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We explore the link between a firm’s organization of research —specifically, its choice to
operate a centralized or decentralized R&D structure —and the type of innovation it produces.
We propose that by reducing the internal transaction costs associated with R&D coordination
across units, centralized R&D will generate innovations that have a larger and broader impact
on subsequent technological evolution than will decentralized research. We also propose that,
by facilitating more distant (‘capabilities-broadening’) search, centralized R&D will generate
innovations that draw on a wider range of technologies. Our empirical results provide support
for our predictions concerning impact, and mixed results for our predictions concerning breadth
of search. We also find that control over research budgets complements direct authority relations
in contributing to innovative impact. We propose several extensions of this research. Copyright
 2004 John Wiley & Sons, Ltd.

INTRODUCTION

It is by now conventional wisdom that competitive
advantage often depends upon the effective devel-
opment and leveraging of knowledge, particu-
larly technological knowledge (Kogut and Zander,
1992; Teece, 1996; Eisenhardt and Santos, 2000).
Consequently, strategy scholars, largely drawing
from transaction cost economics, the resource- or
capabilities-based view of the firm, or social net-
work theory, have devoted a great deal of atten-
tion to exploring the relationship between a firm’s
organization of its research efforts and the genera-
tion and application of such knowledge. Over the
last 15 years or so, however, academic research
has focused on the interfirm organization of R&D
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activities—specifically, the role of alliances and
networks—almost to the exclusion of intrafirm
organization. The purpose of this paper is to
address this imbalance, and to redirect attention
toward the influence of a firm’s internal organi-
zation of research on the nature of its innovative
output.

To be sure, there have been efforts in this
direction. A nascent literature on the recombi-
nation of knowledge shows that a firm’s search
effort can cross intraorganizational boundaries as
well as interorganizational ones (Rosenkopf and
Nerkar, 2001), and that particular types of knowl-
edge tend to be better managed through particular
sets of relationships among research units (Birkin-
shaw, Nobel and Ridderstrale, 2002). The interna-
tional management literature has explored the inte-
gration of globally dispersed R&D organizations
(Kuemmerle, 1998; Kim, Park and Prescott, 2003),
and of knowledge-creating and -using subsidiaries
(Gupta and Govindarajan, 1991). Scholars of social
networks have examined the flow of knowledge
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among researchers within the firm (Reagans and
Zuckerman, 2001; Nerkar and Paruchari, 2002).
But with the exception of Argyres (1996), who
found that the extent of a firm’s divisionalization
influences whether the firm generates ‘capabilities-
deepening’ or ‘capabilities-broadening’ innova-
tion, scholars have devoted relatively little atten-
tion to the relationship between internal organiza-
tion structure and innovation outcomes.1

We explore this relationship by examining how
the centralization or decentralization of a firm’s
R&D organization structure and R&D funding
authority affects the impact of its innovations,
and the breadth of its search for technological
solutions. We draw on organizational economics
(e.g., Williamson, 1985), studies of innovation
(e.g., Cohen and Levinthal, 1990; Henderson
and Cockburn, 1994; Trajtenberg, Henderson and
Jaffe, 1997), and research on learning and search
(Levinthal and March, 1993) to generate our
predictions. We argue that by decoupling research
effort from the immediate demands of divisions,
and by reducing the transaction costs associated
with internal R&D coordination, centralized R&D
will generate innovations that have a larger impact
on future technological developments within and
outside the firm, as well as a wider impact across
technological domains. We also propose that by
facilitating more distant (‘capabilities-broadening’)
search, centralized R&D will generate innovations
that draw on previous innovations developed in
a wider range of organizations and technological
domains. Conversely, decentralized R&D, since
it ties research effort directly to specific
product-markets and incurs greater transaction
costs of interdivisional coordination, produces
innovation that has less overall impact, and
that influences a narrower range of technological
domains. Decentralized R&D also encourages
more proximate (‘capabilities-deepening’) search.
We do not assume that more impactful R&D is
inherently more profitable, however, and hence we
do not argue that one R&D structure is superior for
all firms. Rather, as each form promotes a different

1 Pitts’ (1977) study related the size and existence of a corporate
R&D function to the relatedness of a firm’s diversification,
rather than to its innovation. A set of studies by Hoskisson
and colleagues investigated the impact of overall organizational
structure and controls on aggregate firm-level research spending
(e.g., Hoskisson, Hitt and Hill, 1993) but did not explore their
impacts on the directions or outcomes of innovation. These
studies also did not investigate the structure of the firm’s R&D
function itself.

type of R&D, there are trade-offs between these
structures, so firms will seek an efficient match
between R&D organization structure and the type
of R&D they choose to pursue.

Our study develops hypotheses and tests them
on a sample of 71 large, research-intensive corpo-
rations engaged in a wide variety of businesses.
We explore the relationship between these firms’
organization of research and the characteristics of
their patented innovations during the early to mid-
1990s. We find that firms with centralized R&D
organization structures (i.e., corporate-level R&D
labs only) and centralized R&D budget authority
(i.e., funds coming from corporate headquarters)
generate innovations that are significantly differ-
ent along several dimensions from those generated
by firms with decentralized R&D organizations. In
particular, firms with centralized R&D organiza-
tions generate innovations that have a higher level
of impact, and impact upon a broader range of
technological areas, than do firms with decentral-
ized R&D organizations. Centralized R&D firms
also appear to conduct technological search outside
of their organizational boundaries more widely
than do decentralized R&D firms. We also find
that R&D structure and R&D budget authority
appear to work as complementary instruments for
influencing the research efforts of a firm. Thus,
increases in the degree of corporate-level control of
R&D funding are associated with larger increases
in innovative impact when R&D decision-making
authority is centralized, rather than decentralized.
Finally, we find unexpectedly that ‘hybrid’ R&D
structures—that is, firms operating both a central-
ized corporate research laboratory and decentral-
ized business unit labs—do not generate innova-
tion that is consistently ‘intermediate’ between that
of centralized and decentralized firms. For exam-
ple, firms that possess a mix of centralized and
decentralized R&D labs that is heavily weighted
toward the decentralized labs appear to generate
innovations with narrower impact, on average, than
fully decentralized R&D firms. This may indi-
cate a particular challenge with such ‘decentralized
hybrid’ R&D forms.

The paper proceeds as follows. In the next
section, we briefly review the business history and
organization theory literature on the intrafirm orga-
nization of R&D. In the following section, we
integrate this literature with literature on techno-
logical change to derive our hypotheses. We then
describe our data and methods, and present our
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empirical results. We conclude with a discussion
of these results and with suggestions for future
research.

ORGANIZATION OF R&D WITHIN THE
MULTIDIVISIONAL FIRM

The emergence of varied R&D organization
structures

In the classic unitary (‘U-form’) corporation, R&D
activity was centralized along with most other
functions. As Du Pont pioneered the adoption
of the multidivisional (‘M-form’) structure in the
early 1920s, the firm decentralized its research
activities to the divisional level (Chandler, 1962).
Although Du Pont never entirely eliminated
its corporate-level Development and Chemical
Departments—the sources of the technologies
that supported its initial diversification moves in
the prior decade—in 1921 the firm began to
allocate virtually all research budget and decision-
making authority to division-level R&D groups.
What little corporate R&D function remained was
essentially required to solicit budgetary funds from
the divisions, thus becoming ‘entirely dependent
on the industrial departments for its survival’
(Hounshell and Smith, 1988: 132). The history of
Du Pont’s organization of R&D illustrates some
of the key determinants of R&D organization
structure in large multidivisional firms.

Du Pont’s decentralization of research was
driven by complaints from Du Pont’s division-
level managers that the Department of Chemicals
‘had been unresponsive to the manufacturing and
sales needs of Du Pont businesses’ (Hounshell
and Smith, 1988: 98). Allowing the divisions to
have their own chemical departments, these man-
agers argued, would result in the ‘avoidance of
conflict between the Chemical Department and
the management,’ and would foster ‘better rela-
tionships between research and plant personnel’
in which scientists would have a more ‘intimate
and less academic’ relationship to the success of
the businesses (quoted from managers’ memos, in
Hounshell and Smith, 1988: 108–109). Du Pont’s
corporate-level Executive Committee agreed, not-
ing that ‘If the Chemical Department continues
to function as it has in the past, responsible
only to the Executive Committee . . . the man-
agement of the industrial departments will thereby

be deprived of the effective control of the activ-
ities of their departments and can at some future
time, with unanswerable logic, escape responsibil-
ity in case of unsatisfactory performance’ (Houn-
shell and Smith, 1988: 108).

By the late 1920s, however, Du Pont’s central
Chemical Department staged a comeback under
the sponsorship of Chemical Department Direc-
tor Charles Stine. Stine argued that the Depart-
ment was ‘so completely tied up’ with work for
the industrial departments that it possessed neither
the personnel nor the budget to ‘undertake work
along any very radically new lines’ (Hounshell
and Smith, 1988: 135). The Executive Committee
was convinced, and dramatically increased corpo-
rate funding for the Chemical Department, so that
by the end of that decade the Chemical Department
was once again ‘a vital force in Du Pont’s research
and development program’ (Hounshell and Smith,
1988: 136).2 Research activity continued at sig-
nificant levels within the divisions as well. This
balanced hybrid structure for research appears to
have prevailed at Du Pont for the rest of the cen-
tury.

As the M-form diffused throughout American
business during the middle part of the twentieth
century, debates about the appropriate organiza-
tion of research were no doubt common amongst
technology-intensive firms. By the early 1990s,
nearly all large firms in the United States had
adopted some variation of the M-form (Fligstein,
1990; Teece, 2000). Although little is known about
how the organization of research activities evolved
within M-form firms, the results of a 1994 sur-
vey by the Industrial Research Institute (described
in greater detail below) indicate that there exists
wider variation in R&D organizational structures
than in overall corporate structures.

The organization of research within these large
firms typically takes on one of three structures.
Examples are shown in Figures 1, 2, and 3. In the
centralized structure, there is a single executive in
charge of the firm’s research activities who reports
directly to a corporate-level executive such as the

2 Even the pro-decentralization divisional managers at Du Pont
acknowledged several potential advantages of corporate research,
including ‘coordination of research, avoidance of duplication of
effort, promulgation of results which are of interest to more than
one department, and maintenance of a staff of consulting experts
on special branches of the science’ (Hounshell and Smith, 1988:
108). Thus, their view of decentralized R&D still maintained a
role for corporate research, albeit a small, subservient one.
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Figure 1. Centralized R&D structure
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Figure 2. Decentralized R&D structure

CEO or President. In the decentralized structure,
research is conducted exclusively within divisions
or business units, and R&D directors report to
division general managers. In the hybrid structure,
research is conducted both within a centralized
function whose leader reports to corporate man-
agement, and within the firm’s divisions or busi-
ness units. An R&D director at the divisional level
reports to his/her division general manager, who in
turn reports to corporate management.

Separate from the authority relations in R&D,
the Du Pont example highlights the fact that the
source of research funding within large firms can
be the business units, corporate headquarters, or
some combination of the two. In either case, R&D
budgets are typically allocated through an annual
process in which the senior management of the

corporation (or business unit) determine the size
of the budget that the R&D function will receive,
often based on their assessment of the projects
proposed by R&D personnel.

Centralization vs. decentralization

Du Pont’s historical record anticipates much
of the scholarly analysis of R&D organization.
Williamson (1975) argued in favor of decentral-
ization of virtually all functions in the multi-
divisional (M-form) firm, presumably including
R&D (although R&D was not analyzed specifi-
cally). Decentralization would be associated with
efficiency advantages stemming from improved
information processing and reduced scope of
managerial opportunism. However, other scholars
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Figure 3. Hybrid R&D structure

have argued that such advantages of decentral-
ization may be outweighed by the inability to
achieve economies of scale or scope in R&D.
Centralization of certain functions may enable a
firm to exploit economies of scale and scope in
administration (Galbraith, 1977; Daft, 1989). Such
economies may arise in R&D if, for example,
laboratory space or support staff time is better
utilized when more R&D projects are combined.
Relatedly, centralization of certain functions may
enable a firm to exploit economies of scale, scope,
and spillovers that arise when the outcome from
one R&D project reduces the cost of carrying
out another project, or delivers benefits to mul-
tiple subsequent products or activities (Cohen and
Levin, 1989; Henderson and Cockburn, 1996).

To be sure, in the absence of internal transac-
tion costs—i.e., costs associated with exchanges
or coordination between units or divisions within
the firm—it is not clear why independent R&D
units cannot share common space or staff sup-
port time harmoniously. Consequently, exploiting
economies of administration does not necessarily
require that a firm centralize its R&D in terms of
authority relationships. Similarly, in the absence
of internal transaction costs, it is not clear why
the beneficiaries of a particular project cannot use
contracts or other agreements to create and share
research results efficiently (Teece, 1982). Thus,
when internal transaction costs are low, central-
ized R&D would appear to offer few benefits
in achieving scale or scope economies, while it

would incur the usual efficiency penalties asso-
ciated with information processing and managing
potential opportunism. When internal transaction
costs are high, however, as is often the case when
R&D coordination is at issue, then centralized
R&D may well provide superior efficiency.

Addressing this issue, Kay (1988) argued that
centralized R&D offers the ability to effectively
pursue ‘non-specific’ research (that is, research
whose fruits are applicable beyond the confines
of a specific business unit), whereas decentral-
ized R&D, because it offers the traditional bene-
fits associated with easier measurement and closer
relationship to market demand, is more suitable
for product-specific research. This is because when
scope economies spill across divisional bound-
aries, as is the case for non-specific research, then
centralized governance, by facilitating the efficient
creation and transfer of ‘quasi-public’ knowledge
across business units (Teece, 1982), enables firms
to achieve such economies. Further, for firms seek-
ing to compete on the basis of firm-wide core
competencies, active corporate-level involvement
in identifying and building core technological com-
petence is necessary to overcome the ‘tyranny of
the SBU (strategic business unit)’ (Prahalad and
Hamel, 1990).3

3 Relatedly, some scholars have argued that it is the link between
a firm’s diversification strategy and its organization structure that
affects its performance (e.g., Hoskisson et al. 1993).
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R&D organization structure and problem
selection

As noted above, decentralization of all operating
activities has traditionally been associated with
efficiency advantages stemming from improved
information processing and reduced scope of man-
agerial opportunism (Williamson, 1985). Because
divisional managers and employees are better
informed about the characteristics of their par-
ticular products and marketplaces than are their
corporate counterparts, they are better equipped to
make decisions that affect their unit (Jensen and
Meckling, 1992). This is particularly true where
successful innovation depends on close under-
standing of user needs (Von Hippel, 1988). Hence,
decentralization of research decision making—in
terms of both reporting relationships and R&D
funding decisions—reduces the information and
time demands on top management, facilitating
the processing of information within the orga-
nization (Galbraith, 1977; Williamson, 1975). In
addition, as suggested by the history of Du Pont
R&D, decentralization of research establishes clear
lines of authority and responsibility to the divi-
sional manager, thus reducing the scope for non-
cooperation by R&D personnel. It also facilitates
the measurement of R&D performance, thereby
reducing the scope for opportunism by R&D per-
sonnel. Finally, decentralization of research may
improve the credibility of corporate-level manage-
ment’s promises not to intervene in the operating
affairs of the divisions, thus enhancing incentives
of divisional managers (Williamson, 1985). Since
a centralized R&D function lacks direct product
line responsibility and deprives operating divisions
of control over division-related technology devel-
opments, it appears to present precisely the type
of measurement and incentive problems that the
M-form is designed to mitigate.

However, although decentralized research offers
advantages in efficiently motivating and measur-
ing research effort related specifically to divi-
sional needs, it is less effective at generating
innovation that transcends the business unit (Kay,
1988). It has long been recognized that, because
research has public good qualities, the existence
of ‘spillovers’ will lead firms to underinvest in
it (Arrow, 1962). Indeed, one of the fundamen-
tal challenges of research policy is to develop
institutions that internalize these spillovers, either
through stronger appropriability mechanisms such

as patents (e.g., Kitch, 1977; Klemperer, 1990) or
through the encouragement of research consortia
(Katz and Ordover, 1990; Grindley, Mowery, and
Silverman, 1994).

The firm is, of course, a particularly effective
institution for internalizing spillovers across divi-
sions. But this effectiveness depends on the inter-
nal organization of the firm. Consider the incen-
tives for a business unit to invest in non-specific
research. Although the unit will incur all of the
expenses associated with this investment, it is
by no means clear that the unit will be able to
appropriate the resulting intrafirm rents. A parent
might promise to allow the business unit to charge
appropriate licensing fees to the other divisions in
order to ameliorate the effects of such intrafirm
spillovers. In general, however, business unit man-
agers will not have strong reasons to believe such
promises. This is the problem of selective interven-
tion (Williamson, 1985): while corporate manage-
ment may proclaim a commitment not to intervene
(in order to sustain high-powered incentives among
subordinates), it may have difficulty making such
commitments credible.4

Alternatively, the corporate parent might address
spillovers ex ante by ‘taxing’ other divisions for
the non-specific research to be undertaken at a
given business unit. However, this runs into clas-
sic problems of contracting on research effort
(Teece, 1988), in which (1) the divisions are likely
to haggle extensively about the value of this
research to each of them, and (2) the business unit
that undertakes the research, having received the
funds, will have an incentive to shade its research
efforts away from the non-specific research and
towards research that can further its profit center-
based objectives. In addition, non-specific research
is characterized by fundamental uncertainty, so
decentralization of R&D may lead to negotia-
tion and haggling costs as divisions attempt to
reach agreement on joint projects ex ante (Argyres,
1995). Thus, because of fundamental uncertainty
ex ante, and the impossibility of securing strong

4 This credibility problem is exacerbated by the fact that a busi-
ness unit cannot legally own the patents to any innovations from
the research it undertakes, since the parent firm is the ultimate
legal owner of all patents produced within the firm—even those
that may be assigned to business units when filed at the U.S.
Patent and Trademark Office. Although corporate management
may promise to give the business unit perpetual ownership over
these patents, it cannot credibly commit to never assert the firm’s
ownership rights over the innovation, or to simply order the unit
to share its innovations with other units for free.
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intellectual property and decision rights over their
innovations ex post, divisions within multidivi-
sional firms will tend to underinvest in non-specific
research.5

With a centralized R&D function and/or signif-
icant corporate level funding of R&D, however,
these kinds of problems can be at least partially
overcome. First, if corporate-level management
refrains from delegating R&D funding authority
to the divisions, it can use this authority to fund
non-specific, spillover-heavy R&D projects that
the divisions do not have incentives to fund them-
selves. Second, by concentrating R&D activity in
a single cost center, the firm removes it from the
‘high-powered’ incentive system faced by divi-
sions within the M-form, in which each division
is semi-autonomous, but responsible for its own
profitability. Therefore, central R&D researchers
will be offered incentives to produce non-specific
R&D, although since the contributions of such
R&D to firm profitability are more difficult to mea-
sure, the financial component of such incentives
will be ‘lower-powered’ (Williamson, 1985; Mil-
grom and Roberts, 1992). Thus, applying transac-
tion cost logic yields the following basic trade-off:
centralized research will favor investment in solv-
ing broader, non-specific research challenges (and
will feature weaker financial incentives for R&D
personnel) while decentralized research will favor
investment in solving narrower, business-unit spe-
cific research challenges (and financial incentives
for R&D personnel can be stronger).

The relative advantages of centralization vs.
decentralization of R&D can also be understood
in terms of information-processing approaches
to organization (Thompson, 1967; Egelhoff,
1991). For example, Thompson (1967) argued
that, under norms of rationality, information-
processing requirements dictate that reciprocally
interdependent activities will be organized within
the same organizational unit, whereas sequentially

5 Even if corporate management could resolve this commitment
problem, divisions might underinvest in non-specific research
for fear that such research could unfavorably alter the allocation
of other resources within the firm. Roberts and McEvily (2002)
demonstrate that a pharmaceutical firm that introduces a new
product in one market will experience market share losses for
products in other markets, presumably because scarce resources
within the firm are ‘cannibalized’ from other product lines to
support the new product. If the manager of one division in such
a firm recognizes that his non-specific R&D may enable another
division to launch a product, that manager has lower incentives
to invest in such research than does the corporation overall.

interdependent activities will be organized in
different units. Product-specific R&D tends to
involve significant reciprocal interdependence,
since engineers working more upstream on
product enhancements or new products will
need to interact frequently with engineers and
marketers who are more downstream in the
process, and therefore possess more information
about manufacturing requirements and user needs.
Therefore, an information-processing approach
implies that product-specific R&D would tend
to be decentralized to the divisional level. Non-
specific R&D, on the other hand, arguably bears a
more sequentially interdependent relationship with
divisional operations. For such R&D, researchers
are seeking to go much beyond current product
offerings. Therefore, the benefits of interacting
frequently with divisional engineers who have
specialized information about individual product
lines and their customers are arguably lower.

Thus, both information-processing and transac-
tion cost approaches to organizational design are
consistent with the idea that centralized R&D orga-
nizations will be able to carry out non-specific
R&D more efficiently and more effectively than
will decentralized R&D organizations. The next
step in our argument is to note that non-specific
research is more likely to generate innovations
with greater and wider technological impact than
product-specific research. This is because non-
specific research involves the selection of research
problems that are more likely to lead to the dis-
covery of fundamental or generalizable knowl-
edge. Nelson (1990: 196) termed such knowledge
‘generic,’ and described it in the following terms:

. . . technology is not adequately characterized as
simply a body of practice. It includes that but it
involves, as well, a body of generic understand-
ing about how things work, key variables affect-
ing performance, the nature of major opportunities
and currently binding constraints, and promising
approaches to pushing these back.

Generic or non-specific knowledge, which en-
compasses broad principles or understandings, is
more likely than product-specific knowledge to
produce innovations that affect a large number of
future innovations. Put differently, generic knowl-
edge tends to be relevant to more innovations in
total than narrower, product-specific knowledge.
Thus:
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Hypothesis 1: The results of more centralized
R&D activity will impact a larger number of
subsequent innovations than will the results of
more decentralized R&D activity.

A second characteristic of generic knowledge is
that it is likely to produce innovations that have
relevance for technical applications in a broader
range of technological areas. Kuznets (1962: 26)
described the kinds of breakthroughs that can come
from such non-specific research as follows:

Some inventions, representing as they do a break-
through in a major field, have a wide technical
potential in the sense that they provide a base
for numerous technical changes . . . the first steam
engine, which initiated a whole series of major
technical changes and applications . . . is vastly
different from the innovation of the safety match
or pocket lighter. This wide range is for our pur-
poses the major characteristic relevant to the prob-
lem of measurement. (Quoted in Trajtenberg et al.,
1997: 19)

These arguments, together with those above con-
cerning efficient and effective R&D organization,
suggest the following hypothesis:

Hypothesis 2: The results of more centralized
R&D activity will have impact on a broader
range of subsequent technological innovations
than will the results of more decentralized R&D
activity.

R&D organization structure and the search
process

Recent studies have investigated how interna-
tional (Almeida, 1996), firm acquisition (Ahuja
and Katila, 2001), and component recombina-
tion strategies (Fleming, 2001) influence patterns
of technological search by firms. Internal R&D
organization structures may also influence tech-
nological search processes. The search for new
technological knowledge is highly path-dependent
and constrained by organizational routines (Nel-
son and Winter, 1982). As a result, firms seeking
new knowledge tend to search locally—that is,
in areas that are ‘close to’ the existing knowl-
edge within the firm (Cohen and Levinthal, 1990;
Helfat, 1994). In the face of evidence that firms
encounter great difficulty in moving beyond local
search, scholars have recently begun to emphasize
the competitive advantage residing in the ability

to do so (Kogut and Zander, 1992; Levinthal and
March, 1993; Henderson and Cockburn, 1994).
Rosenkopf and Nerkar’s (2001) study of patented
innovation in the optical disk industry demon-
strates that firms can and do go beyond local
search. In particular, they find that patented inno-
vations that reflect broader search efforts also
have a broader subsequent impact—for example,
that patented innovations that cite a wider range
of technologies tend to be subsequently cited by
patents in a broader range of technologies. This
stream of research has not yet focused on the issue
of which organization structures support broader or
narrower search processes.6

We contend that centralized research facilitates
non-local search more effectively than does decen-
tralized research. As Kay (1988) argued, because
divisional managers and engineers in multidivi-
sional firms are close to the market, they are
typically forced to adopt a customer-centric ori-
entation, in which immediate customer needs are
weighed heavily in R&D decisions. Consistent
with this, Galunic and Eisenhardt (2001) found
case evidence that division managers were less
likely to pursue opportunities in new markets than
were corporate managers. Indeed, recent scholar-
ship has criticized an ‘excessive’ focus on cur-
rent customer demands, arguing that such a focus
ignores important opportunities to develop more
radical technologies that do not serve the imme-
diate needs of current customers (Christensen and
Bower, 1996; Jaworski, Kohli, and Sahay, 2000).
Technologists and managers in centralized research
labs, because they are more insulated from imme-
diate market pressures, will be less constrained by
current customer demands and time constraints in
searching for new technological solutions. Conse-
quently, they will have more freedom to explore
broader research projects—that is, projects with
longer time lags and greater technological and
demand uncertainty.

Centralized R&D also facilitates non-local
search because of the nature of organizational com-
munication. A key component of a firm’s absorp-
tive capacity is its being organized so as to rec-
ognize the value of new knowledge (Cohen and
Levinthal, 1990). Henderson and Clark (1990)

6 Although Henderson and Cockburn (1994) linked several
aspects of R&D decision making to higher research productivity,
decision making served only as a proxy for competence in their
study. Formal R&D organization structure itself was not a focus
of attention.
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argued that local groups of product engineers
within an organization are repositories of ‘compo-
nent knowledge’: knowledge about technical char-
acteristics of the individual components of a larger
product. What they called ‘architectural knowl-
edge’—that is, knowledge about how components
of the systems interact—tends to reside in informal
communication channels and ‘information filters’
shared by local engineering groups. As products
develop, these filters and channels deepen, screen-
ing out new technological alternatives not previ-
ously considered in intergroup communications.
Architectural innovation poses particular difficul-
ties, since it involves new interactions between
components, and is therefore especially likely to
be screened out. An implication is that because
researchers in centralized R&D labs are less deeply
engaged in local communication channels, they are
less subject to the associated information filters,
and are therefore more likely to appreciate and
explore (broader) architectural innovations.

The breadth of a firm’s technological search will
be reflected in the extent to which it looks outside
its own organizational boundaries for innovations
on which to build. For example, some firms tend to
build fairly narrowly on their own previous inno-
vations, and do not scan their broader environment
very extensively. Other firms conduct more exten-
sive external scanning, searching a broader range
of previous innovations developed by other organi-
zations and independent inventors. These observa-
tions, together with the arguments above concern-
ing organization, suggest the following hypothesis:

Hypothesis 3: More centralized research activ-
ity will encompass broader search efforts in
organizational space—that is, will build to a
greater extent on innovations developed outside
the firm—than will more decentralized research
activity.

Another way in which the search for technolog-
ical knowledge can be broadened or narrowed is
by scanning previous innovations from a broader
or narrower set of technological areas. Firms that
build on innovations from a more diverse range
of such areas can be understood as searching
more broadly, whereas firms searching fewer, more
closely related areas can be understood as search-
ing more narrowly. These observations, together
with the arguments above concerning organization,
suggest the following hypothesis:

Hypothesis 4: More centralized research activity
will encompass broader search efforts in
technological space—that is, will build to a
greater extent on innovations from diverse
technologies—than will more decentralized
research activity.

Further, if the foregoing hypotheses are to be
believed, then centralized research may also have
broader (and possibly greater) impact in part
because it results from broader search efforts. By
searching over a broader range of organizations
and technological areas, researchers may be more
likely to discover more broadly applicable solu-
tions. In support of this idea, recall that Rosenkopf
and Nerkar (2001) found that technological search
that spans technological boundaries tends to pro-
duce innovations with greater and wider overall
impact than narrower search. Thus, it is plausible
that the effects stipulated in Hypotheses 1 and 2 are
driven to some extent by the effects hypothesized
in Hypotheses 3 and 4.

Structure–funding interactions

As noted above, two of the many instruments that
firms can use to influence the R&D decisions of
their managers and technical staff are: (1) allo-
cating authority by setting reporting relationships,
and (2) delegating or retaining control over the
funding of internal R&D projects. The arguments
above regarding the advantages and disadvantages
of centralization vs. decentralization of R&D apply
to either instrument of allocating authority, when
considered on its own. But how do the two interact
when they are used together?

Positive agency (Jensen and Meckling, 1976)
and efficiency wage (Akerlof, 1986) theories
imply that monitoring and financial incentives
are alternate mechanisms for inducing desired
employee behavior, and can therefore substitute
for each other. In contrast, Holmstrom and
Milgrom’s (1994) theory of the firm emphasizes
that incentives within the firm often operate as
a system, providing a complementary syndrome
of authority, oversight, and incentives to induce
desired employee actions. The basis of this theory
is that increasing the incentives for an employee
to perform one task can lead the employee to
divert attention from other tasks, in the absence of
changes in other incentives or controls. A potential
implication of this view is that centralization
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of financial authority may need to be combined
with centralized decision authority in order to
effectively guide R&D activities.

Do R&D funding and R&D organization struc-
ture operate as complementary or substitute instru-
ments for influencing the direction of R&D? In our
analysis below, we explore whether marginal dif-
ferences in the centralization of R&D funding have
a greater or lesser effect on R&D outcomes for
firms with more or less centralized R&D reporting
relationships, and vice versa. If the effects, say,
from centralizing R&D funding are large when
R&D reporting relationships are already highly
centralized, this suggests a complementary rela-
tionship (Siggelkow, 2002). On the other hand, if
the marginal effects from centralizing R&D fund-
ing are larger when R&D reporting relationships
are decentralized, this suggests that reporting rela-
tionships and budget authority are alternate, or sub-
stitute, instruments for influencing a firm’s R&D
efforts.

Hybrid R&D Structures

Very little systematic data have been collected on
the R&D organization structures of large multi-
divisional firms, and so relatively little is known
about how such firms actually organize their R&D
functions. The one systematic source of data of
which we are aware is a 1994 survey by the
Industrial Research Institute, which was followed
up by a similar survey in 2001. (These data are
described in more detail below.) In the 1994 sur-
vey of 120 firms, 27 percent reported a centralized
R&D structure, 10 percent reported a decentralized
structure, and 63 percent reported a hybrid struc-
ture. In the 2001 survey of 85 firms (of which
30 were also represented in the 1994 survey), 31
percent reported a centralized structure, 10 percent
reported a decentralized structure, and 59 percent
reported a hybrid structure. The preponderance of
hybrid structures is striking, because there has been
relatively little written about hybrid internal struc-
tures in general, much less hybrid R&D structures
in particular.

Daft (1989) does contain a brief treatment of
general hybrid internal structures, the essence of
which is that hybrid organizations may be able to
achieve the ‘best of both worlds’ by combining the
advantages and disadvantages of centralized and
decentralized structures in terms of coordination,

control and information processing, but may suf-
fer the consequence of greater role ambiguity than
other structures. Tushman and O’Reilly (1996)
introduce the concept of ‘ambidextrous organiza-
tions’: organizations that can simultaneously pur-
sue radical and incremental innovation. While they
do not mention hybrid structures, one might be
tempted to associate hybrids with ambidextrous
organizations, following the logic outlined above
that centralized R&D structures better support rad-
ical innovation while decentralized R&D struc-
tures better support incremental innovation. Tush-
man and O’Reilly, however, describe ambidex-
trous organizations as featuring ‘massive decen-
tralization of decision-making’ (Tushman and
O’Reilly, 1996: 26), which would be at odds with
the hybrid structure. Given the paucity of theo-
retical or empirical analyses of hybrid structures,
we do not state formal hypotheses with respect to
them. However, from the logic outlined above, and
from Daft’s (1989) discussion, we might expect
them to feature intermediate degrees of impact
breadth and magnitude, as well as breadth of
search.

EMPIRICAL ANALYSIS: SAMPLE AND
METHODS

Data

We test our hypotheses in a study of R&D orga-
nization and patented innovation among a sample
of 71 large, mostly diversified corporations in the
mid-1990s. As noted above, the sample was taken
from the Industrial Research Institute’s (IRI) 1994
survey of R&D executives. Founded in 1938, IRI is
a well-established non-profit organization in Wash-
ington, DC whose member firms are particularly
active in industrial research. IRI sponsors a num-
ber of conferences and other educational programs
for its member companies, and also produces a
large number of R&D-related publications includ-
ing the journal Research Technology Management.
In 1994, IRI conducted a survey to collect infor-
mation on its members’ R&D organization struc-
tures. In addition, the survey asked managers to
report the fractions of corporate and divisional
R&D budgets that come from corporate manage-
ment, divisional management, and external sources
(e.g., contract research).

IRI received usable information from 120 of
its approximately 180 members, and ultimately
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published the survey results in 1995. Few of the
surveyed companies consented to printing their
names on the published R&D organization charts
(which include research funding policies), prefer-
ring instead to identify themselves by their primary
industry sectors. However, all companies that par-
ticipated in the survey consented to being identified
as participants in the survey. Using clues on the
charts, along with supplementary sources such as
10-K filings, annual reports and some historical
information included in the 2001 IRI survey, we
were able to link more than two-thirds (82) of
the charts to specific companies surveyed. While
this is in some respects a convenience sample, a
difference of means test indicates that the respon-
dents that we were able to identify do not differ
from the unidentified respondents in terms of R&D
organization forms chosen. (That said, we have no
data with which to compare respondents to non-
respondents.) After eliminating private firms and
some non-U.S. companies for which supplemen-
tary data were not available, the sample stood
at 71. After identifying the firms in this sam-
ple, we used the Directory of American Research
and Technology to augment the IRI information
about each of our firms’ reliance on centralized
vs. decentralized R&D efforts.

Although this sample is not large, it is economi-
cally and technologically important. The U.S. firms
in the sample accounted for over 25 percent of total
industrial research spending in the United States in
1994 (National Science Foundation, 1995). Sample
firms participated in a wide range of industries, and
most were listed in the Fortune 500 in 1994 (see
Table 1). Further, these data are more comprehen-
sive than any other source of R&D organization
structure of which we are aware. Systematic data
on R&D organizational structures are not avail-
able from alternative sources, and are difficult to
obtain due to secrecy concerns. This difficulty is
underscored by the fact that even though they pre-
sumably joined IRI (at a cost) to learn about R&D
management practices, most respondents still were
unwilling to identify themselves with a specific
R&D organizational chart in the 1994 and 2001
IRI surveys. Thus, the sample contains important
information that cannot, as far as we are aware, be
found anywhere else, or be collected easily.

We also collected information on each firm’s
size and R&D expenditures from Compustat. In
addition, we collected detailed information on

granted patents that these firms and their sub-
sidiaries applied for between January 1, 1992 and
December 31, 1996. During this time period, these
firms collectively applied for 31,232 patents that
were ultimately granted.7 Finally, we collected
detailed information on prior patents that these
patents cited, and on the subsequent patents that
cited these patents. The sources for the patent data
included the U.S. Patent and Trademark Office,
Micropatent, and the NBER Patent Citation Data
file (Hall, Jaffe, and Trajtenberg, 2001). We used
these to construct a variety of citation-based mea-
sures, discussed below. Although patent data have
drawbacks of their own—not all technological
knowledge is patentable, and not all patentable
knowledge is patented (Griliches, 1990)—citation
analysis has become increasingly widely accepted
as a method for identifying the ‘paper trail’ left by
knowledge flows (Jaffe and Trajtenberg, 2002).

Dependent variables: Measures of
technological impact and search

This study incorporates several dependent vari-
ables that are intended to capture different aspects
of breadth of innovation-related search and breadth/
level of innovative impact. All are constructed
from patent citations to and from the sample
patents. All are derived from the stream of research
by Hall, Henderson, Jaffe, and Trajtenberg on
patent statistics and technology diffusion (see ref-
erences throughout this section).

Measures of impact

Hypothesis 1 relates the centralization of R&D
to the overall impact of a firm’s innovations. We
use the traditional measure of number of Citations
Received by a focal patent to proxy for its overall
impact (Henderson et al., 1998):

Level of Impact = Citations Received = ti

7 We know the organization structure for our sample firms
as of 1994. The IRI survey also asks respondents when the
organization structure last underwent a ‘significant change.’
More than 90 percent of the sample firms reported the last
significant change as prior to 1992. We therefore arbitrarily set
1992 as the beginning of the ‘window’ during which we know
these firms’ R&D organization structure. We arbitrarily set 1996,
2 years after the IRI survey, as the end of this window, on the
assumption that any major changes to R&D structure initiated in
1995 would have taken a year to fully implement. The dependent
variables are based on the ‘average’ patent for these 5 years of
data. The results are robust to a wide range of alternate cutoffs
and window sizes.
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where ti equals the number of citations received
for patent i as of December 31, 1999.

One concern with our method is the possibility
of truncation bias. It usually takes several years
before patents begin to accrue citations. Conse-
quently, our tally of citations will suffer from
truncation. This will be particularly pronounced
for focal patents that were applied for in the later
part of our 1992–96 window, and consequently
will affect our results particularly severely if some
firms have a greater proportion of their patents in
the later part of this window than do others. In
unreported models we checked the robustness of
our results by confining ourselves to the earlier
half of the window, and alternately by including
a variable that measured the average application
date of each firm’s patents, and found no signifi-
cant difference in results.

Hypothesis 2 relates the centralization of R&D
to the breadth of impact of a firm’s innovations.
To measure the breadth of technological impact,
we use what Trajtenberg et al. (1997) called their
‘generality’ measure, although we term it ‘breadth
of impact.’ Construction of this measure entails
three steps: (1) identification of all citations made
to a focal patent; (2) identification of the technol-
ogy class to which each of these cited patents
is assigned; and (3) calculation of a technologi-
cal ‘diversity’ index that is equal to one minus the
Herfindahl concentration index of these technology
classes: Hence:

Breadth of Impact = 1 −
ni∑

j

tij
2

where tij denotes the percentage of citations
received by patent i that belong to class j , out of ni

technological categories assigned to patents by the
U.S. Office of Patents and Trademarks.8 Note that
the summation will be larger, and consequently
one minus the summation will be smaller, the
more that these citing patents reside in a single
technology class. At the limit, where a focal patent

8 Hall et al. (2001) note that this measure, like all Herfindahl-
type measures based on citation counts, often suffers from bias
due to the properties of small numbers. For example, a patent that
has received a single citation will have by definition a breadth of
impact of 0. Bronwyn Hall proposes a method to correct for this
bias, which entails multiplying the Breadth of Impact measure
by N/(N − 1), where N = the number of citations that a focal
patent has received (Hall et al., 2001: Appendix 2). We apply
this correction to our breadth of impact and breadth of search
measures.

is only cited by patents from a single technology
class, the Breadth of Impact measure will equal 0.
The intuition behind this measure is that the more
diverse the technologies citing a patent, the broader
is the impact of that patent.

Measures of search

Hypothesis 3 relates research organization to the
organizational breadth of search undertaken by
a firm. Following Rosenkopf and Nerkar (2001)
and, obliquely, Henderson, Jaffe, and Trajtenberg
(1998), we measure the organizational breadth of
search as the degree to which a focal patent cites
prior art from outside, as opposed to within, the
firm. Specifically, the breadth of search is mea-
sured for each focal patent as one minus the
proportion of citations made by that patent that
are ‘self-citations’—that is, citations to patents
assigned to the same firm that developed the
focal patent:

Organizational Breadth = 1 − sik

where sik denotes the proportion of citations made
by patent i that belong to firm k, the owner of
patent i.

Hypothesis 4 relates research organization to
the technological breadth of search undertaken by
a firm. To measure the breadth of technological
search conducted by firms, we use what Trajten-
berg et al. (1997) called an ‘originality’ measure,
although we term it ‘technological breadth.’ This is
constructed analogously to the Breadth of Impact
measure, except that it is based on the technology
classes of patents cited by the focal patent, rather
than those citing it:

Technological Breadth = 1 −
ni∑

j

sij
2

where sij denotes the proportion of citations made
by patent i that belong to class j , out of ni

technological categories assigned to patents by the
U.S. Office of Patents and Trademarks. Again, the
summation will be larger, and consequently one
minus the summation will be smaller, the more
that these cited patents fall in a single technology
class. The intuition behind this measure is that the
more diverse the technologies cited by a patent,
the broader was the search effort underlying that
patent.
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Independent variables: Measures of R&D
organization structure

We operationalize the degree of centralization/
decentralization of R&D functions in three ways.
Two measures are based on direct authority rela-
tions. Using the IRI data, we coded each firm as
having a centralized, decentralized, or hybrid struc-
ture. (Figures 1–3, discussed above, demonstrate
examples of each.) We then refined the hybrid
category further by identifying hybrids that were
centralized to greater or lesser degrees.9 The IRI
data do not provide information on the degree of
centralization of each hybrid—that is, the relative
size of each hybrid’s corporate and divisional lab-
oratories. We gathered data on the relative sizes of
each type of lab for each hybrid from the Direc-
tory of American Research and Technology, which
contains information on the sizes of the technical
staffs of R&D laboratories in the United States.
This source provides employee counts, by lab, for
some but not all firms, and provides cruder infor-
mation on the organization of labs for the rest.
The lack of employee counts for all firms precludes
our creating a continuous measure of R&D central-
ization. We were able, however, to estimate some
lab sizes based on the number of fields of R&D
listed for the lab, so as to categorize the hybrids
as follows. Hybrids with a ratio of corporate to
divisional researchers greater than 1.3 were cate-
gorized as ‘centralized hybrids;’ those whose ratio
was below 0.7 were categorized as ‘decentralized
hybrids’ and those with a ratio between 0.7 and 1.3
were identified as ‘balanced hybrids.’ We selected
these cut-offs to correspond to natural breakpoints
in the data; our empirical results are robust to small
changes in these cut-offs. The centralized hybrids
typically possess a relatively large corporate lab
located at corporate headquarters, and relatively
small divisional labs elsewhere. The decentralized
hybrids have large divisional labs—often located
within separately incorporated divisions—and a
relatively small central lab. These firms generally
appear to have grown largely by acquisition. The
balanced hybrids appear to have combined growth
by internal expansion with growth by acquisition,

9 Our initial draft of this paper simply relied on the three-
category typology of the IRI survey. The unusual results for
the Hybrid category—rarely significantly different from the
Decentralized category, and when significant usually signed
opposite of expectation—led us to develop ways to refine and
further explore the Hybrid category. We thank the reviewers and
editors for encouraging us to explore this route.

and possess a relatively large central lab, along
with sizable divisional labs as well.10

We then created five categorical variables
that capture each of the R&D structure types.
Centralizedk is set equal to 1 if firm k has
a centralized R&D structure, and 0 otherwise.
Decentralizedk is set equal to 1 if firm k has
a decentralized R&D structure, and 0 otherwise.
Centralized Hybridk is set equal to 1 if firm
k has a centralized hybrid R&D structure, and
0 otherwise. Decentral Hybridk is set equal to
1 if firm k has a decentralized hybrid R&D
structure, and 0 otherwise. Balanced Hybridk

is set equal to 1 if firm k has a balanced
hybrid R&D structure, and 0 otherwise. In our
empirical estimations, we omit the Decentralized
variable. Above, we predicted that centralized
research would be positively related to each
measure of search and impact. We therefore expect
the coefficients for Centralizedk to be positive
(since Decentralizedk will be the omitted variable).
Further, we anticipate that Centralized Hybridk ,
and Balanced Hybridk , Decentral-Hybridk , will
also have positive coefficients, and that these
variables will display the following relationships
with respect to the sizes of their effects on each of
the dependent variables:

Centralized k > Centralized Hybrid k >

Balanced Hybrid k > Decentral

Hybrid k > Decentralized k

In addition to the categorical measures of
R&D structure, we also created a centraliza-
tion scale which increases with overall R&D
centralization as follows: 1 = decentralized; 2 =
decentralized hybrid; 3 = balanced hybrid; 4 =
centralized hybrid; 5 = centralized. Following
Hypotheses 1–4, we expect the coefficient for this
centralization scale to be positive. Although this
measure is clearly not ideal—most obviously, it
implicitly assumes that the ‘distance’ between each
adjacent organization form is the same—it has the
advantage of ease of interpretation (as compared

10 Our measure of hybridization assumes that relative lab size
is correlated with other organizational variables that determine
the degree of decision-making authority held by various R&D
units. For example, larger labs may enjoy more formal author-
ity through committees, and/or more informal influence, than
smaller labs.

Copyright  2004 John Wiley & Sons, Ltd. Strat. Mgmt. J., 25: 929–958 (2004)



R&D Organization Structure 943

to the numerous categorical variables described
above) in some of the models below.

Our third proxy for centralization of R&D is a
variable that measures the degree to which R&D
budget authority is centralized. The IRI survey
collected information on corporate, business unit,
and external funding of R&D for each responding
firm. Since external funding was zero for most
firms, and less than 6 percent of total funding
for the rest, we excluded external funding for the
sake of exposition of the empirical results.12 Corp
Fundsk is defined as the proportion of firm k’s
1994 R&D budget that was provided by corporate
HQ, as opposed to being provided directly by the
business units. Specifically:13

Corp Fundingk = Proportion of firm k’s R&D
funding that is allocated by corporate HQ ÷ (Pro-
portion of firm k’s R&D funding that is allocated
by corporate HQ + Proportion of firm k’s R&D
funding that is allocated by business units)

Given our hypotheses, we expect the coefficient
for Corp Funding to be positive.

Control variables

Many other factors may influence the patterns of
corporate innovation. However, our 71-firm sam-
ple affords limited degrees of freedom. Accord-
ingly, we construct several sets of control vari-
ables. We then test which sets of controls have
an impact on which measures of impact or search,
and include only these sets in our models. Nel-
son (1959) hypothesized that diversified firms may
better appropriate the returns from basic (i.e., non-
specific) R&D. Therefore, more-diversified firms
might be expected to conduct higher and broader
impact R&D, and to conduct broader search. We
therefore constructed a concentric index measure
of firm-level diversification (Caves, Porter, and
Spence, 1980), Diversificationk , using SIC infor-
mation disclosed in 10-K filings. A firm’s size

12 We thank an anonymous referee for this suggestion.
13 The funding proportions for hybrid firms are broken out
separately by recipient R&D group. Since we do not know
the overall amount of funding going to each group, we used
both weighted and unweighted averages of these proportions to
calculate Corp Funds for our hybrid firms. (This is not an issue
for our centralized or decentralized firms, since the allocation of
R&D funds is by definition 100% to one group or the other.) The
reported models rely on weighted averages; results are robust to
changes to (or absence of) the weights.

may affect either its actual or its perceived tech-
nological prowess, which in turn may affect its
search efforts and the degree to which other firms
cite its patented innovations. Accordingly, we con-
struct LnSalesk , defined as the natural log of
firm k’s annual sales. In unreported models we
replaced firm sales with firm assets, with no signif-
icant changes to our results. Similarly, firm R&D
expenditures may affect either actual or perceived
technological capability. We therefore construct
LnR&Dk , defined as the natural log of firm k’s
annual R&D expenditure. A firm’s prior patent-
ing history may affect its search ability or per-
ceptions of its technological prowess (Podolny,
Stuart, and Hannan, 1996). We therefore construct
LnPriorPatentsk , defined as the natural log of the
sum of granted patents applied for by firm j dur-
ing 1987–91. In models of organizational breadth
of search, this also controls for the fact that firms
with more prior patents have a larger ‘risk set’ of
patents for self-citation.

As discussed above, our sample includes
firms in a wide range of industries. We con-
struct a vector of industry fixed effects. Given
the degree-of-freedom constraints, we aggre-
gate these industries into four sectors: natural
resources (pulp/paper, petroleum, metals); chem-
icals/pharmaceuticals; industrial products (aircraft;
autos; machinery; electrical/ electronics); and con-
sumer products (food; personal care products).
These sectors are based upon the industries that the
firms self-reported on the IRI survey. In unreported
models, we replaced the sector fixed effects with a
vector of fixed effects based on aggregations of 2-
digit SIC codes, with no significant change to our
results. It is also likely that different technologies
exhibit different empirical regularities with respect
to impact and search of patented innovation. Hen-
derson et al. (1998) and Hall et al. (2001) assigned
each U.S. patent class to one of six technology
fields. We aggregate these to three technological
fields—drug/chemical patents; electrical/computer
patents; and mechanical/other patents—and con-
struct fixed effects for these technology fields.
Thus, if a firm applies for 100 patents in the sample
time period, and 12 of these patents are in the drug-
related technology field and 11 are in the chemical-
related technology field, then the firm has a value
of 0.23 for Drug/Chemical Patent Share. Table 2
presents descriptive statistics for each variable, and
Table 3 provides the correlation matrix. Note that
Centralization Scale and Corp Funding are not
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Table 2. Descriptive statistics

Variable Mean Standard
Deviation

Min Max

Dependent variables
Level of Impact 2.417 1.321 0.200 8.073
Breadth of Impact 0.247 0.087 0.049 0.555
Organizational Breadth of Search 0.527 0.098 0.156 0.689
Technological Breadth of Search 0.874 0.100 0.589 1.000

Explanatory variables
Centralization Scale 3.630 1.332 1.000 5.000
Centralization Scale2 14.854 8.212 1.000 25.000
Decentralized 0.139 0.348 0.000 1.000
Decentralized-Hybrid 0.097 0.298 0.000 1.000
Balanced-Hybrid 0.125 0.333 0.000 1.000
Centralized-Hybrid 0.403 0.494 0.000 1.000
Centralized 0.236 0.428 0.000 1.000
Corp Funding 0.395 0.338 0.000 1.000
Corp Funding ∗ Centralization Scale 1.594 1.545 0.000 5.000
Corp Funding ∗ Centralization Scale2 6.730 7.340 0.000 25.000
Corp Funding ∗ Decentralized 0.004 0.023 0.000 0.158
Corp Funding ∗ Decentralized-Hybrid 0.025 0.096 0.000 0.620
Corp Funding ∗ Balanced-Hybrid 0.039 0.144 0.000 1.000
Corp Funding ∗ Centralized-Hybrid 0.210 0.310 0.000 1.000
Corp Funding ∗ Centralized 0.117 0.292 0.000 1.000

Technology controls
Drug/Chemical Patents 0.425 0.315 0.000 1.000
Electrical/Computer Patents 0.153 0.234 0.000 0.942

Sector controls
Resource products 0.153 0.362 0.000 1.000
Industrial products 0.292 0.458 0.000 1.000
Chemical/Pharmaceutical products 0.375 0.488 0.000 1.000

Firm controls
LnSales 8.698 1.429 4.148 11.933
LnR&D 4.752 1.669 −0.585 8.859
LnPriorPatents 5.160 1.889 0.000 8.817
Diversification 24.542 20.851 0.000 70.000

particularly highly correlated (0.47). We observe
in the data some centralized firms with all R&D
funding from corporate HQ, and some centralized
firms with all R&D funding from the business
units. There exists less variation in funding among
decentralized firms—the highest level of Corp
Funding for a Decentralized firm is less than 0.16.
The correlations involving the Diversification vari-
able are also interesting to note. One might expect
that more-diversified firms are more likely to use
more decentralized R&D structures. While the cor-
relations are consistent with this idea, they are not
particularly high—generally less than ±0.20.

Analyses

Three of our dependent variables are bounded
between 0 and 1. We use the two-sided tobit

regression technique to estimate models using
these variables. Our fourth dependent variable,
Level of Impact, is non-negative by definition.
We use one-sided tobit estimation for this vari-
able.14 We use STATA 8.0 for all estimations in
this study.15

14 For an individual patent, citations received is a non-negative
count variable, and consequently negative binomial models are
often employed (Hall et al., 2001). When these citations are
averaged at the firm level, however, citations received becomes
a continuous variable rather than an integer. Hence, negative
binomial estimation is not appropriate.
15 A subtle issue that arises is whether endogeneity between the
main independent variables and the dependent variables is a con-
cern in our regressions. Endogeneity concerns arise when an
independent variable represents a choice over which the firm
has control, and the firm is likely to make its choice so as
to optimize its performance relative to the dependent variable.
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Discussion of results

Impact

Table 4 reports estimates for our analyses of
the level and breadth of a firm’s innovative
impact. Model 1a includes basic control variables,
and introduces one measure of the centralization
of R&D decision authority, Centralization Scale.
Models 2a and 3a check for non-linearities in
the centralization–impact relationship by replacing
Centralization Scale with a vector of categorical
measures for centralization of R&D (Model 2a),
or by adding a square term for Centralization
Scale (Model 3a). Model 4a removes all measures
of R&D decision authority and introduces our
measure of the centralization of R&D funding,
Corp Funding. Models 5a and 6a include Corp
Funding and measures of decision authority, as
well as the attendant interaction terms. We describe
each of the model’s results in turn.

In Model 1a, the coefficient for Centraliza-
tion Scale is significant and positive. Consis-
tent with Hypothesis 1, increased centralization of
R&D decision-making authority is associated with
increased level of impact of a firm’s innovation.
Holding all other variables at their means, a firm
that shifts from a fully decentralized to a fully cen-
tralized R&D organization structure would expe-
rience a 30 percent increase in the citation rate
of its patented innovations, from 2 to roughly 2.6
citations per patent.

In Model 2a, we replace Centralization Scale
with the categorical variables denoting varying
degrees of R&D centralization (Decentralized is
the omitted category) to further explore this effect.

Thus, studies that relate a strategy or structure choice to per-
formance are typically plagued by endogeneity issues (Hamilton
and Nickerson, 2001). In this study, the firm has control over its
choice of R&D organization. However, we presume that the firm
chooses so as to optimize the bottom-line profits associated with
its R&D. Our dependent variables—impact and search—are not
theoretically correlated with firm financial performance. Indeed,
Trajtenberg et al. (1997) assume that technological impact is
inversely related to appropriability of financial returns to R&D
investment, a greater number of citations implies more free use
of an invention by others. Further, Henderson and Cockburn
(1994) note that their demonstration of a relationship between
pharmaceutical company policies and citation rates of patents
should not be interpreted to imply a positive relationship between
these policies and firm profits. Accordingly, we do not attempt to
draw normative conclusions about the general superiority of one
R&D structure over another. We seek only to test for statistical
associations between R&D structures and innovation behavior
that, theory predicts, should be efficiently matched. We thank
Iain Cockburn and Adam Jaffe for their comments on this issue.

In this model, the coefficient for Centralized is pos-
itive and significant. This is also consistent with
Hypothesis 1, in that innovations developed by
firms with fully centralized R&D structures display
greater technological impact than those developed
by firms with fully decentralized R&D structures.
That said, it is interesting that the coefficients for
the three hybrid structures are neither statistically
significant nor all positive relative to the omit-
ted Decentralized category, as one might expect
if centralization–decentralization effects operated
linearly.

To explore this non-linearity further, and to con-
serve on our limited degrees of freedom, in Model
3a we replace the categorical variables with Cen-
tralization Scale and its square term, Centralization
Scale2. The coefficients for Centralization Scale
and Centralization Scale2 are negative and positive.
(Although only the square term is insignificant,
a likelihood ratio test indicates that this model
offers significantly better fit than the purely lin-
ear estimation in Model 1a.) These coefficients
indicate a U-shaped relationship between central-
ization of decision authority and level of innova-
tive impact. This relationship reaches its minimum
point when Centralization Scale = 2.2, which is
just past the Decentralized-Hybrid form. Thus,
although greater R&D centralization is associated
with greater innovative impact for the majority of
the observable range of data, purely decentralized
firms will exhibit greater innovative impact than
those hybrid firms that are only slightly more cen-
tralized in R&D authority. In sum, then, we find
evidence in Models 1a–3a that centralized R&D
decision authority is associated with greater tech-
nological impact than decentralized authority, but
that this relationship is more nuanced than a purely
linear conception would suggest.

In Model 4a, we remove all decision author-
ity variables and introduce our measure of R&D
funding authority, Corp Funding. The coefficient
for Corp Funding is significant and positive. Con-
sistent with Hypothesis 1, centralization of R&D
funding is positively associated with increased
impact of a firm’s innovations.16 Holding all other
variables at their mean, a firm that shifted Corp
Funding from the sample mean (about 0.39) to
one standard deviation above the sample mean

16 In unreported models, we also include the square of Corp
Funds to check for non-linearities in this relationship. There was
no significant non-linearity.
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(about 0.72) would experience a 9 percent increase
in the impact of its patented innovations, from 2.05
to roughly 2.2 citations per patent.

Model 5a reintroduces the categorical variables
for decision authority and also introduces inter-
action effects between Corp Funding and each
categorical variable. A likelihood ratio test indi-
cates that Model 5a is a significant improvement
over Models 2a and 4a. In this model, the coeffi-
cients for all main effects except for Centralized
are negative, although not all of them are statis-
tically significant. At the same time, the coeffi-
cients for all interaction effects are positive and
significant. This indicates that centralized funding
and centralized decision making are complemen-
tary instruments for managing R&D—increased
centralization of R&D funding in a fully decentral-
ized organization will actually decrease the level
of impact of that organization’s patented innova-
tions, while increased centralization of R&D fund-
ing for hybrid organizations will be associated
with increased impact (thanks to the large posi-
tive interaction terms). Further, this effect becomes
increasingly pronounced as hybrid forms become
increasingly centralized: whereas a Decentralized-
Hybrid firm will experience a 2 percent increase
in level of innovative impact as it moves from all
business unit funding to all corporate HQ funding,
a Balanced-Hybrid firm will experience a 9 per-
cent increase and a Centralized-Hybrid firm will
experience a 27 percent increase in innovative
impact. Finally, the main effect for Centralization
retains its significance, and its interaction term,
although significant, just barely offsets the nega-
tive main effect for Corp Funding. Thus, although
not affected by changes in corporate funding, a
fully Centralized firm’s innovation continues to
have greater impact than that of less centralized
forms. We return to this finding below.

The prevalence of categorical variables and their
attendant interaction terms make the interpretation
of Model 5a somewhat problematic, and also strain
the available degrees of freedom given our sample
size. Consequently, Model 6a replaces the categor-
ical variables with Centralization Scale and Cen-
tralization Scale2, and includes interaction terms
with Corp Funding. The likelihood ratio test indi-
cates that Model 6a is a significant improvement
over Models 3a and 4a. In this model, the coef-
ficients for Centralization Scale and Centraliza-
tion Scale2 are again negative and positive, and
both are significant. The main effect for Corp

Funding now has an insignificant coefficient, but
the interaction effects have significant coefficients.
Again, these effects imply a complementary rela-
tionship—increased centralization of R&D fund-
ing will increase innovative impact when coupled
with more centralized R&D decision authority,
although this is tempered at high levels of Central-
ization Scale by the negative coefficient on Corp
Funding * Centralization Scale2.

Figure 4 graphically illustrates the implications
of these main and interaction effects on the level of
impact of a firm’s innovation. Figure 4 compares
the influence of centralized decision authority on
the level of innovative impact for a firm whose
R&D is entirely funded by business units to that
of a firm whose R&D is funded by corporate HQ
to varying degrees. A multiplier of greater than
1 indicates that the level of innovative impact is
increased relative to a firm with purely decen-
tralized decision authority, by a factor equal to
the multiplier. As Figure 4 shows, increasing the
centralization of decision authority nearly always
increases the level of impact that a firm’s inno-
vation will have. However, the impact of more
centralized decision authority varies with the bud-
get authority of the firm. A firm in which the
business units handle the bulk of R&D funding
has a dramatically lower multiplier for increas-
ingly centralized decision authority than does a
firm in which corporate HQ handles the bulk of
R&D funding allocation. Thus, the more that cor-
porate HQ controls the budget authority instrument
(allocation of R&D funding) the greater the influ-
ence that centralization of the decision authority
instrument will have on a firm’s innovative impact.

In sum, increased centralization of R&D deci-
sion authority—at least at higher levels of cen-
tralization—is positively associated with increased
innovative impact. Increased centralization of
R&D funding has a more complicated relation-
ship with level of innovative impact. Centralization
of R&D funding authority is positively related to
innovative impact in models that exclude R&D
decision authority measures, but when control-
ling for decision authority funding authority affects
innovative impact primarily through its interaction
with decision authority. The two instruments for
influencing R&D activity appear to work as com-
plements, in the sense that the more centralized
one instrument is, the more that increases in the
centralization of the other will increase the level
of a firm’s innovative impact.
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Models 1b through 6b replicate the above anal-
ysis for the breadth of innovative impact exhib-
ited by a firm. The results are similar to those
for level of impact, albeit somewhat weaker. In
Model 1b, the coefficient for Centralization Scale
is insignificant. In Model 2b, the categorical vari-
able Centralization again has a positive, signifi-
cant coefficient. Now, however, the coefficients for
Decentral-Hybrid and Balanced-Hybrid are neg-
ative and significant, indicating a deeper non-
linearity in the relationship between centraliza-
tion of decision authority and breadth of impact
than existed for level of impact. In Model 3b,
the coefficients for Centralization Scale and Cen-
tralization Scale2 are again negative and positive.
Corp Funding is not associated with breadth of
impact in Model 4b, and none of the main effects
or interaction terms has a significant coefficient
in Model 5b. In Model 6b, the coefficient for
Corp Funding is negative and significant, and the
coefficient for the interaction term Corp Fund-
ing * Centralization Scale is positive and sig-
nificant (although the coefficients for the Cen-
tralization Scale and Centralization Scale2 main
effects are insignificant). Again, a fully Decen-
tralized firm that moves from SBU R&D funding
to Corporate HQ funding will experience a sig-
nificant decrease in the breadth of its innovative
impact, yet for firms with more centralized R&D
organizations an increase in centralization of fund-
ing will lead to increases in breadth of impact.
Overall, these results are consistent with Hypoth-
esis 2.

Figure 5 graphically illustrates the effects of
decision authority and funding authority on the
breadth of impact of a firm’s innovation. Much
like Figure 4, Figure 5 demonstrates that increas-
ing the centralization of decision authority nearly
always increases the breadth of innovative impact,
and that this effect is magnified as a firm’s bud-
get authority is increasingly centralized. A firm
in which the business units handle the bulk of
R&D funding has a dramatically lower multiplier
for increasingly centralized decision authority than
does a firm in which corporate HQ handles the
bulk of R&D funding allocation. Thus, the more
that corporate HQ controls the budget author-
ity instrument (allocation of R&D funding) the
greater the influence that the decision authority
instrument (centralization of the R&D function)
will have on the breadth of a firm’s innovative
impact.

Search

Table 5 reports estimates for our analysis of the
technological and organizational breadth of a firm’s
innovative search. Models 1c through 6c replicate
the above analysis for organizational breadth, and
Models 1d through 6d replicate the above analysis
for technological breadth.

Models 1c through 6c present estimates for
our analysis of the organizational breadth of a
firm’s innovative search. In Model 1c, the coef-
ficient for Centralization Scale is positive and
significant, as predicted. A Centralized firm will
cite innovation developed of its organizational
boundaries more heavily than will a Decentral-
ized firm. In Model 2c, the coefficient for Cen-
tralized is positive and significant, as is the coef-
ficient for Balanced-Hybrid. In Model 3c, the
coefficients for Centralization Scale and Central-
ization Scale2 are negative and positive, respec-
tively, indicating a U-shaped relationship between
centralization of decision authority and organiza-
tional breadth of search. This relationship reaches
its minimum point when Centralization Scale =
2.5, which is between the Decentralized-Hybrid
and the Balanced-Hybrid forms. Thus, the results
in these models provide support for Hypothe-
sis 3, as centralized R&D organizations conduct
search that looks outside the firm’s boundaries to
a significantly greater extent than do decentral-
ized R&D organizations, although the same non-
linearity regarding Decentralized-Hybrids remains.

The coefficient for Corp Funding is insignificant
in Model 4c. In Model 5c, Centralization remains
positively associated with organizational breadth
of search, although no other main effect or inter-
action term has a significant coefficient. In Model
6c, the coefficient for Corp Funding becomes sig-
nificant and positive, although for hybrid and cen-
tralized firms this effect is negated by the signifi-
cant negative coefficient from the Corp Funding ∗
Centralization Scale interaction term. The results
in Models 1c–6c thus provide some support for
Hypothesis 3, particularly regarding the centraliza-
tion of R&D decision authority.

In Models 1d through 6d, virtually none of the
hypothesized variables exhibits a significant asso-
ciation with technological breadth. All in all, these
models do not provide support for Hypothesis 4.

Overall, then, our results for the differential
impact of centralized research efforts are rela-
tively strong (Hypotheses 1 and 2), whereas we
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find modest support for differential organizational
search (Hypothesis 3) and no support for differ-
ential technological search (Hypothesis 4) by cen-
tralized research efforts. These two sets of results
together imply that, in our sample, the differential
impact achieved by centralized R&D may be only
partially associated with broader search processes.
Rather, following the discussion above, centralized
research units’ selection of different research prob-
lems may drive the differential impact of central-
ized research to a greater degree than the research
units’ breadth of search for solutions.

The results for the hybrid forms, when they were
measured as categorical variables, are different
than anticipated. The coefficients for these mea-
sures are generally not significant, indicating that
the hybrid organization forms did not consistently
generate innovation that is different from that
generated by decentralized organizations, at least
along the dimensions that we study. More inter-
esting is that the point estimates of the coefficients
for hybrid organizations—notably for decentral-
ized hybrids—are often negative. This may indi-
cate that the decentralized hybrid in particular is
a challenging organization form for R&D. (Inter-
estingly, this form of organization is the least
frequently observed form in our data.) As noted
above, most decentralized hybrids in our sample
appear to have developed that way through a strat-
egy of acquisition. This focus on acquisition may
have led to a de-emphasis on funding and build-
ing competence in the extant central R&D labs.
Further research could usefully explore whether
decentralized hybrids do indeed present particular
challenges, and perhaps whether particular paths
of corporate growth lead to these organizations.
An additional possibility is that the fully decen-
tralized firms in our sample possess divisions that
are diverse enough to support fairly non-specific
R&D with their divisional labs.17

Alternatively, it may be that rather than lying
on the continuum between decentralized and cen-
tralized R&D, hybrid R&D functions might be
designed to solve qualitatively different problems
and therefore exhibit qualitatively different perfor-
mance results. In this sense, hybrid R&D organiza-
tions may be ‘neither decentralized nor centralized’

17 3M may be one example of such a decentralized R&D firm in
our sample. Unfortunately, data on divisional product diversity
were not available on the other firms in this category.

in the same way that alliances may be ‘neither mar-
ket nor hierarchy’ (Powell, 1990). For example,
if hybrid R&D firms disproportionately emphasize
process R&D, then patent citation measures may
be poor indicators of the directions of their R&D
efforts. This is because new processes are more
difficult to patent, and patents on them are more
difficult to enforce, so firms often rely on trade
secrecy rather than patents to protect this type of
intellectual property. Although beyond the scope
of this paper and the currently available data, this
is clearly an intriguing area for further study.

Perhaps most intriguing of all regarding hybrids,
corporate funding appears to affect the innovative
impact of hybrid organizations differently from the
way it does either fully centralized or fully decen-
tralized firms. For our models of level of inno-
vative impact, increased centralization of R&D
funding leads to increased innovative impact for
all three hybrid forms (see Model 5a). In con-
trast, changes in corporate funding have virtually
no impact on fully centralized firms and lead to
decreased impact for fully decentralized firms. Per-
haps it is the case that in hybrid R&D organi-
zations, where different research personnel report
to different centers of authority, ambiguity about
R&D objectives is greater than in fully central-
ized or decentralized organizations. In the presence
of such ambiguity, centralization of funding may
enable corporate HQ to signal its objectives; in
contrast, in the absence of such ambiguity, fund-
ing centralization does not offer such a clarifying
benefit.

Turning briefly to the control variables, the coef-
ficient for LnSales is significant and negative in all
of our models of level of impact. At first glance,
this may appear surprising, in that larger firms
are presumably more visible and may thus attract
attention that translates into patent citations from
other organizations (Podolny et al., 1996). How-
ever, to the extent that firm size is correlated with
firm age, this result is consistent with other evi-
dence that firms tend to look inward more, and
have less impact on overall technological evolu-
tion, as they age (Sorenson and Stuart 2000). Alter-
natively, Lerner (1995) finds evidence that small
biotechnology firms tend to avoid patenting in the
same area as large, well-financed rivals—an effect
that he attributes to small firms’ desires to avoid
the risk of ‘sham litigation’ in which the well-
financed firm launches patent infringement suits of
dubious merit to drive the under-capitalized firm
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out of business through large legal costs. Whether
this process operates in the sectors that we study
is, of course, an open question. The coefficient for
LnR&D is significant and positive in most models
of level of impact, indicating that patents gener-
ated by firms with larger investments in R&D tend
to evidence broader/greater impact. The coefficient
for LnPriorPatents is negative and significant in all
models of organizational breadth of search, pre-
sumably because a firm with more prior patents has
a higher ‘risk set’ of patents to self-cite. The coeffi-
cient for Diversification is significant and positive
in all models of breadth of impact, and significant
and negative in all models of level of impact. This
implies that more-diversified firms tend to gener-
ate patents that are simultaneously broader in their
scope and of less overall importance than those
of less diversified firms. The idea that diversified
firms generate innovations with broader impacts
is consistent with Nelson’s (1959) argument that
such firms are better able to appropriate returns
to broad technological efforts; such an appropri-
ability advantage should give a diversified firm
more incentive to develop innovations with broad
impact. It is less clear why diversified firms should
generate innovations of lower impact. Finally, sev-
eral sectors evidence systematically different pat-
terns of search and impact, and different tech-
nology fields also evidence different patterns of
innovative search and impact, as anticipated.

CONCLUSION

The strategy field boasts a long tradition of schol-
arship on the links between strategy, structure, and
performance, and has in the last 20 years increas-
ingly emphasized the importance of technological
innovation for firm competitiveness. It is some-
what surprising, therefore, that so little research
has addressed the issue of how internal R&D
organization affects the directions and impact of
technological innovation by multidivisional firms.
This is all the more surprising considering the
prevalence of scholarship on how organization of
interorganizational research efforts (i.e., alliances
and networks) influence the evolution of technol-
ogy. Consistent with the implications of estab-
lished organizational theories, we find that firms
in which R&D activities are centralized tend to
pursue R&D that has greater impact on future tech-
nological development, and spans a broader set

of technological domains, than do firms in which
R&D activities are decentralized. We also find evi-
dence that firms with centralized R&D draw more
on innovations from other organizations than do
firms with decentralized R&D. Finally, we find
evidence that control over R&D budgets functions
as a complementary instrument to support author-
ity relations in affecting innovative impact.

We also find that hybrid R&D organizations do
not consistently yield innovation that is ‘interme-
diate’ between that of fully decentralized and fully
centralized organizations, and that hybrid organi-
zations are particularly responsive to the use of
budget authority as a complementary instrument.
This last finding underscores a limitation of this
study, and an opportunity for future research. Our
theoretical discussion of hybrids is not based on a
specific theory of hybrid behavior, but rather on
the observation that hybrids appear to be inter-
mediate between polar forms of centralization. As
such, there are likely nuances in the management
of hybrids that we have not captured thus far.
Empirically, this study has been limited to ana-
lyzing the effects of two rather blunt instruments,
to the exclusion of others. Yet the important role
accorded budget authority in hybrids raises the
possibility that other, more nuanced management
instruments—such as rotation of personnel, or
cross-divisional teams—may be particularly useful
in managing such organizations. Future research
may fruitfully explore the influence of other, more
targeted instruments, on a firm’s innovative out-
comes.

Our analysis suggests a number of additional
implications and avenues for future research. First
and foremost, our empirical results are drawn
from a relatively small, if important, sample of
firms during a narrow time frame. Future empir-
ical research must examine the key relationships
in larger samples and across longer time periods.
Of particular interest would be longitudinal stud-
ies that examine how a firm’s innovative outcomes
change with changes in its R&D structure. Field-
work examining the trade-offs managed by hybrid
R&D structures would also be of significant inter-
est.

Relatedly, our analysis suggests implications
for the recent stream of research on social net-
works and innovation. This research has shown
how informal communication among scientists and
engineers within the firm can stimulate inno-
vation (Reagans and Zuckerman, 2001; Nerkar
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and Paruchari, 2002). Yet Zenger and colleagues
(Nickerson and Zenger, 2002; Zenger, Lazzarini,
and Poppo, 2002) have proposed that changes
in (discrete) formal organization structures can
be judiciously undertaken to spark slower, more
continuous changes to informal organization. An
intriguing elaboration of this research would be to
investigate how changes in formal R&D organi-
zation structures interact with informal networks
to affect innovative outcomes. For example, does
R&D organizational structure affect innovation
indirectly, by influencing the development of social
networks of scientists and engineers within the firm
(or between firms)? If so, how quickly? And how
are formal changes moderated by the existence of
informal networks?

Further, our analysis points toward potential pol-
icy implications for the funding of research. A
recent report of the American Association for the
Advancement of Science notes a trend in indus-
trial research away from corporate funding and
toward business unit funding of R&D: ‘it is esti-
mated that 75 percent of all funding for indus-
trial R&D comes from business units [in 1999],
up from 50 percent 10 years ago, but still well
below the 90 percent level anticipated 10 years
from now’ (Larson, 1999: 33–34). Given the rela-
tionship highlighted in our study between funding
source and the nature of innovation, such a shift
could potentially have significant repercussions in
the trajectory of technological advance. Additional
academic research on this relationship may pro-
vide additional information to corporate managers
regarding the implications of such changes to fund-
ing.

Finally, further research on the internal organi-
zation of R&D may be fruitfully combined with
that on research alliances. Scholars have devoted
increasing attention to the existence and source of
firm heterogeneity regarding ‘alliance capability’
(Dyer, Kale, and Singh, 2001). It may be the case
that part of a firm’s ability to benefit from alliances
stems from the way its internal research is orga-
nized. Future research identifying both firms’ inter-
nal organization and pattern of alliances would be
challenging in terms of data collection, but could
prove to be rewarding.

In sum, questions about the relationship between
a firm’s internal R&D organization and the out-
comes of its research efforts are too important to
ignore. We hope that this study will help to rein-
vigorate their exploration.
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