out. Thus, yg, the group’s total investment in Y, is given by

Ve = kg-i + (1 + mg_))yi. (1)

Since Y is an inappropriable investment opportunity, assume that a firm’s benefits are
exponentially distributed with a mean and standard deviation of 1/\y;, such that

Qay; if Yo <,
1/ Ay = ()

ay; + Byiye if Yo Z ,

where ay;, 8y; and 7 are appropriate nonnegative constants. ay; represents the a priori
advantage of firm ; because of past basic research in the industry. By, is the increase in
mean benefits per dollar of investment* in Y beyond the threshold level «. This for-
mulation assumes that basic research is a “lumpy” good. That is, in order for an investment
in basic research to yield any meaningful results and consequent economic benefits, yg
must be at least equal to a minimum threshold level =.

Assume that firm i has an exponential utility function with r; as the risk aversion
factor (r; = 0).° Firm i has R; dollars to allocate between X; and Y.® Assuming further
that a firm’s benefits from the two types of investments are independent of each other,
Joglekar and Hamburg (1983a) show that the optimal allocation for firm i is either

if firm i expects y& to be less than =, or

x¥=3Ri+ Vyi— Vx), vE=3(Ri+ Vxi— Vv), 4)

4 Kamien and Schwartz (1975) report that “Schmookler found patents and R & D expenditures to be closely
related . . . with 85 percent of the interindustry variation in patents pending explained by the variation in R
& D expenditures. . . . Scherer’s regression analysis indicated a very nearly linear relationship between the
number of R & D personnel in 1955 and the number of patents issued a firm in 1959. . . .”

Kamien and Schwartz go on to conclude that “. . . on average, a direct relation between innovational effort
and innovational output exists. However, it is likewise true that the transformation may depend on factors
other than effort, and it may not be linear.”

Thus, Kamien and Schwartz provide some support for the assumption of linearly related costs and benefits
and also raise some doubts about it. Given that available literature does not provide an alternative relationship
between research inputs and outputs, Joglekar and Hamburg assume linearity for its mathematical simplicity.

5 As Gupta and Cozzolino (1975, pp. 249-252) point out, the exponential utility function offers several
advantages. First, since we have assumed r; > 0, the function U; is strictly concave, and represents aversion
towards risk. Second, the constancy of r; in the exponential utility function implies that the premium a firm is
prepared to pay in order to avoid the risk associated with the probable benefits is dependent only on the variance
of the distribution and not on the expected total wealth of the firm either before or after a particular decision.
We believe that these properties of the exponential utility function are quite realistic in a wide variety of
situations. Note that we are not assuming that all firms are equally risk averse. Different firms may have different
values for r;.

¢ Some scholars question the assumption of a fixed amount of investable resources, R;. They point out that,
for most firms, investable resources are flexible. If worthy projects are available, additional funds could be
raised. Our approach requires that such project-specific borrowing be accounted for in the benefits and costs of
the project, but not in the investment part. Secondly, to the extent that administrative practices such as giving
each department a fixed budget and letting it decide how to spend it exist, our assumption may be quite realistic.
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where Vy; and Vy; are abbreviations for the following expressions

Vyi= 1+ riax)/(riBx), (5)
1 + riay; + riByikc—i

V P = 6

Y riByi(1 + mg_;) ©)

Note that, under the foregoing assumptions, Vy; =2 0 and Vy; 2 0.

The solution in equation (3) is called a ““corner solution.” The solution in equation
(4)is called a “noncorner solution.” When every i € G has a noncorner solution, it can
be shown that, in the equilibrium,

VE=Ri+Vxi— Wyt yE)/(1 + mg-y) where (7
Wyi= (1 + riay)/(riByi). (3
The industry’s total equilibrium allocation y§ is given by
yi=(Ro+Ve— W5)/(1+u)  where )
Rs=2 R, (10)
ﬂ=2 1/(1 + mg-:), (1)
Vo= 2> Vi, and (12)

G= 2 [Wyi/(1 + mg-)]. (13)

If instead, the industry has a “master planner” (a benevolent dictator) who takes the
“Pareto view,” the equilibrium matching rates must be such that

2 /(A +mgx) =1, (14)
i€G

E* =0 for all i, and (15)

1 + mE* = yE*/yr* for all . (16)

The group rational (Pareto optimal) investment, y&* in the industry’s basic research
opportunity Y is given by

yE* = }[Rg+ Vg — W&**]  where (17)
Wwg* = 2 [Wyi/(1 + mEX)] (18)
ed

and m¥X is the Pareto optimal matching rate dictated by the master planner. Joglekar
and Hamburg (1983a) prove that

yE = yE*. (19)

In other words, the individually rational group investment in Y can never exceed the
group rational group investment in Y. In general, individually rational group investment
is substantially smaller than the Pareto optimal (group rational) group investment in
basic research for several reasons detailed in Joglekar and Hamburg (1983a, p. 107).

This general model describes the behavior of an industry group as it allocates its re-
sources between basic research and other investment opportunities. It allows for complete
heterogeneity among firms, for a variety of perceptions of other firms’ behavior, and for
the possibility of the need for a threshold investment in basic research. Here, we use this
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model to analyze how industry heterogeneity affects an industry’s voluntary allocation
of resources to basic research, and the consequent implications for government policy.
Towards that end, we also find useful Joglekar and Hamburg’s (1986) definition of an
industry G’s degree of suboptimality of investment in basic research, S;, given by
_YE* - »&
S = T . 20)
Our presumption is that society is interested in minimizing this degree of suboptimality.
Thus, industries displaying a greater degree of suboptimality call for greater governmental
support (or intervention ) to encourage their basic research than do industries displaying
a smaller degree of suboptimality.

3. Analysis of the Case of a Heterogeneous Industry

3.1. Definition of a Comparable Homogeneous Industry

While the mainstream of Western economic thought since the time of Adam Smith
has believed in the virtues of competitive markets in providing the “wealth of a nation,”
few economists today maintain that perfect competition efficiently allocates resources
necessary for socially desirable technological advance. Arrow (1962) pointed to the in-
herent uncertainty and the limited appropriability of R & D activities as the reasons that
a competitive industry’s investment in R & D is likely to be socially suboptimal. Most
economists today accept Arrow’s (1962) explanation of the underinvestment in R & D.
Yet, quite a few dispute his conclusion that government intervention is necessary to
correct this underinvestment. Schumpeter (1942) and others, including Galbraith (1952),
Schmookler (1966), Markham (1965), Nelson (1982), Nelson and Winter (1982), and
Scherer (1980, 1982, 1984), believe that the large-scale enterprise is the most powerful
engine of economic progress, because it is the ideal vehicle for advancing industrial
technology. Thus, if the society is simply permissive toward large firms and concentrated
industries, the underinvestment in R & D would not be severe.

A survey of literature uncovers a number of interpretations of the Schumpeterian
hypothesis, often with several rationales in support of a specific interpretation. One in-
terpretation focuses on the role of firm size as a determinant of R & D spending and the
rate of technological advance. Some economists, who embrace this interpretation, believe
that R & D activities require a threshold level of investment to be successful; and only
a large firm (with substantial profits and/or liquidity) can afford it. Others believe that
large, diversified firms can exploit available technological possibilities more fully than
can narrowly based (single-product /single-region) firms. Another interpretation focuses
on the effect of market concentration on R & D expenditure and technological advance.
Some scholars who subscribe to this interpretation suggest that only a firm with a sub-
stantial market share (in a concentrated industry) can capture adequate benefits of an
innovation that is otherwise limited to its appropriability. Schumpeter himself emphasized
that market concentration reduces uncertainty and provides the requisite cashflow for
engaging in costly and risky R & D on an efficient scale. In this paper we focus on a
verification of this second interpretation. Finally, some scholars interpret the Schum-
peterian hypothesis by emphasizing that interfirm rivalry is the basic force underlying
an innovation, and such rivalry is likely to be more intense in oligopolistic (or concen-
trated) industries than in either monopolistic or atomistic industries. As the following
discussion shows, this third interpretation is primarily inspired by the available empirical
evidence.

Over the past three decades, a number of empirical studies have attempted to verify
the Schumpeterian hypothesis. Kamien and Schwartz’ (1975, 1982) surveys find that,
at best, these empirical studies mildly support an inverted U relationship between R &
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D spending and firm size; that is, they suggest that R & D activity increases with firm
size up to a point, then levels off or declines beyond it. Kamien and Schwartz (1975)
conclude that,

Little support has been found for the standard hypothesis that R & D activity increases with
monopoly power. Instead, recent evidence suggests that rivalry in R & D may be nonlinearly
related to industry concentration. A new empirically inspired hypothesis has emerged to the effect
that a market structure intermediate between monopoly and perfect competition would promote
the highest rate of inventive activity (p. 32).

Some recent studies, e.g., Scherer (1983) and Mansfield (1981), seem to reinforce the
above findings. On the other hand, Soete (1979) stands out as an exception to this em-
pirically arrived “‘consensus” rejection of the Schumpeterian hypotheses. Soete argues
that his measure of inventive activity, namely R & D expenditure, is a more neutral one
in relation to firm size than measures such as R & D employment or the number of
patents. Using his measure of inventive activity, Soete (1979) finds that inventive activity
increases more than proportionately with firm size. In other words, Soete’s primary focus
is to investigate the first interpretation of the Schumpeterian hypothesis. Like Soete, our
approach here also equates inventive activity with R & D expenditure. Consequently,
our model confirms Soete’s results (see §4). The reader may note, however, that our
interpretation and discussion of these results is considerably richer since our focus is on
the second (i.e., market concentration ) interpretation of the Schumpeterian hypothesis.

Yet, more recent empirical works continue to question the significance if not the
validity of the Schumpeterian hypothesis. Focusing on the market concentration inter-
pretation of the Schumpeterian hypothesis, and reviewing John Scott’s (1984 ) study,
Levine et al. (1985) suggest that “industrial concentration may have no independent
significance as a determinant of innovative effort or innovative output” (p. 21). They
find that an industry’s technological opportunity (with its various dimensions such as
“SCIENCEBASE, EQUIPTECH and APPROPRIABILITY”) is more central to the ex-
planation of its innovativeness than its market concentration.

Reverting to the first (firm-size ) interpretation of the Schumpeterian hypothesis, Pavitt
et al. (1987) find that “‘the relationship between firm size and innovative intensity is not
r-shaped, but U-shaped, and becoming increasingly so over time” (p. 304). These results
seem to directly contradict Kamien and Schwartz’ (1975) long accepted finding of the
inverted U relationship!

Overall, this is a sad commentary on a theory that is so widely accepted in modern
economics. On the other hand, there seems to be a growing realization of what may be
wrong with the Schumpeterian hypothesis and the empirical research associated with it.
Scherer (1983), for example, points out that Schumpeterian conjectures were both
sweeping and vague, and that Schumpeter’s interpreters necessarily took liberties trans-
lating them into testable hypotheses. Mansfield (1981) introduces one of his recent studies
by saying,

One of the most obvious and important characteristics of an industry’s or a firm’s R & D expen-
ditures is their heterogeneity. Yet, practically all economic studies of the relationship between
size of firm and industrial concentration, on one hand, and research and development, on the
other, have focused exclusively on the total amount spent on R & D expenditures. No attempt

has been made to determine the relationship between these variables and the composition of R
& D expenditures (p. 610).

Similarly, Levine et al. (1985) conclude their paper by saying,

. . we hope that our findings at last move the empirical literature beyond the oversimplified
propositions that industrial concentration promotes innovative effort and innovative output. To
explain interindustry variation in R & D incentives and the productivity of innovative effort, we
must look to underlying differences in technological opportunities and appropriability conditions
(p. 24).
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We agree with these and other authors about the oversimplification of the Schumpe-
terian hypothesis in the available literature. As Levine et al. (1985) suggest, our models
have attempted to account for appropriability conditions, in particular. We also agree
with both Scherer and Mansfield. It is important to recognize, as Manfield does, that
R & D activities are of varied types including basic versus applied, process versus product,
and long term versus short term. Just as there are different types of R & D activities,
there are different types of “concentrated industries.”” Some industries are more concen-
trated than others simply because they consist of a smaller number of firms. Others are
concentrated because they are dominated (in terms of sales, assets, liquidity or some
other measure) by a few firms. Like Scherer, therefore, we believe, it is important that a
theory, such as the one that Schumpeter proposed, be adequately specific in terms of
type of R & D activity and type of industrial concentration.

In fact, Joglekar and Hamburg (1983a, 1983b) are the first to model an industry’s
allocation of resources to basic and applied R & D separately. All prior modeling works
seem to have lumped these distinct R & D activities together. Joglekar and Hamburg
(1986, 1987) used their approach to study the effect of one of the dimensions of industry
concentration on the allocation of resources to basic research. They found that other
things equal, the smaller the number of firms in an industry, the closer the industry came
to its Pareto optimal level of investment in basic research. In other words, they confirmed
that a concentrated industry (in terms of total number of firms) allocates more resources
to basic research than an unconcentrated industry does. Still, available literature has
provided no formal model to assess the impact of that other dimension of industry
concentration, namely heterogeneity, on an industry’s allocation of resources to either
basic or applied research, each treated separately.’” In this paper, we compare behaviors
of two otherwise identical industries, one homogeneous, and the other heterogeneous.

Although formal models rarely distinguish between basic and applied research, there
seems to be greater agreement in the available literature that industry concentration may
reduce the degree of suboptimality of investment in basic research. For example, Olson
(1965), having established that voluntary investment by a group of firms in its nonex-
clusive collective good is suboptimal, says, “This suboptimality will be somewhat less
serious in groups composed of members with greatly different size or interest in the
collective good” (p. 35). Even Scherer (1982), whose empirical work based on patent
statistics fails to confirm the Schumpeterian hypothesis, suggests it to be conceivable

that existing monopoly power is a uniquely favorable environment only for investment in basic
and the most fundamental applied research, either because these activities carry the highest risks
or because their benefits are apt to be largely external to more competitive firms. Since knowledge—
presumably an important output of such activities—cannot be patented, patent statistics do not
permit a sensitive test of this narrow interpretation (p. 236).

In this paper we attempt to verify whether the Joglekar and Hamburg model supports
such assertions frequently found in the available literature.

In simplest terms, a homogeneous industry is one in which all firms are identical to
one another in terms of each of the several attributes of a firm (e.g., sales, assets, investable
resources, risk aversion, utility function, incremental benefits per dollar of investment
in basic research, etc.). In a heterogeneous industry, at least one firm must be different
from some other firm in terms of one or more of the various attributes. In view of these
simple concepts of homogeneity / heterogeneity, in the model presented in §2, if H = {1,

" Levine et al. (1985) focus on the degree of appropriability of an R & D activity as one dimension in their
empirical study. But they do not treat appropriable and inappropriable research separately, and their approach
is empirical, not mathematical modeling.
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2,...,Jj,...,h}is a homogeneous industry consisting of / firms, we expect that for all
j € H, the following will hold:
Qyj = Ox, Bx; = Bx,
Qy; = Qy, Byi = By,
ri=r, R;=R = Ry/h,
kn-j =k, My = m, 21

and consequently,
Vyj=Vx =1+ rax)/(rBx), Wy = Wy = (1 + ray)/(rBy),
V=22 Vx=hVx, W= 2 [Wy/(1+m)]=hWy/(1+m),
pe =2 1/ +m)y=h/(1+m), yE=QRu+Vy— Wu)/(l + pu),
Vi =hyY =hy*, 1+ mE%=nh,
wipx = 2 [Wy/(1+ mi%)] =Wy,  yi* = 3[Ry + Vi — Wyl. (22)
J

For a heterogeneous industry G, at least one of the equations in (21) is invalid for
some j; consequently one or more of the equations in (22) are invalid. However, to
determine the sensitivity of .S to the existence of heterogeneity alone, one must define
two industries G and H for which all things are identical except that G is heterogeneous
while H is homogeneous. In other words, for every heterogeneous industry, we must
define a “comparable homogeneous industry.” Since the Joglekar and Hamburg (1983a)
model incorporates several attributes of an industry (e.g. available resources, number of
firms, risk aversion, etc.), the comparable homogeneous industry must also be defined
on these several dimensions. On some of these dimensions, the definition is fairly easy.
For example, we can assert that the average investable resources of members in G should
be the same as the investable resources of each member in H, so that R = Ry . Similarly,
one can assert that the number of firms in the two industries should be identical, i.e., h
= g. However, to assume that the average risk aversion factor of members of G is the
same as the risk aversion factor of each member of H may be inappropriate. As can be
seen from the model in §2, factors such as risk aversion, perceived matching rate, incre-
mental benefits per dollar of investment have a rather complex joint effect on resource
allocation behavior. Consequently, it is possible that if each one of these attributes had
the same average measurement in the two industries, the resultant Pareto optimal allo-
cations of the two industries may turn out to be different. Since the focus of our analysis
is actual versus Pareto optimal allocation to basic research, we propose to define a ““com-
parable homogeneous industry” such that the Pareto optimal investments in the heter-
ogeneous and the comparable homogeneous industry are the same. If within this larger
context, other attributes could also have identical averages in the two industries, that
would be fine, but otherwise, we would not insist on such identical averages.

Note that although available literature has alluded to differences between concentrated
(heterogeneous) and competitive (homogeneous) industries’ allocation of resources to
basic research, to our knowledge no one has proposed such an explicit definition of a
“comparable homogeneous industry.” It is no surprise that available literature does not
provide a definitive formal analysis of the effect of heterogeneity.

Elaborating on our formal definition of a comparable homogeneous industry then, we
can assert that

y&* = vi* (23)
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is consistent with
RG = RH, VG = VH,
g=nh, We=Wy= Wy. (24)

We shall use these conditions to analyze the effect of various dimensions of heterogeneity
(e.g. unequal resources, unequal risk aversion, unequal cost-efficiencies of investments
in basic research). However, we first note that the Joglekar and Hamburg model does
not allow us to analyze several other possible dimensions of heterogeneity:

(i) Primarily for the sake of mathematical simplicity, Joglekar and Hamburg (1983a,
1986, 1987) assume that all firms in an industry have the same form (either exponential
or normal) of distribution of benefits from alternative investment opportunities. In reality,
within a given industry, some firms may exhibit normally distributed benefits while some
others exhibit exponentially distributed benefits, and still others may exhibit other func-
tional forms. With appropriate choices of values of the parameters in most cases, the
general model can represent reality with reasonable accuracy. However, for some situations
the assumption of identical forms of benefits distributions may be rather unrealistic. The
Joglekar and Hamburg approach cannot analyze such cases of heterogeneity.

(ii) Similarly, Joglekar and Hamburg (1983a, 1986, 1987) assume exponential utility
for all firms, and assume each firm to be risk averse. Most students of economic behavior
find these assumptions to be acceptable. However, in circumstances in which different
firms exhibit different forms of utilities, and particularly when some firms prefer risk,
this model may not be useful.

(iii) Joglekar and Hamburg (1983a, 1986, 1987) assume that all firms have either a
corner solution (i.e., each firm chooses to invest nothing at all in Y, or each firm chooses
to invest all its resources in Y') or a noncorner solution. By definition, a homogeneous
industry would conform to this assumption. However, in a heterogeneous industry this
assumption may not be valid. It is important that we analyze cases where some firms
are operating at one corner, while others at a noncorner point. We discuss such a case
only through a numerical example in §4. In a future article we hope to provide a pertinent
theoretical model.

3.2. Heterogeneity with Noncorner Solutions for All

Here we consider the case of a heterogeneous industry with all firms having noncorner
solutions to their individually rational resource allocation problem. Since by definition
yE* = y¥%*, the degree of suboptimality of investment in Y by the two groups, would
be inversely related to their respective individually rational group investments, y& and
v¥%. First, we consider several dimensions of heterogeneity one at a time.

(i) Prior Competitive Advantage. Suppose G is heterogeneous only in terms of mem-
bers’ prior competitive advantage. This is,

ayi F axk forsome i, kEG (25)
while
Bxi = Bxx = Bx )
Ay = Qykp = Qy
O = P =By for all i, k € G. (26)
F=T=r
R, =Rx=R
MG-i = Mgk =m |
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By our definition of a comparable homogeneous group, since y&* = y%*, we must
have V; = Vy, ie.

2 (L +riox)/(riBx) = h(1 + rax)/(rBx), ie. (27)
i€G
2 ax; = hay. (28)
i€G
Consequently,
y& = vk (29)

Thus, heterogeneity in prior competitive advantage of firms in a group does not lead
to any different individually rational allocation to basic research than the allocation by
its comparable homogeneous group. Consequently, the degree of suboptimality displayed
by groups G and H will be identical. The policy implication of this finding is that the
existence of industry concentration on this dimension calls for neither greater nor lesser
government intervention to stimulate basic research in an industry.

(ii) Incremental Benefits Per Dollar of Investment in Appropriable Opportunity. If,
all other things remaining the same, G is heterogeneous only in terms of 8y;, the incre-
mental benefits per dollar of investment in the appropriable opportunity, by our definition
of a comparable homogeneous group,

2 (1/Bxi) = h/Bx (30)
i€G
and consequently, y¥ = y¥.

Thus, this dimension of heterogeneity also leaves the degree of suboptimality of in-
vestment in basic research unchanged. The policy implications are the same as in case
(i) above.

(iii) A Priori Advantage Because of Industry’s Past Basic Research. With an argument
similar to that in subsection (i) above, one can show that heterogeneity in ay; would also
leave the degree of suboptimality of investment in basic research unchanged. It is important
to note, though, that what Joglekar and Hamburg (1983a) call ay; may be precisely what
is referred to as “technological opportunity” in the concentration literature. Scherer (1984 )
considers technological opportunity to be “associated with dynamic supply conditions
dependent in turn on the broad advance of scientific and technological knowledge”
(p. 177).

Our result says that as long as a homogeneous and heterogeneous industry’s total
technological opportunities are the same (i.e., Wz = W), interfirm differences in tech-
nological opportunity would not alter their investment in further basic research.

(iv) Incremental Benefits per Dollar of Investment in Basic Research. Again, with
an argument similar to the one in (ii) above, it is easy to show that heterogeneity in By;,
the incremental benefit per dollar of investment in basic research, would not affect an
industry’s investment in its basic research, as long as Wi = W', a condition guaranteed
by the definition of a comparable homogeneous industry.

This result denies Scherer’s (1983) proposition that concentration may lead to greater
appropriability (and hence higher 8y, for some firms) of R & D benefits and consequently
greater investment in R & D. Perhaps the reason for this denial is that we are focusing
on interfirm differences as the on/y dimension of industry concentration. Based on Joglekar
and Hamburg’s earlier works (1986, 1987), Scherer’s hypothesis seems quite valid when
industry concentration refers to the total number of firms in an industry.

(v) Investable Resources. Suppose that G is heterogeneous only in terms of the in-
vestable resources of the member firms. That is,

R; # Ry forsomei, kEG while (31)
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MmMeG—i = Mg = M
Vxi=Vxe=V.
AT AT forall i, k € G. (32)
Wyi= Wyr = Wy
ri=rn=r

In this case, since Rz = Ry by (12) and (22) we have
vé = yh. (33)

Consequently, we can conclude that other things equal, the degree of suboptimality of
investment in Y is unaffected by heterogeneity in investable resources.

Insofar as investable resources represent the most commonly accepted dimension of
heterogeneity (or industrial concentration ), the above result is perhaps the most important
contribution of this analysis. The result states that as far as investment in basic research
is concerned, neither the proponents of perfect competition nor the proponents of in-
dustrial concentration are correct in claiming that their type of industrial organization
is the better engine of economic progress. Our analysis suggests that both types will fall
equally short of societal optimality, and the need for government intervention to stimulate
basic research is identical in the concentrated and the competitive industries.

(vi) Risk Aversion. Similarly, we can argue that if heterogeneity exists only in terms
of the risk aversion factor r;, as long as 2, (1/r;) is unchanged from the comparable
homogeneous case (i.e., =h/r), other things equal, suboptimality of investment will not
be affected by it. As in previous cases, this condition is guaranteed by our definition of
a comparable homogeneous industry.

(vii) Perceived Cooperative/ Exploitative Climate. Perhaps heterogeneity in the value
of mg-_; is the only case where our conclusion (of no change in suboptimality due to
heterogeneity ) does not follow from the proposed definition of a comparable homogeneous
industry. This is because for y&* = y%* to be valid, by (17) and (22), all we need is

1 h
1 +mE* 1+ m**

2z

i€G

=1 (34)

where mE*; and m** are the matching rates dictated by the benevolent planners in the
two industries. Clearly,. these rates are not related to mg—; or m which are the actual
matching rates perceived by each firm. All we can say is, if heterogeneity exists only in
terms of the perceived cooperative/exploitative atmosphere (i.e., in terms of mg_;), as
long as 2, (1/(1 + mg_;) = g/(1 + m)), suboptimality of investment in Y will be
unaffected. Whether this condition will hold in all comparable homogeneous industries
cannot be asserted. Certainly, where the Cournot assumption (#g_; = 0, for all i) is valid
this condition would hold.

In any case, heterogeneity in perceived matching rates is not an economist’s (or anybody
else’s) definition of a concentrated industry. We have dealt with it here in order to be
exhaustive of the factors in the Joglekar and Hamburg model.

On the other hand, the concern about heterogeneity in perceived matching rates is an
important one for the literature on industry concentration, which has also focused on
interfirm rivalry (the third interpretation of the Schumpeterian hypothesis). Although
Joglekar and Hamburg (1983a, 1986, 1987) have often implied that the values of mg_;
are high when there is a ‘““cooperative climate” in the industry, interfirm rivalry would
also mean that a firm would want to spend more on its R & D the more its competitors
spend on theirs. Thus, m—_; should increase with interfirm rivalry.

One hypothesis in the industry concentration literature is that concentration increases
interfirm rivalry (presumably among the largest firms in the industry) and consequently
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the allocation of resources to R & D. We suggest that in this context R & D refers
primarily to applied R & D. As far as basic research is concerned, it seems reasonable
to assume that when all other things are equal, the above condition for matching rates
will be satisfied. Consequently, the allocation of resources to basic research may not be
different between a heterogeneous industry and its homogeneous counterpart.

In short, contrary to the assertion in the available literature, heterogeneity on any one
of the above dimensions taken alone neither reduces nor increases the degree of sub-
optimality of investment in a nonexclusive joint investment opportunity. In all cases we
have considered, heterogeneity leaves the degree of suboptimality, and consequently, the
need for government intervention, unchanged.

3.3. Heterogeneity on Two or More Dimensions at the Same Time

If heterogeneity exists on two or more of the above dimensions simultaneously, the
effect is more complex, and depends upon whether or not there is a correlation between
a member’s values of the dimensions involved. Consider, for example, an industry G
that is simultaneously heterogeneous in terms of the cost ineffectiveness of Y (i.e., Wy;
# Wy, for some i, k € G) and the perceived matching rates (i.e., mg_; # mg_ for some
i, k € G). Let us stipulate however that if Wy and m are the values for these parameters
for every member in the comparable homogeneous industry, H, then

> Wyi=gWy and

i€EG
1 1
= . 35
iezcl+m(;_i g1+m (35)
Now y¥ in (9) will be >, =, <y¥, accordingly as
Wy _ Y
iEZG 1+ Mg—i <528 1+m (36)

To understand the implications of condition (36), let us represent Wy;and 1 /(1 + mg_;)
as below

1
1+m(;_,' 1 +m

Wyi= Wy + A, + 0;, 37

where A; and §; may be positive, negative, or zero depending on the values of Wy; and
mg_; for the given firm i. Now,

Wyi gWy 1

fezf"l-l_mc‘f:1+m+Wyig:cai+1+m,€26Ai+EGA"6"' (38)
But by (35),
Zo=2A=0. (39)
i€G i€G
Hence,
Z1 +WanIG_,- - 2 Aidi. (40)

Thus, condition (36) is equivalent to

> A <, =,>0. (41)

i€G
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Hence, if firms in G that find an investment in Y to be relatively more cost inefficient
compared to firms in H (i.e., A; > 0) also expect greater matching from others (6; < 0),
industry G will invest greater resources in its joint investment opportunity than industry
H. On the other hand, if firms’ cost inefficiencies are negatively correlated with their
expected matching rates, then heterogeneity would lead to a lower allocation of resources
to Y. Of course, if Wy, and mg—; are uncorrelated, 2 A;6; could attain a positive or
negative sign just by chance, but its magnitude is likely to be close to zero.

One can make a case for any one of these possibilities of correlation between Wy; and
mg_;. Hence, we believe that the assertion in the literature that heterogeneity reduces the
degree of suboptimality of investment in Y cannot be supported, at least when all firms
have noncorner solutions.

Observe also that if the Cournot assumption is valid (that is, mgs-; = 0, for all i), §;
would be zero for all i, and consequently, in (41) equality will hold.

Another situation involving simultaneous heterogeneity on two variables was also
analyzed. We considered the situation in which risk aversion was inversely related to a
firm’s investable resources. Specifically, we assumed that

ri = (Rgr)/(gR)) foralli€ G. (42)
In this case, if Rg = Ry,

> 1/ri=h/r. (43)

ieG

Consequently, as discussed earlier, heterogeneity leaves the degree of suboptimality of
investment in basic research unchanged.

Of course, there is some empirical evidence that larger firms are more risk averse than
smaller firms. Since concentration means simultaneous existence of some large and some
small firms, our general modei cannot say whether a specific situation of concentration
would lead to a greater or lesser degree of suboptimality of investment in basic research.

One could pursue similar analyses taking several mutually correlated variables together.
It would be particularly interesting to hypothesize specific relationships between investable
resources and prior competitive advantage, perceived matching rates, risk aversion, etc.,
and analyze the effect of each specific type of concentration on an industry’s resource
allocation to basic research. The discussion so far has provided a clear methodology for
those types of analyses. At this stage though, it seems clear that such analyses will provide
specific conclusions for specific situations. However, they will support neither perfect
competition nor industrial concentration as the universal source of increased investment
in basic research.

Of course, the foregoing analysis is based on the assumption that each firm in the
industry has a “noncorner-solution,” i.e., each firm wants to invest at least some of its
resources in basic research. The case of some firms with “corner-points solutions” (i.e.,
when for some firms it is individually irrational to invest any amount in the industry’s
basic research) is more difficult to explore analytically. In the next section, we construct
numerical examples to illustrate both the all-noncorner-solutions case and the some-
with-corner-solutions case.

4. Numerical Examples

4.1. The All-Noncorner-Solutions Case

Consider an industry G, consisting of two firms, identical in all respects except for
their investable resources, R, and R,.
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Let

ax; = axz = $20,000, By1 = By2=1.05,
Bx1=Bx2=1.1, r=r,=6X107"7,

Ay = Qyp = $10,000, : Mg—1 = Mg = 0.1.

But, let R; = $4,000,000 and R, = $6,000,000.

Then by our model [particularly, equations (7) and (9)], we can calculate that the
firms’ individually rational investment in basic research will be y¥ = $803,175 and y%
= $2,803,175 respectively, for a total industry investment of y¥% = $3,606,350.

Furthermore, using equations (14) to (18), it can be shown that the “master planner”
would mandate matching rates of ¢

mg* = 1.3614 for Firm 2 and mE*, = 0.7345 for Firm 1,

so as to obtain Pareto optimal contributions of $2,428,500 and $3,306,420 from Firms
1 and 2 respectively, for a total industry investment of y¥* = $5,734,920.

By equation (20), then, the industry’s degree of suboptimality of investment in its
basic research will be S = 0.371.

The comparable homogeneous industry, H, would consist of two firms identical in all
characteristics, including their investable resources. That is, here R, = R, = $5,000,000.
By equations (7) and (9), each individually rational firm in the homogeneous industry
will invest y¥ = y¥ = $1,803,175 for a total industry investment of y¥ = $3,606,350.
This is identical to G’s investment.

Notice that in this numerical example of a two-firm heterogeneous industry, a firm
with 14 times as many resources as the other (R,/R; = $6,000,000/$4,000,000) invests
more than three times ($2,803,175/$803,175) as many dollars in the industry’s basic
research as the smaller firm does. Thus, our numerical example is consistent with Soete’s
(1979) finding that a firm’s R & D expenditures increase more than proportionately with
its size. Of course, it should be realized that Soete was talking about all R & D expenditures
and we are talking about expenditures on basic (inappropriable) research only. Our model
finds that when we consider an industry as a whole, G contributes the same amount of
resources to its basic research as does H. Thus, in our context, for the industry as a
whole, heterogeneity does not make a difference. In other words, if larger firms increase
their investments more than proportionately, smaller firms also decrease their investments
more than proportionately, so that the net difference between a heterogeneous and a
homogeneous industry’s allocation to basic research is zero! Note that in this sense, our
analysis, interpretation and discussion is considerably richer than Soete’s (1979).

Also, in H, the master planner would mandate mg* = mg*, = 1 for each firm.
Consequently, each firm’s Pareto optimal investment in the basic research will be y¥*
= p¥* = $2867,460. Therefore, in H, Pareto optimal total investment will be
yi* = $5,734,920, again identical to that of G. Clearly, the degree of suboptimality of
investment in basic research will be again Sy = 0.371, identical to S;. Thus, G falls
exactly as far short of its Pareto optimal investment in basic research as does H.

Note, however, that in this example both firms in the heterogeneous industry G had
“noncorner solutions,” i.e., their individually rational investments in basic research,
y¥, were such that 0 < y¥ < R;fori =1, 2.

8 These matching rates are the closest approximations obtained through a computerized iterative procedure
that seeks different values of mE* and m¥* until mEX /mE> = y¥*/y¥*.



