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Abstract:

This paper argues that structural characteristics of knowledge-diffusion networks, such as density levels,
centralization levels, and the presence of global knowledge brokers, contribute to the emergence of dominant
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structures and firm-specific attributes influence the development of these knowledge-diffusion networks. Six
propositions, developed from examination of one industry’s networks and previous scholarly literature, specify
these arguments.
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Table 8: Analysis of Variance

Large Scale Manufacturing
Variation SS DF MS F-Value
Gatekeeper Between Groups 125.99 1 125.99 12.56**
Within Groups 611.70 61 10.03
Total 737.69 62
Representative Between Groups 339.05 1 339.05 20.60***
Within Groups 1004.12 61 16.46
Total 1343.17 62
Top Ten FPD Producer
Gatekeeper Between Groups 167.88 1 167.88 17.97***
Within Groups 569.81 61 9.34
Total 737.69 62
Representative Between Groups 593.43 1 593.43 48.28***
Within Groups 749.74 61 12.29
Total 1343.17 62

** p<.01; *¥** p<.001

Table 5 presents correlations among variables,' and Table 6 presents results from a regression in
which general firm characteristics, attributes of firms’ FPD investments, and elements of firms’ global
strategies were used to predict Japanese and North American firms’ global gatekeeper status. Preliminary
analysis suggested that few firms emerged as knowledge brokers in Europe, providing further evidence of the
absence of an integrated European innovation system prior to 1989. Therefore, regressions exclude European
firms.

The relative importance of specific variables appears to change through the course of industry
evolution. Firms’ size predicted gatekeeping status in the first two periods but not in the third. Aspects of a
firm’s FPD investment become important later on. Specifically, research effort emerged as marginally
significant in Period 2, and previous FPD innovations were significant in Period 3. Efforts to pursue a global
strategy contributed to gatekeeper status in both periods in which they were relevant, with the presence of
foreign R&D significant during Period 2, and participation in international joint ventures significant in Period
3.

Table 7 presents results for a regression predicting global representative status. Again, firms’ size
predicted representative status in Period 1. Later, attributes of the firm’s FPD investment, such as a large
research effort(Period 2) and many previous FPD innovations(Period 3) predicted representative status. A
firm’s efforts to span borders, either by constructing foreign R&D labs or undertaking an international joint
venture, also increased its status as a global representative.

A firm’ s status as knowledge broker appears to hold implications for its later industry position. Of
firms ranking in the top 10% of gatekeeper status during Period 3, 67% went on to become one of the ten
largest FPD producers within the next two years.’ 100% of firms that were in the top 10% of global
representatives became one of the ten largest producers by 1990. In contrast, only about 9% of the firms in the
lowest 90% of gatekeeper status, and about 5% of firms in the lowest 90% of representative status became a
top-ten manufacturer by 1990. In fact, only about 20% of these firms developed any large-scale FPD
manufacturing capabilities at all in the next two years. ANOVAs presented in Table 8 show significant
differences between gatekeeping and representation scores for producers versus non-producers (p<.01).

! Data were normalized based on the size of countries’ industries and weighted to discount a firm’s score when more than one company
acted as a broker between a given pair of firms.

? Regression results remain largely the same when European firms are included. All variance inflation factors for both regressions fall
under 3.

? Production data from Borrus and Hart (1994).
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DISCUSSION

These empirical findings concerning knowledge-diffusion patterns in the FPD network, as well as
previous scholarship on industry emergence, contributed to the development of six propositions presented here.
Note that the structure of global technological networks may differ in non-science-based industries,
technologies not characterized by a global dominant design, and industries in which most firms maintain
globally-dispersed R&D facilities.

Technological Knowledge Industry Emergence

Tables 2 and 3 show that the North American and Japanese industries displayed their greatest
competitiveness when their regional knowledge-diffusion networks exhibited the highest density and
centralization. Previous research articulates some of the mechanisms by which network density may contribute
to the competitiveness of a national or regional network. Connectedness to a technological community allows
firms to appropriate external advances (Nelson, 1990), increase internal research productivity(Cockburn and
Henderson,1998), cooperate to build an industry infrastructure(Van de Ven,1993), and track and shape the
institutional environment evolving in their industry(Spencer,2003).

The relationship between network centralization and competitiveness may be less generalizable,
however. The fact that a region’s firms interact predominantly with a small number of central firms gives a
few firms the opportunity to strongly influence the development of their industry and technology. This
influence may contribute to either positive or negative industry outcomes based on the technical viability and
eventual commercial acceptance of those central firms’ technologies.

Proposition 1: Relatively high levels of density in a national or regional network will associate with
higher global competitiveness for that region’s industry.

Of the three regions studied, the centralization and density of the regional knowledge-diffusion
network increased over time only in Japan. Japanese firms also displayed less diversity in technological
approaches to FPD design (with most pursuing LCDs), and were the first to install large-scale LCD
manufacturing facilities. Network density and centralization may well facilitate firms’ convergence on a
dominant design for their emerging technology. The logic of this argument derives from the intersection of
several research streams. Van de Ven (1993) suggested that institutional arrangements such as dominant
designs co-evolve with the advances of innovating firms via repeated interactions among industry participants.
Dense intra-industry networks may facilitate the types of knowledge diffusion and interaction that allow firms
to build a consensus around a technological approach. Similarly, since scientists’ choices of research question
depend in part on the opinions of other scientists in their field (Rappa and Debackere, 1992; Zuckerman, 1978)
and what is “fashionable" in the scientific community (Crane,1969; Barber,1990), firms may influence one
another’s technical approaches through their scientific articles (Spencer,2003). This scientific interaction can
facilitate convergence on common technical approaches.

In addition, increased investments in a technology resulting from inter-firm learning and imitation
should accelerate the design’s speed of progress toward a commercially-viable product (Allen, 1983; Podolny
and Stuart, 1995), increasing the likelihood that the technology will win out as dominant design. Convergent
technological approaches also attract investments by customers and firms in supporting industries (Wade,
1996), and allow an innovator to speak with a louder voice in influencing the emerging institutional
environment to favor its technology (Mezias and Kuperman, 2000).

Network centralization may also contribute to dominant design emergence. Research suggests that
when a small number of firms hold substantial influence, they are better able to mandate an industry standard
(Tushman and Rosenkopf, 1992). Similarly, the presence of a few high-status innovators in a regional network
may jump-start the process of dominant design emergence by sending a signal about which technology is most
likely to dominate. Dense networks, then, can help communicate the standard through the technological
community. Early convergence on a dominant design may enable participating firms to make earlier
commitments to manufacturing and, thus, dissuade investments by rivals (Murtha, et al., 1996). At the same
time, early convergence can limit technical options, reduce research on promising alternatives, and limit firms’
chances of developing a technological leapfrog.
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Proposition 2: National or regional networks that exhibit high levels of centralization and density will be
more likely to facilitate convergence on a dominant design than networks with low levels of
centralization and density.

Cross-national variations in institutional structures, such as differences in the level of corporatism in
countries’ interest intermediation systems, may well contribute to different patterns of knowledge diffusion
across countries. Countries with corporatist interest intermediation systems are characterized by enduring
national interest groups that participate in the decision-making structure of the state, while countries with
pluralist systems house more independent interest groups that arise to target specific issues and disappear once
those issues are resolved (Wiarda, 1997). The prevalence of lasting social institutions such as industry
associations and R&D consortia in corporatist systems such as Japan (Murtha et al., 1996) likely increases the
density of knowledge diffusion in these countries’ networks, particularly as a product moves toward
commercialization. For example, the Japanese government has pursued policies to bring firms together in
research consortia to hasten the development of LCDs, plasma displays, VLSI circuits and other technologies.

Countries with pluralist systems lack these enduring social institutions and coordinating mechanisms.
In addition, the presence of an ideology supporting independence and competition among business
organizations reduces firms’ incentives to construct dense and lasting knowledge-sharing networks to
coordinate technological approaches. For instance, Garud and Karnoe(forthcoming) noted that U.S. wind
turbine manufacturers showed a greater reluctance to share knowledge with one another than did their
counterparts in more corporatist Denmark. And Spencer, Lenway and Murtha (2002) described how the U.S.’s
initial approach to the SEMATECH consortium was compromised because member firms resisted divulging
technological knowledge to one another. In this study, the Japanese network saw increasing density over time
while the density in the North American network declined. In addition, Japan’s peak density level across all
time periods was about 50% higher than the density in the North American network at its peak.* Together,
these arguments suggest that countries with pluralist systems are likely to foster fewer knowledge-sharing ties
between innovating firms, leading to sparser knowledge-sharing networks.

Proposition 3: Corporatist countries are likely to display denser knowledge-diffusion networks than
pluralist countries.

Regional and Global Networks

Labor market mobility, the presence of common suppliers and customers, participation in regional
institutions, and informal interactions among scientists contribute to the diffusion of knowledge within cities,
regions, and countries (Jaffe et al., 1993). At the same time, in many high technology industries the need for
global economies of scale and international product compatibility mandate a global dominant design (Spencer,
2003). One would expect that firms in such globally-integrated industries would participate in global networks
to both absorb advances from overseas and track the worldwide evolution of industry standards. Indeed,
research suggests that firms operating in globally-integrated industries will likely earn higher performance
when they participate in their GIS as well as their NIS (Spencer, 2003). Based on this previous research, then,
one would expect that at a minimum, explicit knowledge available in firms’ publications would easily diffuse
through the GIS.

This study found that in the FPD industry, the direct transfer of published scientific knowledge
occurred more readily within countries and regions than between countries. Significant differences did not
appear as relevant, however, in the indirect transfer of knowledge.

I suggest that the constructs of global gatekeepers and representatives can serve as valuable ways of
considering the global diffusion of technological knowledge. Traditionally, ‘gatekeeper’ and ‘representative’
referred to scientists whose reputations inside and outside of their organizations placed them in positions to act
as brokers of technological knowledge (Allen, 1977). This paper extends the concept to suggest that an
organization can act as a global knowledge broker by absorbing knowledge from firms in one country and
passing it on to firms in another.

This study found that early in industry emergence, firms’ size distinguished global knowledge brokers
from other firms. A firm’s size may serve as a proxy for its ability to leverage its global networks in other
industries, with large firms better able to draw on diverse technological networks to tap into knowledge

4 Although several European countries may be characterized as corporatist, few corporatist institutions existed on a Europe-wide level
prior to 1989.
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concerning the new-to-the-world technology. Later, this general firm-level measure was replaced by attributes
of the firm’s FPD activity, itself, such as its FPD research effort and the number of previous FPD innovations
patented. A firm’s research effort and previous patents may reflect its absorptive capacity (Cohen and
Levinthal, 1989). This standing as a strong innovator also likely attracts the attention of other firms and
increases the chances that other organizations will track the research it performs (Podolny and Stuart, 1995). It
is possible that the shifting importance of variables reflects the challenges inherent in obtaining reliable
information about rivals. Early in industry emergence, innovators may evaluate other firms’ contributions
based on crude measures such as the firm’s size. As the competitive landscape begins to take shape, firms are
able to gain more detailed and more tacit knowledge regarding the quality of competitors’ innovations, and
replace these more general proxy variables with their own personal experience.

Proposition 4: Early in the era of ferment, generic qualities such as firm size will act as important
determinants of a firm’s status as global knowledge broker. Later, attributes of the firm’s investment in
the technology will become important determinants of the firm’s status as a global knowledge broker.

In addition, across all relevant periods, FPD firms with strategies that spanned borders, either through
global R&D investments or cross-national alliances, emerged as strong global gatekeepers and representatives.
This suggests that firms with more direct relationships with foreign innovators, either via geographic proximity
or formal agreements, may gain preferential access to knowledge, enabling them to mediate international
knowledge flows.

Proposition 5: Throughout industry emergence, the multinationality of a firm’s technology strategy will
influence its status as a global knowledge broker.

When knowledge brokers lie across the only path between firms in different innovation systems, they
effectively bridge a global structural hole (Burt, 1992), and may profit from their strategic position. Brokers
hold access to unique sources of knowledge unavailable to their closest rivals. Additionally, brokers apply,
filter, and reframe knowledge as they pass it on. And this intentional or unintentional reframing may help
innovating firms shape the emerging institutional environment to favor their own technologies.

This study showed an association between a firm’s status as a global knowledge broker in the last
period before dominant design emergence and its ability to successfully transition into commercial production
by installing large-scale manufacturing facilities. Future research should investigate the relationship between a
firm’s status as knowledge broker and later performance. Research must also determine whether acting as a
knowledge broker, itself, contributes to a firm’s competitiveness, or if brokerage status and performance both
associate with spurious underlying conditions.

Proposition 6: Global gatekeepers and representatives are more likely to sustain their investment and
capture market share after a dominant design has emerged in their industry.

CONCLUSION

National institutional structures and government policies clearly influence the competitiveness of a
country’s firms (Kogut, 1991; Porter, 1990). This paper suggests that such influence is partially mediated by
the knowledge-diffusion networks that arise among innovating firms. Institutional structures such as
corporatism, and government policies that target specific innovators or discourage firms from pursuing global
strategies, can affect the density and centralization of industry networks and the emergence of firms acting as
global knowledge brokers. And these elements of network structure may influence the dynamics of industry
emergence within a national or regional economy and the level of competitiveness of local innovating firms.
Future research that empirically tests and elaborates on these relationships will facilitate policy makers’ efforts
to leverage or adapt their domestic institutions and policies to match the needs of innovators.

Several observations in particular deserve future attention and empirical exploration. First, it is clear
that innovating firms’ performance depends, in part, on the resources available in their NIS (Nelson and
Rosenberg, 1993). This paper suggests that a country’s competitive advantage stems not only from the
presence of knowledge resources, but also from the configuration of the knowledge-diffusion network, itself.
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Future research should test the argument that network structure contributes to the competitiveness of local
firms.

Similarly, the presence of global knowledge brokers may enable firms to participate indirectly in the
GIS without investing resources in monitoring the global environment, forging their own international ties, or
otherwise implementing strategies to directly influence the evolution of their global industry. Therefore,
countries or regions that are connected to the GIS through global knowledge brokers may provide a
particularly munificent environment for domestic innovators. While further research is clearly necessary, this
argument would suggest that government policies discouraging local firms from pursuing foreign R&D or
international joint ventures may harm a range of domestic innovators. Future research should investigate
whether significant performance differences arise between firms that build direct ties with their GIS,
innovators that access their GIS indirectly through a knowledge broker, and firms that do not participate in
their GIS at all.

Murtha et al. (1996) suggested that Japanese firms were able to dominate the FPD industry by
installing large manufacturing facilities that deterred U.S. entry. This paper suggests that Japanese firms’
abilities to commit to early investments may have stemmed in part from the structure of Japan’s knowledge-
diffusion network. If network density and centralization contributed to Japanese innovators’ abilities to
converge on a dominant design before their U.S. rivals, then Japanese firms faced less uncertainty at the
prospect of mounting large FPD manufacturing investments. In this way, their national knowledge-diffusion
network may have helped propel Japanese innovators past the era of ferment, so that they could leverage their
strong manufacturing capabilities and marketing networks for commercial success. Future research must
empirically test the relationships between network structure, convergence on a dominant design, and ability to
make credible commitments to manufacturing.

The commercialization of new technologies comprises a critical source of economic growth for
advanced economies. Greater understanding of the patterns of activity that arise in emerging industries should
contribute to scholars’ efforts to construct theories about technological innovation and managers’ strategies for
the next generation of technologies.
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APPENDIX: NETWORKS MEASURES

Density reflects the number of ties in a network divided by the total number of possible ties (Knoke and
Kuklinski, 1982). Dichotomous measures identify only the presence of a tie between two firms (at least one
citation occurs). Valued measures give more weight to ties when they are repeated (multiple citations occur).
In Figure 4, the network is denser in Country B (9 of 30 potential ties completed) than Country A (5 of 30 ties
completed).

Figure 4

Country A

Country B

Centralization reflects the degree to which a small number of firms hold prominent positions in a network. A
centralization index takes its greatest value when a single firm displays high centrality by maintaining ties to
all other firms and these other firms have no ties to each other. Centralization is lowest when every firm has
the same level of centrality (Wasserman and Faust, 1994). In Figure 4, centralization is higher in Country A
than Country B, with Firm F displaying high centrality, and all other companies exhibiting low centrality.
Firm-level centrality is measured in several ways:

Degree Centrality identifies firms as most central when they maintain ties to many other actors. (Firm F forged
ties with all other firms in its country.)

Betweenness Centrality labels firms as central when they lie on geodesic paths that link other firms. A
geodesic represents the path of shortest distance between any two points in the network. (Firm F lies on a
geodesic between all other pairs of firms in its country.)

Closeness Centrality identifies a firm as most central when its geodesics to all other firms are of minimum
length. (Firm F’s geodesics to all firms in Country A are of length 1.)

Euclidean Distance. Multidimensional scaling calculates proximities among actors in a network, using x-y
coordinates to reveal which actors are "close" to one another based on the number of ties that connect them
(Wasserman and Faust,1994). Euclidean distances based on multidimensional scaling range from zero to one.

Distance= \/(x)r - xl)z +(y, — Jﬁ)z

Adjacency. Two firms are adjacent if at least one tie links them (Firms G an K are adjacent.). For each firm, I
calculated the percentage of home-region and foreign firms adjacent.
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Reachability. A firm is reachable by another firm if a path of citation relationships can be constructed to link
them. (In Figure 4, all firms are reachable by all other firms.) For each firm, I calculated the percentage of
home-region and foreign firms that were reachable.

Knowledge brokers bridge a gap between two groups of firms. (In Figure 4, firms C and J act as knowledge
brokers.) Gatekeepers absorb information from actors outside of their group, and convey information to
members of their group. Representatives absorb information from actors within their group, and convey
information to actors outside of their group. A firm’s score as a global gatekeeper reflects the number of times
it lies on a cross-national geodesic, citing a foreign firm, and being cited by a home-region firm. A firm’s
score as a global representative reflects the number of times it lies on the geodesic, citing a home-region firm,
and being cited by a foreign firm. Both scores were normalized and weighted to allocate higher scores when a
firm was the only link between other firms and a lower score when other alternative paths were available.
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