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Recognition of the firm’s tendency toward local search has given rise to concepts celebrating
exploration that overcomes this tendency. To move beyond local search requires that exploration
span some boundary, be it organizational or technological. While several studies have encour-
aged boundary-spanning exploration, few have considered both types of boundaries systemati-

cally. In doing so, we create a typology of exploration behaviors: local exploration spans
neither boundary, external boundary-spanning exploration spans the firm boundary only, internal
boundary-spanning exploration spans the technological boundary only, and radical exploration
spans both boundaries. Using this typology, we analyze the impact of knowledge generated by
these different types of exploration on subsequent technological evolution.

In our study of patenting activity in optical disk technology, we find that exploration that
does not span organizational boundaries consistently generates lower impact on subsequent
technological evolution. In addition, we find that the impact of exploration on subsequent
technological evolution within the optical disk domain is highest when the exploration spans
organizational boundaries but not technological boundaries. At the same time, we find that the
impact of exploration on subsequent technological development beyond the optical disk domain
is greatest when exploration spans both organizational and technological bound@opgright
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INTRODUCTION of capabilities (Zander and Kogut, 1995), the
likelihood of diversification into related areas
In high-technology industries, firm succesgKim and Kogut, 1996), and research productivity
depends on the ability to innovate consistentl{Henderson and Cockburn, 1994; Ahuja and Kat-
No wonder that ‘knowledge-creating companiesdia, 1999; Ahuja, 2000).
and ‘learning organizations’ are celebrated for the Path-dependent exploration that involves search
ability to generate, acquire, and integrate bothlong different dimensions is the fundamental
internal and external sources of knowledgeechanism by which firms learn and organi-
(Nonaka and Takeuchi, 1995; Simonin, 1997zational knowledge evolves. In evolutionary
Leonard-Barton, 1995). Indeed, firm-level differtheory, a central assumption is that of ‘local
ences in managing learning and knowledge hagearch,” where a firm's R&D activity is closely
been shown to influence the transfer and imitatiorlated to its previous R&D activity (March and
Simon, 1958; Nelson and Winter, 1982; Helfat,
- 1994a). Likewise, Cohen and Levinthal's (1990)
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288 L. Rosenkopf and A. Nerkar

The resource-based view of the firm arguelated technological domains’ relies on an
that the development of firm-specific competendenplicit notion of boundaries between different
and capabilities underlies competitive advantagechnological domains. By indulging in local
(Wernerfelt, 1984; Barney, 1991; Porter, 1991search, the firm focuses on similar technology,
Peteraf, 1993). Recent literature, however, ha&seates incremental innovations, and becomes
stressed that sustainable competitive advantagwre expert in its current domain. This focus
relies more heavily on the firm’s ability to moveenables firms, over time, to build what we can
beyond local search and to reconfigure its knowtall ‘first-order competence’. This accumulated
edge. Such ability has been termed ‘combinativexpertise is considered to be a distinctive com-
capability’ (Kogut and Zander, 1992), ‘dynamicpetence if it is superior to competition and leads
capability’ (Teece, Pisano, and Shuen, 1997), atd competitive advantage. However, the focus that
‘architectural competence’ (Henderson andustains such first-order competence can lead
Cockburn, 1994). firms to develop ‘core rigidities’ (Leonard-Barton,

In this paper, we have two objectives. First1995) or fall into ‘competency traps’ (Levitt and
we introduce a typology of exploration that recogMarch, 1988).
nizes firms’ tendencies toward local search asWhile notions like core rigidities and com-
well as their attempts to integrate knowledge frometency traps suggest a focus on closely related
nonlocal domains. We do so by systematicalltechnology, they also suggest that the organization
distinguishing organizational and technologicdbcuses inward by relying on internally generated
boundaries that may be spanned during expldevelopments. These notions, like other work on
ration. Second, we use patent data to empiricallgcal search, do not systematically distinguish
explore how the various types of exploratiowhen firms focus on their own developments in
affect the extent to which firms’ knowledge isparticular technologies versus integrating devel-
recognized by other firms and integrated intopments generated by other firms. For example,
future technological developments. using empirical data from the semiconductor and

biotechnology industries, Sorenson and Stuart

(2000) suggest that greater levels of reliance on
THEORY AND HYPOTHESES the firm’s own prior developments is associated
with more innovation, but that this innovation
is less relevant, and is therefore a hallmark of
obsolescence. Here, search is localized both tech-
Building on the concepts introduced by Marchologically and organizationally. So we must also
and Simon (1958) and Nelson and Winter (1982¢onsider studies that rely ororganizational
local search has been defined as the behavior lmdundaries between firms as markers of different
any firm or entity to search for solutions in thetypes of exploration.
neighborhood of its current expertise or knowl- Stuart and Podolny (1996) show that in their
edge (Stuart and Podolny, 1996). Empirical evsample only Matsushita was able to reposition
dence validates firms’ tendencies toward locdiself technologically by moving away from local
search. Helfat (1994b) has demonstrated, for psearch. They suggest that this repositioning may
troleum firms, how R&D spending on varioushave been accomplished through the extensive
technologies varied little from year to yearuse of alliances with other firms that gave them
Recently, Martin and Mitchell (1998) have showraccess to different technologies. Likewise, Naga-
that local search leads most product markeajan and Mitchell (1998) show that firms wishing
incumbents to introduce designs that are similao generate ‘encompassing’ technological change
to those incorporated in their existing productsnust rely on coordination among firms through
Likewise, Stuart and Podolny (1996) showed, fostrong interrelationships. So these works suggest
large semiconductor firms, how patenting activitghat spanning interfirm boundaries naturally leads
tended to concentrate in the technologicdab spanning more technological boundaries.
domains where the firm has previously patented. Several authors have introduced constructs

This empirical evidence suggests that firmmtended to capture the idea of reconfiguring a
focus their exploration on closely relatéechno- firm’'s knowledge bases. Specifically, Kogut and
logical domains. The ability to identify ‘closely Zander (1992) define ‘combinative capability’ as

Beyond local search: exploration, boundaries,
and ‘second-order competence’
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the ability ‘to synthesize and apply current anéxternal to the firm (the-axis) and whether the
acquired knowledge.’ Built into this definition isbuilt-upon knowledge is from similar or distant
the idea that organizational boundaries matteiechnology (they-axis)! Implicit in this typology
‘current’ knowledge is already owned by the firmjs the notion that exploration is undertaken by
while ‘acquired’ knowledge means that the firmsome technological subunit of the firm. The tech-
must import knowledge from beyond its boundnological subunit faces the choice of whether or
aries. Similarly, Henderson and Cockburn (1994jot to integrate knowledge from distant techno-
define ‘architectural competence’ as ‘the abilityogical domains or to focus on similar knowledge.
to access new knowledge from outside the bountt- also faces the choice of whether to access
aries of the organization and the ability to inteknowledge from within the firm (either its own
grate knowledge flexibly across disciplinary an#tnowledge or that of other technological subunits
therapeutic class boundaries within the organin the firm) or from external sources. Speaking
zation.” Again, boundaries matter; here it is naon the language of boundary-spanning, the subunit
only the boundary that separates the organizatiaces the choice of whether to span no boundaries
from its environment, but it is also internalin its exploration, one boundary (either techno-
boundaries that have arisen to organize variolggical or organizational), or both.
technological subunits. ‘Local’ exploration builds upon similar tech-
Therefore, in this paper our focus is on whanology residing within the firnf. Thus, neither
we call ‘second-order competence’: the ability othe organizational nor the technological boundary
a firm to create new knowledge through recombis spanned during this type of exploration—all
nation of knowledge across boundaries. In partactivity is contained within the technological sub-
cular, we focus on the knowledge reconfiguratioanit. Local exploration builds ‘component com-
capabilities of firms in the context of R&D for petence’ (Henderson and Cockburn, 1994) and is
one particular set of technologies, and we exploexemplified by Prahalad and Hamel's (1990)
the implications of both organizational and techstudy of Canon’s core competences in precision
nological boundaries in this process. mechanics, fine optics, microelectronics, and elec-
tronic imaging. In the optical disk area, both
Sony and Philips developed numerous incremental
innovations that built upon the original CD stan-
Second-order competence stresses the importaieed introduced in 1982, such as CD-ROM, CD-
of acquiring and synthesizing knowledge acrosgideo, and Mini Disc (Nakajima and Ogawa,
boundaries. Since these boundaries may be eitl€92). Each of these did not change the original
organizational or technological, we propose aspect of the CD standard but added to it. For
typology of exploration that considers bothinstance, CD-ROM allowed for storage of only
organizational and technological boundaries as
separate, salient entities. In Figure 1, four types___
of exploration are generated by consideringThe notion of technological similarity actually implies a

whether the built-upon knowledge is internal ofontinuum, where some technologies are quite similar, others
are somewhat similar, and still others are less similar. We
acknowledge that these distinctions are, to a large extent,
socially constructed; furthermore, any such boundary between
technologies is fuzzy and can evolve with time, as is observed
in the current attention to ‘technological convergence.” We
Local External Similar invoke the notion of a boundary between similar and distant
Boundary-Spanning technologies to be parsimonious.
Technological 20ne of our anonymous reviewers commented that some
Boundary Spanning ~ T€@ders might consider this a form of exploitation rather than
local exploration. We follow March (1991) in demarcating
5 d‘"“’f;“" ) Radical Distant exploitation and exploration as ‘distinctions made between
ouncary-Spanming refinement of an existing technology and invention of a new
one’. As we focus all of our attention on the R&D process
and our empirical study on patents in particular, we wish to

Four types of exploration

Internal External note that invention without boundary-spanning is the most
localized form of exploration. For further reading on these
Organizational Boundary Spanning issues, we refer the reader to Gavetti and Levinthal (2000)
on mixing exploration and exploitation through online and

Figure 1. Types of exploration offline search.
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data while CD-V allowed storage of video on thef the CD.
CD digitally. In contrast, ‘external boundary-spanning’
In contrast, on the other diagonal, ‘radicalexploration integrates knowledge from other
exploration builds upon distant technology thabrganizations that is close to the technology of
resides outside of the firm. The technologicahterest. The technological subunit utilizes knowl-
subunit utilizes knowledge from a different techedge from its own technological domain, but
nological domain and does not obtain that knowlebtains the knowledge from external sources. As
edge from other subunits with the firm. Thusan example, Microsoft's development of the Win-
both organizational and technological boundariedows user interface built upon knowledge
are spanned during this type of exploration. Ongeveloped first at Xerox PARC and subsequently
prominent example is found in Nonaka and Takeat Apple. In the optical disk arena, Sony and
uchi’s (1995) study of Matsushita’s Home Bak+hilips shared knowledge of two complementary
ery, where the firm sent a software programme&omponents—Sony’s error correction techniques
to learn the art of kneading bread from amand Philips’ digital storage techniques—to gener-
esteemed chef. In optical disk, an example dafte the CD standard. Error correction allowed the
radical exploration is the probable overcoming ofED to reproduce complete data, sound, or video
current storage limits of today’'s DVD standard byven when parts of the data were missing or lost.
laser pickups that utilize inert gases—a dramatifigital storage records data on disks in the form
departure from today’s pickups. Established firmaf pits to represent Os and 1s as opposed to the
are determining how to integrate this distinctivéracks in a phonograph record or signals on a
technology, developed by a small firm outsidenagnetic tape. The CD design gained acceptance
the industry. amongst all constituents as it incorporated the
Both of the off-diagonals represent types o&bove technologies, while competing designs at
exploration that fall between the extremes of locahat time were incremental offshoots of the
and radical exploration. In each off-diagonal casg@honograph.
one boundary of the two is spanned by the Note that both internal and external boundary-
exploration. ‘Internal boundary-spanning’ explospanning exploration would be forms of Hender-
ration integrates technologically distant knowlson and Cockburn’'s (1994) ‘architectural com-
edge residing within the firm. The technologicapetence.” While internal and external boundary-
subunit utilizes knowledge from a different techspanning each span one boundary, it is important
nological domain, but is able to obtain thato clarify that the mechanisms for integrating
knowledge from another subunit within the firmknowledge within and across firms may differ
For example, Kao innovated in the floppy disldramatically. For example, in Henderson and
arena by utilizing their knowledge of surfactanCockburn’s (1994) attempts to measure architec-
(soap) technologies to develop a better coatirtgral competence, they examine several organi-
for the disks. In optical disk, Toshiba and Matsuzational activities that might encourage knowl-
shita were each able to improve CD data storagelge flow across firm boundaries and across
by internal boundary-spanning. The CD desigtherapeutic areas within the firm. For flow across
introduced in 1982 allowed for recording of 2firm boundaries, they examined whether the
hours of audio or 680 MB of data. This limitationorganization included researchers’ standing in the
of data storage meant that the CD could not cartgirger scientific community in promotion criteria,
a full-length feature movie. This was overcom@&s well as measures of the firm's geographic
in 1995 through the introduction of the DVDcloseness and involvement in joint research proj-
format, which allowed for data up to 17 GB toects with research universities. For flow across
be stored on a disk. This breakthrough in datatrafirm boundaries, they examined the extent of
storage was a result of R&D in two differentcross-functional teams as well as financial and
areas. One, by leveraging their materials sciengeographic centralization of global R&D activi-
knowledge, the firms were able to increase thites. These measures alone suggest that some
density of data stored on the same disk. Two, yrms’ boundary-spanning capabilities are not
using lasers with wavelengths that could readentical over the organizational and technological
both sides of a disk, the DVD had data storedomains, so we are careful to keep internal and
on both sides as opposed to single-side storageternal boundary-spanning exploration separate

Copyrightd 2001 John Wiley & Sons, Ltd. Strat. Mgmt. J.22: 287-306 (2001)



Beyond Local Search 291

in our study. Domain impact
The four types of exploration are not mutually
exclusive. It is unlikely that all of a firm's One type of impact reflects a firm’s influence in
R&D activities for a certain product or technologya specific technological arena. In the personal
area would fall exclusively into one of the fourcomputing arena, for example, first IBM and
categories, but it is likely that certain types obubsequently Microsoft were most influential.
exploration would predominate. Furthermore, th®lost personal computers manufactured in the late
mix of the four behaviors would of course varyl980s carried the legend ‘IBM compatible’; dur-
with time. For this reason we undertake longitudiing the 1990s, both hardware and software
nal study of exploration activity. stressed compatibility via Microsoft's Windows
operating systems. Similarly, in the academic
arena, research has specific domain applications.
For instance, biotechnology research has many
In the previous section we highlighted two differimplications for new drug development. In some
ent boundaries that may be crossed when a sugense, domain impact represents the firm’s ability
unit of a firm explores. To explore the effects ofo maintain continued technological leadership
the various forms of exploration, we focus ormwithin the particular product class arena and its
the result of exploration—the firm’s technologicahssociated technological community.
developments—and examine the impact of these
developments on the overall path of subsequeBtVeraII impact
technological evolution. More specifically, tech- P
nological evolution of a product class may bén contrast to influencing a specific technological
thought of as the aggregate of the variatiordomain, some new knowledge may be influential
selection, and retention trajectories undertaken Ipeyond its focal technological domain. Anec-
all firms working in the product class. Firm-dotally, both Xerox PARC and Bell Laboratories
level technological trajectories influence, and arare recognized as entities that developed technol-
influenced by, trajectories of other firms and obgies with implications far beyond the traditional
the overall evolution of the product classnarkets of their parent firms. Similarly, Pfizer
(Rosenkopf and Nerkar, 1999). In other wordsjeveloped Viagra for its cardiovascular appli-
firms do not make decisions about which techn@ations, but Viagra’s additional applications have
logical options to pursue without regard to théar outpaced the original intentions. In contrast
actions of other firms—technological evolution igo domain impact, then, overall impact represents
generated by communities of organizationthe firm’s ability to create broadly useful techno-
(Rosenkopf and Tushman, 1998; Tushman aragical developments. While these developments
Rosenkopf, 1992). may not be harnessed for their commercial poten-
To capture this interdependent evolution ofial by the firm, they represent possible avenues
firm-level exploration trajectories, we need tavhere the firm may choose to diversify.
understand if knowledge generated by a firm iShus, we are likely to observe that certain explo-
assimilated by other firms. When other firmsation strategies may result in higher overall
recognize and build upon a firm’'s knowledge, itmpact at the expense of domain impact, or
demonstrates this firm's influence on the overallice versa.
evolution of a particular product class or tech-
nology. We use the term ‘impact’ to denote thalt_|
knowledge has been retained and built upon &y
technology continues to evolvelmpact may be To examine the impact of exploration while sys-
evaluated within a specific technological domaitematically analyzing both the organizational and
or more broadly. the technological dimensions of the process, we
develop hypotheses that focus on each of the
boundaries independently and then combine these

_ effects to address the four types of exploration
2 Other terms that have been used to describe this sam yp P

e . .
phenomenon include ‘status’ (Podolny and Stuart, 1995) ang,enerated n Our typology. We Con_5|der effects
at the patent level, ‘usefulness’ (Fleming, 2001). on both domain impact and overall impact.

Exploration and impact

potheses
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Exploration within and beyond organizational
boundaries

Theory on the results of inwardly focused explo-
ration yields mixed predictions. Building up a
base of knowledge within the organization is one

Exploration within technological boundaries

As a firm generates expertise in a particular
technology, they improve the overall perfor-

mance of this technology but decrease variance
in the learning process (March, 1991; Fleming,

of the hallmarks of core competence, suggesting 2001). As industries and technologies evolve,
that knowledge-building on the organization’s continued exploration in one particular techno-
previous work will be associated with technologi- logical domain creates competence that may
cal impact. At the same time, researchers arguebe more recognizable to firms operating in
that such myopic behavior leads to the develop- that same domain. After all, members of a
ment of competency traps (Levitt and March, technological community frequently cooperate
1988; Levinthal and March, 1993) and core rigid- to influence technological evolution (Nagarajan
ities (Leonard-Barton, 1992). Empirically, Hen- and Mitchell, 1998; Rosenkopf and Tushman,
derson and Cockburn (1994) demonstrate that 1998; Van de Ven and Garud, 1994). So the
firms that place more emphasis on being part of more the firm's knowledge builds on develop-
the larger scientific community (i.e., look beyond ments within the specified technological
the firm’s competence) generate more patents. Indomain, the more these developments will
addition, Sorenson and Stuart (2000) have shownimpact subsequent technological evolution
that while older firms create more innovations within the domain. More broadly, drawing on
and build more heavily on their own work, these any particular technological expertise will
innovations are less relevant to other members of make the development more relevant for con-
the technological community. Taken together, tinued work in that area of expertise.
these findings suggest a negative effect of In contrast, ongoing incremental improve-
exploration within organizational boundaries on ments within one domain are likely to become
impact. more specialized and less applicable to other
We argue that the gains associated with the domains, particularly when technological dis-
internal development of technology are not sus- continuities disrupt existing incremental tra-
tainable unless the organization is able to inte- jectories. Thus, the more the firm's knowledge
grate external developments. Indeed, Jaffe, builds on developments within the specified
Fogarty, and Banks (1998) argue that companiestechnological domain, the less these develop-
are becoming increasingly aware of their ‘mutual ments will impact subsequent technological

technological dependence.” This awareness andevolution beyond the domain.

this integration across organizational boundaries
have the effect of moving the locus of innovation
to the level of the community, rather than the
firm. In other words, organizational boundary-
spanning should yield greater impact than explor-
ing within organizational boundaries.

Hypothesis 1a: Exploration within organi-

zational boundaries has less impact on sub-
sequent technological evolution within the
domain than exploration that spans organi-
zational boundaries.

Hypothesis 1b: Exploration within organi-

zational boundaries has less impact on sub-
sequent technological evolution beyond the
domain than exploration that spans organi-
zational boundaries.

Copyrightd 2001 John Wiley & Sons, Ltd.

Hypothesis 2a: Exploration within technologi-
cal boundaries has more impact on subsequent
technological evolution within the domain than
exploration that spans technological bound-
aries.

Hypothesis 2b: Exploration within technologi-
cal boundaries has less impact on subsequent
technological evolution beyond the domain
than exploration that spans technological
boundaries.

Simultaneous consideration of organizational
and technological boundaries

While the literature that we have reviewed on
second-order competence recognizes the value
of boundary-spanning exploration, other

Strat. Mgmt. J.22: 287-306 (2001)
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authors point out the challenges of transferring the mechanisms of interfirm coordination will
knowledge across boundaries (Szulanski, 1996; vary with the degree of technological change.
von Hippel, 1998). While firms may develop With this distinction in mind, we can see
capabilities that enable effective boundary- how the initial hypotheses, focused only on
spanning exploration, we must recognize that one type of boundary, need to be more fully
organizational boundary-spanning and techno- specified. With respect to Hypothesis 1, for
logical boundary-spanning require different example, exploration within organizational
capabilities, and that expertise in one type of boundaries may or may not span the techno-
boundary-spanning does not necessarily trans-logical boundary (i.e., it may be what we call
late into expertise in the other type of bound- internal boundary-spanning exploration or local
ary. exploration). Likewise, exploration spanning
Winter (1987) implies that bits of infor- the organizational boundary may or may not
mation or prior knowledge become new pieces span the technological boundary (i.e., it may
of knowledge only in some context. Without be what we call radical exploration or external
context, knowledge is nothing but bits of data. boundary-spanning exploration). Then the
Organizational and technological boundaries question of whether the one boundary is
separate different contexts, and movement spanned transforms into the questionshafv
across each of these boundaries is managedmany boundaries are spanned andhich
differently. To move knowledge acrossgani- boundaries are spanned.
zationalboundaries, contractual agreements are  To begin, we consider our previous hypoth-
frequently observed. Concerns for intellectual eses about the impact of each type of bound-
property rights are paramount. Routines for ary-spanning on domain impact simultaneously.
codifying knowledge or special arrangements Recall that organizational boundary-spanning
for transferring tacit knowledge must be was hypothesized to have a positive effect on
developed (Zollo and Singh, 1997). Repeated domain impact (Hypothesis 1a), while techno-
interactions and relationships seem to improve logical boundary-spanning was hypothesized to
this capability (Dyer and Singh, 1998). Within have a negative effect on domain impact
the firm, fewer of these considerations apply (Hypothesis 2a). If we consider both types of
when attempting to crosechnologicalbound- boundary-spanning simultaneously, it follows
aries. Yet complications arise for different that the highest domain impact should be gen-
reasons: for example, Henderson and Clark erated by exploration that spans organizational
(1990) demonstrated how architectural inno- boundaries but does not span technological
vations (those that redefined technological boundaries. In the language of our typology of
relationships between components) were so dif- exploration, this is external boundary-spanning.
ficult for established firms to accommodate The firm is focused on developments that are
because of the attendant organizational recon- relevant to its technological community, but is
figurations required. To move knowledge noninsular. Similarly, it follows that the lowest
across intraorganizational boundaries, man- domain impact should be generated by explo-
agers may convene task forces, designate liai- ration that spans technological boundaries, but
sons, adjust incentives, reorganize the bound- not organizational boundaries—internal bound-
aries, or perform some combination of these ary-spanning. Here, the firm is more insular,
activities. Certain organizations, such as 3M, and less relevant to others in the community.
have embraced the notion of recombination as
part of their culture and practices (Tushman Hypothesis 3a: External boundary-spanning
and O'Reilly, 1997). exploration has the highest impact on sub-
Our reason for elaborating these mechanisms sequent technological evolution within the
is to suggest that expertise in spanning the domain.
organizational boundary, for example, may be
largely irrelevant for spanning the technologi- Hypothesis 3b: Internal boundary-spanning
cal boundary, or vice versa. Indeed, Nagarajan exploration has the lowest impact on sub-
and Mitchell (1998) suggest that the locus of sequent technological evolution within the
innovation—interfirm or intrafirm—as well as domain.
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Note that we do not offer specific hypotheseMETHODOLOGY
about the relative effects of local or radical explo-
ration on domain impact, other than the implici
notion that they each generate ‘moderate’ impacio examine our hypotheses, we categorize and
This is because each of these exploration typeseasure exploration and impact by using patent
combines opposing effects from each boundargata. This follows the research efforts of several
Specifically, radical exploration generates a posether scholars who have used patents as a meas-
tive effect from spanning the organizationalire of knowledge held by the firm(Dutta and
boundary, but a negative effect from spanningVeiss, 1997; Henderson and Cockburn, 1994;
the technological boundary; while the reverse i3affe, Trajtenberg, and Henderson, 1993; Engels-
true for local exploration. Since it is not cleaman and van Raan, 1994; Albeet al, 1991;
whether one type of boundary-spanning effedtiarin, Noma, and Perry, 1987). Each patent con-
would overwhelm the other, we leave this issu&ins extensive information about the inventor,
to our empirical analyses. the company to which the patent is assigned, and

Next, we follow similar logic to derive the the technological antecedents of the invention, all
effects of exploration type on overall impactof which can be accessed in computerized form.
Recall that both organizational and technologicd&very patent is assigned to a three-digit technical
boundary-spanning were hypothesized to hawdass, which we use for the purpose of identifying
positive effects on overall impact (Hypotheses 18istinct technical areas being developed by the
and 2b). In this case, considering both types dirms in our sample. At this level there are cur-
boundary-spanning simultaneously, it follows thatently 400 such technical three-digit classes and
the more boundaries spanned, the higher the ovapproximately 100,000 subclasses within these
all impact. Thus, it follows that the highest over400 classes. The information that we use in this
all impact would be achieved by radical explopaper is related to technological subclasses and
ration, as it spans both boundaries. Here, tlassignee companies. The basic unit of analysis is
firm’s developments are relevant to a broad crosiie individual patent and its associated content,
section of innovators, as it integrates variouand the level of the analysis is the firm. We
technologies developed by various firms. In coreonsider only patents filed in the United States.
trast, the lowest overall impact would be achievetihe sources for this information include the U.S.
by local exploration, as it does not span eithdgPatent Office and online data bases.
boundary. Here, the firm’s insularity, both techno- We began our data collection by establishing
logically and organizationally, make its developthe patent classes that circumscribe optical disk
ments least relevant. technology. Eight components of an optical disk

system were identified through consultation of

Hypothesis 4a: Radical exploration has thaechnical sources (Pohlmann, 1989; Nakajima and

highest impact on subsequent technologic®gawa, 1992). We then searched the manual of

evolution beyond the domain. classification for the patent system to find the
technical subclasses corresponding to these types.

Hypothesis 4b: Local exploration has the lowNext, we compared our set of technical subclasses

est impact on subsequent technological evoltie those designated by Miyazaki (1995) in her

tion beyond the domain. extensive analysis of the patent classification sys-
tem. All the subclasses that we designated as
Note that we do not offer specific hypotheseseptical disk classes were similarly designated by
about the effects of internal or external boundaryiyazaki; we also added two other subclasses
spanning on overall impact. Again, this is becaugbat she had designated in this afe@ur com-
each of these exploration types combines oppos-

ing effects from each boundary, and we leave_
9 y ‘pPatents are not measures of all the knowledge held by the

comparisons to our empirical analyses. firm. This is especially true in the case of service industries.
Taken together, Hypotheses 3 and 4 suggesie Levinet al. (1990) and Grilicheset al. (1987) for

different effects of exploration type on domairfliscussion on related issues.
b yp Optical disk technology and the set of classes/subclasses

and overall impact, which are summarized IBhat define it remain stable throughout our study period, as
Figure 2. they were established prior to our study period. The problem

ata
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EFFECT ON EFFECT ON
DOMAIN IMPACT OVERALL IMPACT
Within Technological Local External Local External
Domain Boundary-Spanning Boundary-Spanning
Modcrate Highest Lowest Moderate
Beyond Technological Internal Radical Internal Radical
Domain Boundary-Spanning Boundary-Spanning
Lowest Moderate Moderate Highest
Within Firm Beyond Firm Within Firm Beyond Firm

Figure 2. Hypothesized relationships

Table 1. Components of an optical disk system

Component Name Function Patent subclasses

1 Optical servo system Control motor, spindle and focusing 369#44-46
of optical pickup

2 Optical storage Construct pits via laser beam 369#13

3 Control of information signal Convert digital signal into analog 369#48
output

4 Laser beam technology Store and reproduce digital 369#100-125
information using laser pickups

5 Optical track structure Format pits (via specification of 369#275
density)

6 Transducer assembly linear guide Read digital signal and correct 369#249
errors

7 Material Physical medium of disk 346#135.1

8 Measuring electricity signals Transmission of information 324#244,96

throughout optical disk system

plete set of subclasses and their corresponderag attention on these 22 firms. This focus trims
to the eight components can be found in Table bur set of patents to the 2333 patents issued by

A total of 3598 patents were filed and grante¢he most active firms. A distribution of the num-
in these areas between 1971 and October 199fy of patents owned by each of these most active
These 3598 patents were owned by a total @fng and the number of years in which each
413 firms. Not surprisingly, 22 firms account fOrsrm patented is displayed in Table 2. Thus, the
more than 60 percent of the fotal patentingnyings may be biased toward the experiences of
activity. To facilitate statistical analyses, we focufarge firms and should be interpreted accordingly.
By sorting these 2333 patents by firm, we were

of shifting technological boundaries would require more atterable to create 25-year longitudinal records of the

tion in areas such as biotechnology, where classes and sybh- : PR : :
classes were established after the Supreme Court decisﬂ)ﬁtentmg activity in the optical disk arena for

in 1980. each firm. For our ultimate analyses, the unit of
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Table 2. Distribution of patents and firm-year obserpatents during the year, as we describe in the
vations for sample

following section.

Firm Total patents Total years

Variables
Canon 205 20 . . . .
Philips 202 22 We display descriptive statistics and correlations
Hitachi 195 20 in Table 3 for each of the variables described
Matsushita 181 21 below.
Pioneer 180 18
Sony 160 22
IBM 115 21 Exploration
Ricoh 112 17
Kodak 108 19 We classified the exploration activities of firm
Toshiba 106 11 in yeart by classifying and tabulating all citations
Sharp 104 15 included in the firm’s optical disk patents during
Thomson 103 21 L
Olympus 04 15 year t. Note that these citations are to patents
Mitsubishi 90 16 issuedearlier than the focal patents during year
RCA 82 13 t. Each citation to another patent was traced to
Fuji 75 21 determine if the built-upon patent was assigned
B'rsef(?(‘e’r's'on gg 11213 to the same firm, and whether the built-upon
NEC 39 11 patent was classified in one of our optical disk
Xerox 34 15 technology classes. This classification enabled the
Fujitsu 33 10 construction of several variables, each of which
JvC 33 14 is denoted in Figure 4. The four inner cells
Total 2333 371 correspond to the four types of exploration: local,

radical, internal boundary-spanning, and external
boundary-spanning. Each citation was tabulated
into one and only one of these four cellSum-

vsis is the fi & Ob i f ming the rows yields counts of the total number
analysis 1S the firm-year. Ubservations - from cg citations by firmi in yeart to optical disk

1995, since incomplete, were therefore remove chnology as well as to nonoptical disk tech-

;r_(()jm ciur et1natly_3|s. In addltlonf, tilncet SaCh f_|r ology. Similarly, summing the columns yields
It p? ?27elnf_|n every );)ear Ot' € study p(Trlo ounts of the total number of self-citations by
a total 0 Irm-year observations areé analyze,,, j iy yeart as well as the total number of

Each‘ p.atent E:ontalns citations to previous P& onself-citations. The grand total represents the
tents (‘prior art’). Thus, the overall pattern oft

S : : .~ total number of citations made by firits optical
citations to earlier patents provides a credible

; ; disk patents in yeat. Due to the additive nature
record of built-upon knowledge, which we exam- P y

. . . of all the exploration variables, we control for
ine on a yearly basis. At the same time, paten

ted 10 a firm i that b " [Btal citations in all regressions to reduce the
granted to a firm n any year that asabsequently .. e|ation petween these measures. As such, the
cited by other firms permit the construction OE

) , eported correlations in Table 1 represent partial
impact measures. A sample data point—Matsus b P P

e ; P orrelations.

ga Ilgra%'?)iggmg tf\r(;oyr\:: aigt ngarglei. a?gtge:_he Two ‘exploration trajectories’ are shown in

fr)(()rr)n d'flferent com (I)n(gnts \(;f ![he firm’'s set '\g‘?gigure 5(@) and (b) to demonstrate how the explo-
: P ! ration variables can vary by firm and by year. In

each graph, the-axis represents the proportion

— _ _ o of self-citations, and they-axis represents the

° One might question why the unit of analysis is aggregate[ﬁroportion of disk citations. The firm’s position

from the patent to the aggregate set of patents issued by the

firm in a year. Aggregating a year's worth of patents for the

firm gives an overall picture of the type of exploration that———

predominates in the firm. In contrast to individual patents, Citations which could not be clearly classified because they

which have few citations and more idiosyncrasies, aggregateferred to patents issued before the data base began were

patents suggest exploration strategies while still encompassiogunted separately and included in a control variable called

great variation (as can be seen in Figures 3 and 5). ‘other citations.’
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Exploration measured by citation of patents filed 1971-1989 Impact measured by citations received 1990-1997
d < .
< 4’ < Ll
Internal Boundary-
Spanning Citations:
Number of patents cited that Domain Impact:
are not in the optical disc Exploration within and Number of times the 16
area but were filed by across organizational patents have been cited
Matsushita: 2 boundaries: by optical disc
Self citations: 9 patents filed post-1989
Non-self citations: 87 divided by 16: 1.375
Local Citations:
Number of patents cited that are
in the optical disc Unit of Analysis
area and are filed by Firm-Year
Matsushita: 7 Matsushita
1989 (16 patents)
Total number of patents
cited: 96
Citations received: 72
Radical Citations:
Number of patents cited
that are not in the optical
disc area and were not
filed by Matsushita: 49 Overall Impact:
Exploration within and Number of times the 16
across technological patents have been cited
boundaries: by non-optical disc
Optical disc citations: 45 patents filed post-1989
Non-optical disc citations: 51 divided by 16: 3.125
External Boundary-
Spanning Citations:
Number of patents cited
that are in the optical disc
area but were not filed by
Matsushita: 38

Figure 3. Example of a data point and construction of variables

in each year is plotted (the initial year is showiracking all patents that cited the focal patents
in bold type) and the points connected so thaifter they were granted. For each fiiimin each
one may follow the evolution of explorationyeart, we took its set of optical disk patents and
behavior. Note also that the median values gferformed a search to find all patents that cited
self-citation and disk citation (9% and 52%he focal patents after they were grante8o in
respectively) are shown as dotted lines in theontrast to the exploration variable, constructed
graph, effectively splitting the citation space intdrom the citations made by firnmi’'s patents in
four areas that may be associated with our foyear t to earlier patents, the impact variable
types of exploration. utilizes citations fromsubsequentpatents from
Observe how Philips and Toshiba explore sany firm that cites firmi’s patents in yeat. Note
differently. Philips works its way into a positionthat, ceteris paribus patents granted in earlier
of consistently high self-citation, with some variyears are likely to have more citations than pa-
ance in the extent to which it integrates priotents granted in later years since they are at risk
disk developments. In contrast, Toshiba undertakés citations during a longer time period. We
only a medium amount of self-citation, but heavilycontrol for this bias by including year dummies
relies on developments within the optical diskn our analyses.
domain. The differences in these trajectories are These citation counts enabled the construction
especially interesting when one considers hoof our two impact variables. Domain impact for
Toshiba has recently occupied a position of pronfirm i in yeart equals the number of citations
inence in the development of DVD standards, tsom optical disk patents (that is, citing patents
some extent at the expense of Philips and Sorhat were classified in any of our initial optical
the two leaders for the previous CD standards.

| t 8 All searches for all firm—year combinations were performed
mpac during a 1-week period in October 1997. These searches were

. - . timed to take place between updates to the U.S. Patent
We measured the impact of firms patents in parapase to avoid biasing the latter searches toward more

yeart on subsequent technological evolution byitations.
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Table 3. Descriptive statistics1(= 371)

Partial correlations (with respect to total citations)
Variable Mean S.D. Min. Max. Partial 2 3 4 5 6 7 8 9 10 11
S.D.

1 Domain 170 211 O 128 205 0840.13 -0.012 -0.1& 0.15° 0.058 —0.094 -0.020 0.27 0.33
impact

2 Overall 242 294 0 229 272 - 0.085 —0.11* —0.096 0.065 0.066 —-0.15 0.080 0.26 0.30¢
impact

3  Self- 462 6.72 0 41 3.97 - - —0.036 —0.036 0.77 0.77 —0.46" —0.39 0.13 —0.010
citation

4  Disk 159 178 O 89 486 — - - —0.068 0.32 —-0.37 0.85 —-0.85 —-0.27 0.10¢
citation

5 Citation 581 6.25 0 70 6.17 - - - - —-0.014 0.070 —0.062 0.032 0.43 —0.046
age

6 Local 240 383 0 25 259 - - - - - 0118 —0.22 —-0.44 0.0093 —0.050
exploration

7  Internal 222 369 O 23 258 - - - - - - —0.48 -0.17 —-0.20 0.035
boundary-
spanning

8 External 135 151 O 81 472 - - - - - - - —0.63 —0.29 0.13
boundary-
spanning

9 Radical 11.8 126 0 65 457 - - - - - - - - 0.18 —0.13
exploration

10 Other 537 6.79 0 44 6.41 - - - - - - - - - 0.14
citations

11 Number 6.27 581 1 34 232 - - - - - - - - - -
of
patents

12 Total 299 315 O 166 - - - - - - - - - - -
citations

*p < 0.05

86¢
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vations, we took several steps to ensure the integ-

Local External bise Citat rity of our results. First, we included firm dum-
o _ ; tat 7 .
Citations Coundary-Spanning weHIEOnS T mies to capture any unmeasured heterogeneity

across panels. In addition, we report significance
levels based on Huber—White robust standard
Internal Radical N errors to control for any res!dual heteroscedastic-
Boundary-Spanning Citations on-Disc Citations jty across panels. We also include year dummies
Citations to capture any overall changes in impact due to

technological standardization, patent-related legis-

lation, and the likeé?

Self Citations Non-Self Citations Total Citations Recall that we have missing observations in
Figure 4. Relationships between exploration variableé€@rs where firms did not patent, because there
are no citations with which to construct the inde-
pendent variables. As a test, we generated pseudo-
observations for the 157 nonpatenting firm-years
by setting all citation-related counts to zero and
average citation age to its maximum value.
Results were not appreciably different.

disk subclasses) received by firmis patents
granted in yeart. Overall impact is the total
number of citations from nonoptical disk patent
received by firmi’s patents granted in yeatr®
For both of these measures, self-citations were
excluded. Since both types of impact are likelfModels
to correlate with the total number of patent
issued by the firm during that year, we controE
for this yearly number of patents in our analyse?

apturing the effects of the various types of
xploration requires caution because of the addi-
ive nature of the various categories. We begin

by considering each type of boundary indepen-
Citation age dently. In Model 1 we include measures of self-

We include a measure of the average age of cl'tation and disk citation. We are interested in
g€ ag g pturing the difference between self-citation and

citations made during each year by each fIrrTF\'onself-citation on impact, as well as the differ-

This measure is intended as a control, as tré%ce between disk citation and nondisk citation

tendency for patents with older citations to geners | impact. However, it is not possible to include

gttialﬁsszc;&ga(gnga;i:erﬁga;?:gdm%sorsee?\slzna:ﬁfjfour of these terms in one regression, because
’ ’ y e sum of self-citations and nonself-citations

proxy for competence traps. equals the sum of disk citations and nondisk
citations. Instead, we include this sum—total

Analyses citations—in the model, and omit nonself-
citations and nondisk citations. This means that
Regressions the coefficient on self-citation actually represents

the difference between self- and nonself-

Since our_dependgnt varlab_le IS a nonneg‘"‘.t'\f:‘?tations,11 and likewise for the coefficient on disk
count variable with overdispersion, negative

binomial models are indicated (Hausman, Hall,

n rilich 1984). Sin r r r
and Griliches, 1984). Since our data st uctul%We checked for any residual autocorrelation within panels

includes longitudinal panels with missing obsefpy including a lagged dependent variable in our formulations.
This variable did not yield any significant coefficients, and
_ did not alter any of the effects appreciably.
9 Another possible way to construct the overall impact mead! Mathematically, if we model In(impactF b, + by(self-
ure is to use the total number of citations, both optical diskitation) + b,(total citations)+ ... and substitute the identity
and nonoptical disk. This formulation is strongly correlatedelf-citation+ nonself-citation= total citations, then In(impact)
with the nonoptical disk formulation we report, and the= b, + (b, + b,)(self-citation)+ b,(nonself-citation)+ ... With
regression results are not substantively different, so we dbis formulation we can see that represents the difference
not report them here. We report the impact limited to nonogn the actual effects of self-citation and nonself-citation. More
tical disk to provide two independent impact measures. Resultguitively, if we substitute nonself-citation for self-citation in
using the alternative formulation are available from the authotbe regression, we find that we obtain the same valuebfor
on request. except for the reverse sign.
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Figure 5. (a) Philips’ exploration; (b) Toshiba’'s exploration

citation. In Model 2, we include the multiplicative citations measure even though the term is omitted
interaction of self-citation and disk citation. Afrom the regression. These coefficients allow us
significant coefficient on this variable indicateso compare the effects of each of the four types
that simultaneous consideration of both boundf exploration using Wald tests.
aries should yield additional insight. To interpret
these effects in a straightforward way, we elabo-
rate both boundaries simultaneously. RESULTS

Therefore, in Model 3, we replace our measures
that focus on a single boundary (i.e., self-citatiofable 4 summarizes the relevant coefficients for
and disk citation) and incorporate both types dafiegative binomial regression of domain impact on
boundaries simultaneously by including measurexploration behaviot? In Model 1, the significant
of local exploration, internal boundary-spanning_____
exploration, external boundary-spanning expldz Our tables do not display the 21 firm effects and 23 year
ration, and radical exploration. Note that Sinc?ffects separately, for lack of_ space. These results are available

rgm the authors. Our omitted firm was Xerox, and our

these four measures sum to the total number Q%itted year was 1994. Two firms generate significgnt<(
citations, we implicitly control for the total 0.05) positive coefficients for domain impact: Philips in all
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Table 4. Negative binomial regression of domain impact on exploration 871)

1 2 3
Self-citation (SC) —0.053* —0.020
Disk citation (DC) 0.017 0.03r*
SC X DC —0.00098*
Total citations (SC+ non-SC; DC+ non-DC) 0.0016 0.0017
Number of patents 0.11 0.094* 0.11*
Average citation age —0.054* —0.052* —0.054*
Other citations 0.020 0.022 0.020
Local exploration (SC and DC) —-0.033
Internal boundary-spanning (SC and non-DC) —0.053*
External boundary-spanning (non-SC and DC) 01018
Radical exploration (non-SC and non-DC) 0.0019
Firm dummies (21) 2 firms 1 firm** 2 firms**
Year dummies (23) n.s. 1 yedr o
Constant —20.1 —19.8 —19.4
Alpha 0.37* 0.35* 0.37"*
Log-likelihood —1179.8 —1173.8 —1179.8

*p < 0.05; **p < 0.01 (significance derived from robust standard errors)

negative coefficient on self-citation demonstratampact, while radical exploration does not obtain
that exploration within organizational boundaries significant coefficient. We hypothesized that
generates less domain impact than explorationternal boundary-spanning would have the lowest
beyond organizational boundaries, supportingnpact, and external boundary-spanning would
Hypothesis la. Likewise, the significant positivdiave the highest impact. Wald tests demonstrate
coefficient on disk citation demonstrates thahat the coefficient of external boundary-spanning
exploration within technological boundaries genis significantly higher than those of internal
erates more domain impact than exploratioboundary-spanning and local exploratiop €
beyond technological boundaries, supporting.05) as well as that of radical exploratiop €
Hypothesis 2a. 0.10), fully supporting Hypothesis 3a. At the
In Model 2, addition of an interaction termsame time, the coefficient of internal boundary-
between self- and disk citation obtains a signifispanning is significantly lower than those of
cant coefficient, which suggests that simultaneoexternal boundary-spanning and radical explo-
consideration of both boundaries will add insightration (@ < 0.05), but not significantly different
For that insight, we turn to Model 3, where wehan that of local exploration, partially supporting
examine the four types of exploration in the samielypothesis 3b. It is also interesting to note that
model. Here we observe that internal boundaryecal exploration generates significantly less
spanning obtains a significant negative effect ampact than radical exploratiorp(< 0.05).
domain impact, while external boundary-spanning In addition, note that the effects of our control
obtains a significant positive effect on domaiwariables persist across all models. As expected,
impact. We also observe that local exploratiothe number of patents granted to a firm in a
obtains a significant negative effect on domaigear is positively associated with the number of
subsequent citations those patents receive. At the
models, and RCA in Models 1 and 3. The significance 0$_am_e time, th_e hlgher the average age of the
our year effects vary. In all models, a sensible citation-relategitations contained within those patents, the lower
pattern emerges: the more recent the year, the lower thge impact of the patents. We also find that our
coefficient. This effect is visible from the late 1980s onward, L . P
Years prior to that time generate relatively equal coefﬁcientgomroI for other citations obtains a significant
with no apparent trend. One year (1979) is significant ipositive association with domain impact.
Model 2, and most years are significant in Model 3. Table 5 summarizes the relevant coefficients
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Table 5. Negative binomial regression of overall impact on exploratios @71)

1 2 3
Self-citation (SC) —0.052* -0.014
Disk citation (DC) -0.020 —0.0031
SC X DC —0.001%*
Total citations (SC+ non-SC; DC+ non-DC) 0.027* 0.027*
Number of patents 0.11 0.088* 0.11*
Average citation age —0.019 —0.017 —0.019
Other citations 0.0036 0.0068 0.0036
Local exploration (SC and DC) —0.043*
Internal boundary-spanning (SC and non-DC) —0.026
External boundary-spanning (non-SC and DC) 0.0071
Radical exploration (non-SC and non-DC) 0.027
Firm dummies (21) 2 firms 2 firms** 2 firms**
Year dummies (23) o o o
Constant —16.6* —16.5* —16.6*
Alpha 0.60* 0.57* 0.60"*
Log-likelihood —1356.6 —1350.5 —1356.6

*p < 0.05; **p < 0.01 (significance derived from robust standard errors)

for negative binomial regression of overall impacspanning do not obtain significant effects on over-
on exploration behavio® In Model 1, the sig- all impact. Wald tests demonstrate that the coef-
nificant negative coefficient on self-citation demficient of radical exploration is significantly
onstrates that exploration within organizationahigher than those of internal boundary-spanning
boundaries generates less overall impact thamd local explorationg < 0.05) as well as that
exploration beyond organizational boundariesf external boundary-spanning < 0.10), fully
supporting Hypothesis 1b. Likewise, the signifisupporting Hypothesis 4a. At the same time, the
cant negative coefficient on disk citation demoneoefficient of local exploration is significantly
strates that exploration within technologicalower than those of external boundary-spanning
boundaries generates less domain impact thand radical explorationp(< 0.05), but not sig-
exploration beyond technological boundaries, supificantly different than that of internal boundary-
porting Hypothesis 2b. spanning, partially supporting Hypothesis 4b.

In Model 2, once again, addition of an inter-Also note that internal boundary-spanning yields
action term between self- and disk citation obtainsarginally lower overall impact than external
a significant coefficient, which suggests that sboundary-spanningp(< 0.10).
multaneous consideration of both boundaries will Once again, the effects of our control variables
add insight. For that insight, we turn to Modelpersist across all models. While number of patents
3, where we examine the four types of exploratiomaintains the same positive effect as observed
in the same model. Here we observe that locér domain impact, the effects of average citation
exploration obtains a significant negative effect oage and other citations are no longer significant
overall impact, while radical exploration obtains dor overall impact.
significant positive effect on overall impact. We
also observe that internal and external boundary-

DISCUSSION

13 For overall impact, two firms obtained significant negativep lts highlight th | f izati |
coefficients: JVC and Pioneer. While the year effects followeUl re€sults hignlig e value ol organizauona
the same general citation-related pattern as the domain imp&@undary-spanning. Even while controlling for

results, the year coefficients for the overall impact modelgphspolescence. we found that exploration beyond
were all significant. . ’ . . .
organizational boundaries persistently obtained
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more impact than exploration within organi-the norm. Our results suggest that the ‘make-
zational boundaries. Apparently, firms that focusr-buy’ decision for technological competences
inward on their core competencies run the riskhould not be influenced unduly by exhortations
of developing innovations that wind up beingo leverage knowledge within the firm.
peripheral to the aggregate path of technologicaideed, the importance of coalescing the knowl-
development. edge of multiple organizations into the firm’s

At the same time, our results on technologicaxploration trajectories is particularly important
boundary-spanning highlight tradeoffs betweefor systemic technologies such as optical disk
domain and overall impact. While exploratiorand is illustrated by Toshiba’s prominence in the
within technological boundaries increases domaldVD realm.
impact, it decreases overall impact. Thus man- One limitation of our study is that patent data
agers should recognize that casting a broad ren only track the exploration patterns of inno-
to incorporate sources of technological variatiomations successful enough to have resulted in
is more likely to yield impact outside the domairpatents. Firms certainly undertake exploratory
than within it, and incorporate this tradeoff asctivities that do not result in granted patents.
they choose their exploration strategies: whil®etailed, painstaking fieldwork should be under-
domain impact suggests the likelihood of shortaken to determine whether this unmeasured
term gains in the given technological area, overadictivity could bias our results.
impact suggests the possibility of new platforms
that may provide longer-term gains.

Our theory and results suggest that organCONCLUSIONS
zational boundary-spanning and technological
boundary-spanning manifest both similarities an@ur contribution in this paper is the systematic
differences, depending on the context in whickxploration of the distinction between exploration
one examines their effects. With respect to overdlhat spans technological boundaries and
impact, each type of boundary-spanning isxploration that spans organizational boundaries.
expected to yield a positive effect on impact, anéxtant literature typically considers only one type
we did not distinguish between the effects obf boundary-spanning exploration; rarely are the
internal and external boundary-spanning theawo types distinguished or compared si-
retically. Empirically, the difference between thenultaneously. Thus, the celebrations of boundary-
two coefficients for these effects is marginal—spanning exploration, or second-order com-
external boundary-spanning yields somewhaietence, are well placed, but need to be more
more impact than internal boundary-spanning. loarefully specified.
contrast, when we examine domain impact, we We made the distinction between technological
support the hypotheses that internal boundargnd organizational boundary-spanning because we
spanning yields the lowest impact, and externélelieve that the skills and routines required to
boundary-spanning yields the highest impact. Irecombine knowledge from different technologi-
this case, each type of boundary-spanning yieldal areas may differ dramatically from those
dramatically different effects. Evidence of thigequired to recombine knowledge from different
type demonstrates that the normative assumptiirms. In this paper, our empirical data do not
that internal recombination should be a beneficiabecify which mechanisms facilitate knowledge
activity for the firm (cf. Teece, 1997) may bebuilding; we simply focus on the boundary-
misleading, particularly when considering withinspanning possibilities and their effects. There is
domain impact. much work today on the mechanisms by which

One possible explanation for these dramatiirms build knowledge within and across bound-
differences in internal and external boundaryaries (Mowery, Oxley, and Silverman, 1996;
spanning on domain impact may be that whebutta and Weiss, 1997; Nerkar, 1997; Almeida
firms choose to build upon external expertisgnd Rosenkopf, 1997; Nagarajan and Mitchell,
they are more likely to choose well-regarded998; Almeida and Kogut, 1999). Knowledge-
technology. In contrast, when they build upotbuilding expertise of one type as demonstrated in
internal expertise, they are consigned to their owpapers like these may not transfer to other types;
firm’'s level of expertise, be it above or beloworganizations may be proficient at one type of
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