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THE NETWORK AS KNOWLEDGE: GENERATIVE
< RULES AND THE EMERGENCE OF STRUCTURE

BRUCE KOGUT*
The Wharton School, University of Pennsylvania, Philadelphia, Pennsylvania, U.S.A.

The imputation problem is how to account for the sources of the value of the firm. | propose
that part of the value of the firm derives from its participation in a network that emerges from
the operation of generative rules that instruct the decision to cooperate. Whereas the value of
firm-level capabilities is coincidental with the firm as the unit of accrual, ownership claims to
the value of coordination in a network pit firms potentially in opposition with one another. We
analyze the work on network structure to suggest two types of mechanisms by which rents are
distributed. This approach is applied to an analysis of the Toyota Production System to show
how a network emerged, the rents were divided to support network capabilities, and capabilities
were transferred to the United StateSopyright [0 2000 John Wiley & Sons, Ltd.

The thesis of this article is that a structure of and firm represents largely a static view of the
network is an emergent outcome generated lpundary choice facing a firm. The common
rules that guide the cooperative decisions of firmmoposition that a viable firm is worth at least
in specific competitive markets. The observethe sum of its parts rests on the supposition that
differences in the patterns of cooperation across
industries are not happenstance. They reflect
rather the implicit operation of these cooperative
rules and the competing visions that come to
shape a network. The emergence of the structural
pattern of cooperation is not the result of an
abstract and static choice between market or firm,
or market versus hybrid cooperative forms of
governance. Structure is emergent in the initial
conditions of a specific industry.
The structure of an industry is interesting,
because it represents capabilities of coordination
among firms, as well as claims on the property
rights to profits to cooperation. The conventional
emphasis on the opposition of market, contract
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406 B. Kogut

for knowledge even when shared among two firms This view of the network as knowledge con-
may not be a public good in the conventional sen$mnts four analytical challenges:
of this term, that is, information that is accessible to
other parties at zero marginal cost. For coordinatidh What is meant by network capabilities?
among firms itself entails principles of organizatio. How do we understand the generative rules
that can be idiosyncratic to their relationship and that drive the emergent structure of the net-
that code for particular kinds of capabilities, such work?
as speed of product development or minimizin§. How does structure influence the competing
inventories. claims to rents among members to a network?
The accounting for knowledge stumbles, consé- If structure encodes emergent knowledge, how
quently, on an important problem: how do we is the network transformed into intentional
impute the knowledge external to the firm that replication of this knowledge through time?
nevertheless contributes to its profitability? This
puzzle is related to the interpretation of “total The contribution of this paper is to understand
factor productivity” in macroeconomic growthnetworks as arising out of generative rules that
accounting studies. After accounting for the conguide the formation of relationships and code for
tribution of inputs to economy-wide growth, theorganizing principles of coordination. These rules
residual is attributed to exogenous technicare “sorting” provisions that indicate the match
change, institutional factors, or externalitiesbetween firms and the nature of their cooperation.
Alternatively, it is possible to specify explicitly The rules code for principles (e.g., “share

the ‘imputed’ source of productivity gains: research” or “supply just on time”) and in turn
lead to network capabilities that are not specific
v = a +ya, + zi aX +R to a firm, but represent joint gains to coordination

and learning. We explain that the structural pat-

terns that emerge in a network define two kinds
where yis output of firm i, ais a shift parameter, of rents, one that accrues to a broker, the other
o;X; are weighted inputs (such as the value ohore broadly to the members of a closed group.
capital and labor), R is a residual, an@, is Because these capabilities are quasi-public goods
the weighted value imputed to the fixed effect ofo members and yet firms are the units of
membership in a network (all terms are in logs)yccrual—not the network, a central issue is how
This formulation proposes that “network capathe rents to this coordination are made both
bility” is a source of imputed value to the producexclusionary and sustainable in the face of poten-
tivity of a firm. tial defection.

The most tangible expression of the direct Our reasoning rests upon three central ideas of
value of external knowledge to the firm is thewvhat define a firm: unit of accrual, governance
compelling evidence that rapid product developstructure to resolve agency problems through
ment depends on the reliance on outside supplierssidual claims, and a repository of coordinating
Both Clark, Chew and Fujimoto (1987) andcapabilities and social identity. While these three
Mansfield (1988) found that time to market wasdeas are operative in the analysis below, we
speeded through a policy of outsourcing to sugstress, in particular, the latter property of the firm
pliers. The capability to commercialize productén order to analyze how capabilities are generated
can in this case be seen to rest on the succesdfyl network coordination. To shift the understand-
exploitation of the knowledge of other firms. Ining of networks as simply a resolution to agency
this sense, the competitive capabilities of a firmonflicts, or as access to information, to their
rest not only on its own knowledge or on itscapabilities in promoting variety and yet coordi-
knowledge of the network. The capabilities ofation in specific industry settings is a primary
the firm, rather, are dependent upon the principlesnbition of this paper.
by which cooperation among firms is coordinated
and supported in the netwotk.

Most, if not all studies of networks treat knowledge as théhis knowledge through cooperative relationships. (See Powell,
question of knowing who has knowledge and the access 990, for example.)
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The Network as Knowledge 407

they might involve more complex rules governing
the process by which innovations are collectively
produced and shared. In this sense, the network
A definition of an economic network is the patds itself knowledge, not in the sense of providing
tern of relationships among firms and institutionsaccess to distributed information and capabilities,
In this definition, an idealized market is a polabut in representing a form of coordination guided
case of a network in which firms transact aby enduring principles of organization.
spot prices and are fully connected in potential The proposition that part of the value of a firm
transactional relations but are disconnectezhn be imputed to the capability of its embedded
through their absence of cooperative agreementetwork is implicit in the treatment of the division
Few markets exist of this type. Rather, mosif labor as handled by Smith through Stigler.
markets consist of sub-sets of firms and instifhe now classic question in the analysis of the
tutions (e.g., universities) that interact mordoundaries between markets and firms can be
intensely with each on a long-term basis. Thesephrased as the following: if networks are struc-
patterns of interactions encode the structurélired by organizing principles of coordination
relationships that represent the network. through a division of labor among firms, then
This definition fails to convey the observatiorwhy are these firms not organized within a single
that the structure of a network implies principleeommon governance structure?
of coordination that not only enhance the individual Networks offer the benefit of both specializa-
capabilities of member firms, but themselves leaibn and variety generation. The superior abilities
to capabilities that are not isolated to any onef markets to generate variety is a commonplace
firm. It is important to the following argument tobelief that is, nevertheless, problematic. The con-
distinguish between information and coordinatiomerse of this statement is that firms are superior
(or what is also called know-how). At a minimum,vehicles for the accumulation of specialized learn-
the ability of a firm to access information in aing. To understand variety, we must also under-
network constitutes an advantage, e.g., the effect stand why specialization and variety are antitheti-
accessing the technology of a research center oal within the firm, but define complements
its subsequent innovations. Of course, this accesghin a network.
is most likely the outcome of a bargain, in which Smith’s famous essay recognized the power of
the two parties arrive at an understanding of contrihe market to achieve variety through specializa-
bution and compensation. This sort of acceston in the division of labor (Smith, 1965 edition).
stressed by Powell (1990) among others, exerBmithian efficiencies in specialization were due
plifies the informational benefits of enhancing & the inherent learning by doing by completing
firm's capabilties through relationships. repetitive tasks, as well as the reduction in loss
Cooperation, however, can also engender cap@me due to changing tools and tasks. At the
bilities in the relationship itself, such that theneart of Smithian efficiencies is the implication
parties develop principles of coordination thathat learning by doing, despite the initial endow-
improve their joint performancéSuch principles ments of equal competence among individuals,
might be rules by how supplies are deliverecaccumulates to lower the costs of subsequent
such as by just in time or mass production. Oproduction. Smith saw the division of labor as
derived from the dynamic learning through spe-
- cialization. He posited that people were largely
2See Gulati (1998) for a discussion of information and nesimilar in their a priori talents; differentiation into
work formation and Palmer, Jennings and Zhou, 1993, f&pecialized competence was the outcome, not the
cohesion studies on innovative diffusions. Early studies on Lo
the idea of competition among alliance networks are NohriQreCl_Jrs_or’ _tO the division Of_ '?bor- In other V_Vords’
and Garcia-Pont, 1991, and Gomes-Casseres, 1994. Tpecialization through a division of labor is the

intriguing idea of “communities of practice” is also akin tOdriver of the acqu|s|t|0n of Competence and
this perspective, in which “connectivity”—rather than position '
in a network—is a source of advantage. See Brown arﬁonsequently' OT knowledge._ )

Duguid (1991). The perspective of the firm as a repository
3Studies on the capabilities of networks are explored in marbg knowledge embraces Smith’s observation on

studies on ltalian and German networks, e.g., Lorenzoni an . derived | . th h divisi f
Baden Fuller (1995), Lipparini and Lomi (1996), HerrigelSXPEreNce-derived learning through a division o

(1993) and Piore and Sabel (1994). labor as posing both a static coordination problem

Specialization and variety in market and
networks
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408 B. Kogut

as well as determining dynamic paths of knowlfrom vertical integration to disintegration of its
edge acquisition. Firms are social communitiesctivities according to the process by which a
that permit the specialization in the creation antharket “learns” to supply inputs at a lower cost
replication of partly tacit, partly explicit organiz-than it can itself (Stigler, 1951).

ing principles of work. These observations are important because they

But why are firms required to provide thisforce a recasting of the received wisdom on
coordination? The behavioral sciences provide dhe relative merits of markets—which we have
important insight. (See Kogut and Zander, 1996ndicated is a network—and firms. Curiously, the
for a review.) Boundaries to a firm represeninitial statement of Coase is compatible with the
more than the legal unit of accrual; they provideiew that the structure of external relationships
the cognitive representation of what constitutésfluences boundary between firm and market.
the object of membership, that is, of identityCoase (1937) posited that this boundary is deter-
Through identity, individuals anchor their percepmined by the internal costs of production and
tions of self and other and attach meaning tmanagement relative to the costs of market search
membership in a firm, as well as in the categorieend procurement.
of skill that define a division of labor (e.g., Coase, however, left unexamined the issue how
“worker” or “accountant”). By this anchoring, structure reduces the costs of search and coordi-
they employ focal rules by which action is coordination. Just as Stigler pointed to learning in the
nated and intention communicated through conmarket, Chandler's (1962) early contribution was
mon categorization of self and other. Morego explore how higher-order organizing principles
importantly, through identification to occupationof divisionalization could reduce the costs of
and firm, individuals are guided and motivatedhternal complexity. His history of the innovation
along coordinated paths of joint learning. Boundin internal hierarchy pointed to the role that
aries matter, because within the cusp of thestructure plays in reducing the costs of coordi-
social membranes, identities are circumscribedation and authority. More importantly,
The behavioral foundations to why the knowledgdivisionalization increased the internal variety of
of the firm is bounded are to be found in the basithe firm by separating potentially competing
human motivation of belonging and membershipisions into relatively contained units.

If benefits of identity are to lower the costs of Figure 1 presents a diagram of the Coasian
communication and coordination, they come at frm as the base case. Since Coase acknowledged
cost. For identities represent a norm which indimarket search and management costs, it is reason-
cates avenues of exploration; by implication, thegble to think of these costs as increasing as the
also prohibit certain paths. Organization by firnvariety of products are produced internally or
is variety reducing. The great power of the markefourced externally. We index these costs as
is not only its information properties, but also itsncreasing in relation to a set of products that
function as a generator of variety in innovationseflect the identity of the firm. At low variety, a
and capabilities that are subject to selection. THem produces at lower cost than purchasing from
“market”, as an assemblage of firms pursuingther firms; this condition is simply to guarantee
different visions and organized by distinct identhe existence of the firm. At some point, the
tities, generates a variety that individual firménternal management of increasing variety
cannot manufacture internally without decremeriecomes more expensive than sourcing variety
to division of labor and the salience of focafrom the external network known as the market.
rules, i.e., to the organizing principles (inclusive It is then straightforward to diagram the effect
of compensation and incentive schemes), kof a Chandlerian innovation; it increases internal
which work is coordinated. variety at given levels of cost. Similarly, we can

In effect, a rent arises out of the scarcityhink of Stigler’s life cycle notion of integration
value not only of land or technology, but also ofind de-integration as implying an improvement
behavioral coordination within the firm. Yet, atin the capability of the network. Just as a firm
the same time, networks also provide capabilitidsarns, so does the network insofar that suppliers
to coordinate behavior among firms. This dynamicome to substitute for internal production. In
between the capability of the firm and market liesffect, the variety of the firm decreases as the
at the heart of Stigler's argument that a firm movdsnowledge diffuses to the market. Figure 1
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Figure 1. Static costs of sourcing variety with organizational and institutional learning

illustrates this idea by showing how improvemeninnovation on the firm with the support of top
in the efficiency of the market reduces the internahanagement. How does a network learn to coor-
variety of the firm. As the market learns, thalinate in the absence of authority?

need to integrate vertically dampens. It is, in fact, The seeds of the answer to this question lie in
exactly the increased knowledge in the supplig¢dayek’s contention that the market is the engine
network, as realized through the innovations iof variety (Hayek, 1988). Hayek’s contribution
the Toyota system, that has forced a radical disiis often credited for his observation that markets
tegration of American auto assemblers. Gulati aratte superior to hierarchies for embedding infor-
Lawrence’s (1999) observations on the extensianation in prices. But Hayek, even in his heralded
of coordination to the external value chain ar&945 article on information, meant something
drawn from the historical diffusion of these inno-more. Knowledge is held tacitly, raising the prob-
vations in the auto industry. lem of how central planners could ever know as
much as decentralized firms. Specialization is
self-preserving, even if markets generate infor-
mation as to their valuation and accessibility,
A network is then a collection of firms, eachbecause prices can be communicated, but not
ensconced in an identity that supports specializaempetencies. The dynamic advantage of the mar-
tion and a dynamic of learning and exploratiorket is the generation of variety through an
But the network, unlike the firm, does not consistextended order” that supports coordination
of an authority relationship that can enforce ammong specialized firms.

organizational structure on its members. In Hayek’'s notion of the extended order begs the
Chandler’s history, an entrepreneur imposes auestion what generates the structure of this

Simple rules and emergent networks
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410 B. Kogut

order, or what we would label the network. Obvided in the social identity of the actors. They may
ously, markets differ from each other. Theseem “irrational” from a perspective of economic
extended order supporting variety is hardly homaptimization. But what is critical to understand,
geneous across industries. Is the emergence asf we will explain later, is that rules generate
these network structures random or do they reflestructure that dissuades rule-breaking behavior.
the operation of operating principles that act as That identities underline the preference for
genetic rules? particular rules is central to White’s argument
Our claim is that the structure of a networkthat networks are manifestations of the physics
arises from inherent characteristics of technobf identity and control (White, 1992). This claim
ogies that populate an industry, as well as socia implicit in White’s early work on the structural
norms and institutional factors that favor the opelimplications of kinship rules (White, 1963). (This
ation of particular rules. Technologies of masanalogy is not far-fetched in light of the penchant
production, which characterize some industries ifor using familial descriptions in the alliance
some countries, influence the choices that firnlgerature, such as “parent” company or joint ven-
make to cooperate or not. Industries characterizégre as a “child”.) Societies differ in their rules
by science-based technologies tend toward rulbg which kinship encourages and prohibits mar-
that promote cooperation between research centeege. As a consequence, kinship rules generate
and firms. As these rules generate the structudéstinctive trees. Rules that permit marriage
of a network, the structure itself influences sulbetween first cousins generate radically different
sequent behavior. societal patterns of kinship than those that forbid
For clarity, consider the simple example of thenarriage only between paternal cousins. The
tit-for-tat rule as analyzed by Axelrod and Hamilidentity of what constitutes family is the foun-
ton (1981). By analyzing the convergence propedation to the origins of the rules that govern
ties in a population in which agents use differerfamilial replication.
rules for cooperating and defecting, they found In traditional societies, identity and family
that particular rules, especially one that rewardietermined the economic and social networks.
for cooperation and sanctions for defections omhe study by Padgett and Ansell (1993) infers
the next round, tend to dominate. Convergencthe rule, based on the analysis of the marriage
however, is frequency dependent and thus vulneend economic networks of Florentine families
able to tipping in either direction. The implicationin the fifteenth century, that aristocratic families
of this analysis is that structure that isolatedid not interact socially or economically with
“cooperators” tends toward self-organizing comthe new families. These families were situated
munities of cooperatioh.There is no authority, in a fairly simple economic and social network
and yet the network self-organizes—that isjetermined by economic and marital rules. By
converges—toward the dominance of rule (e.gmild violations of the rule forbidding economic
tit-for-tat) over the other. Once achieved, théies, the Medici family influenced the structure
resultant structure supports a general capability efich that they were two times more central in
cooperation without even enacting the rule itselthe network than the next family (Wasserman
There are many studies whose results implgnd Faust, 1994).
the operation of rules generating a dynamic of The rules of kinship and social prestige have
self-organization. These rules need not be techndear analogues in the implication of identity within
logical in origin, but can also reflect institutionalthe social community of industrial and financial
and cultural norms. They are also deeply embeélrms. For example, the results observed in the study
by Podolny and Stuart (1995) on cooperation are
“For an insightful analysis of how structure influences dif-b?'sed on the ru'_e that high status firms do not _a"y
fusion (e.g., cooperation) by agents, see Boorman 1974. Twdth low status firms. As a consequence, there is a

parallel between the proposal to understand structure as emgfrting behavior by which prestigious firms are
gent and rule-based shares obvious affinities to the literature

on complex adaptive systems; see Axelrod and Cohen (Zot;ﬁ‘)roLJped_ b_y strong  ties (cqheswe t|es_ with no
for a treatment. The genetic algorithms in the vein of Hollanintermediaries) and engage in weaker ties to less

(1992) are an appropriate research strategy by which [restigious firms, sometimes as a form of endorse-
think about rules appropriate for stylized industry conditions,

Empirically the identification of rules may be fairly simple,mem (S_tuart’ Hoang, ar_]d Hybels, 1999). .
as | try to illustrate in the subsequent examples in this article. Despite our emphasis on the neglected social
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Figure 2. Biotechnology

influences on cooperative rules, technological fac- The tendency of some industries to converge
tors are obviously critical to understanding netoward what Gomes-Casseres (1994) calls com-
works in modern economies. The study by Axelpeting constellations varies widely across indus-
rod et al. (1995) on standard setting for thé&ies. The emergence of structure in a network is
Unix operating system assumes that because s#nsitive to specific industry settings. Competing
technological complementarities, firms araround standards is not, for example, a feature
encouraged to cooperate. Competitive pressuri@sthe pharmaceutical industry. The rule in the
suggest a mating rule in which firms prefer téAmerican biotechnology industry was the follow-
ally with distant rivals? In this case, a sorting ing: start-up firms should form alliances with
rule is derived from competitive rivalry: avoid established companies. The origin of the rules
cooperation with near rivals. From this simpldies principally in the lack of financial resources
rule, they show that individual cooperativeand marketing and distribution capabilities of the
decisions among “agents” (i.e., firms) generate |tart-up companies. Venture capitalists, concerned
distinctive structure over time, with two groupsdy the “burn rate” of the initial capital provisions
formed around competing standards. The resulis these companies, required relationships to
of their simulations, using empirical data for vari-avoid costly expenditures and to signal the quality
able values, underscore how identities correspond the drug portfolio.
strategically to competing visions of the future The outcome of these rules is a pattern of
(e.g., distributed versus central computation, cab#dliances that as early as 1983, as shown in
versus satellite transmission). Figure 2, are marked by the creation of several
fragmented star and hub sub-graphs that reveal
*Note the study of Baum, Calabrese and Silverman (200@5n emergent structure. (The structure is generated
has the contrary assumption that distance provides the benefid the basis of the block-model data in Table 3

of new information, a weak tie argument. As we note throughgf \\/alker Kogut and Shan 1997.Sometimes
out this paper, both assumptions (or rules) can be right, ’ ’

depending upon the industry context (e.g., standard setti

versus competence seeking). 8 thank Jon Brookfield for suggesting this graph.
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412 B. Kogut

established companies are relatively central; ture of the network. An example serves to illus-
a few instances, a new biotechnology compartyate this correspondence. The excellent study by
emerges as central. Overall, the network structufnnalee Saxenian (1994) compares the structure
is very sparse, and yet there is an identifiablef semiconductor and computer industry networks
structure. in the Silicon Valley and Route 128. She found

The rules in the biotechnology industry thathat the two regions had very different network
generate the relational structure are themselvssuctures, even though the technologies and
products of the non-random distribution of capandustries were the same. In Figure 3, we graph
bilities that distinguish start-ups and pharmaceutrer ethnography. The top panel shows a hier-
tical companies. Start-ups, consisting of molecularchical structure in Route 128; a few large firms
biologists, lacked certain capabilities. But bydominate smaller companies. The Silicon Valley
implication, pharmaceutical companies wershows a decentralized network. Is it a coincidence
unable to integrate the new science, built upotihat the internal structure of the Silicon Valley
particular professional identities, with their trais described as flat and that of the Route 128
ditional research endeavors. Identification limitedirm as hierarchical? Why should the internal
at least initially, the internal variety of pharma-structure correspond to the external structure?
ceutical companies (see Zucker and Darby, 1995).In the case of the Silicon Valley, there is an
Specialized by differentiated capabilities, theimstitutional foundation that supports the flow of
mutual need suggested a rule of relationship fomformation and matches engineer to project and
mation that generated distinctive patterns in thfi'm. Obviously, it is rarely in the interest of the
structuration of a cooperative network. current employer to see proven research talents

For this reason, the emergence of structure gxit their firm, and it is in their interest to
biotechnology industries outside the United Stateliscourage involuntary exits. The evolution of a
followed a different trajectory. Here we see théabor market for talent counters potential negative
importance of understanding the conjunction cfanctions by the current employer. That is, there
technological and social influences. Becauswe a sufficient number of job opportunities so
scientists in France identify professionally withthat in the event the engineer exits in the future
national scientific laboratories, small firms werébecause the hiring firm dies or the new project
impaired in attracting the critical scientific talentopportunity ends), subsequent sanctions by former
(Gittelman, 1999). In this network, laboratorieemployers are unlikely to be effective. A market
have remained critical nodes in the network, witlsonsisting of many small networked firms cannot
dense ties formed with national laboratoriegenerate effective sanctions on the mobility of
Thus, different ideas of professional prestige iengineers. There is, as a consequence of high
conjunction with the technological properties of
genetic engineering research resulted in a dramati-
cally different network structure in France, one
built around laboratories and large firms.

This dynamic between internal capabilities,
ensconced in specific identities and organizational
structures, and the external knowledge in the
market drives a co-evolution between the emer-
gent properties in the firm and network. Even
though markets and firms are organized by differ-

A. Boston 128
More Central Actors

-~

S & o &8 S0 o

ent principles, there is nevertheless a correspon- B. Silicon Valley

dence in their structure and properties. We return Less Central Actors

here to Smith’s and Stigler's arguments that dif- /,,»;9*:;-_.:,11_:-——-Q\

ferentiation in the knowledge of the firm and O )

market influence boundary decisions. SR
The findings of Gittelman suggest the grounded & NP

speculation that the dialectic between specific Mo < é/'

markets and individual firm competence drives a
co-evolution that enjoys a reflection in the struc- Figure 3. Saxenian’s ethnographic description
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mobility, less motivation to build a vertical hier-two distinct ways: as a conduit of information
archy by which to promise future rewards. and as the basis afoordinated action

A labor market that is dominated by a few Structure in a network is thus not determined
large firms permits sanctions through refusal gfist by exogenous factors, but is an expression
these firms to rehire the engineer or through thedaf competing and evolving rules that guide the
signals to other client firms in the area. Theskehaviors of interacting entities. Sometimes,
sanctions need be no more than the loss wofherent technological characteristics favor the
relative ranking in the internal hierarchies of thesemergence of particular rules. A technology that
dominant firms. (Note that the internal labor marenjoys scale economies tends to generate large
kets of Silicon Valley are characterized as flafjrms; another technology, such as microproc-
tall hierarchical ranks are not viable if laboressors (see below), tends toward network exter-
market mobility is high and work is organizednalities. These characteristics influence size distri-
by projects.j If a regional market does not sup-butions and the structure of a network. Similarly,
port labor mobility, then individual engineers arenstitutional contexts (e.g., socialist or capitalist,
likely to seek internal advancement, or—and iGerman or American legal environments, etc.)
is important to stress this implication—to migraténfluence the origins and formation of networks.
from the region. (See Almeida and Kogut, 1999nstitutions, such as governments, sometimes dic-
for evidence.) tate rules. A rule that establishes monopolies

The theoretical link between internal and exteeompared to another that regulates prices has
nal structure begins from the recognition thadramatic implications for the emergence of indus-
firms and markets are jointly emergent phenontry structure and organizing principles of coordi-
ena embedded in spatially-defined labor networksation and competition. The effects of govern-
Their structure reflects the emergent propertigsent discretion generated widely different
that influence information and incentives, as welhdustrial and relational structures among coun-
as the know-how and coordination, that inforntries (Hughes, 1983). Because markets and firms
firm and individual strategies. The structurahre not simply given constructs, but arise from
opportunities through labor market has a powerfwaried institutional origins and technological
effect on differentiating the orientation of pro-influences, there are no generic rules that are
fessional identities. In the hierarchical network oéxogenous and known a priori. Rather, the sys-
Route 128, engineers identify themselves wittemic interaction of technological, social, and
internal labor markets; the Silicon Valley encourinstitutional factors influence the evolution of net-
ages identification along professional competenagork structure.
in projects.

The comparison between the Silicon Valle
and Route 128 raises the important distinctio
between emergence and intentionality in network an economic network, a firm is legally consti-
structure. Networks are rarely formed by desigriuted as the unit of accrual. Hence, cooperation
but rather they emerge initially in response to thand coordination in a network pose the questions
institutional and technological opportunities of anvhether there are rents in networks and to whom
industry or field. During this process of formationdo they accrue. An answer to these questions
relationships develop oubhformational properties requires an understanding of the location advan-
that drive a matching process among firms. Howages to only information access in a network
ever, over time, knowledge that is initially infor-compared to membership in a coordinated net-
mation gradually becomes encoded in persistingork. In other words, we are interested in under-
structures that influence subsequent behavior standing the conditions by which certain network

structures generate value that is captured differen-
tially by participating firms through their coordi-
“This line of argumentation comes closest to Coleman (19961.3‘“0”' )
439ff.), who assumes that external labor markets are competi- Call the first type of advantage a Burt rent.

tive markets. He thus does not consider the relationshrt describes the generation of network structure
between the type of external and internal labor markets and

its effects on the location of innovation. For an analysis oftS the Ou.tcome of the competltlvg struggle among
a related problem, see Anton and Yao (1994). egos motivated by envy and self-interest. The key

apabilities and rents
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construct for Burt is the notion of “non-
redundant” ties. A tie is non-redundant if it rep-
resents the only path between two nodes as con-
stituted by individuals, firms, or even industries.
Entities that have multiple unique (i.e., non-
redundant) ties with other nodes who are not
connected occupy powerful brokerage positions
called “structural holes.” Burt has argued that
firms that are positioned in structural holes are
more powerful because they arbitrate the infor-
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organizational payments to members in an amousdcial capital, firms belonging to the same groups
that violates rules of proportionalify.Whereas tended to cooperate with each other subsequent
Burt implies that this group rent flows to theto their initial cooperation. Network structure
broker, a Coleman network claims that the gainsegan to replicate itself in stable patterns of
to superior coordination must be distributed imnduring cooperation. It is not simply that bio-
ways to assure participation. Thus, differentechnology relationships are enduring across years
notions of viability are a critical distinction that explains this persistence. It is rather that
between Coleman and Burt networks. these formative groups formed progressively more
The importance of understanding viability isclosed cliques; the flow of new relationships was
implicit in the examples discussed earlier. Foinfluenced by Coleman-type incentives for coop-
example, the study by Axelrod et al. (1995) relie@rating firms to deepen their cooperation. This
upon Nash equilibrium. A coalition is only viablepattern is also implied in the findings of Gulati
to the extent there is no improvement for any1995) who shows that partners tend to ally with
firm to defect to the other coalition. For a Saxenthose close to them in the network and with
ian network to function, individuals in a hierarchywhom they have previously allied.
must view this as more rewarding than defecting The emergent properties of networks ride on
to a start-up. A hierarchical firm is not viable inself-organizing processes that tend to freeze the
Silicon Valley, because individuals will choosestructure among firms over time into stable pat-
to switch jobs in that institutional setting. terns of interactions. The Walker et al. (1997)
The study by Walker, Kogut, and Shan (19973tudy noted that a danger to a Coleman network
explored both Burt and Coleman types of netis that it limits search and can reduce variety.
works. The early history of this industry revealedJzzi proposes that the optimal network structure
a network that was relatively unstructured anth the textile industry has a high density of
more like a market. Certainly, while entrepreneunslationships among firms, yet while allowing
had important affiliations to sources of ideas (e.gnew entrants and the possibility of further explo-
universities) or finance, horizontal ties amongation. Since the advantage of the market is the
firms were weakR. In this type of network, mar- generation of variety, too much structure reduces
ket-like relationships emerge through firms cominnovation. Of course, to the extent firms who
municating information regarding e.g., prices andefect from cooperation are eliminated, this
specifications. Coordination in this instance hapeduction is desirable. On the other hand, the
pens through transactions governed by price sigenstraints on individual experimentation increase
nals. Learning takes place through the revelatiafue to requirements to orchestrate coordination
of cooperative or dishonest reputations. with other actors. The more networks take on
Over time, a more complex network emergeshe properties of firm organization, coordination
Figure 2, shown earlier, represents a relationdeprives individual firms of potential avenues of
structure that reveals both structural holes arekploration. Thus, neither Burt, nor Coleman
Coleman-type networks. The pharmaceutical constructures can be ranked a priori for their welfare
pany marked Il is an isolate that has nonmerits; additional structure to the analysis is
redundant ties with 6 start-up firms; it clearlfirst required®
occupies a structural hole. However, some firms, It may help to analyze this line of debate by
such as those in group IV, engaged in more
dense transactions that are suggestive of formatmgee the discussion in Walker et al. (1997) on the potential
type of Coleman networks. The analysis of sulfer dense relationships to drown out experimentation and
sequent relationships revealed that Coleman né@ming. Rowley, Behrens, and Krackhardt (2000) provide an
L . . xcellent review of the relationship of strong and weak ties
work based on coordination, inclusive of mumaﬁ) exploration, with evidence indicating the importance of

know-how exchange, emerged. Because of thiglustry context in evaluating the relationship of structure to

individual firm performance. See also the discussion by
_ Walker (1998) on the search models indicating that weak ties
8This description is similar to the theory of clubs (and tooroliferate from the objective of maximizing information
Olson-type of selective incentives among small groups). Theeecess. This notion of the proliferation of weak ties is similar
are many rules by which individuals can be rewarded thad Khanna, Gulati, and Nohria’'s (1994) notion of alliance
satisfy their reservation price (i.e., minimum for staying ascope. See also Baum et al. (2000), and the comparison
member). See Cornes and Sandler (1996) for a summary.by Zaheer and Zaheer (1997) of structural holes and weak
SSee Powell, Koput and Smith-Doerr (1996) on ties. tie arguments.
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anchoring the discussion in a few empirical factsooperation among firms already cooperating.
The primary observation is that alliance networkéfter all, the advantage of membership in a local
are exceedingly sparse. If there are 100 firms wlub promotes further cooperation among mem-
a network and if we only count ties as nonbers. There is, in other words, considerable order
directional (we ignore who sends and whalespite rather low density of cooperation and the
receives), then we expect there to be 4950 potepetential for a multitude of alliance structures. It
tial ties. (We code a tie as 0 or 1, regardless @ not surprising, then, that industries (or any
how many agreements two firms may have withommunity) vary in their structures, and yet share
each other). If we think about these ties as fornthe property of tending toward self-replicating
ing different coalitions of players, then we haveatterns of cooperation.
a 2 to the n problem defining the solution space Yet, despite the tendency of a Coleman net-
for potential membership in 2 coalitions—2work to generate incentives for replication even
because a firm can choose to join or not join.)n sparse networks, we are unlikely to arrive at
For a 100 firm network, there are thent®2 a robust finding regarding global or group wel-
possible combinations in membership. Despite tHare. In one industry, the advantages of standard
combinatorial richness in potential alliancessetting suggest that one rule for determining the
empirically, we see networks that are sparse (i.@ecision to cooperate is to join a big coalition
the actual ties are far below the maximum) an@Axelrod et al., 1995). Following this rule, for
that engage in rather limited experimentation oveaxample, in Uzzi's textile industry butts up
time regarding the changing identity of coalitioragainst a more appropriate rule to sort by prestige
partners:t among low and high quality designers. It is not
It would seem that sparse networks favor aurprising that empirical results seem contradic-
Burt-like description of many structural holestory, when they reflect differences in the proper-
But another way to think about the strategities of given networks.
implications of stability in what appears to be Similarly, caution is required to assume that
self-organizing patterns of cooperation is to asBurt networks are not stable and converge over
how sensitive are these groupings to defection time to a market network. (Burt, 1999, views
partners. (In the theory of graphs, this exercisgtructural holes as dynamically unstable.) It is
is akin to asking how robust is structure when important to avoid the logical fallacy of attribu-
of k edges are reassigned randomly among timg persistence to genesis. Once structures are
vertices.) After all, where there are rents, therereated, we need to ask what sustains them.
are bound to be strategies to alter the structuBecause action is constrained in emergent net-
by new alliances. An important test for the likeli-works, the late recognition of how defection can
hood of success of a strategy is to compateenefit an individual firm may be inconsequential;
Coleman-type structures (i.e., dense ties amotigat is, the firm cannot act upon it. Partners may
few actors) and Burt-type structures (broker firmsot be available and may be unwilling to defect;
with few redundant ties among its satellites) foswitching may be costly and promise only uncer-
robustness. tain advantages. Again, the notion of viability is
The recognition that the results of this comparieritical. Defection may be prohibited because of
son are easy to predict reflects the stability afanctions imposed by the group. Or, for Padgett’s
structuredespitevery sparse networks. Social netand Ansell's medieval Florence or for Poldony’s
works are fairly stable to random perturbationand Stuart's semiconductor firms, defection is
(at moderate probability) because structures tedi@terred because the identities of membership in
to be localized? This statistical result is strength-a group dissuade alliances with less prestigious
ened if we admit ties are not randomly assigneéamilies or firms. For either motive—economic
but tend to follow generative rules that encourager social sanctioning, the preferred strategy may
be one of local replication, such as imitating the
- supplier strategy of a competitor, than creating
See Kogut and Walker, 1999, for a discussion of somshort-cuts in the hope of destabilizing a fairly
examples. immobile structure. In theory, there is no clear
For simulations of the robustness of local structure (that is .
small worlds) in sparse networks, see Watts and Strogaﬁ?aso_n to believe that structural holes are not
(1998). sustainable.
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externalities.” These externalities arise when the
consumption or use of a good by one person or
Of course, another way in which the emergendam makes it attractive to another to do the same
of structure is not only influenced, but also sus—the classic example being a computer operating
tained, is through property rights. A basic propsystem. In these joint conditions of externalities
erty right is the ownership by an individual ofin competitive environments, cooperation is
the use of natural endowments, such as skill. @hcouraged.

course, if human capital were alienable from the Such externalities, for example, exist in
person, it too would flow like a resource throughmicroprocessors. Since software is written for
a network, diminishing its value. It is, howevermicroprocessor standards and people want to use
the stickiness of human capital that influences the same software, there exist externalities that
person’s eligibility to play a brokering role. Thefavor the dominance of one standard over another.
tacitness of firm knowledge similarly makes d&or a microprocessor firm, the logical strategy is
firm less susceptible to the competitive imitationo grab the largest size of the market. Somewhat
of its claim to broker. counter-intuitively, it would want to induce entry

This confounding of position in a network andnto its market as long as these entrants agreed
attributes that makes one firm more central thaio license its technology and standards. In fact,
another poses an econometric problem of seeoperation exploded in the microprocessor
lection bias. Rents may accrue to “quality” peoplendustry until Motorola and Intel achieved domi-
or firms who therefore occupy structural holes. nance; National Semiconductor did not achieve

In this regard, ownership of an innovation thathe same penetration and, interestingly, main-
is property right protected is an attribute that influtained a higher level of alliance activity. Because
ences the generation and appropriation of rerddl entrants were required basically to cooperate
independent of network effects. Yet, even here, tlum the standards, these three firms were each
causality behind the generation of rents is complegentered in the middle of a star of relationships.
and the structure of the network becomes dDentrality thus was the outcome of network exter-
endogenous feature in competition among innowlities coupled with a strong property right
vators. It is important to emphasize that cooperativegime®® Thus, in this case, the strategy to appro-
agreements are frequently concessions that permitate rents through technology licensing gener-
the utilization of one firm's knowledge by anotherated the structure, rather than structure simply
Examples are the licensing of technology or thdetermining the rents to a broker or Coleman
decision to cooperate in a joint venture in whiclgroup.
firms contribute know-how. It is a common feature It is proverbially axiomatic that in a hub and
that such agreements prohibit the selling of thegpoke structure, such as associated with the domi-
technological rights to other firms, thus preventingance of Intel in microprocessor licensing, the
undesired strategic short-cuts. central firm is in the better position to reap the

Property rights can particularly have a powerfulents in the network. (Think of this prediction as
effect on networks if the resource is scarce insofétentical to the measure of market power by sales
that it constitutes a “bottleneck” technology, suclkioncentration.) Certainly, any bottleneck position
as an operating system standard for software, sihhould be associated with differential market
an electrical grid, or the telecommunicatiorpower. The bottleneck could be property rights
“pipe” to a residence. Possession of rights to @ the limited number of gates at an airport
bottleneck resource can lead clearly to a mdwhich clearly is reflected in a “hub and spoke”
nopoly position. However, it may also lead tdransportation pattern), the communications pipe-
isolation, rather than centrality, if a firm decidedine to the home, water reservoirs in a desert,
to exploit its position without cooperation. Henceetc. All of these bottlenecks produce structural
cooperation is critical. holes with the gains to the broker.

Cooperation is likely to result when a firm In many industries, property rights to bottle-
owns a scarce resource, and yet is competimgcks are not a characteristic of the competitive
against other firms who offer alternatives. These
property rights to a bottleneck resource are
especially valuable when coupled with “networksThis analysis is given in Kogut, Walter, and Kim (1996).

Property rights and network centrality
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landscape. Firms would certainly benefit froomot consist of competition among a few hubs,
trying to replicate the rent capture imposedbut reveals a complex structure with many central
through hierarchical dominance. And yet, théirms and also many isolates. One surmises that
claim of Uzzi and others is that rent generatiom this industry, centrality might reflect the “qual-
can be superior in a dense clique with thick tiegy” of a firm rather than its control over a
among the players because of improved coordirokerage position. This may be the reverse in
nation and problem-solving. In such cases, thbe financial industry, where in fact the position
preservation of cooperation is maintained because an information flow results in the capture of
exclusion to the club deprives the defectingents. Quality is an attribute of the position.
member from sharing the group rents. (Thi8Vhile trading relationships are still embedded in
sanctioning possibility is the basis of the Nasktructure (Baker, 1984), the incentives to cooper-
comparisons behind the Axelrod, et al., 1999%te are attentive to positions of prestige and rank.
simulation discussed earlier.) In other wordddere indeed we have Burt rents accruing to struc-
rents to coordination again provide self-organizintural holes.
incentives to members to maintain the network An interesting case is where property rights to
structure. a given scarce resource are not strong, but there
Table 1 summarizes the discussion of thstill exists discernible structure among competing
relationship of network structure and propertyubs. Automobile assembly is a good example,
rights to bottleneck resources. The consequenogbereby assemblers have some power over access
for rent generation and distribution depend on th® distribution channels and customer loyalty but
assessment of the viability of competing rulethey do not have property right control over
for cooperation. The empirical studies of variousinigue assembly skills. Indeed, entry by new
industries indicate that certain rules came tocompanies has been an important element in the
dominate, but in the context of particular historihistory of this industry.
cal and institutional settings. Thus, the rule for The dependence of structure on historical and
cooperation that appears to have proliferated institutional conditions is also revealed in the
microprocessors is to share technology, while netiriety of competing rules and their implications
giving up control to the bottleneck resource itselfior the emergence of distinct network configur-
In some industries where property rights arations. The evolution of the Toyota System illus-
strong, but there is no bottleneck technology (e.grates precisely the migration from a hub-and-
in pharmaceuticals), the emergent structure dospoke structure to a more cooperative self-

Table 1. Competing rules and structural predictions (Ignoring social rules)

Regulatory Technological Feasible Structure Industry Example Competing Rules
1. Strong property Bottleneck Central players with no  Microprocessors, Induce entry by
rights resource isolates software operating licensing vs. dominate
systems by superior technology
2. Strong property No bottleneck Weak hierarchies with Pharmaceuticals Cooperate for finance
rights resource many isolates vs. dominate by
superior technology
3. Weak property  Bottleneck Many closed hierarchies Autos Source widely while
rights resource with no isolates switching often vs.

build competence in
few single-source

suppliers
4. Weak property No bottleneck Decentralized relational  Information and Seek new information
rights resource networks financial markets vs. rely on existing

relationships
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organizing supplier system because the generatittee Toyota Production System represents the
rules of cooperation changed over time. Becaugfforts to transfer networks by design to other
the work on supplier chains in the automobileountries (Florida and Kenney, 1991; Dyer,
industry consists of a rich set of studies that996). However, the rules by which supplier
highlight the creation of capabilities through netnetworks emerged in Japan are different than the
works, we use this industry in the followingrules that guide its design and transfer. (Here
section to provide a holistic exploration of theagain, we must separate out genesis from
ideas of organizing principles as generative rulgsersistence.) In effect, the emergence of inter-
and the relationship of emergent structure arglipplier networks were guided by these two rules:
rents.
1. The dual labor market is not violated by inte-
grating suppliers into Toyota.
2. Supplier capabilities are improved through the
The Toyota Production System constitutes one of transfer of competence to them.
the most important organizational innovations of
recent decades, yet it did not emerge out of Bhe first rule grew out of the recognized limits
conscious design but out of an emergent procesé a Japanese company toward extending the
(Fruin and Nishiguchi, 1993). The Japanese mareciprocal agreements among employees to sup-
ket consisted after the war of a demand for higpliers. Membership in a large company entailed
variety, a plethora of auto companies none axpectations of long-term employment in return
which operated plants built to the scale of théor strong identification of the employee with
mass production facilities of American com-+the firm. Contrary to Stigler's hypothesis of the
panies. Furthermore, Japanese suppliers wengegration of weak suppliers, the social expec-
initially inferior in their capabilities compared totations underlying the employment relationship
assemblers (Nishiguchi, 1994). Over time, thiprecluded the integration of suppliers into the
‘dual labor market’ evolved into a new divisioncore firm* The second rule developed partly as
of labor based upon the continuous upgrading af consequence of the first, as well as through
supplier competence and their participation igovernment policy to protect weaker suppliers
project design. These new tight supplier relatioragainst the dominance of large assemblers
ships created capabilities that increased speed(dishiguchi, 1994).
market, quality, and new model cycle times, with Many subcontractors welcomed the new sub-
supplier networks as the organizing principle teontracting system, since it brought with it more
deliver this capability. stable contractual relations through increased asset
The inter-organizational model emerged ispecificity, more opportunities for technological
Japan during a period from 1965 to the earliearning, and improved growth prospects
1980s. Over this time period, the productiorfNishiguchi, 1994). From using subcontractors
structure shifted toward reciprocal, multilateraimainly as buffers in the 1950s, assemblers were
relations and a concern with specific rights oéfter 1960 committed to upgrade their subcontrac-
transaction rather than residual rights of owneters’ technical capabilities. The composite know-
ship. From using subcontractors mainly as buffefsow of assemblers (including the know-how to
in the 1950s, assemblers were after 1960 commdperate assembly lines) was transferred to sup-
ted to upgrade their subcontractors’ technicalliers through teaching. The emergence of con-
capabilities. The composite know-how oftract assembly and subsystems manufacture
assemblers was transferred to suppliers througbticeably changed the logic of supplier relations
teaching, along with assembly lines. The emeteward “collaborative manufacturing.” There were
gence of contract assembly and subsystems maibviously gains to both buyers and suppliers in
facture noticeably changed the logic of suppliethe form of increased returns of higher order
relations toward “collaborative manufacturing.’organizing principles.
There were obviously gains to both buyers and Still, these two rules generated initially a net-
suppliers in the form of increased returns of

higher Order. organizing principles. 14This relationship is described in many places, including Aoki
Though historically emergent, the transfer 0§1990), Ablegglen and Stalk (1985), and Nischiguchi (1994).

An illustration: Toyota production system
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work structure that was strikingly hierarchicakation of subcontractors to collaborative manufac-
in structure, creating a hub-and-spoke centralityiring based on multilateral problem solving.
around Toyota. In this regard, the Toyota suppligdver time, asset-specific contractual relations
structure was organized along hierarchical linéacreased, as exemplified by contract assemblers
that were not substantially different than thosand system-component producers. Structurally,
found among General Motors and its supplierdapanese subcontractors were reorganized over
However, the rule to respect the dual labor markétne into tiers through a concentration of orders,
prohibited the extensive vertical integration seeimtensified specialization, and increased depen-
among American firms. Toyota's value addedence on particular customers (Fruin and Nishigu-
contribution to its autos was, and remains, racthi, 1993). In the new tightly tiered structure,
ically less than General Motors’ share of valuapproximately 180 first-tier suppliers contract to
in its assembled cars. (See also Dyer, 1996, wiseveral thousand lower-tier subcontractors that, in
found the internal value-added of an Americaturn, contract to tens of thousands third tier
assembler to be twice that of a Japanese.)  suppliers. This structure maintained variety in
The dynamic that transformed this hierarchydentity and competence among suppliers, while
into a more closed relationship stemmed from thgenerating long-term coordination among the
logic of a series of organizational and procedeey participants in the Toyota System.
innovations that began within Toyota and eventu- This tiered structure implies that at a given
ally diffused out to suppliers. The initial inno-time, subcontracting philosophies at plants within
vations of Toyota centered around the introdudhe same firm vary widely. Nishiguchi compares
tion of customer-driven production (kanbanphilosophies within the same buyer firm, ranging
manufacturing. The danger of this kind of profrom “bargaining” subcontractor managers who
duction system is that working capital growthused subcontractors to protect regular workers
serves as the buffer to respond flexibly to chang@ghen demand fluctuated to pro-subcontracting
in customer demand. Almost by contradictionmnanagers who engaged in intense contacts, train-
Toyota innovated by minimizing inventory levelsing and problem solving. Nishiguchi’'s results are
through the innovation of just-in-time (JIT) deliv-consistent with asset specificity not being the
eries. These systems were coupled with powerfoduse but the consequence of a particular strategy.
analytical tools, such as value analysis and qualifyn fact, he finds asset specificity to be a conse-
control, which generated information used tguence of the supply strategy.) Yet, at the same
minimize costg? time, a strategy that points to asset-specific con-
If kanban and JIT were powerful innovationsiractual relations needs inter-firm relational
rapid introduction would appear to be fosterethechanisms that enable them to function.
through vertical integration. In fact, through verti- The increased reliance by Toyota on first-tier
cal integration, a firm should have more powesuppliers generated important organizational inno-
to enact JIT because it has the authority to deations designed for the new network. Through
s0. Supplier resistance to these innovations cleargpeated interaction between firms in the network,
frustrated the chief architect of Toyota's innoa series of innovations emerged that supported
vations, Ono, who complained bitterly over thehe acquisition of skills specific to the relation-
resistance to these new methods (Cusumarships, or what Asanuma (1989) has called
1985). Lieberman and Demeester (1999) doctrelation-specific’ capital. (See also Dyer, 1996,
ment the slow diffusion of these methods bwnd Dyer and Singh, 1998, for an exposition of
tracking inventory levels among suppliers, findinghis idea.) These innovations included joint price
that they continue to decrease for Toyota supmletermination based on objective value analysis,
pliers through the 1970s, with Nissan and othgoint design based on value engineering, the target
Japanese firms lagging considerably. cost method of product development, profit-
The gradual extension of these new organizingharing rules, subcontractor proposals, black box
principles of  customer-driven  productiondesign, resident engineers, subcontractor grading,
transformed supplier relations from the exploiquality assurance through self-certified subcon-
tractors, and just-in-time delivery circumscribed

150hmae’s (1982) early study is a brilliant explanation of th(py bonus-penalty _pmgrams' _These |nrjovat|ons
strategic implications of value analysis of Japanese firms. represented the shift from main purchasing func-
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tion of the customer shifted from downstream This structure achieved “independent viability”
price negotiation to the assessment of subcontran- Coleman’s terms by devising rent-sharing rules
tor performance and the coordination of intethat supported decentralized innovations. Initial
firm functions. prices are set in the light of planned production
Asanuma’s description of the heterogeneity afosts, based on the supplier's and the core firm’s
the Toyota supplier system indicates a netwomxperience with similar parts. It clearly recognizes
in which a set of tiered suppliers acts to differenthe firm as the “unit of accrual” and structures
tiate the status of suppliers. An important distinodecentralized incentives to promote coordination. If
tion is between suppliers that work according tthe supplier should improve the process and outpace
drawings supplied by the core firm, and thosthe planned experience-derived cost reductions, it
that submit their own drawings to the core firnretains the savings. The pricing mechanism reflects
for approval. Over time, the latter groups ohot only an anticipation of learning on the part of
more innovative suppliers evolve toward greatehe suppliers; it provides an incentive to beat the
independence because of an increase in volurizgget. However, at the same time, rule three
produced by a supplier, or an increase in thdictates that these improvements flow to other
scope of activities performed by a supplier. suppliers. As a consequence, improvements at
Through monitoring and supplier qualificationone supplier flow dynamically to others.
requirements, the core plant selectively develops Independent viability of membership is a neces-
relationships with suppliers. Suppliers are evalwsary factor in the self-organizing character to the
ated according to how well they have performedoyota Supply systef Consider a firm that
on earlier contracts. Often partial ownership isvithheld technology and sought to free-ride on
sought in the suppliers that rank the highest ithe efforts of others. The intense information
terms of performance and potential capabilitieflows permit easy monitoring; sanctions need be
Moreover, suppliers earn points in the suppliemo more than exclusion from the first-tier club
rating system for codifying methods so that thethat shares rents. No wonder in times of crisis,
can be used by other suppliers, leading to loweooperation can be organized without hierarchical
costs for the core firm. By this dynamic, continucontrol, a key attribute of a self-organizing sys-
ous learning lead to improvement in productivitgem. (See Nishiguchi and Beaudet, 1998, for a
of the whole supplier networks. All types ofdiscussion of self-organization following a fire at
suppliers had to develop some skills to maintaia top-tier supplier.) It is important to observe
the relation to the core firm, other than purelyhat this system, from the point of view of Toy-
technological capabilities. ota, represents a less costly expenditure of time
In effect, Toyota evolved a system that relie@ven if it involves a dense set of ties. Because
upon self-organization to resolve the contradictiomonitoring is coupled with cooperation in tech-
between its two rules: the inability to integratenology transfer, it is also occasion to learn from
while requiring improvement in supplier skills.other supplier's experiences (see Sabel, 1996;
The tiered system forced firms to prove theiHelper, MacDuffie, and Sabel, 1998).
competence and yet also created incentives forDense networks provide an important capability
them to codify and share their knowledge. Thusf knowledge acquisition, in conjunction with
the first two rules were augmented by a third: also generating information required for monitor-
ing and enforcement. Thus, monitoring occurs not
3. To participate in the first tier, suppliers ar@as a function of an overt sanction mechanism,
required to prove, codify, and share their combut rather through the operation of professional
petence with each other. identities that support the transfer of technology

Unlike the operation of the competitive hierarchy

to American assemblers, this hierarchy then

evolved to move the single locus of innovation______

from the core assembler (Toyota) to the supplietsrhis viability is similar to Axelrod et al.’s (1995) imposition

as well. Nishiguchi (1994) calls this “clustered?! Nash equilibrium: firms do not switch coalitions if the
change does not improve their utility. Of course, firms might

control”; in our termmo'quv It represents a COleWant to switch into a Toyota coalition and free-ride; hence
man network of dense ties between the memberse importance of the third screening rule.
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among suppliers and ToyotdaWhereas a broker- is also a third mechanism, the value of enhance
age role is efficient from the perspective of monieoordination through the identity of members in
toring and sanctioning, the self-organizing propethe high status Toyota Production system.
ties of dense relationships benefits from putting The Toyota system embodies the irony that
the stress on the rapid flow of competenciethese principles of coordination arose due to
through frequent and on-going relationships. restrictions on vertical integration. But if the
The organizing principles of the Toyota Systenemergence of the Toyota network could not have
support the capabilities of providing variety andeen foreseen, its transfer by replication in the
speed to the market. Capable suppliers in a néthited States and elsewhere entails intentional
work provide competing variety based uporoordination among network members. Yet, these
specialized competence. Black box modularitintentions do necessarily demand authority to
permits specialization, and yet demands a highsure replication. Toyota does not need to order
degree of coordination. The rapid diffusion ofts American suppliers: create the Toyota Pro-
production know how serves to reduce the costduction System by this blueprint. Replication need
while the tight coordination of suppliers andnot follow a description of who cooperates with
assembly in design and production reduces overathom and how. For the incentives to replicate
time to the market. implies the possession of capabilities that are rent
These capabilities did not reside in any givegenerating, hence rewarding members to re-create
firm, but were created by the knowledge of howhe structure. While the origins of the Toyota
to coordinate among firms with a history ofSystem suggest the operation of unintended
cooperation. The unit of accrual is the individuatonsequences in the evolution of the network, the
firm; there is no holding company structure tantentional adherence to these rules suggests a
the network. Yet, to remove a firm from thisfunctional understanding of their causal conse-
network would be to deprive it of importantquences.
capabilities that it could not immediately recreate,
even if it could access equally capable suppliers.
These capabilities are not simply the static ondSONCLUSIONS
of reducing inventory, but of encouraging inno-
vations by technology transfer and incentives. We began with the observation that value is not
The Toyota System thus created a structure amystical entity. The source of its imputation is
which variety could be maintained among strongot always clear, as witnessed in the lack of
suppliers without disrupting the centrality of theconsensus over the interpretation of a residual,
assembler in the system. Toyota thus did not fatllled total factor productivity. In recent years,
prey to Stigler's solution of vertical integrationwe have come to understand better that an
to overcome inefficiencies in the network. Howimportant source of value for a firm lies in the
ever, each firm remained the unit of accruatapabilities supported by organizing principles of
These adaptive innovations, thus, posed the Wilwork. These principles constitute what is meant
amson problem that property claims to thiss the knowledge of the firm.
knowledge were weak, hence creating the incen- The study of networks as knowledge under-
tive for suppliers to maintain secrecy. Thesstands capabilities achieved through coordinated
threats were resolved, though, by three mechaetion at multiple levels of analysis. At one level,
nisms. Coordination generated rents that indué@owledge is the principles defining coordination
cooperation by acting as an bond or efficiencin a division of labor that anchor identities of
wage to deter defection; defection would lead tmdividuals and groups within firms. At another
deprivation from future rents. Second, the processvel, the boundary of firm and network are mal-
of technology transfer itself created informatiorleable definitions determined by shifting identities
that enabled monitoring within the network asnd their co-evolving capabilities. Operating upon
opposed as through hierarchical control. But thetbese levels is the domain of generative rules of
cooperation and competition.
1t is not surprising that suppliers are often conflicted in The network generated by rules of cooperation

their loyalties, especially at times when these networks a@_fferen_t'ates firms by their StrUCtur.al positions.
transferred to new locations. Since firms but not networks are units of accrual
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and selection, there exists, therefore, a potential Japanese firm,Journal of Economic Literature28,
divergence between the distribution of these renfs pp. 1-27.

. S . anuma, B. (1989). “Manufacturer-supplier relation-
and the contribution of individual firms. Some-"gins"in Japan and the concept of relation-specific

times, this divergence is mitigated through the skill” Journal of the Japanese and International
coincidence of structural position and property Economies3, pp. 1-30.

right claims. However, in situations in whichAxelrod, R. and M. Cohen (2000Harnessing Com-
knowledge is diffuse among a group of firms, Plexity Free Press, New York.

dinati b ¢ Axelrod, R. and W. Hamilton (1981). “The evolution
coordination can become prey t0 CONCems OVET 4t cqoperation in biological systems.” In R. Axelrod

cooperation. Embedding a monitoring and sanc- (ed.), The Evolution of CooperationBasic Books,
tion mechanism into a cycle of positive returns New York, pp. 88-105.

attached to technology transfer drove the partfxelrod, R., W. Mitchell, R. Thomas, D. S. Bennett
cular success of the supplier system of the Toyota @d E. Bruderer (1995). “Coalition formation in

. . . standard-setting alliancedVlanagement Sciengdl,
Production System. And by devising credible pp. 1493-1508.

rules that guaranteed independent viability, Toysaker, W. (1984). “The social structure of a national
ota could, by intention, replicate the network securities market,”American Journal of Sociology
(even if particular members changed) in new 89 pp.775-811. _
locations. Baum, J. A. C., T. Calabrese and B.S. Silverman.

. . . (2000). “Don’t go it alone: Alliance networks and
Networks are more than just relationships that startups’ performance in canadian biotechnology,”

govern the diffusion of innovations and norms, Strategic Management Journaspecia| Issue21,

or explain the variability of access to information pp. 267-294.

across competing firms. Because they are tfg@orman, S. (1974). “Island models for takeover by a
outcome of generative rules of coordination, net- social trait facing a frequency-dependent barrier in a

works constitute capabilities that augment the kﬂgg(?eerlr;?lno?og;ggéErgzégcilggizolfot;e National

value of firms. These capabilities, €.g. spee_d Brown, J. S. and P. Duguid (1991). “Organizational
market, generate rents that are subject to privatelearning and communities of practiceQrganization
appropriation. It is through an understanding of Science 2, pp. 40-57. _

networks as knowledge encoding coordinatioRurt, R. (1992).Structural Holes: The Social Structure

within and between specialized firms in specific Bﬁidggm&itf“"” Harvard University Press, Cam-

cooperative and competitive structures that thyrt, R. (1997). “The contingent value of social capi-

“missing” sources of value can be found. tal,” Administrative  Science  Quartefly 42,
pp. 339-365.
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