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The authors develop a conception of an organization-specific niche
in a technological network. This niche is defined by two properties:
crowding and status. The authors hypothesize that crowding sup-
presses an organization’s life chances and that status enhances life
chances, especially for those organizations in uncrowded niches.
They operationalize this conception of the niche using patents and
patent citations, and they find support for these hypotheses in an
examination of technological competition in the worldwide semicon-
ductor industry. In the conclusion, they compare these findings to
earlier research and highlight some of the particular advantages of
this conception of the niche.

It is well understood that ideas and inventions rarely arise in isolation.
Rather, each idea or invention builds upon others and, in turn, often
serves as the foundation for new knowledge. Considered from the macro
level, the production of knowledge in any reasonably coherent domain
evolves as a network or web, with nodes denoting ideas or inventions and
crosscutting ties representing the ideational commonalities among these
nodes (Latour 1987; Callon 1987). An earlier study (Podolny and Stuart
1995) specified some dynamic properties of an evolving network in a tech-
nological domain; it predicted which nodes of the network would become

! This research was supported by the Stanford Graduate School of Business and by
a grant from the Alfred P. Sloan Foundation. Direct all correspondence to Joel M.
Podolny, Graduate School of Business, Stanford University, Stanford, California
94305-5015.

© 1996 by The University of Chicago. All rights reserved.
0002-9602/97/10203-0001$01.50

AJS Volume 102 Number 3 (November 1996): 659-89 659

This content downloaded from 128.32.74.62 on Tue, 12 Aug 2025 20:56:55 UTC
All use subject to https://about.jstor.org/terms



American Journal of Sociology

central to the advance of knowledge and which would become technologi-
cal “dead ends.”

Less considered—and less understood—are the competitive implica-
tions of such weblike structures for the actors collectively involved in their
production. Granted, the importance of ideas and innovations for compet-
itive success is acknowledged broadly. Particularly in a knowledge-based
society, ideas and inventions are distinctive assets that affect an organiza-
tion’s viability. As a result, organizations invest considerable resources in
protecting their inventions through patents and litigation. Much organiza-
tional analysis has explored which structures and systems are most condu-
cive to proliferating ideas and transforming them into commercially sig-
nificant inventions (Stinchcombe 1990; Burgelman 1983; Eisenhardt and
Schoonhoven 1990). However, such studies have typically assumed that
invention processes take place within organizations. Even Schumpeter
(1947), who most clearly recognized the importance of invention to eco-
nomic competition, failed to consider how the intricate interdependencies
among organizations underlie the development of ideas that shape the
competitive dynamics among organizations. In Schumpeter’s model of
competitive dynamics, entrepreneurs and monopolists are the bearers of
spontaneously generated ideas that lack any discernible foundation in the
activities of others.

Once we dispense with the notion that ideas and inventions arise spon-
taneously from an organization’s own investments in research and devel-
opment, it is clear that an organization’s points of contact with this evolv-
ing network simultaneously imply mutualistic and competitive relations
with other producers of knowledge. But, how does one devise an analyti-
cally tractable representation of an actor’s points of contact with this
evolving network? In this article, we formulate an answer to this question.
We develop and test a series of hypotheses relating an organization’s tech-
nological niche to its growth in the market.

Our focus on the relationships between technological competition and
organizational life chances does not mean that we believe that technology
is the only important domain of organizational competition. In addition
to the technological arena, organizations compete in labor, financial, and
product markets, as well as in a variety of other contexts. Not every do-
main has relevance for the life chances of every organizational population.
For example, at least during the 1980s, biotechnology firms competed in
the domains of technology, human capital, and financial capital. But, for
the most part, they did not compete in product markets, if only because the
vast majority of these new ventures lacked marketable products. Clearly,
competition in the technological arena matters more for some organiza-
tional populations than for others. Our goal here is to conceptualize
an organization’s position in the technological landscape and to docu-
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ment how this position affects its life chances in one technology-driven
industry. In the conclusion, we discuss possible generalizations of our for-
mulation.

Although we believe that an enhanced understanding of organizational
life chances and market dynamics provides adequate justification, we see
two additional motivations for this inquiry. First, we want to reconcile
a focus on technological invention with an open-systems perspective on
organizations. In the late 1960s and early 1970s, sociologists devoted con-
siderable attention to the role of technology in shaping organizations and
affecting market outcomes (Woodward 1958, 1965; Thompson and Bates
1957; Burns and Stalker 1961; Perrow 1967; Pugh et al. 1969). However,
in the middle and late 1970s, a variety of emerging intellectual approaches,
such as population ecology, neoinstitutional theory, resource dependence,
and transaction cost economics, came to view organizations as “open sys-
tems” with structures and internal processes that were determined primar-
ily by environmental factors. Because technology had always been re-
garded as an internal attribute of the organization, it was difficult to
combine a concern with technology and these open systems perspectives
that have come to dominate macro-organizational research. Accordingly,
“technology studies” is now a much less vital area for organizational in-
quiry. Regarding a technological area as an evolving network within
which organizations are situated makes it possible to reintegrate a focus
on organization-environment relations and the study of technology.

Second, we seek to refine sociological theories of the nicke. The concept
of niche plays a central role in the sociological perspective on competition.
While perhaps most readily associated with organizational ecology (Han-
nan and Freeman 1977, 1989; McPherson 1983), the niche concept has
also received considerable attention in sociological work on markets from
a network perspective (White 1981; Burt 1992; Podolny 1993). The con-
cept of niche provides an orienting lens for sociological work on competi-
tion because it exemplifies a fundamental disciplinary premise: the recog-
nition of a duality between actor and position and an expectation that
position is the primary determinant of opportunity and constraint.

In our view, this article makes two contributions to niche theory. First,
it introduces status as a meaningful dimension of organizational niches,
highlighting the relevance of this dimension to organizational life chances.
In its original use in organization theory, the (fundamental) niche refers
to the region of an externally given resource space in which an organiza-
tional form can persist (Hannan and Freeman 1977). Most efforts to spec-
ify the niches of organizational forms have used this conception and have
specified niches in terms of a mapping of forms to external environments.
For instance, earlier research (Freeman and Hannan 1983) defined niches
of restaurants using information on the breadth of services they supplied,
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and Carroll (1985) defined niches of newspapers using information on the
degree to which their content emphasized “general interest.” McPherson
(1983) and collaborators (McPherson, Popielarz, and Drobni¢ 1992; Pop-
ielarz and McPherson 1995) define niches of voluntary associations with
reference to the sociodemographic distributions of their members. Baum
and Singh (1994) define niches of day care organizations in terms of the
age ranges of children that they are licensed to serve. Despite the differ-
ences among these efforts, they all seek to define niches using information
about externally given resources (possible—or actual, depending on the
application—customers, members, clients).

Status, as we conceptualize it, does not refer to a mapping to an external
environment. It is an instance of endogenous population structuring.? Like
other forms of endogenous population structuring such as size-localized
competition (Hannan and Freeman 1977) and resource partitioning (Car-
roll 1985), status structuring arises from the dynamics of the interactions
of the members of an organizational population.

This article follows Podolny (1993) in arguing that status arises from
acts of deference between organizations. It demonstrates that, at least
when providers of resources confront considerable uncertainty in choosing
organizations as exchange partners, differences in status affect the flow
of resources across niches. While our measurement of status relies on in-
formation about technological ties among firms, we discuss in the conclu-
sion different operationalizations that might be appropriate in other con-
texts.

The article’s second contribution to niche theory concerns the foregoing
observation that organizations compete on multiple dimensions and hence
occupy niches in multiple domains. Once the multiplicity of domains is
recognized, two questions become especially salient. First, under what
conditions does the competition within a particular domain become more
relevant to organizational life chances? This article offers at least some
hints of an answer. It provides some evidence that, at least during a period
of rapid growth in market demand, the competition in the technological
domain places greater constraints on organizational growth than does the
competition for consumers, once the technology is taken as a given. That
is, the characteristics of a firm’s technological niche matter more for
growth than does the sales growth of the firm’s technological competitors.
In the conclusion, we use this finding as a basis for speculating about the
conditions under which technological competition might be more or less

2 One clear way to establish the difference between the two ideas is by considering
an organizational population with only one member. The niche in the sense of a map-
ping to external environment is well defined in this case. The status niche is not be-
cause no other organization is available to give deference.
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relevant to organizational life chances than the competition in other niche
domains.

Second, how interdependent are the multiple dimensions of organiza-
tional niches? For example, how does a firm’s niche in the technological
domain affect its niche in product markets? Drawing on the distinction
between fundamental niches and realized niches and using our study as
an illustration, we argue that an organization’s realized niche in one do-
main helps to define its fundamental niche in other domains. In effect, the
outcome of competition within one domain shapes a set of organizational
competencies or resources that bound the possibilities for expansion in
other domains.

Our article proceeds as follows. First, we define an organization’s posi-
tion or niche in its technological network by distinguishing positions along
the dimensions of competitive crowding and status. Competitive crowding
refers to the density of organizations with similar technological anteced-
ents. Status refers to the deference that is implicitly shown to an actor
when others build on its inventions. We concentrate on the implications
of these dimensions for an organization’s growth rate. We hypothesize
that (1) crowding depresses growth rates and (2) under conditions of high
uncertainty, status elevates them. After developing these hypotheses in
further detail, we briefly discuss our methodology of using patents and
patent citations to represent the technological network. We then provide
an empirical test of our hypotheses in an examination of organizational
growth in the worldwide semiconductor industry during 1985-91.

POSITIONS IN TECHNOLOGICAL NETWORKS

Figure 1 depicts a hypothetical technological network. The nodes of the
network represent inventions, and the ties represent technological com-
monalities linking inventions to their antecedents. A tie from one inven-
tion to another implies that the consequent invention either builds upon
or is premised upon the technology of the antecedent. The numbers associ-
ated with inventions denote their order of entry into the technological
network. Ties flow backward in time because an older invention cannot
build upon a younger one. In earlier work employing this basic imagery,
Podolny and Stuart (1995) focused on the competition among individual
inventions for the attention and resources of organizational actors. Consis-
tent with this focus, they defined niches and conducted analyses at the
level of the individual invention.

This article considers the competition among the organizational actors
themselves (instead of their inventions considered singly). Accordingly,
we define niches at the level of the organization. Specifically, if we define
a technological tie as a link between an antecedent and consequent inven-
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Fi1c. 1.—Hypothetical technological network

tion, then an organization’s niche is its position in technology space, as
defined by the pattern of technological ties involving its inventions. In
other words, an organization’s niche in the technological network is mani-
fest in its points of technological contact with the inventions of other orga-
nizations.

Figure 1 illustrates the basic idea. It represents the inventions of two
organizations, A and B. Organization A has two inventions. Its position
is defined by the ties of these to inventions 2, 3, and 4 and by the ties
from inventions 11 and 12. Organization B’s position is defined by its two
inventions’ ties to inventions 1, 4, and 6 and its tie from 12.

An organization’s position in a technological network constrains its pos-
sible strategies in two ways. First, practices and routines built around the
underlying technology sharply delimit the extent and direction of
organizational change (Nelson and Winter 1982; March 1988; Stuart
and Podolny 1996). So too do investments in human and physical capital
and alliances (Hannan and Freeman 1984). An organization might gradu-
ally adjust its underlying technological competencies through “local
search,” but significant change in position in the technological network
demands fundamental alteration of the organization itself. Second, posi-
tion depends not just upon the actions of the focal actor but also on the
actions of the other organizations involved in the production of the techno-
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logical network. In other words, position is only weakly under the control
of the organization. Durable patterns of relations among organizations
tend to lock individual organizations in place. For both these reasons, a
high degree of path dependence or inertia characterizes underlying posi-
tions in a technological network. Were technological position not charac-
terized by strong inertia, then it would make little sense to consider tech-
nological position as a constraint on organizational action. Only when a
feature of the organization cannot be changed easily does that feature
provide a basis for segmenting an organizational population into distinct
niches.?

The concepts of niche and niche overlap provide links between this
definition of organizational position and competition. We propose a two-
dimensional representation of the niche. The first dimension reflects com-
mon patterns of ties among organizations’ inventions. The second di-
mension reflects the extent of direct technological linkages between the
inventions of a set of organizations. The implications of these dimensions
for competition among organizations differ greatly.

COMPETITIVE CROWDING

Niche overlap between two organizations in a technological network can
be regarded as a function of the degree of common dependence on prior
inventions as foundations for their research activity. Figure 2 presents an
example in the form of a Venn diagram. Organization i’s activity draws
on 50 inventions in the technological network; organization j’s activity
builds on 100 inventions in this network; 25 inventions serve as anteced-
ents for the innovative activity of both organizations. We define niche
overlap, denoted by 0, as the proportion of ¢’s niche simultaneously occu-
pied by j. In this example, o; = .5 and o, = .25. Note that overlaps are
bounded by zero and one, and they are not necessarily symmetric. This
understanding of niche overlap as similarity in patterns of ties has strong
parallels in the ecological and network literatures. Hannan and Freeman
(1989) define niche overlap as similarity in profiles of dependence on re-
sources. Burt (1992) uses the network idea of structural equivalence in
exchange relations to define the competitive intensity between actors. In
a work that bridges network and ecological traditions, McPherson (1983)
defines niche overlap in terms of a common distribution of members across

* For example, in the work of McPherson (1983) and collaborators (McPherson et al.
1992; Popielarz and McPherson 1995) on niche structures of voluntary organizations,
homophily bias among individuals creates path dependence in organizational mem-
berships.
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F1G. 2.—Niche overlap of two hypothetical organizations

several sociodemographic characteristics. He argues that the competition
between two voluntary organizations for members is directly proportion-
al to the similarity of their memberships on sociodemographic characteris-
tics.

Our central contention follows directly from niche theory: the greater
the asymmetric niche overlap (o;), the stronger is the competitive effect
of organization j on organization i at time ¢. A like pattern of technological
antecedents implies a similarity—or even redundancy—in technological
competencies. The greater the overlap in technological competencies, the
more that j’s pursuit of its market possibilities affects the ability of organi-
zation 7 to pursue its opportunities.

Consider a focal organization’s relationship with all organizations in-
volved in the collective production of the technological network. Our con-
ception of niche means that an organization’s market opportunities are
inversely proportional to the extent of its overlaps with all other organiza-
tions in the population. We define the crowding around an organization’s
niche as the sum of its niche overlaps:

Ay = Z Olyje.
j#i

Thus, considering the implications of technological redundancy for the
viability of an organization and abstracting from effects on the demand
side, we hypothesize that crowding (high levels of niche overlap) impairs
organizational life chances.
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HYPOTHESIS 1.—An organization’s life chances decline monotonically
with crowding (the sum of niche overlaps).

STATUS

We regard status as a characterization of an actor’s position in a social
network. Network researchers distinguish two types of social distance:
structural equivalence, which summarizes the similarity of patterns of re-
lations to others, and cohesion, which summarizes the pattern of direct
ties between actors (Burt 1987; Borgatti and Everett 1992). We draw a
corresponding distinction between niche overlap deriving from a similar
dependence on technological antecedents and status deriving from the di-
rect (possibly asymmetric) technological ties between actors.

While common dependence on technological antecedents indicates sub-
stitutability and thus a competitive relation between two organizations,
the isolated significance of a direct technological relation between two
organizations lacks a clear meaning. In taking another organization’s in-
vention as a foundation for its own research, an actor establishes itself as
a potential alternative to—and thus competitor of—the innovating orga-
nization. Direct ties could damage an organization’s prospects because
the presence of such ties imply more innovative activity that closely resem-
bles that of the focal organization. At the same time, a direct tie (or cita-
tion) from one organization to another constitutes an implicit acknowledg-
ment of the importance of the pioneering organization’s contribution.
Unlike an indirect connection that reveals a common technological ante-
cedent, a direct asymmetric connection suggests a certain deference by
one organization to the contribution of the other. If the technological com-
munity is uncertain about which nodes of the evolving network deserve
attention and resources, then the direct deference tie signals that j consid-
ers the work of i as worthy of such attention. It shows that j regards
the activity already undertaken by ¢ as a better foundation for continued
invention than some set of alternatives. By building in an observable way
on another organization’s innovation, an organization confers a certain
legitimacy or status on the innovative activity of the pioneer.

If these conferrals of legitimacy and status get noticed by the relevant
actors, then a direct tie from j to ¢ improves i’s fortunes. Receiving defer-
ence eases the problem of mobilizing resources to build, to sustain, and
to expand organizations (Stinchcombe 1965; Podolny 1993). Flows of def-
erence signal controllers of resources that an organization deserves sup-
port. One prominent example of a deferential tie that enhanced percep-
tions of an invention was IBM’s entry into the personal computer market.
The entry was a signal not just to potential consumers but to software
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and hardware developers that this invention was one that deserved atten-
tion and resource allocation (Anderson 1995).

If direct ties between inventions constitute the dominant form of defer-
ence in a technological network, it is reasonable to specify that an organi-
zation’s status depends on the acts of public deference that it receives
from other organizations.

We use two rules for aggregating acts of deference across senders to
measure status. In the first, the quantitative significance of an act of defer-
ence is proportional to a sender’s own status (i.e., the amount of deference
that the sender has received):

w — '2' :
it = Wiy

Jj#i

where d;; denotes the number of acts of public deference from j to ¢ within
an interval of time ending at ¢, and w;, denotes the weight assigned to acts
of deference from a particular j. As we explain in detail below, we choose
weights such that w;, is proportional to the status of the sender. We refer
to this measure as the weighted measure of status.

In forming the second measure of status, we assume that each act of
deference has the same significance. That is, the quantitative significance
of an act of deference does not depend upon j’s status (or other attri-

butes):
%= z di.

j#i
We refer to this alternative as the unweighted measure of status.

Acts of public deference do not necessarily have both status enhancing
and competitive implications. However, acts of deference that take the
form of imitation generally do have. Thus, at least when considered in
isolation, a direct tie from one actor to another has an indeterminate effect.
However, if the existence of a direct deference tie is considered in conjunc-
tion with niche overlap (based on a similar pattern of technological ante-
cedents), its significance becomes more determinate.

If an organization occupies a position having few potential competitors
with similar technological antecedents, then it has a more novel technol-
ogy than an organization in a niche crowded with organizations with simi-
lar technical antecedents. Evidence from cultural and market contexts
shows that increasing uncertainty about underlying quality makes per-
ceptions of the quality of the actor’s endeavors depend on its status
(Podolny 1994; Greenfeld 1989). In the context of a technological field, we
expect that the more novel—and therefore the more uncertain—the qual-
ity of the technology, the more that a direct tie from another organization
enhances its perceived quality. Conversely, the more common and redun-
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dant the organization’s technology, the less a direct tie from another orga-
nization can positively affect the perceptions of that technology. This rea-
soning implies that the direct ties affect perceptions of quality most
strongly in sparse regions of the technological space.

In contrast, direct ties have the most potent competitive implications
in the most crowded portions of the technical space. Suppose many organi-
zations build on the same antecedents as the focal organization and draw
directly on the inventions of the focal organization. Then the combination
of niche overlap (indirect ties through antecedents) and direct ties suggests
that the technological network has crowded around the organization’s
position. In effect, the technological network takes the form of a clique
structure around the focal organization’s niche. On the other hand, sup-
pose many organizations are building directly on an organization’s inven-
tions but few organizations are building on its antecedents. This combina-
tion suggests not crowding or the existence of a clique structure around
the organization’s position but an expansion of the network from the posi-
tion of the focal organization. In this case, the organization occupies the
position of broker in an untapped technology rather than of redundant
member of a clique.*

To summarize, we expect that status (direct ties) provides strong signals
of quality in sparsely populated regions of the technological space. How-
ever, as crowding increases, status matters less to judgments of quality.
Thus, status has a positive effect on life chances in uncrowded niches, but
the effect declines with crowding. These expectations have two testable
implications.

HyPoTHESIS 2.—The life chances of an organization in an uncrowded
niche increase monotonically with its status.

HvypoTHESIS 3.—The positive effect of status on an organization’s life
chances declines with the crowding of its niche.

Our argument does not imply any predictions about the main effect of
status on life chances. Indeed, one cannot specify an average status effect
independent of a meaningful assessment of the average crowding or un-
certainty in a technological domain. Consider a technological domain with
crowded niches and correspondingly low uncertainty. The average status
effect in such a domain will likely be negative. Conversely, in a technologi-
cal domain where the average niche is uncrowded and uncertainty is high,
the average effect of status will likely be positive. Rather than specifying

4 This argument, formulated at the organizational level, directly parallels early discus-
sion (Podolny and Stuart 1995) of competition at the level of the individual invention.
According to the central claim of that article, only the combination of direct and
indirect ties between a focal invention and another invention implies crowding. Direct
ties alone do not constitute evidence of crowding within a focal invention’s niche.
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an average or main effect for status, hypotheses 2 and 3 specify a contin-
gent effect: status has a positive effect in uncrowded niches, and this posi-
tive effect declines with crowding.

This argument closely parallels the theory of density-dependent legiti-
mation and competition (Hannan and Carroll 1992). According to this
theory, growth in the number of organizations in a population (density)
increases the degree to which the organization form is taken for granted,
but there is a ceiling on this process. However, growing density also inten-
sifies competition. At low density, the field is uncrowded and competition
is weak. As density grows relative to resources, competition intensifies at
an increasing rate. Thus, increases in density in uncrowded niches mainly
legitimate the population and thereby increase rates of founding and orga-
nizational growth while depressing mortality rates. At high density, fur-
ther increases have mainly competitive effects, causing rates of founding
and growth to diminish and rates of mortality to rise.

To make clear the similarity of the theory of density dependence and
the argument presented in this article, consider the basic story of density
dependence from the perspective of the pioneers in an organizational pop-
ulation. The pioneers occupy an uncrowded position. As other organiza-
tions enter the population (either by foundings or lateral moves from other
populations), the degree to which the population is taken for granted is
enhanced with little increase in competitive intensity. Thus, the fortunes
of the pioneers improve. But, if the inflow continues unabated, the pio-
neers’ fortunes (as well as those of other members of the population) even-
tually decline as the niche becomes very crowded.

Here we argue that direct ties to an actor in technological space have
implications similar to growing density in a limited resource space. In an
uncrowded region of technological space, direct ties have a positive effect.
But, as the region becomes more crowded, the positive effects of these
direct ties decline. Despite the similarity of their theoretical logics, the two
formulations produce different empirical implications. Studies of density
dependence identify the opposing effects of legitimation and competition
from estimates of the effects of complex functions of density. The strategy
that shapes our analysis identifies the opposing deference and competitive
processes by distinguishing the effects of direct and indirect ties in technol-
ogy space, as we describe below.

To summarize, niches in the evolving technological network have two
dimensions. The first, niche overlap or competitive crowding, corresponds
closely to structural equivalence, if overlap means a similar pattern of
technological ties. The second, status, corresponds to network centrality.
Based on these two views of niche overlap, we have proposed three
hypotheses that relate an organization’s position in the technological net-
work to its market presence.
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A MODEL OF GROWTH AND DECLINE

Our arguments about the effects of status and crowding on life chances
potentially apply to a range of measurable outcomes: mortality rates,
growth rates, profitability, success in attracting employees or external
partners, and so forth. We concentrate on growth rates. We specify a para-
metric model of organizational growth that builds on prior research and
that is potentially consistent with the three hypotheses.

Let S;, denote an organization’s size during period ¢. Growth models
typically focus on relative sizes at two points in time: S;;+,/S; and allows
growth rates to vary with size. We model the growth of sales using the
following specification:

ln<%) o pSy + ¢4, Dy); (1)

it
o) = Bidi + B.Dy + BsAuDy, (2)

where 4 denotes the crowding in organization i’s niche and D is a measure
of its status.
Hypotheses 1-3 imply that

B, <0,B,>0,B;<0. 3)

We test these hypotheses using data on the worldwide semiconductor in-
dustry, as we discuss next.

PATENT CITATIONS

To assess positions in an evolving technological network, we must distin-
guish inventions and the technological connections among them. We rely
on patents to identify the inventions, or nodes, in the technological net-
work. Patents are especially useful for this purpose because they are
granted only to products, processes, or designs that the experts in the U.S.
Patent and Trademark Office consider to be useful and nonobvious, given
the current state of the art. In other words, an application will receive a
patent only if a knowledgeable, objective third party decides that the work
exceeds a minimum threshold of innovation.

As part of the patent application process, an applicant is required by
law (1) to cite all of the known, previously patented work that has served
as technological building blocks, and (2) to make clear that the work ad-
vances beyond these precursors, called the “prior art.” Patent examiners
must assess the completeness of these prior art citations. If the examiner
finds that the inventor has failed to identify a technological precursor that
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might anticipate the claims of the patent, the examiner may send the ap-
plication back to the inventor and ask that prior work be cited and that
the current proposal be distinguished adequately from this prior work.
Because the return of the patent application can delay the application
process, applicants have a legal obligation and an economic incentive to
cite all of the appropriate prior art. Even if the application is not returned,
the examiner may add citations he or she believes are appropriate. Accep-
tance of a patent application by the Patent Office does not protect the
innovator from an infringement case of a competitor with a similar patent.
Hence, an inventor has a legal and economic incentive to cite the appro-
priate art; he or she does not have an incentive to cite strategically the
patents of some organizations rather than others to invoke protection from
legal disputes.

Several studies have verified that analysis of patents and patent cita-
tions provides a useful way to identify inventions (Schmookler 1966) and
measure their importance (Trajtenberg 1990). Moreover, the practical
utility of the information contained in patents is suggested by the exis-
tence of “patent consultants” that sell competitor analyses to client high-
technology firms (Eerden and Saelens 1991). Nonetheless, there are still
some reasons to be cautious about the use of patents and patent citations
to measure positions in an evolving technological network.

One reason for caution is that inventors might not patent certain inven-
tions. They might fear that the public revelation of the invention in the
patent application will damage their competitive position more than will
the lack of patent protection. A second reason is that industries vary con-
siderably in the extent to which inventions are patented even if they are
made public (Scherer 1984).

In our view, the second possibility poses more problems than the first.
If key features of an invention are kept secret, then it seems unlikely that
the invention could have a significant influence upon the evolution of the
technological network. Other organizations cannot build upon inventions
that they do not recognize and comprehend. If publicly recognized inven-
tions are not patented, then our methodology of relying on patents and
patent citations to define the evolving technological network will incom-
pletely represent the network. We find little reason to believe that even
this second problem would bias the results in an analysis of the competi-
tive implications of an organization’s technological position. The omission
of publicly recognized nodes would simply raise the likelihood of a false
null. Even so, these concerns are important considerations in the choice
of industry for research on competition and status processes. It was pre-
cisely these considerations that motivated us to study the semiconductor
industry.
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DESIGN, MEASUREMENT, AND ANALYSIS
The Worldwide Semiconductor Industry: 1984-91

The semiconductor industry stands out as a technological domain with a
high propensity to patent inventions, at least since the early 1980s. All of
the landmark inventions in this industry have associated patents (Wilson,
Ashton, and Eagan 1980). During the period covered by our study, semi-
conductor firms have had strong economic incentives to patent their tech-
nologies. Beginning in the mid-1980s, semiconductor firms began to derive
significant royalty income from licensing their patented technologies.
Moreover, the creation of the court of appeals for the federal circuit in
1982 greatly increased the ability of semiconductor producers to seek
damages for patent infringement. To draw on Texas Instruments (TI)
as an example, the popular press estimates that TI has earned some
$1 billion in royalties from patent infringement lawsuits (Orenstein
1992), and it received $256 million in patent licensing royalties in 1991
alone.

A diverse array of organizational actors participates in the elaboration
of semiconductor technology. Among the most important are “merchant”
semiconductor producers (firms that sell their semiconductor products on
the open market, e.g., Intel and TT), “captive” producers (firms that manu-
facture more than 75% of their semiconductor products for their own
high-technology products, e.g., IBM), national governments or agencies,
and universities. Given our focus on growth/decline in market presence,
we consider only the merchant producers and the major captive produc-
ers. We measure market presence as a firm’s annual semiconductor sales.
We use data supplied by Dataquest, an international consultancy and
market research firm with clients in high-technology industries. Firms in-
cluded in the Dataquest data account for 90% of worldwide semiconduc-
tor sales, and the company claims to collect data for all firms producing
more than $10 million in sales (which amounts to approximately .02%
of the market in 1992). Data on the internal sales of the major captive
producers are reported in STATUS (McClean 1984-91), an annual publi-
cation of the Integrated Circuits Engineering Corporation. From these
two sources, we obtained sales information on 113 firms for 1984-91.
These 113 firms include producers in the United States, Asia, and
Europe.}

$ Semiconductor sales and patents of subsidiaries were aggregated into the semicon-
ductor sales and patents of parent companies. There were a small number of exits
and entries over the period of coverage; so the number of firms in any given year
might differ slightly from 113.
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We have collected information on all U.S. semiconductor patents
granted to these organizations during 1976-91. (Stuart [1995] discusses
the procedure for selecting patents to be included in the analysis and lists
the primary classes from which the patent data were obtained.) Previous
research suggests that the U.S. patent system is the most complete for
analyzing international technology. Over 50% of the patents are granted
to foreign applicants (Albert et al. 1991). Several information services pro-
vide complete patent information over this period. We utilized the Micro-
patents CD-ROM database. Through 1991, the 113 firms in our study
issued 19,507 semiconductor patents and made 62,261 citations.

We included a firm in a given year if it was among the 113 firms listed
by Dataquest and if it had at least one patent. In effect, this inclusion rule
implies that a firm does not have a technological niche if it has no patents.®

Starting with patents issued in 1976 produces some left truncation in
the construction of the measures since any technological antecedents be-
fore 1976 cannot be cited. Unfortunately, large-scale data collection of
patents issued before 1976 is not feasible because these earlier patents are
not available in an electronic form. Though this arbitrary lower bound
leads us to standardize the measure of direct cites in a manner discussed
below, we believe that the effects of this arbitrary lower bound should be
small. The product life cycle in the semiconductor industry generally runs
about three to five years from introduction to maturity (McClean 1984—
91), and our first year of sales data is drawn from 1984. Accordingly, pat-
ents issued before 1976 are already at least one and one-half generations
old by the start of our analysis of growth in sales.

Competitive Crowding

To determine technological antecedents, one needs to select an appro-
priate time window for defining an organization’s current inventions. It
seems unreasonable to assume that an organization’s innovative activity
in a particular year would be defined only by the patents that were issued
in that year or the prior year; yet it seems equally unreasonable to assume
that patents received 15 or 25 years earlier would indicate current innova-
tive activity. Because the average product life cycle in this industry is
commonly thought to range from three to five years, we use a five-year

¢ Alternatively, one could include even those firm-years where a firm lacked a patent.
If one included these firm-years, one would include a dummy variable specifying
whether the firm had any patents and then interact this variable with all others in the
model. Since the results for firms with patents would remain unchanged under this
alternative specification, we simply chose to exclude those with no patents from the
analysis.
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window. In modeling an organization’s growth from year ¢ to £ + 1, we
define an organization’s current technology in year ¢ as including all of
its patents issued within a five-year window ending in the year ¢.

We calculate niche overlaps based on the technological antecedents of
this five-year window of patents. In other words, o;; represents the over-
lap in citations from organization ¢’s patents issued for the five-year win-
dow ending in year ¢ and organization j’s patents issued over the same
years. As noted above, we measure crowding as the sum of the overlaps.

Status

We also employ a five-year window to define status (D). As noted above,
we measure status in two ways. First, we let the deferential significance
of a citation be a function of the deference that is shown to the citing firm.
Drawing on Bonacich’s (1987) measure of status, we compute a weighted
measure of status (an aggregate deference vector) as follows:

¥ =1 Z O*REM 1.
£=0

The matrix R has as its elements, #;;, the counts of the number of citations
from organization j to organization 7 in the five-year window ending in
t. We set 1, the scaling parameter, so that a score of “1” means that an
organization’s status is neither high nor low. How much acts of deference
from j to i are weighted by j’s status is determined by 0. The greater the
value of 6, the more that an act of deference from j to i is positively
weighted by the amount of deference shown to j. The bounds on values
of 0 are “0” and the reciprocal of the maximum eigenvalue of R. For the
purpose of this analysis, we set 6 to equal the reciprocal of the maximum
eigenvalue of R.

The unweighted measure of status D% counts the number of citations
to its portfolio of patents divided by the total number of citations made
by all organizations during this period to all post-1975 patents.” We stan-
dardized D% as a proportion because the left truncation at the start of
1976 causes the “risk set” of citeable patents in the database necessarily
to increase over time. That is, a patent issued in 1984 has only eight com-
plete years of patents that it can cite, but a patent issued in 1990 can cite
13 years of patents. Standardizing this measure by the total number of
citations made in the preceding five-year window makes the measure com-

?We do not include self-citations in the calculation of status scores because a self-
citation does not seem to reflect adequately the public deference process that this
variable represents.
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parable across years. If an organization receives no citations to its patent
portfolio during the previous five years, then D% equals “0.” A theoretical
maximum for D% is “1,” which would signify that all of the citations issued
by all organizations in the population during the five years ending in ¢
flow to i.

Additional Covariates

We also included other covariates in the analysis. Patents indicate under-
lying technical competencies; they also have value as resources that can
affect a firm’s pursuit of market opportunities. So we control for the
number of patents in an organization’s current portfolio, again using a
five-year window. Also, so that this measure parallels the proportional
measure of direct citations, we standardized it by dividing the focal orga-
nization’s number of patents over the period by the total number of pat-
ents issued to all of the organizations in the sample over the same period.

A final covariate of analytical interest concerns a weighted measure of
the sales of a firm’s technological competitors. We operationalized sales
of competitors as follows:

Cy = Z ai]tS]t)

J#i

where 0, is the measure of niche overlap discussed above, S; denotes
firm j’s sales in year ¢, and C;; represents a weighted average of the sales of
a firm’s set of technological competitors, with the sales of each competitor
weighted proportional to its niche overlap with the focal firm. The more
that 5 falls in 7’s niche, the more that j’s sales are assumed to be targeted
toward the same customers. For example, if 50% of the patents that j cites
are also cited by 7, then we assume that 50% of j’s sales are directed
toward the same markets as 7. This weighting is obviously premised on
the assumption that all of a firm’s patents contribute equally to its sales.
While we recognize the possible inaccuracy of this assumption, we believe
that it is the most plausible assumption that can be made in the absence
of complete data on the link between patents and sales.

By comparing the effect of total sales of technological competitors to
that of crowding, we can evaluate the extent to which growth rates depend
more on the technological encroachment or the sales of competitors. If
crowding in technology space has a stronger effect on organizational life
chances, this suggests that the competition among firms takes place pri-
marily within the technological domain and that growth/decline in sales
depends strongly on the position that firms have staked out in the techno-
logical domain. Conversely, if the sales of technological competitors have
a stronger effect on organizational life chances, then the evidence suggests
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that the more salient competitive dynamics are those that occur in the
product markets after the firm’s technological territories have been estab-
lished.

Estimation
We estimate an elaborated version of the model in equation (1):

S;
1n< ;H) = (p)In(S,) + BlAit + BZDit + BsAit

it

“4)
X Dy + x3mw + 0; + Ty + €401

The terms on the right-hand side are defined as follows: G; is a firm-specific
growth rate, T,.; is a period-specific effect for calendar time ¢ + 1,2 & is
a vector of coefficients, x is a vector of covariates, and €;,+, is a random
disturbance with normal distribution.’

The model includes organization-specific effects: ¢,. Specifying “fixed
effects” for each organization has important advantages. First, it removes
all between-organization variance from the analysis and thereby controls
for any time invariant unobserved heterogeneity among organizations.
Thus, the fixed-effect specification constrains the coefficients to be within-
organization effects. For example, a negative effect for competitive inten-
sity would indicate that an increase in the intensity of competition for a
focal organization is associated with reductions in its growth rates. When
between-organization variance is not eliminated, one needs to be much
more cautious about making within-organization inferences. The appar-
ent effects of changes might reflect enduring differences among organiza-
tions rather than changes experienced by the organizations over the ana-
lyzed period. A second advantage of organization-specific fixed effects is
that it is not necessary to make any assumptions about the distribution
of firm-specific effects within the population. Standard random-effects
models assume that the firm-specific effects are normally distributed
throughout the population; in our dataset, this assumption is violated.
In addition to specifying firm-specific fixed effects, we also control for
systematic variation across periods by including period-specific effects:
dummy variables, T, for each year except one. We estimate fixed-effects
models with OLS.

8 This specification of period effects controls for temporal autocorrelation.

° The literature on organizational growth also draws attention to the importance of
organizational age as a covariate in growth models (Barnett 1994; Barron, West, and
Hannan 1994). However, organizational age yields no additional information in a
model that includes firm-specific growth rates (o,) and period-specific effects (1, + 1).
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TABLE 1

CORRELATIONS AND STANDARD DEVIATIONS BASED ON WITHIN-FIRM VARIATION

Variable SD S P A D* D+ C
In(sales) (S) . .34 100 .22 22 30 .24 -—.07
Patents (P) .002 100 .04 .26 .50 —.03
Crowding (4) ..coeoevvvveenne. 48 1.00 .13 .10 .04
Weighted status (D¥) .......ccccoovvveeveeveneevenennne .14 1.00 .84 -—.01
Unweighted status (D¥) ......cccooevvevvvenenns .002 1.00 —.03
Sales of technology competitors (C) .......... 4.26 1.00

NoTE.—The text discusses the correlations of weighted status and the relevant interaction terms in-
volving it.

RESULTS

Table 1 presents descriptive information on the variables in the analysis.
Since our analysis focuses on only within-firm variance, we report the
bivariate within-firm correlations. Table 2 presents the results. We present
the results of a set of parallel analyses. We begin with the specification
that we think most promising, one that includes main effects of crowding
and weighted status and an interaction effect of the two (col. 1). In the
second step, we estimate a version of the same model with the interaction
term expressed as a product of mean-deviated values of crowding and
status (col. 2). Third, we replace weighted status with the unweighted
measure (col. 3). Finally, we replace crowding around the technological
niche with the measure of sales of technological competitors (col. 4). We
present all of these specifications to show that the results are robust across
all of the possible alternative specifications. Similarly, it should be clear
that the effect of status is not affected by the specification.

The first column in table 2 reports estimates of the main effects for
crowding and (weighted) status and the interaction between them. The
main effect of crowding is negative and statistically significant. The main
effect for status is positive and statistically significant. The interaction
effect of crowding and status is also positive and significant. Thus, all
three hypotheses find support in these results.

It is important to note one methodological concern. The correlation be-
tween status and the interaction effect in the analysis just discussed is
extremely high (0.97). We addressed this multicollinearity in a number of
ways.

First, following Belsey, Kuh, and Welsch (1980), we calculated a set of
collinearity diagnostics to examine the degree to which the estimates
might be influenced by collinear relations among the independent vari-
ables. Though there are no rigid guidelines for rejecting a null hypothesis
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TABLE 2

OLS ESTIMATES OF FIXED-EFFECT GROWTH MODELS FOR
SEMICONDUCTOR FIRMS, 1985-91

1 2 3 4
In(lagged SiZe) ......ocoevereereirinrrieneennennns —.35%% —.35%% —.35%%* — .34k
(.03) (.03) (.03) (.03)
Crowding (4) «.ccooeeveeveeeeeerencrereeceninene —.032% —.132%% —.036%*
(.018) (.043) (.019)
Weighted status (DY) .......ccoceerecvnrenens .69%* 7% .02
(:29) (.09) (.07)
(4 X D¥) .. —.21%%
(.09)
A= A) X (DY = DY) v —.21%*
(.09)
Unweighted status (D) ....cccccevevevenene 24.65%
(12.69)
(4 X D¥) —6.59%
(3.58)
Sales of competitors (C) ......cocvverueeen —.008
(.006)
D* X C —.0001
(.0010)
Firm’s total patents ........ccccceccoerueunnence —.65 —.65 —1.61 3.17
(3.79) (3.80) (4.35) (3.46)
1987 .01 .01 .01 .02
(.03) (.03) (.03) (.03)
1988 .10%* .10%* .10%* 1%
(.03) (.03) (.03) (.03)
1989 ....cooivreene —.01 —.01 —.01 —.02
(.03) (.03) (.03) (.04)
1990 .05 .05 .06 .08
(.04) (.04) (.04) (.05)
1991 . .08* .08* .08% —.02
(.04) (.04) (.04) (.05)
R? (within-firm variations) ............... .68 .68 67 .67
NoOTE.—SEs are in parentheses. N = 431.
* P < .10.
*k P < 05.

of no multicollinearity, the diagnostics revealed that the collinearity was
well within conventionally accepted levels.!

10 Belsey et al.’s approach first scales X’X through singular value decomposition and
then computes the eigenvalues and eigenvectors associated with this matrix. A “condi-
tion index” for the kth eigenvalue is computed, which equals the square root of the
ratio of the largest eigenvalue to the kth one. If the condition index is very large, this
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Second, we applied various root transformations to the proportion of
direct cites to reduce the correlation between D and the interaction term.
While we do not report the results here, we found that the results were
robust across these alternative specifications.

Third, following one conventional practice for reducing the correlation
between a main effect and an interaction term, we mean deviated the
variables included in the interaction. This mean deviation reduced the
correlation between weighted status and the interaction to 0.30. The re-
sults using the interaction term comprising mean-deviated values of A
and D" are reported in the second column. The effects again agree with
the hypotheses.!!

Fourth and finally, we use unweighted status, which equally weights
all cites to a focal organization, regardless of the status of the citer. Al-
though we think that this is a less interesting measure of status, it has the
advantage that the correlation of the interaction effect (4 X D*) with sta-
tus is lower than is the case for the weighted measure (0.89 vs. 0.97). The
results for the unweighted measure of status appear in the third column.
Results in this column agree with the results in the first and second col-
umns. All three hypotheses are confirmed. Given that all alternative speci-
fications yielded the same results, we are reasonably confident that our
results are not the by-product of some nonlinearity underlying the rela-
tionship between direct citations to the focal organization and sales.

Column 4 replaces competitive crowding defined in terms of technologi-
cal overlaps (4) with the sales of technological competitors (C). The effect
of technological competitors’ sales is not statistically significant. The fact
that crowding exerts a stronger effect indicates that growth/decline is af-
fected more by the technological encroachment of competitors than by
the ability of those same competitors to increase their sales in the market.
Given that the market for semiconductors grows throughout the period
of our study, this result should not be surprising. Under rapid market

indicates that there is a principal component of the scaled X’X matrix that adds little
or no new information to the matrix. While there is no value that is definitively re-
garded as very large, Belsey et al. (1980, p. 105) state that “moderate to strong relations
are associated with condition indices of 30 to 100.” In our analysis, the largest condi-
tion index is 11.69, considerably below this range.

1Tt might appear that the effect of status drops precipitously in this specification.
The main effect of weighted status drops from 0.69 to 0.17 while the estimate of the
interaction effect remains unchanged. However, one needs to take account of the effect
of the mean in interpreting the magnitude of the status coefficient. In col. 1, the effect
of status is 0.69 — .214; in col. 2 it is 0.17 — 0.21 (A — A). The mean of 4 in the
complete data set is 2.53. Thus the effect of status in this alternative formulation is
on average equal to 0.17 — 0.21 (4 — 2.53) = 0.70 — 0.214, nearly identical to the
result in col. 1.
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TABLE 3

COMBINED EFFECT OF CROWDING AND WEIGHTED STATUS ON GROWTH RATES

Row Status Crowding Joint Effect Net Effect of Status
) O low (D* = .015) low (4 = 2.10) —.063
2 s high (D* = 453) low (4 = 2.10) .180 Row 2 — Row 1 = .243
K JOOT low (D* = .015) high (4 = 3.02) —.096
U high (D* = .453) high (4 = .302) —-.071 Row 4 — Row 3 = .025

NoTE.—The “low” and “high” values of status and crowding were chosen to equal the first and third
quartiles of the firm-year distributions. The calculations use the parameter estimates from col. 1 of
table 2.

expansion, it is less likely that an organization’s ability to grow is sharply
delimited by the growth of its competitors. Rather, it is determined by its
ability to stake technological claims that will give it a share of the ex-
panding market. It seems reasonable to expect that as the market for semi-
conductors becomes saturated, then the sales of technological competitors
might have a stronger effect on growth rates.!

Taken together, the results in table 2 indicate that an organization’s
position on the two dimensions of the niche influence its growth rate. How
strong are the effects of status and crowding on growth rates? Given the
presence of an interaction effect, it is most straightforward to address this
question by comparing the implications of the results for various combina-
tions of status and crowding. We think that it is informative to examine
the effects at the first and third quartiles of the distributions of status and
crowding. We regard the first-quartile levels as indicating representative
“low” values and the third-quartile levels as reflecting representative
“high” values. Thus we compare cases that are low on both crowding and
status, those that are high on both, and those that are high on one and
low on the other. According to our growth model (eq. [4]), the growth rate
is a linear combination of the combined effect of status and crowding and
the effect of the other covariates (lagged size, period effects, and other
covariates). We think of the latter effects as comprising the baseline rate.
The joint effect of crowding and status inflates or deflates the baseline
rate. So we are interested in the magnitudes of these joint effects.

Table 3 reports the joint effect of status and crowding implied by the
estimates in the first column of table 2. Overall we see that increment to

12 Tn analyses not reported here, we included the effects for 4 and C in the same model.
When both effects are included, the effect for 4 is just beyond conventional levels of
significance, and the effect of C is not significant.
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FiG. 3.—Organizational positions in role typology

the growth rate is positive only for the combination of high status and
low crowding. The implied growth rate is smallest for the reverse case:
low status and high crowding. From the perspective of our argument, the
most interesting comparisons are those that compare the effect of status
across levels of crowding (the last column of table 3). Consider the multi-
pliers for firms in niches with low crowding (the first two rows of table
3). In this condition, high-status firms have a joint effect that exceeds that
of low-status firms by 0.243. Next consider the case of niches with high
crowding (the third and fourth rows of table 3). Here the returns to status
are lower: 0.025. That is, the returns to status are only a tenth as large
as in the less crowded niches.

The distributions of organizations on the two dimensions of the niche
suggests an interesting classification of roles in the technological develop-
ment of the industry. Figure 3 depicts the organizations in our sample
along these two dimensions. We plot weighted status on a logarithmic
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scale so that the distances among the lower status organizations can be
detected.”

Locations in the figure correspond with particular types of roles. Orga-
nization located toward the upper-left corner can be considered brokers
of new technologies. They build upon technological antecedents that have
been unexploited by their competitors, and they provide a distinctive
foundation for the innovative activities of other organizations. Analog De-
vices occupied such a position in 1986. In direct contrast, organizations
situated near the bottom right corner of the space are engaging in innova-
tive activity in congested regions of the technological space and are not
contributing to the innovative activities of others. Rohm occupied such a
role in 1990. Organizations positioned toward the upper right quadrant
are leaders in well-established technologies. Intel occupied this role for
nearly the entire period of the study. Finally, organizations in the lower
left quadrant are, in effect, isolates, developers of technologies that are
not endorsed by other organizations. Kulite Semiconductor Products in
1991 is one example of an organization in this region of the role typology.

While some firms, such as Intel and IBM, occupied a relatively consis-
tent role throughout the entire period of our study, others shifted. The
role of Advanced Micro Devices (AMD) changed rather dramatically over
the period. In 1986 AMD occupied an intermediate role; it had moderate
status and was exposed to moderate crowding. But, by 1991, it had moved
close to Intel as a leader in a well-established technology.

DISCUSSION

At a broad level, this article shows that location along the two dimensions
of the niche affects organizational growth. The results indicate that status
matters for growth of semiconductor firms and that status matters more
in more crowded niches. We think that the routinization of technology in
this industry makes the existence of any status effects—much less effects
as strong as those reported here—noteworthy. The diffusion and commer-
cialization of semiconductor technology dates back to the 1950s, and it
seems reasonable to suspect that the average amount of uncertainty asso-
ciated with the development of technology should decline over time.
Newly emerging areas, such as biotechnology, should have the greatest
average uncertainty. If our arguments are correct, then status effects

13 Because it is not possible to plot a zero point on a log axis, we replace all zero values
for status with a value of 0.00001 for the purpose of plotting. In the analysis, however,
the values remain zero. This figure excludes three outlying points in the lower right-
hand corner that lie between six and seven in competitive intensity and fall at zero
on the status dimension.
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ought to be most readily discerned in such contexts. Therefore, at least for
the purpose of detecting status effects, the semiconductor industry would
appear to represent a compelling test case.

In this section, we draw some connections between our study and re-
lated research. The finding that competitive intensity impedes organiza-
tional growth links with the two previous studies. First, it relates to Mc-
Pherson et al.’s (1992) study of network ties and change in niche positions
of voluntary organizations. Niche overlap defined as similarity in patterns
of ties has implications not only for voluntary organizations but also for
market-based organizations. Second, it demonstrates important parallels
between the technological competition observed among inventions and
the competition among the organizations that generate those innovations.
In their more microlevel examination of technological change in the evolv-
ing network of the semiconductor industry, Podolny and Stuart (1995)
found that pairs of patents compete for attention to the degree that they
share ties to other patents. The findings in this article about competitive
crowding raise this relationship to the level of competition among organi-
zations.

The finding that status (direct citations) affects growth rates at low lev-
els of competitive crowding and that the effect declines with crowding
represents an extension of recent research in other kinds of market set-
tings. This research has shown that uncertainty increases the dependence
of status on network position. A comparative study (Podolny 1994) of the
highly certain investment-grade market and the uncertain noninvestment-
grade debt markets (“junk” markets) finds evidence that status affects per-
ceptions of quality more strongly in the latter. Here we find that direct
citations have a greater positive effect on sales growth in the less crowded
niches. Because the less crowded niches are likely to have the greatest
uncertainty about competing technological possibilities, this finding rein-
forces and broadens the claim that uncertainty increases the contingency
of perceptions of quality on status. More generally, the positive effect of
status on growth rates demonstrates the importance of incorporating this
second dimension into the conception of the niche. Whereas the property
of crowding or redundancy has been central to various conceptions of the
niche, the property of status or public deference has not.

In introducing the model, we discussed parallels between this article’s
approach and the strategy of analyzing opposing processes of legitimation
and competition by estimating complex models of the effects of organiza-
tional density. Our finding that the effect of status on growth rates de-
pends upon crowding provides indirect support for the general idea that
underlies the theory of density dependence.

In our view, this article has important implications for prior work that
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has identified organizational niches by the pattern of exchange relations
that organizations develop in the market. DiMaggio (1986) exhorted orga-
nizational analysts to define niches in terms of observed patterns of ex-
change relations, without reference to the significance and durability of
the relations.

We doubt that it makes sense to use all kinds of exchange relations to
define niches. Consider the subject of our study. Merchant semiconductor
manufacturers make many kinds of transactions with potentially many
different partners in the course of bringing their products to the market.
Do all of these exchange relations provide information about fundamental
niches? We think not. We have defined organizational growth in terms
of sales. Almost necessarily, therefore, growth and changes in the growth
rate imply changes in the distribution of exchange relations.

It is perhaps useful to follow earlier research (Hannan and Freeman
1989) in insisting that theoretical progress in understanding niches re-
quires maintaining the distinction between fundamental and realized
niches. The pattern of technological knowledge helps to define a funda-
mental niche in the sense that the contours of such a niche are analytically
separable from the competitive interactions among members of the popu-
lation. In contrast, we think that reliance on many other kinds of exchange
relations in markets to define niches allows specification of only realized
niches. This is because the observed exchange relations reflect the opera-
tion of competitive interactions among organizations seeking to undertake
exchanges. In the worst case, this method of defining niches confounds
the causes and the consequences of competition.

Moreover, many kinds of market exchange have a transitory character.
When the exchanges are not durable, there is no reason to think that
niches identified solely on the basis of exchange relations at some point
in time would constrain the actions of the organization.

The observation that the outcome of competition in one domain (e.g.,
technology) defines the fundamental niche for expansion in other domains
(e.g., sales in product markets) opens up a number of possibilities for fu-
ture research. The first direction is obviously to identify the linkages that
exist across different domains. For example, just as competition in the
technological domain helps to define the fundamental niche in the product
markets for semiconductor devices, so we suspect that the competition
among organizations in the labor market for scientists and engineers helps
to define fundamental niches that shape the contours of technological
competition.

A second direction for future research on organizational niches is to
identify the conditions that determine the importance of competition in
the various domains for organizational life chances. We suspect that the
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relevance of a domain varies with the evolution of the industry. For exam-
ple, in the earliest stages of industry evolution, the competition for finan-
cial capital is an important determinant of organizational life chances.
However, as an industry matures, we suspect that the ability to obtain
financial capital does not strongly discriminate between firms in an indus-
try, and it is therefore much less important to an understanding of the
relative success of firms.

In sketching future directions for research, it is perhaps necessary to
comment briefly on the generalizability of our approach. For this purpose,
it is important to distinguish between the concrete details—employing
patents to operationalize niche—and the general strategy of using asym-
metric ties to an evolving network of core competencies to define niches
and competition. On the one hand, we can imagine that patents could be
used in other industries, for example biotechnology. In areas like automo-
bile manufacturing, the use of patents would be less appropriate; it would
have no value in the service sector. As we noted earlier, there is consider-
able interindustry variance in the propensity of organizations to patent
inventions, and the researcher needs to be sensitive to these distinctions.
For automobile manufacturing, it might be more useful to identify techno-
logical inventions as modifications of designs for engines and other compo-
nents and to identify deference with the imitation of those modifications.
The basic two-dimensional imagery of the niche thus does not depend on
the use of patents.

Indeed we suspect that this two-dimensional conception of the niche
might be applied outside of the technological domain. The sociology of
science is an obvious area for potential application. Using journal citations
instead of patent citations, one could define a scientist’s (or research pro-
gram’s) niche in terms of crowding and status. One could then investigate
the significance of a scientist’s niche for a variety of career outcomes.
Other less obvious choices include the use of legal citations to define the
competitive positions of law firms and the use of document flows to define
the niches of departments within bureaucracies. In such cases, we expect
that direct flows to the relevant organization unit measure status, but simi-
lar patterns of flows to others indicate intense local competition. However,
less important than the particular areas of application is the fact that this
two-dimensional concept of the niche offers a framework for a systematic
comparison of the importance of crowding dynamics and status to the life
chances of actors across levels and contexts. By freeing the conception of
niche position from an identification solely with exchange relations, it
opens up the possibility for a general sociological theory of competition
that emphasizes the duality of actor and position across a variety of do-
mains.
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