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1. Introduction
Business groups are key sources of innovation
in emerging markets (Amsden and Hikino 1994,
Amsden and Chu 2003, Chang et al. 2006, Kim
1997), which are now active centers of the world’s
economic activity, but we understand little about
why innovativeness differs across groups and over
time. Business groups are sets of independent firms
that often operate in multiple industries; groups of
firms are connected by structural linkages such as
director interlocks, financial investments, and buyer–
supplier ties (Granovetter 1995, Khanna and Thomas
2009). Several studies suggest that ties among group
affiliates help firms gain access to resources when
environments lack external institutions that would
otherwise provide capital, legal protection, technol-
ogy, human talent, and commercial supply chains
(e.g., Keister 1998, Chacar and Vissa 2005, Carney
et al. 2011). However, few studies have considered
how variations in internal structural linkages affect
group activity and performance; furthermore, no
research has examined how variation in the structure
of intragroup ties influences group innovativeness

despite that ties might facilitate innovative activity
by offering access to intragroup resources or inhibit
innovation by inducing inertia (Lincoln et al. 1996,
Khanna and Palepu 2000a). This study argues that
the density of intragroup buyer–supplier ties both
facilitates and constrains group innovativeness, with
the constraints increasing over time as the group’s
home environment adopts more extensive market-
based institutions.

The study draws insights about intragroup ties and
innovativeness from studies of business groups while
building on ideas from the technology and social
networks literatures. The business-group literature
argues that early in the development of a market envi-
ronment, intragroup buyer–supplier ties offer alter-
natives to external supply chains (Leff 1978, Keister
2001), filling what Khanna and Palepu (2010) refer
to as institutional voids and potentially contributing
to innovative activity (we will also assess equity and
director ties, which also address institutional voids).
Technology studies research implies that stable oper-
ating linkages such as ongoing buyer–supplier ties
can help groups combine resources from different
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affiliates (Nelson 1959, Monteiro et al. 2008) but also
suggests that linkages create tendencies toward local
search (Nelson and Winter 1982, Helfat 1994). The
concept of network density (the proportion of poten-
tial ties that members of a network actually form
(Freeman 1977)) helps assess when the benefits of
buyer–supplier ties will outweigh the constraints.

We refer to the benefits of using ties to share re-
sources across firms as combinatorial opportunities
that arise from knowledge and trust in sharing
resources and to the constraints as combinatorial
exhaustion that arises from resource redundancy,
depletion, and organizational saturation. We expect
the density of intragroup buyer–supplier ties to
have an inverted-U impact on the innovative activ-
ity of a group’s affiliates, with initial increases in
combinatorial opportunities that are countered by
growing combinatorial exhaustion as buyer–supplier
tie density increases. In turn, we expect the bene-
fits of buyer–supplier density to decline as market-
based institutions that support innovation become
more prevalent, causing the opportunity costs of
local search to increase. We test the argument with
263 Taiwanese business groups from 1981 to 1998,
when groups helped Taiwan become an innovation
powerhouse (Amsden and Chu 2003, Einhorn 2005).
Our study contributes to the business-group literature
by demonstrating that differences in groups’ internal
structure and the changing nature of external envi-
ronments jointly shape groups’ roles as innovators.

2. Background on Business
Groups and Innovation

2.1. The Role of Business Groups in
Emerging Markets

Business groups have long been common in emerg-
ing economies, from the 19th century in the United
States to Western Europe and Japan in the 20th cen-
tury to many Asian, Latin American, and African
economies of the late 20th and early 21st cen-
turies (Granovetter 2005, Khanna and Yafeh 2007).
Exchange within groups involves interfirm linkages,
including financial, director, and buyer–supplier ties.
Intragroup ties help coordinate group-wide strate-
gies (Khanna and Thomas 2009) and act as con-
duits for sharing resources (Keister 1998), where
resources include financial assets and physical goods
as well as intangible assets such as knowledge
and information. Financial ties arise when affiliates
hold equity shareholdings or lend each other money
(Gerlach 1992). Director ties arise when individuals
sit on the boards of affiliates (Keister 2001). Buyer–
supplier ties are operating linkages that arise when
groups create or acquire affiliates that produce com-
ponents and/or distribute goods (Lincoln et al. 1996,
Chang et al. 2006).

Intragroup ties address gaps in market infrastruc-
ture. Intragroup buyer–supplier ties, which we focus
on in this research, help fill institutional voids when
suitable external vendors are not available and/or
firms face concerns about protecting the value of
external exchanges. Leff (1978) and Khanna and
Palepu (2000b) argue that institutional voids arise
when there is limited market-oriented infrastructure,
which includes scarcity of commercial value chains
in the form of independent suppliers. The scarcity
of independent suppliers in turn arises from limits
in institutions such as capital markets, labor mar-
kets, and legal infrastructure. Creating buyer–supplier
relationships within groups helps fill the commercial
void in two ways. First, groups often create suppliers
and/or distributors that are not available externally.
Second, even when external vendors do exist, intra-
group buyer–supplier ties provide greater protection
for exchanges than would be available with external
vendors that do exist, owing to weakness in legal
infrastructure; such protection is particularly impor-
tant for exchanging specialized components and other
resources that face proprietary concerns. As we dis-
cuss later, when market institutions are limited, pro-
prietary protection, via intragroup ownership and
family ties that often arise in parallel with business
supplier ties as well as any expectation of risk sharing
across affiliates, will encourage greater resource shar-
ing than would occur among independent firms. By
bridging institutional gaps, linkages such as buyer-
supplier ties may influence multiple aspects of group
performance, including innovative activity.

Studies of group innovativeness and other aspects
of performance typically consider groups’ economic
impact and/or compare groups to other firms. A few
country-level studies suggest that groups may help
newly industrialized countries increase their innova-
tive ability (Kim 1997, Chang et al. 2006). Scholars
studying knowledge diffusion and industrialization
argue that groups offer reputations and government
ties that attract foreign technology providers (Amsden
and Hikino 1994, Hobday 1995). Claessens et al. (2000)
suggest that family ownership in East Asian groups
provides long-term perspectives and willingness to
undertake research and development (R&D) invest-
ments. Mahmood and Mitchell (2004) show that a mix
of groups and independent firms provides a com-
bined infrastructure that facilitates innovation within
a sector. Chang et al. (2006) find that group affiliation
in Korea and Taiwan offers firm-level innovation ben-
efits when a country has limited market institutions.
At the group level, meanwhile, Chang and Hong
(2000) show that group affiliation in Korea helps affil-
iates pool resources that contribute to financial per-
formance. Khanna and Palepu (2000a, b) demonstrate
that groups in Chile and India create value for their
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members through product, labor, and capital market
intermediation.

In the most detailed study of group innovativeness
to date, although in a developed market setting,
Belenzon and Berkovitz (2010) examine innovative
activity of business groups based in Western Europe
from 1995 to 2004. They argue that group affiliates
enjoy innovation investment incentives because inter-
nal capital markets avoid asymmetric information.
The study does not examine intragroup linkages but
instead compares innovation by groups to that of
other firms while assessing contingencies based on
sectoral financial intensity. They find that affiliates
tend to be more innovative than nongroup firms, par-
ticularly in financially intense settings, while finding
little evidence of intragroup knowledge flows based
on patent cross-citations. The null result for intra-
group knowledge sharing in developed markets is
consistent with the argument we develop in §3. No
studies have examined whether intragroup relation-
ships such as buyer–supplier ties influence group-
level innovative activity.

2.2. Intragroup Buyer–Supplier Ties:
Combinatorial Opportunities and Exhaustion

Ongoing intragroup buyer–supplier relationships can
both constrain and benefit group innovativeness.
The benefits arise from combinatorial opportunities,
which are opportunities to combine existing knowl-
edge and other resources in novel ways (Schumpeter
1934, Galunic and Rodan 1998, Fleming 2001). The
technology studies literature suggests that ongoing
operating ties between firms can contribute to inno-
vativeness by increasing both the scope of innova-
tive activity (Nelson 1959, Teece 1989, Dyer 1996) and
incentives to invest in innovation (Cohen and Klepper
1996, Ryall and MacDonald 2004). The potential and
incentives for recombination will be greatest in ongo-
ing ties because the knowledge that underlies inno-
vative opportunities often involves tacit information,
complex organizational relationships, and the need
for trust in using resources (Kogut and Zander 1992).

Combinatorial opportunities are relevant for busi-
ness groups with buyer–supplier ties. Managers of
tied affiliates will interact with each other over time
as they carry out operating tasks, helping diffuse fine-
grained information about diverse technologies, prod-
ucts, people, and markets as well as gaining trust in
each others’ skills and intentions (Chang and Hong
2000). Affiliates that engage in innovative activities
can draw on the information in their R&D efforts.
Buyer–supplier ties provide information that is rele-
vant for innovation because new goods and services
commonly combine knowledge of components and
activities from existing products as well as knowledge
of multiple market environments; ongoing buyer-
supplier relationships help transfer such knowledge

among the partners’ technical and operating staff.
Analogously, Amsden and Hikino (1994) argue that
groups develop what they refer to as project execu-
tion capabilities when people from different affiliates
work together over time; project execution capabil-
ities both facilitate current activities and help firms
combine ideas that arise from the activities. Mahmood
et al. (2011), meanwhile, find that buyer–supplier ties
associate with greater innovative capabilities of more
central affiliates.

In conducting this research, we examined pub-
lic information and spoke with executives, indus-
try professionals, and scholars with knowledge of
business groups in Taiwan. The Formosa Plastics
Group (FPG) offers an example of the benefits of
buyer–supplier ties. The FPG was founded in 1958.
A daughter of FPG’s founder created First Interna-
tional Computer (FIC) in 1980. In 1987, a second
daughter established VIA Technologies, which sup-
plied chipsets to FIC. Ties between FIC and VIA con-
tributed to ongoing innovation at the two firms. For
instance, ongoing supply chain exchanges and collab-
oration between FIC and VIA personnel led to the
development of a series of motherboards for the Intel
Pentium 4 platform. Such intragroup relationships
contrast with buyer–supplier relationships between
independent companies because trading ties between
independent firms often lack sufficient stability and
trust to exchange ideas over time. For instance, many
auto manufacturers have struggled to use their sup-
pliers as sources of innovation. Examples such as
Toyota and its relatively stable network of suppli-
ers come closer to the intragroup relationships, as do
buyer–supplier relationships among subsidiaries of
multibusiness corporations (e.g., the Pratt & Whitney
and Sikorsky units within the United Technologies
Corporation).

The Eternal Chemical Group provides a second
example of combinatorial opportunities from an inter-
nal supply chain. The Eternal Chemical Company,
the core firm in the group, was founded in 1964
as a producer of commodity resins. Over the past
five decades, the Eternal Group has evolved into a
specialized electronic chemical and optical-electronic
innovator that is one of the world’s leading suppli-
ers of dry film photo-resistant materials for printed
circuit boards. Eternal’s development of alternative
materials for radio-frequency identification device
(RFID) antennas illustrates recombination benefits. In
the early 2000s, a specialized materials affiliate saw
an opportunity for an alternative to costly metal
RFID antennas by combining its materials knowledge
with coating and lamination technologies of affili-
ates within the group. The R&D team at the materi-
als affiliate created an initial prototype product using
existing group technology, including the initiator’s
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own adhesives and production processes, plus resins
and lamination techniques from affiliates along the
intragroup buyer–supplier chain; the team drew on
knowledge about where different skills resided that
the materials affiliate had gained during its purchas-
ing interactions. The R&D team and purchasing staff
at a resin affiliate next suggested a different kind of
resin and production process that led to a second
prototype. The original team then designed a new
adhesive and production process and worked with
staff from a lamination affiliate to produce a new
laminating technique to make a marketable product.
The R&D team at the materials affiliate also designed
two variants of the product using different adhesive
technology and revised production processes based
on conversations with external customers that had
specialized needs. At this point, the only piece of
prior art left from the original prototype was one of
the adhesives. The final products reflected extensions
of Eternal’s original internal knowledge along with
external knowledge that the internal base had helped
the lead affiliate’s R&D team recognize they could
use. By 2006, the interactions among R&D person-
nel and purchasing staff at affiliates along Eternal’s
buyer–supplier chain had helped the firm create suc-
cessful alternative materials for RFID antennas with
substantial sales potential.

Buyer–supplier ties can also generate constraints of
combinatorial exhaustion. Exhaustion, which is the
point at which combinatorial opportunities reach their
limits, can arise from three sources: resource redun-
dancy, resource depletion, and organizational satura-
tion. Redundancy occurs when new ties connect to
resources that are already available via existing ties
(Dosi 1988). Depletion occurs when firms use up the
innovative potential of internal resources and yet are
constrained by existing routines from searching for
new external insights (Rosenkopf and Nerkar 2001,
Rosenkopf and Almeida 2003, Fleming and Sorenson
2004). Organizational saturation occurs when firms
reach the limit of managerial capacity to use resources
for new activity (Portes 1998, Hansen 1999). Combina-
torial exhaustion from redundancy, depletion, and/or
saturation can reduce both investment incentives and
innovative productivity.

Combinatorial exhaustion is common in practice. In
the FPG case, VIA’s founder established Xander Inter-
national in 1997 as a supplier of electronic compo-
nents. FIC, VIA, and Xander shared staff who spent
extensive time coordinating purchasing and technical
activities within the FPG affiliates. This organizational
saturation left limited time to look for innovative
external opportunities, depleting internal resources.
Interviews with executives of the Fabgarm Group
(disguised name) highlight combinatorial exhaustion
arising from the three mechanisms. Fabgarm has

many textile affiliates with multiple garment brands,
with a dense set of buyer–supplier ties. Redundancy
of ties arose because much of the affiliates’ knowl-
edge was homogeneous and so generated dimin-
ishing marginal returns to recombination. Depletion
arose because exchanges among affiliates tended to
use up novel knowledge, such as how to increase
yarn counts in textiles, and the emphasis on internal
sourcing inhibited affiliates’ ability to look for new
external ideas. Saturation arose owing to limited time
to seek ideas; one respondent said the groups with
fewer intragroup ties found it easier to use external
sources to identify new knowledge for their innova-
tive activities because they did not have so many
internal demands on their time and faced fewer pres-
sures to use internal relationships whether or not they
had useful knowledge.

The social network concept of network density
helps assess how the balance of combinatorial oppor-
tunities and exhaustion will affect business-group
innovativeness. The density of structural ties is the
ratio of the actual number of ties within a given net-
work to the number of potential ties that could be
forged within the network (Freeman 1977); for exam-
ple, the density of a four-member group with two ties
would be 2/6 possible ties = 0033. Sociologists suggest
that density can both facilitate and constrain network
performance. The literature on cohesion (Coleman
1988) suggests that greater density creates direct and
indirect paths by which actors can share resources,
whereas structural holes arguments (Burt 1992) expect
greater benefits from sparseness in which brokers
between diverse networks facilitate innovative activ-
ity. The few studies that even indirectly examine
how density affects network innovativeness (e.g.,
Hargadon and Sutton 1997, Hansen 2002, Reagans
et al. 2004, Burt 2004, Obstfeld 2005, Mahmood and
Zheng 2009) find varied results. A study by Uzzi and
Spiro (2005) that is most relevant to our argument
finds that networks with short paths between mem-
bers, which Watts (1999) called small-world networks,
initially lead to greater artistic creativity in collaborat-
ing teams but ultimately result in lower creativity.

The hypotheses below consider how buyer–
supplier density affects business-group innovative-
ness. We first develop the base logic concerning the
trade-off of combinatorial opportunities and exhaus-
tion and then turn to market evolution.

3. Hypotheses
3.1. Variation Across Groups: Impact of

Buyer–Supplier Tie Density on
Group Innovativeness

Operating density creates combinatorial opportunities
that arise from two related sources. First, dense ties
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create widespread knowledge of resources distributed
throughout a group. Second, trust about exchanging
resources within groups will tend to be greater than
in exchanges with independent suppliers.

Resources that can contribute to innovation often
reside in different affiliates. Access to affiliates will
create combinatorial opportunities if there is variety
in knowledge that resides at different points within
the group. Rodan and Galunic (2004) find that het-
erogeneous knowledge within a firm enhances indi-
vidual performance. Moreover, it is not enough that
knowledge simply exists within a group, because any
firm with the potential to conduct innovative activi-
ties may not know that resources exist and where they
are located. Ties help create channels for identifying
information (Granovetter 1985), which is particularly
important for gaining a fine-grained understanding
of tacit knowledge (Uzzi 1997), and ongoing relation-
ships also help avoid degradation of information over
time (Moody and White 2003) as well as help solve
problems that arise during exchange (Uzzi 1996).
Within a business group, ongoing buyer–supplier ties
create an information channel that facilitates knowl-
edge search and subsequent opportunities to combine
knowledge across affiliates and create new goods and
services.

Initially, increasing density of buyer–supplier ties
will generate opportunities to gain knowledge of
innovative opportunities and improve a group’s abil-
ity to realize the opportunities. Greater density means
that there are more direct and indirect paths that con-
nect different affiliates and, as a result, more channels
for information flow as well as greater potential het-
erogeneity in available resources. Moreover, buyer–
supplier density creates resource opportunities that
would not necessarily occur with high vertical inte-
gration (high internal sales), which may involve only
a few suppliers with limited variety of resources.

As well as creating knowledge of opportunities,
dense ties encourage affiliates to share knowledge
by building trust that reduces concerns about who
will appropriate the value of any innovative activity.
The existence of multiple direct and indirect linkages
in dense operating networks generates knowledge of
each other via repeated interactions. The knowledge
helps engender trust by creating shared understand-
ings and norms of reciprocity (Granovetter 1985) and
developing sanctions for deviant behavior (Coleman
1988). In turn, trust encourages people to share infor-
mation that will allow units to generate innovations
from a given investment while also creating incen-
tives to invest in more innovative activity because
there is less need to safeguard assets (Williamson
1985, Lincoln et al. 1996). Hence, operating density
creates knowledge and trust that generate combinato-
rial opportunities.

When a group faces institutional voids, particu-
larly limits to legal protection, intragroup ties will
provide greater combinatorial benefits than will link-
ages with any external suppliers that may be present.
External suppliers that arise despite the institu-
tional voids might provide valuable knowledge of
resources. Nonetheless, concerns about knowledge
appropriation will often remain high even in ongoing
ties with independent actors, particularly in emerg-
ing economies where formal protection of contracts
is weak.

Intragroup exchanges benefit from several
protection mechanisms that independent ties lack,
including cross-equity investments, family-based
ownership, and expectations of risk sharing among
affiliates. Cross-equity ownership helps groups
attenuate appropriation concerns about how partner
firms will share benefits of exchanging resources; any
direct or indirect ownership ties of the buyers and
suppliers within the group help align incentives that
protect the value of the resource exchange. Repeated
interactions since childhood among family members
working in different affiliates can also generate trust
that protects the value of exchanges. Equity holdings
and family ownership usually do not exist among
independent firms, so group membership helps fill
the institutional void of legal protection mechanisms.
In addition, to the extent that affiliates expect to
share risks and support each other over time, where
such willingness to provide mutual insurance may
arise because of equity holdings and family-based
ownership, individual affiliates will worry less than
independent firms will about who benefits from
sharing a particular resource.1 Hence, relative to ties
with external actors, intragroup affiliation generates
greater willingness to share resources that create
combinatorial opportunities.

Our interviews at Eternal Chemical highlighted
several organizational processes involving buyer-
supplier ties that create knowledge and trust needed
for recombination activity at the Eternal Group.
Respondents said that different affiliates can have
ideas that initiate the innovation process, leading to
back-and-forth interactions that combine knowledge
across affiliates. Personnel involved in knowledge
transfer involve both technical and purchasing staff
members who work at the interface between affiliates.
In turn, a respondent said that even though any one
innovation sequence may not create equal rewards of
knowledge learned by all parties, the affiliates expect

1 The groups literature has argued that affiliation offers mutual
insurance (e.g., Aoki 1984), although the evidence is mixed. Khanna
and Yafeh (2005) find patterns consistent with risk sharing in pre-
war Japan as well as during the 1990s in 4 of 12 markets they study,
including less volatility of profits among group affiliates in Taiwan.
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that they will benefit eventually, whether via revenue
from the output of the sequence or from later innova-
tion sequences; this expectation of long-term mutual
benefit helps maintain the trust necessary for knowl-
edge sharing.

At some point, however, dense internal ties
within a group will reach the limits of combinato-
rial opportunities, and additional density generates
constraints that arise from the three elements of com-
binatorial exhaustion: redundancy, depletion, and sat-
uration. Redundancy of duplicated resources means
that greater tie density does not offer new inno-
vative potential. Tie redundancy occurs in groups
if some suppliers and buyers provide similar ser-
vices or markets. Greater density of buyer–supplier
ties leads to greater likelihood of simply reaching
the same type of knowledge, generating redundant
ties and consequent diminishing marginal returns for
innovativeness.

Resource depletion occurs when firms use up
opportunities from internal resources without obtain-
ing new knowledge from external search. For busi-
ness groups, overemphasizing local search means
focusing on knowledge within affiliates rather than
seeking ideas beyond group boundaries. Greater den-
sity of buyer–supplier ties will induce affiliates to
focus attention on intragroup activities. For business
groups, any such insularity will limit the scope of
learning and reduce innovative opportunities relative
to less insular groups. As a result, density eventually
creates negative marginal innovativeness as groups
use up internal resources and do not replace them.
Moreover, if intragroup ties tend to last longer than
ties with independent vendors, because of family rela-
tionships, financial ties, and/or risk sharing, then
resource depletion will be more extreme for affiliates,
which will exacerbate combinatorial exhaustion.

Organizational saturation arises from limits on
managerial time and attention. Whereas redundancy
and depletion reduce the degree to which internal
resources are available for innovation, organizational
saturation means that firms lack time to take advan-
tage of available internal opportunities or to search
for external knowledge. Saturation is analogous to the
notion of urban congestion that inhibits development
activity (e.g., Bloom and Khanna 2007). For groups,
organizational saturation means that affiliates run out
of capacity to seize ideas that arise from additional
ties. Saturation can occur in dense groups if man-
agers spend so much effort managing operating rela-
tionships that they lack time to follow up innovative
opportunities at their partners. Moreover, organiza-
tional saturation arising from density will reinforce
tendencies toward local search that arise from insular-
ity because operating managers in groups with many
buyer–supplier ties will have little time to seek ideas

beyond those ties. In turn, resource depletion that
arises from the reliance on local search will create a
vicious cycle of negative marginal returns in which
firms invest less in innovative activity because they
have fewer resources to work with.

Together, redundancy, depletion, and saturation
reflect two aspects of combinatorial exhaustion. First,
redundancy and depletion reduce the stock of novel
knowledge within a group (and depletion, at least,
may be more pronounced for ties within groups than
with independent firms, if group-based ties tend to be
longer lasting), whereas saturation reduces a group’s
ability to take advantage of its stock of knowledge.
Second, redundancy creates diminishing marginal
innovative returns to density, whereas depletion and
saturation can generate negative marginal returns.

In sum, the benefits of combinatorial opportuni-
ties combined with the costs of combinatorial exhaus-
tion suggest that buyer–supplier density will have an
inverted-U impact on group innovativeness. Greater
density initially provides knowledge about resources
and generates trust about sharing resources among
affiliates, generating combinatorial opportunities. At
some point of buyer–supplier density, though, com-
binatorial exhaustion arises from tie redundancy,
resource depletion, and organizational saturation, pro-
ducing decreasing returns. Ultimately, the constraints
that arise from combinatorial exhaustion become so
strong that buyer–supplier density produces negative
marginal returns on group innovativeness.

Hypothesis 1 (H1). Group innovativeness first in-
creases with the density of intragroup buyer–supplier ties
and then declines after density crosses a threshold.

3.2. Variation in Innovation Thresholds as the
Institutional Environment Evolves

Business-group buyer–supplier relationships in
emerging economies are embedded in dynamic
contexts, including changes in market infrastructure,
deregulation of industries and public enterprises,
and inflow of foreign capital (Khanna and Palepu
2000b). This is an intrinsically important context and
also helps assess how dynamic environments affect
organizational performance more generally. Scholars
have begun to recognize that changing environ-
mental contexts shape how networks affect strategy
and performance (Luo and Chung 2005, Entwisle
et al. 2007). We develop this idea by considering
how the evolution of an institutional environment
shapes the way that buyer–supplier density affects
group innovativeness. We argue that greater market
development of the institutional environment in
which a group operates exacerbates the impact of
combinatorial exhaustion.

The market development of the institutional envi-
ronment is the degree to which a country possesses
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market institutions that businesses need for com-
mercial activity (North 1990, Khanna and Palepu
1997). At least four aspects of the institutional envi-
ronment support firms’ innovative activity. Capital
markets offer financial support (Hoshi et al. 1991,
Lundvall 1992, Almeida and Wolfenzon 2006). Labor
markets facilitate access to people needed to develop
and commercialize ideas (Saxenian 1994, Khanna and
Palepu 1997). Commercial intermediaries such as sup-
pliers, complementary firms, and distributors help
firms identify and take advantage of ideas (Porter
and Stern 2002, Mahmood and Singh 2003). Reli-
able legal frameworks create incentives to innovate
because firms believe they will profit from successful
efforts (Edquist 1997, La Porta et al. 1999). Gaps in
any of these dimensions generate institutional voids
that can constrain innovative activity.

The growth of market institutions in a coun-
try will reduce the marginal innovative benefits of
sharing resources via intragroup buyer–supplier ties.
Firms that emphasize internal sources for innova-
tion will miss opportunities to use resources that are
increasingly available externally. Hence, the oppor-
tunity costs of local search increase as an environ-
ment becomes more market oriented, reducing both
the benefits of internal knowledge and the tendency
to draw on it. Belenzon and Berkovitz (2010), for
instance, find few cross-citations among group affili-
ates in the developed markets of Western Europe.

Market development generates increased opportu-
nity costs of local search for two reasons. First, it is
difficult to conduct local and distant search simulta-
neously; Hansen (1999) argues that limits on manage-
rial time restrict search activities that would identify
opportunities beyond the boundaries of an operating
unit. Second, path dependencies create constraints in
substituting distant search for local search because
firms become embedded in prior relationships and
established ways of operating; indeed, such path
dependencies may be more pronounced for intra-
group ties than for ties with independent firms, if
family-based ownership and other forms of stickiness
lead to longer lasting ties.

Faced with limited time, money, and people to
use for search activities, coupled with path depen-
dencies in traditional local search activities, local
search will tend to crowd out distant search activities.
If reliance on intragroup buyer–supplier ties causes
inward focus, then a group will incur innovation con-
straints relative to groups that have less internal focus
when external opportunities increase. By contrast,
groups that have few buyer–supplier ties and so are
less likely to emphasize local search will have more
alternative resources that they can use for innova-
tion as market development proceeds. The growth of
market-based institutions will exacerbate the impact

of resource depletion and, in turn, of combinatorial
exhaustion, thereby reducing the net innovative ben-
efits of buyer–supplier density.

Hypothesis 2 (H2). The greater the market develop-
ment of the institutional environment in which a group
operates, the lesser the net innovative benefits of intragroup
buyer–supplier density.

Samsung and Daewoo illustrate the impact of mar-
ket evolution. Historically, both groups were inno-
vative leaders in Korea. As the market environment
of the country strengthened during the 1970s and
1980s, Samsung reduced its dependence on internal
supply while Daewoo remained internally focused.
Samsung forged ahead as a more innovative firm
(the U.S. Patent Office reports that Daewoo received
1,480 U.S. patents from 1976 until undergoing reor-
ganization in 2000; Samsung received 6,633 patents
in the same period). Chang (2008) attributes part of
Samsung’s innovativeness to its ability to take advan-
tage of external market and technical opportunities.

In sum, we argue that buyer–supplier density has
both a main effect and a market-varying impact on
group innovativeness. Density creates combinatorial
opportunities that increase at a decreasing rate, with
the marginal impact on innovativeness eventually
becoming negative as combinatorial exhaustion takes
hold. Internal combinatorial opportunities offer great-
est benefits when developed market institutions are
limited, whereas combinatorial exhaustion becomes
increasingly salient as markets develop.

4. Data, Measures, and
Statistical Method

4.1. Business Groups in Taiwan
Business groups are important economic actors in
Taiwan and played key roles as innovators as
Taiwan became an important global source of tech-
nical advance in several industries (Hobday 1995,
Ernst 1998). Chung and Mahmood (2006) report that
the top 100 groups accounted for as much as 85%
of the country’s gross domestic product (GDP) in
2002, up from 28% in 1980. Business activity in Tai-
wan involves multiple industries, including electronic
devices, industrial equipment, chemicals, plastics,
construction, wholesale trade, data processing, food
manufacturing, financial services, real estate, and life
sciences (Chung 2001). As part of this research, we
examined U.S. patenting trends of Taiwan inventors.
Between 1984 and 2001, group affiliates received 97%
of the U.S. patents awarded to Taiwanese applicants;
8 of the top 10 recipients were business-group affil-
iates (Taiwan Semiconductor Manufacturing Com-
pany (TSMC), United Microelectronics Corporation
(UMC), Hon Hai, Walsin Lihua, Acer, Advanced
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Semiconductor, Umax, and Giant). Many patentees
operated in the semiconductor, electronics, and indus-
trial equipment sectors; groups also were leaders in
bicycles (Giant), metals (China Steel), and chemicals
(Formosa Plastics). There was substantial group-level
patenting variation within industries.

Taiwan offers a rich context in which to exam-
ine how intragroup operating linkages affect group
innovativeness at different levels of market develop-
ment. The groups have extensive variety in the struc-
ture of buyer–supplier ties. Moreover, Taiwan offers
clear definitions of group membership for identifying
ties.2 Taiwan underwent a substantial market-based
evolution in its institutional environment during the
study period. Amsden and Chu (2003) and Chung
and Mahmood (2006) highlight advances in capital
markets and other market infrastructure that occurred
between the 1970s and the late 1990s.

4.2. Data Sources
The Business Groups in Taiwan (BGT) directory, com-
piled by the China Credit Information Service (CCIS)
in Tapei, provided our core data. The CCIS, an affiliate
of Standard & Poor’s, is the most prestigious credit-
checking agency in Taiwan, and the BGT offers the
most comprehensive source of reliable business-group
data. The CCIS defines a business group as a coher-
ent business organization including several independent
enterprises. BGT reports data on the top 100 or more
groups (highest sales), assessing groups with princi-
pal firms registered in Taiwan, reporting that the top
100 groups contributed 42% of national GDP in the
1990s. BGT records supply links, interlocking direc-
torates, and cross-shareholdings. Several studies use
BGT data (Claessens et al. 2000, Luo and Chung 2005),
although none has translated intragroup ties.3

BGT provides information for five years: 1981, 1986,
1990, 1994, and 1998. Our initial sample included
592 group-year cases (267 groups, with 3,500 unique

2 Khanna and Rivkin (2006) suggest that group boundaries are
ambiguous in some countries, such as Chile, and Saxonhouse
(1993) notes that governmental encouragement of intergroup activ-
ities plus a lack of family solidarity obscures keiretsu boundaries
in Japan. In Taiwan, by contrast, regional kinship and patrilineal
family connections delineate group boundaries (Numazaki 1986).
Groups in Taiwan lie at a midpoint of Granovetter’s (1995) contin-
uum of power centralization, exerting less hierarchical control than
Korean chaebol but more than Japanese keiretsu (Orru et al. 1991).
Coordination mechanisms inside Taiwanese groups tend to involve
relationships among leaders rather than strong control by a group
president (Chang and Hong 2000).
3 BGT includes figures that depict intragroup buyer–supplier
relationships, shared directorships, and equity cross-holdings. The
figures report the information in traditional Chinese script, Fan-ti-zi
(mainland China uses a simplified form of Mandarin script,
Jian-ti-zi). One coauthor read Fan-ti-zi fluently and led the transla-
tion; translators read the volumes, identified groups and affiliates,
and transcribed financial information.

affiliates). Manufacturing affiliates account for about
three-quarters of total group revenue, with the bal-
ance from the service sector. We included service
firms in the measures of ties because service activ-
ities can contribute knowledge for innovation, such
as information about customer preferences. After
excluding cases with missing data, the final sample
included 578 group-year observations (263 groups).

4.3. Variables and Methods

4.3.1. Dependent Variable. We use Taiwan patent
data to measure innovative activity. Scholars com-
monly use patents to compare innovative activity
across firms while recognizing that patents are imper-
fect measures (Griliches 1990, Schilling and Phelps
2007). Patents record innovative activity as much
as or more than they do innovative success. More-
over, patents record only portions of firms’ innovative
activities and do not suit some types of innovative
activity, whether in different technological conditions
or because of differences in strategy across firms,
industries, countries, and time. Patents are most rel-
evant for industrial sectors that rely on relatively
discrete innovation in products and processes rather
than innovation in more complex business models.
Nonetheless, patents provide a useful comparison of
activities across firms so long as one controls for key
sources of heterogeneity and interprets the results
carefully.

Patent activity is common across many sectors in
Taiwan. Yu’s (1998) study of Taiwan’s Hsinchu Sci-
ence Park found use across a wide variety of indus-
tries. We focus on local patent applications. Because
patenting and operating abroad is more expensive
than is domestic patenting, focusing on U.S. or other
foreign patents would bias the analyses toward larger
firms.4

We collected information about patenting by
business-group affiliates from online databases of the
Intellectual Property Office (http://www.patent.org
.tw), which cover all patents applications that were
granted in Taiwan since 1950 (i.e., we identified the
application dates of subsequently granted patents).
We entered the name of each affiliate in traditional
Chinese script into the database to identify patent
applications. We coded patent identification numbers,
application and approval dates, and patent types.
We focused on “New Invention Patents,” which the

4 Taiwan established its patent system in 1945. Taiwanese examin-
ers follow standards for patentable inventions similar to the United
States (Yang 2008). In accord with the agreement on Trade-Related
Aspects of Intellectual Property Rights of the World Trade Orga-
nization, Taiwan restructured its patent system in 1994, extending
patent life from 15 to 20 years.
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Intellectual Property Office of Taiwan defines as inno-
vations involving wholly new products, materials, or
manufacturing processes.

The dependent variable (Group patent applications)
is the aggregate patent application counts by all
affiliates of each group over a two-year period fol-
lowing each of the five years for which the BGT
provided data. We identified new invention patent
applications for 10 years (1982–1983, 1987–1988, 1991–
1992, 1995–1996, and 1999–2000; we found similar
results with other patent windows). We aggregated
at the group level because information arising on
buyer-supplier ties can flow throughout the group
and affect innovative activity in any connected affil-
iate. We lagged the focal independent variables and
control variables because patent applications typically
correspond to activity preceding the application. For
covariates variables in 1981, for instance, the depen-
dent variable includes patent applications for 1982
and 1983. In total, the study uses 2,562 new-invention
applications.

Table 1 summarizes the sample, reporting time
trends in number of groups, affiliates, and patent
applications as well as measures for intragroup
buyer–supplier density and market development. The
later periods (especially 1998) include more groups
because BGT increased its reporting coverage; the
results were not sensitive to this difference. The mean
number of affiliates per group increased slightly over
time. The number of patent applications grew sub-
stantially during the last two periods of the study.

4.3.2. Focal Covariates: Buyer–Supplier Density
and Market Development. The key covariates are
buyer-supplier density and market development.
Buyer–supplier density measures intragroup buyer–
supplier ties. Density is the ratio of buyer–supplier
relationships to the number of potential ties among
affiliates in a given year. Greater density means a
higher number of direct and indirect ties among affil-
iates. Table 1 shows that buyer–supplier tie density
dropped substantially during the study period, which
reflects the increase in the mean number of affiliates.
We used density and the square of density to test the
predicted nonmonotonic impact on innovativeness.

Market development used four aspects of the national
innovation infrastructure, based on the discussions
of institutional voids that we cited earlier: capital
markets, commercial intermediaries, labor markets,
and legal protection. The four dimensions are rele-
vant to intragroup buyer–supplier ties, whether by
shaping the availability of external suppliers and/or
a group’s willingness to exchange with independent
suppliers. We used the four elements to measure mar-
ket development of the institutional environment in
Taiwan, measuring each of the items in each period of
the study. Stock market trading volume assessed capital Ta
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market development. The number of for-profit organiza-
tions operating in the country assessed the availability
of commercial intermediaries. The number of graduates
of universities in Taiwan indicated the extent of the
external labor market. The number of points that the
Global Competitiveness Report (World Economic Forum
1986, 1990, 1994, 1998) awarded Taiwan assessed the
strength of legal protection. The market development
measure recorded the mean value of the growth mul-
tipliers after the first time period for each item. Table 1
shows that each element of the environment grew
substantially during the period, resulting in a nonlin-
ear increase in the market development measure.5

We created an interaction variable to test H2: BSD-
squared × Market is buyer–supplier density times mar-
ket development. This produces Equation (1):

Innovativenessi1 t

= �1Di1 t−1 +�2D
2
i1 t−1 +�3Mt−1 +�4Mt−1 ∗D2

i1 t−1

+�1Xi1 t−1 +�2Year1 (1)

where D denotes density, M denotes market develop-
ment, X is a vector of other group-level influences,
and Year is a set of time dummies. The subscript i
denotes groups, and the subscript t−1 denotes a one-
period lag relative to the patenting during the two-
year periodt .

H1 predicts �1 to be positive and �2 to be neg-
ative, and H2 predicts �4 to be negative. We have
no prediction for �3; although overall innovativeness
among all business groups increases as market devel-
opment advances, other factors might explain the
innovativeness of any focal group in a given time.
We can calculate the point at which density generates

5 We focused on two issues when considering measures of market
development: first, we wanted a multidimensional measure reflect-
ing aspects of the institutional environment that prior work sug-
gests are relevant for innovative activity; second, we needed items
that were available during the study period. Several multidimen-
sional approaches are available only for recent years, such as mea-
sures using the Economist Intelligence Unit (e.g., Chakrabarti et al.
2011), Standard & Poor’s (e.g., Khanna et al. 2004), the World Gov-
ernance Indicators project, and the World Bank’s “Doing Business”
data. The items we selected were both conceptually appropri-
ate and available in relevant time series. We found high correla-
tions (ranging from 0.95 to 0.99) when we compared the market
development measure to commercial and technical development
(number of retailers in Taiwan and number of firms in Hsinchu
Science Industrial Park); political risk (POLCONIII: Henisz 2007);
economic development (total and per capita GDP); and legal pro-
tection (counterfeiting disposition and number of counterfeit cases).
The stock market trading volume item within our market devel-
opment measure had strong correlations (from 0.85 to 0.98) with
measures of capital market development in the Global Competitive-
ness Report, including venture capital availability, cost of capital,
credit flow, and local capital market access.

the maximum impact on innovation (Dmax) in Equa-
tion (1) by calculating the partial derivative of Inno-
vativeness with respect to D. This produces

Dmax = �1/− 24�2 +�4M50 (2)

Equation (2) has the nice property that, given pre-
dicted signs 4�1 > 0 ,�2 and �4 < 0), Dmax increases
in �1 (combinatorial opportunity) while decreas-
ing in �2 (main effect of combinatorial exhaustion)
and in �4 (market-varying combinatorial exhaustion).
Moreover, Dmax becomes smaller as M increases.

One question is the degree to which market
development or buyer–supplier density might arise
endogenously as a result of a group’s innovative
activities. Market development undoubtedly reflects
the maturation of business activities, including the
activities of multiple groups, but growth in labor
markets, intermediaries, capital markets, legal protec-
tion, and other elements of innovation infrastructure
is beyond the control of any one group. For buyer–
supplier ties, meanwhile, higher density associates
with lesser diversification; the analysis will assess the
effects of diversification.

4.3.3. Control Variables. Several time-varying
measures address other influences on patenting.
Two variables assess elements of intragroup struc-
ture. Group equity density denotes the proportion
of affiliates with cross-shareholdings, which might
facilitate innovative activity by supporting internal
capital markets (Chang and Hong 2000, Belenzon
and Berkovitz 2010) or could constrain innovation
if controlling families use cross-shareholding to
extract resources or if equity ties protect inefficient
affiliates (Morck and Yeung 2004). Group director
density might enhance information flow (Useem 1984,
Keister 1998) or reduce innovativeness by focusing
efforts on current activities (Morck and Yeung 2004).
We also measured aggregate tie density (mean of
equity, investment, and buyer-supplier ties), finding
insignificant results.

Other variables assess group-level influences
on innovativeness. Group assets (billions of new
Taiwanese dollars) measured size. International link-
ages is a factor loading based on the number of
links that affiliates of each group had formed with
actors outside Taiwan (BGT as source), including
international joint ventures, licensing, acquisitions,
and foreign direct investment outside Taiwan; the
linkages might substitute for internal buyer–supplier
ties as sources of innovative ideas. Group industry
concentration records the industry-weighted average
of the five-firm concentration ratio, to assess compet-
itive pressures. Group diversification uses an entropy
calculation (Palepu 1985) based on two- and four-digit
Taiwan Standard Industrial Classification (SIC) codes.
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Group presample patents controls for endogeneity from
innovative capability, recording the number of patents
that a group received prior to 1981 (Blundell et al.
1999). Electronics is a 0-1 variable that denotes groups
in which the largest firm was an electronics com-
pany (16% of the groups, which produced 89% of the
patents in the sample). Group industry R&D reports
the industry-mean R&D intensity of the group’s affil-
iates. Group industry patenting propensity measures the
degree to which affiliates’ industries use patents to
protect intellectual property, using industry-specific
measures in a U.S. survey by Cohen et al. (2004).
Internal sales records the degree to which a group
relied on vertically integrated sales to affiliated firms,
which might drive resource depletion. Change in sales
denotes sales growth, to assess whether growing
groups are more innovative. Group age records years
since founding of the first affiliate; older groups might
have more resources for innovation or exhibit iner-
tia that constrains innovative activity. Group buyer–
supplier tie age is the mean age in years of the ties
within the group, which assesses whether redun-
dancy reflects depletion as buyer–supplier relation-
ships age and exhaust novel opportunities. Finally,
Year dummies denote each panel to address temporal
effects other than market development.

We examined correlations to assess independence
among covariates. Market development has nega-
tive correlations with buyer–supplier density (r =

−0031) and industry concentration (r = −0048), and
diversification has a negative correlation with buyer–
supplier density (r = −0034). Group industry R&D
correlates with the electronics sector (r = 0039) and
group industry patenting propensity (r = 0031). Group
buyer–supplier tie age has moderate correlations with
market development (r = 0023), assets (r = 0026), and
age (r = 0027). We found similar core results when
we dropped correlated variables. Buyer–supplier den-
sity is largely independent of the other two mea-
sures of tie density (r = 0014 with equity density;
r = 0016 with director density). We considered other
controls but found high correlations with variables
that we included in the analysis. These included fam-
ily share of directors (0.63 correlation with director den-
sity), number of affiliates (0.49 correlation with group
assets), period of first group entry (0.60 correlation with
market development), and buyer–supplier centralization
(0.65 correlation with buyer–supplier density). Table 2
reports summary statistics of the variables in the
reported analysis.

4.3.4. Qualitative Assessment of the Mechanisms
and Measures. We interviewed 10 business-group
executives and 6 innovation scholars to assess whether
the mechanisms concerning combinatorial opportuni-
ties, combinatorial exhaustion, and market develop-
ment that underlie our logic tend to occur widely in

Table 2 Summary Statistics

Variables Mean SD Min Max

1 Group patent applications 404 4008 0 850
2 BSD 2 Buyer–supplier density 0019 0023 0 1
3 Market 2 Market development 700 408 1 1302
4 Group director density 0037 003 0 1
5 Group equity density 0025 002 0 1
6 Group assets 3506 9009 0.24 1,008
7 Group international linkages 0015 0024 0 1067
8 Group industry concentration 0021 0015 0.002 0083
9 Group diversification 003 002 0 0085

10 Group presample patents 0031 1095 0 1908
11 Group electronics sector 0016 0037 0 1
12 Group industry R&D 1095 107 0 6094
13 Group internal sales share 5028 3036 0 3205
14 Group change in sales −1608 583 −100 24608
15 Group age 29 1102 4 80
16 Group industry patenting 1501 806 0 3106
17 Group buyer–supplier tie age 2035 0098 0 9025
18 Tie industry heterogeneity 0076 0015 0 1

Note. n = 578.

groups. We used our social networks and contacts to
obtain interviews with senior executives from business
groups of mixed age and size in traditional (chemicals,
plastics, retail, and textiles) and high-tech (semicon-
ductor and electronics) sectors. In addition, we inter-
viewed innovation scholars with experience in Taiwan
to assess the quality of our market development mea-
sure and the representativeness of the examples. The
following quote from an interview with an innova-
tion scholar highlights issues about knowledge shar-
ing, trust, and the role of internal networks.

[T]raditionally Taiwan SMEs [small and medium enter-
prises] tend not to share knowledge for companies out-
side a subset of its strategic network [group] due to
their limited resources/capabilities and the tacitness
of the source of competitive advantage. [0 0 0] Trust has
been a concern for knowledge sharing among Taiwan
SMEs. Again, the limited resources/capabilities pro-
hibit trust among SMEs. That is why sometimes insti-
tutional intermediaries [such as their internal supply
networks] play an important role in facilitating knowl-
edge sharing among them.

The interviews gave us confidence in the mecha-
nisms and measures. The executives noted that com-
bining resources via intragroup buyer–supplier ties
is a source of innovative activity for many groups
in Taiwan, complementing other sources for innova-
tion such as international ties and operations, links
with external suppliers and research institutes, and
relationships with customers. They noted that intra-
group ties helped create trust and provide knowl-
edge about tacit information while they also high-
lighted limits to these mechanisms that arose if groups
overemphasized internal activities. The respondents
stressed the growing availability of external sources
of innovation as the Taiwanese environment becomes
increasingly market oriented, mentioning more robust
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commercial infrastructure within the country and
across the world, availability of skilled technical per-
sonnel and research institutes, access to domestic and
international sources of capital, and reliability of the
legal system. We believe that intragroup combinato-
rial opportunity and exhaustion are relevant mecha-
nisms for shaping groups’ innovative activity at dif-
ferent stages of market development, though not the
only factors that influence innovation.

4.3.5. Zero-Inflated Negative Binomial Regres-
sion. The count nature of our dependent variable
(number of patents) together with overdispersion
of values of the variable suggests negative bino-
mial regression (Hausman et al. 1984). Because the
dependent variable includes many zeros (a quarter of
groups patented during the period), we used zero-
inflated negative binomial (ZINB) regression. ZINB
separates two regimes. In regime 1 (“inflation”), the
outcome is always zero (groups that never patent).
In regime 2 (“count”), the negative binomial process
applies (groups with positive counts in some years).
Examining only groups that patented would risk sam-
ple selection bias. Greene (2003, pp. 779–780) shows
that ZINB outperforms standard negative binomial
when regime-splitting is needed, which a significant
Vuong statistic indicates arises with our data. As we
discuss later, we tested for robustness to alternative
approaches.

5. Results
5.1. Hypothesis Tests
Table 3 reports the results. Model 1 contains the con-
trols; subsequent models test the hypotheses. The
change in LLR X2 statistics show improved explana-
tory power versus nested models.

Panel B reports influences on whether a group
will undertake patent applications during the study
period. We included buyer–supplier density and mar-
ket development to ensure that any “count” effects
associated with our focal concepts did not arise from
tendencies to be a patentee (“inflation” effects). We
included inflation covariates that reflect the technolog-
ical emphasis of a group’s businesses (group industry
R&D, group industry patenting propensity, electronics
sector, group presample patents); competitive condi-
tions (group industry concentration); other intragroup
structural linkages (director density, equity density);
and group characteristics that might affect whether
groups would have resources needed for patenting
(group assets, international linkages, internal sales
share, group age, group diversification, sales growth,
and buyer–supplier tie age). The likelihood of being a
patentee (negative coefficient) increased with market
development, group assets, international linkages, pre-
sample patents, sales growth, and industry patenting.
The results were similar with alternative specifications.

Panel A reports influences on how many patents
groups filed in a two-year window. The panel adds
year dummies to ensure that any market develop-
ment effects do not simply reflect the passage of time
and includes the other two measures of intragroup
density as well as most variables from the inflation
matrix, including variables that we use in subsequent
checks of causal mechanisms. The econometric lit-
erature on ZINB models is still evolving, but some
econometricians suggest that the count panel should
omit some of the controls that appear in the inflation
panel, similar to the practice in two-stage selection
models. Panel A omitted four variables that appeared
in Panel B: group change in sales, assets, industry
patenting, and diversification. The first three controls
had significant impact in the inflation panel but lit-
tle or no impact when we added them to the count
analysis (any influence appears to have been picked
up by correlated controls such as group tie age and
group presample patents), but diversification was not
significant in either panel (we included diversifica-
tion to ensure that variety in groups’ industries was
not driving the results). This approach also preserves
degrees of freedom in Panel A, which had fewer
cases than Panel B after eliminating those with zero
patents. Model 1 shows that patent incidence increases
with presample patents and electronics sector while
decreasing with director density, industry concentra-
tion, and buyer–supplier tie age; the results are similar
in subsequent models. We found robust results of the
predicted effects when we varied the control variables.

The results in Models 2 and 3 of Panel A support
both hypotheses. Consistent with H1, Model 2 shows
that buyer–supplier density has a significant positive
impact on patenting (� = 208191 p < 0005), while den-
sity squared has a significant negative impact (� =

−905511 p < 0005). Consistent with H2, Model 3 shows
that the interaction of buyer–supplier density and
market development has a significant negative impact
(� = −100341 p < 0001); density (� = 80589, p < 0001)
and density squared (�= −901111 p < 0005) remain sig-
nificant. Because the model fit improves significantly
from Model 2 to Model 3, as indicated by the sig-
nificance of the change in LLR X2 statistic, indicates
that the interaction has a meaningful influence on
patenting activity; the impact varies based on lev-
els of market development, as Figure 1 depicts.6 The

6 Recent econometric practice highlights sensitivities to interpret-
ing the coefficients on interactions in nonlinear models (Zel-
ner 2009), recommending graphical analysis to assess interactions
at different levels of variables. Formal graphical tests are not
available for ZINB. Therefore, we approximated our core anal-
ysis by adapting Zelner and Blanchette’s (2009) “intgph” soft-
ware for Stata (http://ideas.repec.org/c/boc/bocode/s457049.html,
accessed February 15, 2011) to undertake basic negative binomial
analysis of the nonzero patent counts in Panel A of our data. We
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Table 3 Zero Inflated Negative Binomial (ZINB) Estimates of Influences on Business-Group Innovativeness

1. Coef. s.e. 2. Coef. s.e. 3. Coef. s.e.

Panel A (count): No. of patent applications (positive coefficient = more patent applications by a group in a given period)

BSD 2 Buyer–supplier density (H1+) 60063 20819∗∗ 80589 30218∗∗∗

BSD-squared (H1−) −90551 40657∗∗ −90111 50322∗∗

Market × BSD-squared (H2−) −10034 00342∗∗∗

Market 2 Market development −00025 00052 −00014 00057 00010 00067
Group director density −10380 00699∗∗ −10306 00819 −10318 00871
Group equity density 00523 10152 00477 10160 00373 10246
Group international linkages −00717 00559 −00663 00574 −00784 00538
Group industry concentration −20357 10240∗ −20316 10313∗ −20419 10425∗

Group presample patents 00175 00032∗∗∗ 00177 00035∗∗∗ 00176 00035∗∗∗

Group electronics sector 30161 00470∗∗∗ 30613 00667∗∗∗ 30717 00629∗∗∗

Group industry R&D 00117 00134 00113 00143 00089 00140
Group internal sales share 00012 00039 00026 00038 00029 00037
Group age −00018 00020 −00005 00024 −00006 00023
Group buyer–supplier tie age −00436 00146∗∗∗ −00445 00148∗∗∗ −00443 00145∗∗∗

Year : 1990 (vs. 1981 and 1986) 00989 00701 00995 00797 00888 00899
Year : 1994 (vs. 1981 and 1986) 00731 00472 00751 00513 00890 00591
Year : 1998 (vs. 1981 and 1986) 10010 00476∗∗ 00927 00487∗ 00983 00538∗

Constant 20005 10018∗∗ 00957 10311 00709 10381

Panel B (inflation): Likelihood that group is a patentee (negative coefficient = more likely to be a patentee in at least one period)
BSD2 Buyer–supplier density 10430 10770 10384 10887
Market2 Market development −00186 00077∗∗ −00165 00083∗∗ −00177 00082∗∗

Group director density −10572 10055 −10623 10213 −10579 10210
Group equity density 10585 10541 10592 10665 10432 10724
Group international linkages −30263 10151∗∗∗ −30472 10237∗∗∗ −30461 10201∗∗∗

Group industry concentration −00155 10819 00153 20000 00124 10993
Group presample patents −10161 00399∗∗∗ −10133 00356∗∗∗ −10114 00331∗∗∗

Group electronics sector 10178 00926 10499 10022 10529 10011
Group industry R&D −00265 00224 −00281 00232 −00288 00228
Group internal sales share 00099 00065 00111 00066∗ 00114 00066∗

Group age 00024 00028 00029 00031 00029 00032
Group buyer–supplier tie age 00066 00346 00078 00347 00084 00352
Group assets −00075 00021∗∗∗ −00076 00023∗∗∗ −00077 00024∗∗∗

Group change in sales −00014 00007∗∗ −00013 00007∗∗ −00013 00007∗∗

Group industry patenting −00125 00053∗∗ −00118 00055∗∗ −00119 00056∗∗

Group diversification −10656 10436 −10083 10604 −10201 10621
Constant 50968 10859∗∗∗ 40946 20080∗∗ 50113 20060∗∗

Ln(a) dispersion 1007 0010∗∗∗ 10064 00102∗∗∗ 10028 00101∗∗∗

Log-likelihood (df) −49501 (14) −49109 (16) −48909 (17)
Change in LLR X 2(df) 605 (2)∗∗ 400 (1)∗∗

Notes. n = 578 group-years (263 groups), 106 nonzero patent observations; robust standard errors (s.e.). ZINB estimates with simple
s.e. had highly significant Vuoung statistics (ZINB with robust s.e. does not calculate a Vuong statistic), suggesting that standard
negative binomial analysis is not appropriate. The year dummies omitted two periods because the market development variable is
ordinal in time.

Sensitivity analyses: The H1 and H2 results in Model 3 are robust to including dropping or adding control variables and year
dummies in Panels A and B; dropping large patentees, varying patent windows, restricting the sample to 100 groups per period, and
omitting entrants to the sample.

∗p < 0010; ∗∗p < 0005; ∗∗∗p < 0001 (one-tailed tests for hypotheses; two-tailed tests for control variables).

main effect of market development is insignificant in
both models, showing that its impact depends on a
group’s characteristics rather than affecting all groups
homogeneously.

found the expected decreasing marginal benefit of density as mar-
ket development increased, with significantly positive (negative)
impact at low (high) levels of market development (p < 0005). Over-
all, the combination of improved statistical fit when adding the
interaction term, the relevant shape of the three-dimensional sur-
face in Figure 1, and the significant decrease in the marginal benefit
of density as market development increases provides confidence in
the estimated relationship.

Figure 1 uses the results from Model 3 to depict the
effect of buyer–supplier density on patenting as mar-
ket development varies. The figure uses the full range
of market development (from 1.0 to 13.2), together
with values of density from 0 to 0.60 (about two stan-
dard deviations above mean density of 0.19). Patent-
ing has a strong inverted-U relationship with density,
with lower benefits at higher levels of market devel-
opment. Low market development (1.0) is at the rear
of the figure; the benefits peak with density equal to
0.42. At the front of the figure, where market devel-
opment is high (13.2), maximum benefit comes much
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Figure 1 Combined Impact of Buyer–Supplier Density and Market
Development on Group Patenting
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Notes. This figure uses the results from Model 3 of Table 3 to depict the
effect of buyer–supplier density on patenting at different levels of mar-
ket development. The figure shows that patenting has a strong inverted-
U relationship with density, with declining benefits as market development
advances. Low market development (value = 100) is at the rear of the fig-
ure, where the benefits peak with density equal to 0.42. At the front of the
figure, where market development is much higher (value = 1302), the maxi-
mum benefit comes much earlier, with density equal to 0.19. Higher values of
density produce a rapidly declining impact on patenting when market devel-
opment is high.

earlier (density equal to 0.19). Higher values of den-
sity produce a rapidly declining impact on patenting
when market development is high. The magnitude
is meaningful: With market development equal to
1.0 (13.2), the difference between maximum and mini-
mum impact on patenting for density with range from
one standard deviation above and below mean den-
sity is 42% (27%) of the overall mean patenting rate.

5.2. Sensitivity Analysis
The core results were robust to multiple sensitiv-
ity analyses. First, we found consistent results with
alternative measures of market development, includ-
ing omitting the capital markets item (which had the
largest multiplier) and using only the capital mar-
ket item as the variable for market development. Sec-
ond, similar results held when Panel A distinguished
between related and unrelated diversification, added
number of affiliates, or added period of first group
entry. Third, more parsimonious analysis found sim-
ilar results with a subsample that included only
groups that were in the data at the beginning of the
study period (about half the group-years). Fourth, the
results were similar when we omitted the two most

frequent patentees (UMC and TSMC). Fifth, we found
no evidence of serial autocorrelation, based on the
Woolridge test for autocorrelation in panel data. Sixth,
probit regression found that buyer-supplier density
had a significant inverted-U impact on the likelihood
that a group would be a patentee.

We assessed two sets of descriptive patterns in
the data. First, we examined the patenting/employee
ratio (PER) in high- and low-density groups in the
different periods to see whether lower density groups
appeared to gain innovative productivity advan-
tages as market development increased; we found
that the PER in high-density groups started at a
somewhat higher level than the PER in low-density
groups during the 1980s but remained flat over
time, even as technological opportunities increased
in Taiwan, whereas the PER in low-density groups
increased sharply over time, substantially surpassing
the PER of high-density groups during the 1990s.
Second, we plotted density versus patents using
localized linear regression (lowess in Stata), which
is a form of nonparametric regression where each
point along the regression curve is produced by a
weighted least squares regression of nearby points,
thereby allowing the data to determine the functional
shape of a relationship (Robinson 1988, Altman 1992).
The Lowess curves showed inverted-U relationships
between buyer–supplier density and patenting in four
panels (1981, 1986, 1990, 1998), plus declining bene-
fits of density after an initial high plateau in 1994.
As expected, the point of maximum benefit from den-
sity tended to shift toward smaller values as market
development increased.

A question concerns the patent inflation process,
which might be uniform or nonuniform across groups
and/or time. If patent inflation is uniform across
groups, then the year dummies in the analysis will
address nonuniformity across time. If patent infla-
tion varies across both time and groups, however,
then nonstationary trends (unit root processes) exist.
In our setting, nonstationarity could arise if groups’
knowledge and patenting capabilities unrelated to
technological factors differ across groups and also
accumulate over time within groups. We considered
six unit root tests for panel data but the options
faced limits in our context: four tests (Levin–Lin–Chu,
Harris–Tzavalis, Breitung, and Hadri Lagrange multi-
plier) require balanced panel data, but the underlying
data in our context are unbalanced; the Im–Pesaran–
Shin test requires no gaps in individual panel series,
unlike our sample; Fisher-type tests assume T tends
to infinity, which failed because of the limited num-
ber of time series in our study (five periods) and
because of the panel-constant value for market devel-
opment (i.e., one observation for each period). As an
approach that was consistent with our data structure,
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therefore, we estimated regressions accounting for
nonstationarity by using generalized estimating equa-
tions (GEE) population-averaged models for panel
data with unstructured and nonstationary error struc-
tures for dependent variables with a count distribu-
tion (xtreg using GEE for Poisson in Stata 11); the GEE
analysis was consistent with the hypotheses.

Although the results are robust, the relationship
between network density and innovation could be bi-
directional. We argue that density generates combi-
natorial opportunities and exhaustion that influence
innovativeness; conversely, a group’s innovativeness
could influence the level of interdependence within
the group by causing reconfiguration across multi-
ple businesses within a group. Rajan and Zingales
(1998, p. 560) suggest that one way to assess causal-
ity is to “focus on the details of theoretical mecha-
nisms through which [one variable affects another],
and then document their working.” Table 4 reports
tests with eight factors that reflect mechanisms that
underlie combinatorial opportunity and exhaustion.

Five mechanisms enhance combinatorial opportuni-
ties from greater density. First, buyer–supplier tie age
indicates how long people have opportunities to work
together. Although the main effect of tie age leads to
increased redundancy (Table 3), tie age had a counter-
vailing positive influence in combination with density
(p < 0001), potentially by increasing knowledge and

Table 4 ZINB Estimates of How Combinatorial Opportunity (CO) and Combinatorial Exhaustion (CE) Mechanisms Shape the Impact of Density

1. Buyer– 2. Tie industry 4. International 7. Group 8. Internal
supplier age heterogeneity 3. Group age linkages 5. Equity density 6. Electronics industry R&D sales share

Panel A: No. of patent applications (positive coefficient = more patent applications by a group in a given period)a

Buyer–supplier density (BSD) 3091∗ 5007∗∗ 5065∗∗ 7034∗∗∗ 7035∗∗∗ 5053∗∗ −3099 3041∗

BSD-squared −37089∗∗∗ −27052∗∗∗ −26080∗∗∗ −18059∗∗∗ −19073∗∗∗ −8042∗∗ 41094∗∗ 17053∗∗

BSD-squared × Mechanism 11079∗∗∗ 28028∗∗∗ 0066∗∗∗ 11025∗∗ 16030∗ −13051∗∗∗ −7070∗∗∗ −4050∗∗∗

Mechanisms
1. Group buyer–supplier tie age −0047∗∗∗ −0047∗∗∗ −0049∗∗∗ −0048∗∗∗ −0048∗∗∗ −0049∗∗∗ −0048∗∗∗ −0049∗∗∗

2. Tie industry heterogeneity −2067∗ −2076∗ −2071∗ −2059∗ −2052 −2095∗∗ −2023 −2018
3. Group age 0000 0000 0000 0000 0000 0000 0000 0001
4. Group international linkages −0064 −0077 −0078∗ −0084∗ −0075 −0080∗ −0079∗ −0051
5. Group equity density 1016 0099 0069 0075 −0001 1038 2011∗∗ 1036
6. Group electronics sector 3037∗∗∗ 3047∗∗∗ 3053∗∗∗ 3040∗∗∗ 3047∗∗∗ 3045∗∗∗ 3017∗∗∗ 3040∗∗∗

7. Group industry R&D −0002 −0003 −0004 −0002 −0006 −0002 0013 0004
8. Group internal sales share 0005 0004 0004 0003 0004 0004 0003 0007∗

Market development −0010 −0004 −0006 −0007 −0006 −0004 −0009 −0003
Group director density −1039∗ −1049∗ −1015 −1052∗∗ −1037∗ −1057∗∗ −1036∗ −1012
Group industry concentration −2043 −2046∗ −2023 −2052 −2035 −2029 −2013∗ −1070
Group presample patents 0019∗∗∗ 0020∗∗∗ 0020∗∗∗ 0020∗∗∗ 0020∗∗∗ 0020∗∗∗ 0019∗∗∗ 0019∗∗∗

Year: 1986 (vs. 1998 ) −0019 0049 0039 0050 0041 0049 −0007 0066
Year: 1990 (vs. 1998 ) 0005 0062 0046 0045 0063 0050 −0004 0030
Year: 1994 (vs. 1998 ) 0031 0066 0051 0067 0069 0064 0033 0063
Constant 4034∗∗ 3056∗ 3080∗∗ 3085∗ 1003∗ 3075∗ 3057∗ 2047
Ln(a) dispersion 0094∗∗∗ 0095∗∗∗ 0096∗∗∗ 0099∗∗∗ 0094∗∗∗ 0086∗∗∗ 0093∗∗∗

aThe analysis includes an inflation panel, equivalent to Panel B in Table 3 (variables: market development, group buyer–supplier density, director density,
equity density, assets, international linkages, industry concentration, diversification, presample patents, electronics sector, industry R&D, internal sales share,
change in sales, age, industry patenting, buyer–supplier tie age, tie industry heterogeneity, and a constant).

∗p < 0010; ∗∗p < 0005; ∗∗∗p < 0001 (one-tailed tests for BSD, BSD-squared, and BSD × Mechanism; two-tailed tests for control variables).

trust and so extending the point of maximum den-
sity before redundancy sets in. Second, tie industry
heterogeneity (entropy measure) indicates the range
of industries in which a group’s buyer–supplier part-
ners operate, which will increase knowledge variety
and reduce tie redundancy (Rodan and Galunic 2004)
and so generate combinatorial opportunities; density
imposed fewer constraints on groups with buyers
and suppliers in heterogeneous industries (p < 0001).
Third, older groups will accumulate stocks of knowl-
edge and trust across affiliates, thereby increasing
the benefits of operating density; density imposed
fewer constraints on older groups (p < 0001). Fourth,
external linkages offer access to knowledge, reducing
the impact of resource depletion; density provided
greater benefits for groups with international linkages
(p < 0005). Fifth, cross-equity tie density generates
somewhat greater protection for mutual exchanges;
the interaction of buyer–supplier density and equity
density had a moderately significant positive impact
on innovativeness (p < 0010).

Three other mechanisms exacerbate combinatorial
exhaustion through resource depletion arising from
local search. First, the electronics sector as an indus-
try with high R&D needs requires extensive exter-
nal knowledge, so groups will pay a high price from
internal resource depletion if density creates local
search tendencies; density provided fewer benefits
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Table 5 Fixed Effect Estimates of Impact of Buyer–Supplier Density on Affiliate-Level R&D Intensity and R&D Productivity

1. Investment incentives: 2. R&D capability:
Affiliate R&D/sales intensity s.e. Affiliate R&D productivitya s.e.

Buyer–supplier density 000043 000021∗∗ 000388 000021∗∗

Group director density −000019 000010∗ −000283 000010∗∗∗

Group equity density 000000 000010 −000272 000010∗∗∗

Firm centrality 000023 000010∗∗ 000322 000010∗∗∗

Ln firm assets −000004 000003 000021 000003
Firm age 000000 000001 −000066 000001∗∗∗

ROA −000001 000001∗∗ 000012 000001∗∗

Diversification2 Unrelated 000002 000011 −000040 000011
Diversification2 Related −000003 000017 −000125 000017
Constant 000153 000066∗∗ 009467 000066∗∗∗

�u1 �e4�5 0.018, 0.006 (0.897) 0.096, 0.054 (0.760)
F (9,496) 2062∗∗∗ 30088∗∗∗

Note. n = 693 public firms, 188 groups.
aAffiliate R&D productivity is based on stochastic frontier estimation of the efficiency by which a firm turns inputs (R&D expendi-

tures) into outputs (patents).
∗p < 0010; ∗∗p < 0005; ∗∗∗p < 0001 (two-tailed tests).

for electronics groups (p < 0001).7 Second, similarly,
groups in R&D-intensive settings gained fewer bene-
fits from density (p < 0001). Third, dense groups with
high internal sales share also will be at risk of local
search, owing to organizational saturation; density
had less benefit for groups with high shares of inter-
nal sales (p < 0001). The results of the mechanism tests
help demonstrate the causal logic that underlies the
predications.

We undertook sensitivity analyses for patent activ-
ity at the firm and patent levels of analysis. First,
we regressed buyer–supplier centrality on firm-level
patenting, with the expectation that central firms
are better able to gather and use knowledge for
their innovative activity (Ahuja 2000); we found the
expected positive impact of buyer–supplier central-
ity on firm patenting (p < 0005). Second, we sought
to undertake patent citation analysis to determine
whether citations reflect buyer–supplier relationships,
which would be consistent with the idea that the ties
facilitate knowledge flows. We attempted to use cita-
tions involving Taiwanese patents, but the Taiwan
Intellectual Property Office informed us that cita-
tion reporting in their database did not begin until
2008, well after the study period. We then sought
citation information in U.S. patent applications by
the Taiwanese companies in our sample. Very few
Taiwanese firms filing in the U.S. cite patents of
their affiliates, however, because the citations ref-
erence U.S.-granted patents and typically only the
core member of a group files patents in the United

7 Indeed, when we focus the base analysis only on groups in the
electronics sector, initial buyer–supplier density does not contribute
to patenting, again suggesting the high opportunity costs of local
search in a sector where external technology—often technology
beyond the home market—is important.

States (in a very few cases, two members). Hence,
most citations to a firm’s group are self-citations
because few group members have U.S. patents that
their affiliates can cite. In total, we identified only
483 citations in which firms cited their own group
members’ patents (all 483 citations involved United
Integrated Circuits and United Microelectronics citing
each other (UMC Group) or Vanguard International
Semiconductor and Taiwan Semiconductor Manufac-
turing citing each other (TSMC Group)). Although
this incidence is too low to draw conclusions about
knowledge flows, all 483 citations involved affiliates
with which the citing firms had buyer–supplier ties,
consistent with our logic.

Finally, we investigated whether buyer–supplier
density increased incentives to invest in innovative
activity and/or productivity of a given investment.
Table 5 uses R&D data from public affiliates (693 firms
in 188 groups). We assessed how group-level buyer-
supplier density affected (1) investment incentives,
based on affiliate R&D/Sales intensity; and (2) R&D
capability, measured using stochastic frontier estima-
tion of the efficiency by which an affiliate turns inputs
(R&D expenditures) into outputs (patents). The fixed
effects estimates control time-constant industry and
group effects (the results were similar with time-
varying group variables). Affiliates of groups with
higher buyer–supplier density had higher R&D inten-
sity and higher R&D productivity (p < 0005).

6. Discussion and Conclusion
The study demonstrates how differences in business
groups’ internal structure and changes in external
environments jointly shape groups’ roles as inno-
vators. The analysis reflects the argument that the
density of buyer–supplier ties creates combinatorial
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opportunities that contribute to innovativeness as
well as combinatorial exhaustion that deflates innova-
tiveness, with the constraints increasing as a group’s
home environment adopts market-oriented institu-
tions. The results also provide insights about mecha-
nisms that underlie combinatorial opportunities and
exhaustion.

Research about business groups has only begun
to examine differences in groups’ innovative activity,
whether at one point or over time. This lack of atten-
tion stems from a focus on comparing groups to inde-
pendent firms as well as from data limitations about
internal group structure and about changes over time.
We demonstrate that buyer–supplier ties, which are
key elements of group structure, have substantial
impact on group innovativeness, with the impact
changing as the home environment changes. The con-
clusions about the important of the development of
the market environment complement Belenzon and
Berkovitz’s (2010) study of innovation by Europe-
based groups; they found few internal cross-citations
in this developed market setting, reinforcing the
point that incentives for internal knowledge sourcing
may be low when markets offer external innovation
infrastructure.

Nonetheless, the study could not measure recom-
bination directly. Hence, other mechanisms might
generate at least part of the observed patterns in inno-
vative activity. One possibility is that frequent inter-
actions within dense buyer–supplier ties lead to trust
among actors, as we argue, but that the trust sim-
ply provides greater reliability in managing commer-
cial relationships rather than encouraging actors to
exchange and combine resources across the buyer–
supplier boundaries. Such reliability in the commer-
cial value chain could lead to greater willingness of
any affiliate to invest in its own innovative activity,
whether or not it relied on combining resources from
other affiliates, because it would expect greater suc-
cess of ultimate commercialization. In turn, at some
point of density, reliability might breed complacency
that locks affiliates into their current activities and
reduces their innovative tendencies.

The study has other limits that suggest research.
First, we focus on one country that has undergone
only a partial transition to market orientation. Sec-
ond, the data limit the degree to which we can assess
endogeneity. Third, one could consider how other
aspects of group structure (e.g., equity and director
density) might affect group innovativeness via other
mechanisms as markets evolve. Fourth, in addition to
formal linkages, one could incorporate informal intra-
group structures such as relational ties. Fifth, it would
be valuable to examine other aspects of innovative-
ness, such as product introduction; group structure
might affect incentives to use patents as opposed to

other forms of protecting new technology, so a group
with more linkages might have greater transactional
complexity and rely more on contracts and/or rela-
tionships with its affiliates rather than patents. Sixth,
studies could develop alternative measures of mar-
ket development, which is an evolving concept within
and across countries.

The work suggests two other extensions of
business-group studies. First, research could explore
the mechanisms that underlie combinatorial oppor-
tunities and exhaustion, such as comparing the role
of redundancy and depletion in reducing internal
opportunities to that of saturation in reducing the
ability to take advantage of internal opportunities
and/or search externally. Second, studies could con-
sider how changes in different elements of the market
environment of a business-group influence changes in
buyer–supplier density and other elements of group
structure. We would expect some groups to change
their structure to reflect the changes in the environ-
ment by cutting existing ties and/or adding new
affiliates that do not have ties, and other changes will
happen via the entry of new groups that reflect the
new environment.

The study also points to research avenues for the
more general technology studies and social network
literatures. Technology research has long been puz-
zled by why multibusiness firms are sometimes more
and other times less innovative than are independent
firms (Nelson 1959, Link and Long 1981). An extrap-
olation of our argument is that intraunit operating
density within multibusiness firms may initially cre-
ate innovative benefits but ultimately generate con-
straints; moreover, the constraints will set in at lower
points of density in advanced market economies,
where most technology studies research has focused.
The social networks literature, meanwhile, has begun
to consider how differences in network structure
affect network performance, including innovative-
ness, and how changes in the environments within
which networks are embedded will affect key ele-
ments of performance (Granovetter 2005, Provan
et al. 2007). Our study of business groups could
be extended to examine how network structure and
changes in external environments might jointly affect
network innovativeness.

Business groups have been key actors in emerging
market economies for more than a century. Under-
standing how groups’ roles as innovators vary across
groups and over time is central to understanding
trajectories of technological growth within and across
nations. In parallel, the forces that affect group inno-
vativeness arise within corporations and organiza-
tional networks in many contexts. Most generally, this
study seeks to shed light on organizational innova-
tiveness in dynamic environments.
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