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FIRMS’ KNOWLEDGE-SHARING STRATEGIES
IN THE GLOBAL INNOVATION SYSTEM: EMPIRICAL
EVIDENCE FROM THE FLAT PANEL DISPLAY

INDUSTRY
JENNIFER W. SPENCER*

Department of International Business, George Washington University, Washington,

DC, U.S.A.

This paper explores the relationship between firms’ strategies to share knowledge with their
innovation system and innovative performance. The empirical analysis showed that many firms
designed strategies to share technological knowledge with competitors, and those firms that
shared knowledge with their innovation system earned higher innovative performance than firms
that did not share knowledge. In addition, firms that interacted with their global innovation
system earned higher innovative performance than firms that interacted with only their national
innovation system. These results should help managers and researchers understand how to devise
technology strategies in globally integrated industries. Copyright © 2003 John Wiley & Sons,

Ltd.

Conventional wisdom holds that innovating firms
that protect their technological knowledge will
achieve higher performance than firms that share
their knowledge with competitors. Indeed, some
researchers have identified a firm’s ability to pro-
tect its knowledge from appropriation by rivals
as one of the most critical capabilities that it can
develop (Liebeskind, 1996, 1997). This paper con-
siders firms’ knowledge-sharing activities from a
different angle by exploring whether, in some cir-
cumstances, firms’ strategies to share knowledge
with other innovating firms can associate with
higher performance.

Researchers have noted that a firm’s ability to
successfully commercialize a new product depends
not only on its own technology strategy, but also
on activities performed by a wide range of orga-
nizations in its innovation system (Cohen and
Levinthal, 1990; Rappa and Debackere, 1992a;
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Van de Ven, 1993). An innovation system con-
sists of resources and institutions, built through
interactions among universities, research institutes,
and innovating firms, that a company can har-
ness to successfully commercialize innovations.
A national innovation system (NIS) reflects the
resources and institutions in a given country that
domestic firms can leverage to support their own
innovative efforts. Researchers have pointed out
that national innovation systems display unique
characters (Nelson and Rosenberg, 1993; Lund-
vall, 1992), and have highlighted their impor-
tance by showing that knowledge spillovers tend
to be localized within countries and regions (Jaffe,
Trajtenberg, and Henderson, 1993; Almeida and
Kogut, 1999).

At the same time, the increasingly international
flavor of high-technology innovation has caused
some researchers to suggest that innovation sys-
tems are becoming global. A global innovation
system (GIS) consists of resources and institutions
that are built through interactions among organi-
zations from many countries and are accessible
by firms from around the world. Kobrin (1991)
argued that capital requirements and economies
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218 J. W. Spencer

of scale mandate that some industries become
globally integrated. One would expect that globally
integrated industries would be embedded primar-
ily in a well-integrated GIS, and that firms in those
industries would display the highest performance
when they interacted extensively with this GIS.
This study explores firms’ efforts to participate in
the knowledge-diffusion networks present in both
national and global innovation systems.

The external acquisition of knowledge has
emerged as a central theme in both sociological
research on technological communities of innova-
tors (Rappa and Debackere, 1992a) and economics
literature on the effect of technological spillovers
on firms’ competitive positioning (Cohen and
Levinthal, 1990). By acquiring knowledge from
the innovation system, a firm can leverage its R&D
expenditures to attain a greater understanding of its
technology than it could have developed by rely-
ing only on its internal laboratories. A firm that
chooses not to acquire knowledge from the inno-
vation system risks falling behind the state of the
art, and reduces the probability that it will make a
technological breakthrough that will lead to a com-
mercial product. Few scholars disagree, then, that
firms can increase their innovative performance
by acquiring some technological knowledge from
the innovation system for the use of their own
industrial researchers. Why, then, would innovat-
ing firms share technological knowledge with their
innovation system?

Researchers have explained firms’ decisions to
publish papers in scientific journals, present papers
at technical conferences, and otherwise dissemi-
nate the results of their research by framing knowl-
edge sharing as an accommodation to firms’ sci-
entists. Prior research has shown that firms may
allow their researchers to publish academic papers
in order to recruit new employees, monitor and
motivate their research staff (Henderson and Cock-
burn, 1994), promote internal incentives for basic
research (Cockburn, Henderson, and Stern, 1999),
or build greater absorptive capacity (Cockburn and
Henderson, 1998).

At the same time, knowledge-sharing activi-
ties impose clear costs on organizations. Knowl-
edge sharing costs an organization the time that
its researchers consume conveying information to
others—for example, writing a scientific article
and completing the publication process. Publi-
cation can also compromise a firm’s intellec-
tual property protection (Cockburn et al., 1999).

Copyright © 2003 John Wiley & Sons, Ltd.

Indeed, even after a technology has received patent
protection, publications and conference presen-
tations convey additional insight to competitors,
and likely disseminate the firm’s R&D break-
throughs more broadly and more rapidly than a
patent application. The resource-based view holds
that a firm can sustain a competitive advantage
only if the foundation for that advantage lies
in resources that are valuable, rare, imperfectly
imitable, and not substitutable (Barney, 1991; Col-
lis and Montgomery, 1995). When knowledge is
viewed as a resource that accelerates technical
progress, a firm’s decision to share it openly
is seen to erode its competitive advantage by
transforming a valuable resource into a public
good that contributes to the research efforts of all
innovating firms. If a firm’s managers perceive
that sharing knowledge with their technological
community would place their firm at a strate-
gic disadvantage, they would surely find other,
less costly, methods of monitoring or rewarding
employees.

This paper builds a theoretical argument sug-
gesting that, under some conditions, firms that
share technological knowledge may achieve higher
innovative performance than firms that do not
share knowledge because knowledge-sharing strat-
egies can help a firm shape the institutional envi-
ronment in favor of its own technological design.
The paper then explores firms’ strategies in the
global flat panel display (FPD) industry to deter-
mine whether the patterns of knowledge sharing
and performance in that industry are consistent
with these theoretical arguments. FPDs are thin
display screens used in a wide range of end prod-
ucts, from laptop computers to airplane cockpits
to personal digital assistants. The earliest tech-
nological breakthroughs on FPDs took place in
corporate and university laboratories in the 1960s.
However, it was not until about 20 years later
that one product design, the liquid crystal display
(LCD), emerged as the dominant design for laptop
computer applications, and FPD firms began large-
scale manufacturing and marketing of laptop-sized
screens. Approximately 115 firms actively partici-
pated in the FPD industry at one time or another
across those two decades.

A firm’s innovative performance refers to its
ability to develop and hold intellectual property
protection over a technology that is demanded
by large commercial markets. Firms that earn
high innovative performance possess one of the

Strat. Mgmt. J., 24: 217-233 (2003)
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Knowledge-Sharing Strategies in the Global Innovation System 219

resources necessary to capture market share and
achieve high commercial performance in an emerg-
ing industry. Firms that display low innovative
performance will likely find themselves incapable
of attaining high performance as their industry
moves into the commercial period, and may even
be technologically locked out of their industry
(Schilling, 1998).

While innovative performance contributes to a
firm’s later commercial profitability and market
share, it is only one of many relevant inputs.
A firm’s commercial performance also depends
upon incremental innovations in materials, product
designs, and manufacturing capabilities (Gomory,
1989). In addition, in the commercial phase
of innovation, firms can maintain a technology
advantage over competitors by maintaining
transitory, first-mover monopoly positions that
allow them to obtain a deeper appreciation of
new technologies, and gain an advantage by
moving rapidly along learning curves (Garud
and Kumaraswamy, 1993). Strong commercial
performance also depends on a firm’s financial
strength, marketing and distribution networks,
complementary product lines, and other strategic
variables. In order to avoid misspecification of
a complex model that includes a wide range of
potential variables, this paper focuses only on the
relationship between a firm’s knowledge-sharing
strategy and its innovative performance during the
precommercial phase of industry emergence.

The term technological knowledge refers to
knowledge regarding scientific and technical
advances on an applied, high-technology product.
While firms can share technological knowledge
with their innovation system in a number of
ways, this paper focuses on the sharing of explicit
knowledge by publishing advances in scientific
journals and presenting papers at technical
conferences.

In the next section, I will suggest that in the
precommercial phase of some emerging indus-
tries, including FPDs, firms can use a knowledge-
sharing strategy to shape the institutional environ-
ment in favor of their own technological design.
In this way, a firm can achieve higher innovative
performance by sharing its technological knowl-
edge with the innovation system than by keeping
that knowledge secret. I then propose that in indus-
tries that are globally integrated, firms will achieve
higher innovative performance by sharing knowl-
edge with their global innovation system than

Copyright © 2003 John Wiley & Sons, Ltd.

by sharing knowledge with merely their national
innovation system. I will then describe the method-
ology and report results of regression analyses
designed to test the relationship between knowl-
edge sharing and innovative performance in the
FPD industry.

KNOWLEDGE-SHARING STRATEGIES
AND INNOVATIVE PERFORMANCE

Precommercial and commercial competition

Management scholars have long recognized that in
many industries the nature of competition changes
over the course of innovation and commercial-
ization. Early on, during an initial ‘era of fer-
ment’ (Anderson and Tushman, 1990), rivalry cen-
ters on differences in the fundamental designs
of firms’ products (Teece, 1987). As they ded-
icate investments to a new technology, indus-
trial researchers hold divergent beliefs about the
advantages and disadvantages of any given tech-
nological approach (Nelson and Winter, 1982).
Once a firm begins to devote resources to one
approach, its competencies become specialized,
and early technological choices constrain future
options (Arthur, 1988). Thus, when this path
dependence drives technological progress, innovat-
ing firms often lie dispersed across distinct tech-
nological trajectories. And even within one trajec-
tory, diverse product designs compete on more
specific product attributes. In industries charac-
terized by this type of precommercial competi-
tion, only one trajectory will likely emerge as the
dominant design for any given end application.
Each firm, therefore, has a tremendous interest in
seeing its own trajectory win out as that domi-
nant design.

The commercial phase of innovation begins
when the marketplace chooses one technology as
the dominant design for any application. The dom-
inant design identifies the single product design
or technology that emerges as the commercial
favorite. This design limits the scope of subse-
quent technical progress on a given in the tech-
nology (Sahal, 1981). By facilitating product stan-
dardization, the establishment of the dominant
design encourages investment into complementary
products and industry infrastructure, and promotes
investments necessary for production economies
(Utterback and Suarez, 1993). Firms continue to

Strat. Mgmt. J., 24: 217-233 (2003)
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220 J. W. Spencer

improve their products throughout the commer-
cial phase of competition. However, the focus
of these efforts shifts towards incremental refine-
ments within one trajectory (Abernathy and Clark,
1985). The basis for competition shifts away from
differences in product designs and toward the
price of the new product (Teece, 1987). In about
1989, one product design, the LCD, emerged as
the dominant design for laptop computer applica-
tions (Murtha, Spencer, and Lenway, 1996). FPD
firms shifted from primarily engaging in R&D
to pursuing large-scale manufacturing and mar-
keting of their products, and virtually all laptop
computers produced after 1989 contained an LCD
screen.

Like most institutional arrangements, dominant
designs generally persist over extended periods
of time, but are not immutable. Technological
discontinuities in the industry can launch a new
era of ferment that may result in a shift in the
dominant design (Anderson and Tushman, 1990).
For instance, Anderson and Tushman (1991) found
that a new dominant design arose three times over
25 years in the minicomputer industry.

Firms’ strategies to shape their institutional
environments

Many of the innovations that win out as the dom-
inant design for a given application actually fall
short of the technical performance offered by alter-
natives (David, 1985; Arthur, 1988; Anderson and
Tushman, 1990). Researchers have explained this
paradox by arguing that the emergence of a dom-
inant design depends not only on the product’s
technical performance, but also on the institutional
environment that constrains and guides industry
emergence (Usher, 1954; Constant, 1980; Bijker,
Hughes, and Pinch, 1987).

An institutional environment sets the framework
for market transactions and provides important
resources for economic actors. Institutions define
the alternative courses of action that are open to
firms, dictate the potential pay-offs from different
activities, legitimate organizational forms and tech-
nologies, and assign rights to use resources and
capture residual profits from economic activities
(Ruttan and Hayami, 1984; North, 1990; Van de
Ven, 1993). In emerging high-technology indus-
tries, a central component of this institutional envi-
ronment consists of technological and evaluation
standards that influence a product’s development.

Copyright © 2003 John Wiley & Sons, Ltd.

Technological standards dictate the set of technical
interfaces through which a new product interacts
with existing and future complementary products,
and evaluation standards specify the set of crite-
ria that is used to judge the merits of the inno-
vation. Researchers have shown that this insti-
tutional environment coevolves with the techni-
cal advances of innovating firms via interactions
among innovators, suppliers, end-users, and regu-
lators (Van de Ven and Garud, 1989, 1993; Garud
and Rappa, 1994).

Because technological and evaluation standards
emerge endogenously, every innovator can influ-
ence their character (Das, 1994). It follows, then,
that a firm can increase its own innovative per-
formance by pursuing strategies to actively shape
the institutional environment in favor of its own
technology. This paper suggests that by sharing
technological knowledge with external researchers,
a firm can influence the institutional environment
in at least two ways. First, firms can shape the tech-
nological and evaluation standards in their insti-
tutional environments by directing the industry-
wide conversation that takes place concerning the
advancement of their technology. One important
way that a firm can influence this industry-wide
technical discussion is by sharing some of its
own knowledge with the technological community.
Second, the firm can attract other innovators to its
technological trajectory and, thus, form a critical
mass of firms with a vested interest in the success
of the technology.

Shaping evaluation standards

A firm can increase its innovative performance by
shaping the criteria used to evaluate its emerg-
ing technology. A firm’s technology has a greater
chance of being selected as the favorite design for
a given application if emerging evaluation crite-
ria fit well with the attributes of the firm’s design.
By publicizing its own research activities, a firm
can influence other researchers’ opinions concern-
ing the most critical characteristics of the emerging
technology. Therefore, a firm may attain higher
innovative performance if it shares knowledge with
other innovating firms than if it keeps that knowl-
edge secret.

Let’s consider this argument in greater detail.
First, I argued that a firm has greater odds of
achieving high innovative performance if it can

Strat. Mgmt. J., 24: 217-233 (2003)
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Knowledge-Sharing Strategies in the Global Innovation System 221

shape the criteria used to evaluate the new tech-
nology to favor the firm’s design. By calling the
innovation system’s attention to a certain class of
issues, the firm can influence all researchers’ per-
ceptions concerning which technical attributes are
most critical to improve before commercialization,
and which product characteristics are unimportant.
By shaping the technical priorities of all external
researchers, the firm can affect the criteria used to
judge the company’s design. The firm’s published
scientific advances reflect its own technical priori-
ties and successes. Therefore, evaluation standards
based on these advances should improve the firm’s
innovative performance.

For example, FPD product designs reflect a
series of trade-offs between different technical
attributes such as breadth of viewing angle, weight,
resolution, and power consumption. By sharing
knowledge concerning one method of improving a
display’s resolution, a firm may focus the techno-
logical community’s attention away from making
improvements on the dimensions of weight and
power consumption and toward developing high-
resolution screens. Since the firm’s researchers
perceive resolution as a priority and have devoted
resources toward the issue, its interests lie in ensur-
ing that the industry acknowledges the importance
of that dimension. A firm is more likely to win
the precommercial competition if the evaluation
criteria that become standardized in the institu-
tional environment reflect the firm’s own vision
of a high-resolution design. In sum, by influencing
all researchers’ priorities, the firm can persuade
innovators along all technological trajectories to
compete on the firm’s own terms.

Next, I argued that by sharing its R&D knowl-
edge with the innovation system, a firm can influ-
ence all innovators’ technical priorities. Scien-
tists’ selection of research questions depends heav-
ily on the opinions of other scientists in their
field (Zuckerman, 1978; Rappa and Debackere,
1992b; Tushman and Rosenkopf, 1992), as well
as on their assessments of what is ‘fashionable’
in the scientific community (Crane, 1969; Barber,
1990). Merton (1938: 219) argued that scientists’
behaviors reflect ‘reactions to the inferred criti-
cal attitudes or actual criticism of other scientists
and ... an adjustment of behavior in accordance
with these attitudes.” This literature suggests that
there is clear potential for a researcher to influ-
ence other scientists’ choices concerning which
research questions are most important to address.

Copyright © 2003 John Wiley & Sons, Ltd.

By publishing scientific papers and participating
in technical conferences, a firm can draw atten-
tion to a certain class of research questions and,
thus, influence other researchers’ opinions about
the most important attributes of the new tech-
nology. If the characteristics that emerge as crit-
ical in the innovation system favor the firm’s
own design, it will achieve higher innovative
performance.

Attracting new entrants

A firm’s innovative performance depends on
whether its technological trajectory wins out as
dominant design in the industry. There is a greater
probability that a given technological trajectory
will become the industry’s dominant design when
the trajectory houses a critical mass of well-
respected firms. By sharing R&D knowledge
with its innovation system, a firm can attract
other organizations to its own trajectory and,
therefore, increase its probability of achieving high
innovative performance.

Once again, let’s consider this argument in
greater detail. First, I argued that the probabil-
ity that a given technological trajectory will win
out as the dominant design depends on the num-
ber and reputation of firms pursuing that product
design. When many firms pursue a given product
design, the total quantity of resources devoted to
that technology increases, and progress toward a
technically and commercially viable product will
accelerate (Podolny and Stuart, 1995). Industry
observers often justify the dominance of one prod-
uct design over another by citing the speed of
advance of the dominant technology. Some FPD
makers, for instance, point out that a number of
technical advances occurred in LCD technologies
in the 1980s that paved the way for their selection
as a dominant design. The speed of a technology’s
advance may depend partially on characteristics
inherent in the technology, itself. However, dom-
inant technologies also enjoy rapid advancement
due to the sheer volume of effort devoted to their
progression.

Further, as technologies approach commer-
cialization, producers of complementary and
supporting products begin to make their own
investments. Fostering these complementary and
supporting investments is critical for high-
technology designs such as FPDs that require
production tools and materials to be developed

Strat. Mgmt. J., 24: 217-233 (2003)
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222 J. W. Spencer

specifically for the new technology. Additionally,
as prototypes become available at trade shows,
innovators can guide the expectations of potential
end-users in favor of their own product attributes.
Beyond this, Van de Ven (1993) reasoned that
firms that cooperate while they compete can take
turns performing various functions necessary for
industry emergence. Finally, when a technological
trajectory houses a large chorus of innovating firms
with a vested interest in one technology, firms on
that trajectory may simply speak with a louder
voice to influence their institutional environment.

Next, I argued that by sharing R&D knowl-
edge with the innovation system a firm can attract
other innovators onto its technological trajectory.
By sharing technological knowledge, the firm
describes the state of its current research and offers
clues about methods to overcome specific technical
obstacles. Knowledge sharing also allows outside
researchers to confirm or disconfirm theories with-
out their own costly experiments. Each of these
contributions reduces barriers to entry onto the
technological trajectory.

In addition, when an innovating firm of high
status resides on a given trajectory, it is likely to
attract other high-status innovators to that technol-
ogy (Podolny and Stuart, 1995). Merton (1968)
reasoned that the uncertainty present very early
in the innovation process ensures that no inno-
vating firm can be confident about which technol-
ogy will become the industry favorite. To respond
to that uncertainty, innovators imitate high-status
firms. Rappa and Debackere (1992a) argued that
firms can improve their own reputations by sharing
technological advances with the innovation sys-
tem. Knowledge sharing, therefore, can help a firm
attract high-status innovators to its own technolog-
ical trajectory.

A firm’s strategy to increase the number of
firms marketing similar technologies would be
unthinkable during the commercial phase of com-
petition. In some industries, such tactics will
improve a firm’s innovative performance, how-
ever, by increasing the probability that the firm’s
own technological trajectory will become the dom-
inant design. Therefore, by sharing its technolog-
ical knowledge openly, a firm will likely sacrifice
market share within its technological trajectory.
However, if the marketplace rewards the firm’s
technology by making it the dominant design in
an application with large end-product demand, all
firms pursuing that technological path will achieve

Copyright © 2003 John Wiley & Sons, Ltd.

higher innovative performance than if they had
been relegated to the ‘losing’ path.

Proposition 1: Under conditions of precommer-
cial competition, FPD firms that share techno-
logical knowledge with their innovation system
will achieve higher innovative performance than
firms that do not share knowledge with their
innovation system.

This paper draws from published scientific lit-
erature to measure two related dimensions of a
knowledge-sharing strategy: sharing a large quan-
tity of knowledge, and sharing high-quality, or
relevant, knowledge with the innovation system.
Hypotheses 1 and 2 reflect these related dimen-
sions of knowledge sharing:

Hypothesis 1: Firms that share a large quantity
of knowledge with their innovation system will
achieve higher innovative performance than
firms that do not share.

Hypothesis 2: Firms that share high-quality,
relevant knowledge with their innovation system
will achieve higher innovative performance than
firms that do not share.

Sharing knowledge with the global innovation
system

The question of whether a firm’s innovative per-
formance depends on its national or global innova-
tion system holds important implications for high-
technology firms. An NIS consists of the resources
and institutions that are built and used primarily by
individuals and organizations within a given coun-
try. The GIS includes resources and institutions
built and used by parties from around the world. If
different technologies win out as dominant designs
in various countries, then the NIS would be the
most relevant frame of reference for an innovating
firm because distinctions in countries’ institutional
environments could cause evaluation standards to
vary cross-nationally. If an industry’s dominant
design were to emerge nationally, rather than glob-
ally, a firm would find its best interests served
by tailoring its knowledge-sharing strategy to only
one country.

As a globally integrated industry, however,
FPDs may have outgrown national innovation sys-
tems. Kobrin (1991) has argued that in a grow-
ing number of high-technology industries national

Strat. Mgmt. J., 24: 217-233 (2003)
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markets no longer encompass sufficient geographic
space to serve as minimally efficient markets. He
showed empirically that innovations that require
particularly high upfront R&D expenditures tend
to be associated with globally integrated industries.
Similarly, Murtha et al. (1996) suggested that in a
globally integrated industry such as FPDs man-
ufacturing requirements, issues of product legiti-
macy, and global product markets mandate that a
similar dominant design emerge for products man-
ufactured and sold around the world.

In a globally integrated industry, firms from
all countries respond to common technological
and evaluation standards, and sell their high-
technology products to customers around the
world. Any firm that intends to influence
the emergence of technological and evaluation
standards within a globally integrated industry
must, then, influence the emergence of these
institutions within the GIS, and not only its
own NIS. Therefore, I propose that firms with
the highest innovative performance in globally
integrated industries will be those that target
their knowledge-sharing strategies toward the GIS,
rather than merely their own NIS.

Proposition 2: Under conditions of precom-
mercial competition, firms will achieve higher
innovative performance when they share techno-
logical knowledge with their global innovation
system as well as their national innova-
tion system.

The paper draws, again, on the published literature
to operationalize two related dimensions of knowl-
edge sharing in the NIS and GIS. Hypotheses 3 and
4 reflect these measures:

Hpypothesis 3: Firms will achieve higher inno-
vative performance when they share a larger
quantity of technological knowledge with their
global innovation system, beyond the quantity of
knowledge they share with their national inno-
vation system.

Hypothesis 4: Firms will achieve higher inno-
vative performance when they share more rele-
vant technological knowledge with their global
innovation system, beyond their efforts to share
relevant knowledge with their national innova-
tion system.

Copyright © 2003 John Wiley & Sons, Ltd.
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RESEARCH DESIGN

I tested these four hypotheses using data contained
in the scientific papers and patents of firms in the
global FPD industry. Much like knowledge dis-
semination among academic researchers, one of
the most effective ways for industrial researchers
to share knowledge with colleagues is to publish
articles in scientific journals and present technical
papers at conferences. In fact, in a survey of aca-
demic and industrial researchers across two com-
mercial technologies, both academic and industrial
researchers reported that they wished to dissem-
inate their technical results to peers, with aca-
demic researchers giving knowledge dissemination
only slightly greater priority than their counterparts
based in industry (Debackere and Rappa, 1994).

Citation patterns indicate the usefulness of the
firm’s knowledge to subsequent researchers. Simi-
lar bibliometric approaches have substantial prece-
dent in empirical studies on industrial researchers’
contributions to the scientific community (e.g.,
Rappa and Garud, 1992), communication patterns
among scientists (e.g., Lievrouw, 1989), and the
international diffusion of scholarly information
(e.g., Schott, 1988).

This paper reports results from regression anal-
yses of firms’ strategies through the entire pre-
commercial phase of innovation, from 1969 to
1989. Not every FPD firm was active for the entire
time period. Therefore, firms were included in the
sample for the span of time bounded by years
in which the firm either (a) published an FPD
paper, (b) received a patent on an FPD technology,
or (c) employed at least one employee who held
membership in the industry trade association, the
Society for Information Display. This amounted to
1154 firm-year observations.

Innovative performance

Innovative performance consists of a firm’s ability
to develop and obtain intellectual property protec-
tion for a product demanded by large commer-
cial markets. The act of creating a technological
advance that is unique, and therefore patentable,
is not enough. The technological advance must
have some commercial value in the marketplace
once the commercial phase of industry emergence
begins. Innovative performance reflects the value
of an innovation itself, rather than a firm’s skills

Strat. Mgmt. J., 24: 217-233 (2003)
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at manufacturing and marketing the resulting com-
mercial product.

The value of a firm’s product innovations par-
allels the value of its patent portfolio. Holding a
valuable patent portfolio leaves the firm positioned
to manufacture the product and capture market
share in the commercial phase of innovation. Alter-
natively, firms without strong production capabili-
ties can earn rents from their patents by licensing
them to others (Hall and Ziedonis, 2001). And
other innovators may choose to take out patents
strategically in order to block the commercial-
ization efforts of rivals pursuing similar designs
(Cohen, Nelson, and Walsh, 2000).

Patent renewal method as an estimate of patent
portfolio value

A simple count of the patents awarded to a firm
is a very poor measure of the value of that firm’s
patent portfolio and the value of its innovations
(Pakes and Schankerman, 1984; Griliches, 1990;
Lanjouw, 1993). In fact, research has shown that
simple patent counts are highly associated with
total resources that a firm puts in to the innova-
tion process, but relatively poor predictors of out-
comes, such as the firm’s innovative performance
(Griliches, 1990). Therefore, to ascertain the value
of a firm’s patented innovations, I followed Pakes
and Schankerman (1984), Schankerman and Pakes
(1986), and Lanjouw (1993), and estimated the
value of each firm’s patent portfolio by tracking
innovators’ annual decisions to either renew their
FPD patents or allow them to lapse.

In some European countries, innovators must
pay an annual fee to maintain intellectual property
protection for their patented technology, with fee
schedules demanding relatively small payments
in the early years, and more expensive fees as
a patent ages. The patent renewal methodology
assumes that firms will renew patents as long as
they are useful for the firm, and allow unproductive
patents to lapse. From this assumption, Lanjouw
(1992) developed a model to assess the relative
value of a given patent. The model assumes that
firms choose to pay renewal fees only when the
expected revenue from the following year’s patent
protection plus the value of the option to renew
the patent is greater than the renewal cost plus the
expected value of legal fees required to defend the

Copyright © 2003 John Wiley & Sons, Ltd.

patent.! Those patents that hold value and retain
that value over time will tend to be renewed for
many years. Patents that hold little value or lose
value over time will be left to expire early on.
Therefore, this measure of innovative performance
reflects not only the number of patents a firm was
awarded, but also the relative utility of the patents
in its portfolio. In her tests validating the patent
renewal methodology, Lanjouw (1993) found that
weighting patents by their renewal data removed
39-56 percent of the variance of patent value
found in simple counts of patent awards.

In order for their innovation to enjoy intellectual
property protection in all industrialized markets,
firms based in Japan, the United States, and all
European countries must receive a patent in every
industrialized country. Because Lanjouw (1993)
validated the method using German patent fee
schedules, I chose to use German patent renewal
data to assess the innovative performance of FPD
firms from all over the world.?

Lanjouw (1993) estimated parameters for the
probability of obsolescence and the real discount
rate of a patent using renewal fee schedules and
data on 15,000 German patents across four tech-
nology areas. 1 calculated relative values for all
FPD firms’ German patents using Lanjouw’s find-
ings concerning relative differences in the value
of German computer patents renewed in any given
year. In total, FPD firms from around the world
were awarded 1253 German FPD patents through
the precommercial phase of competition. The inno-
vative performance for a given firm during a given
year is based on the value of its German FPD
patents® commencing during that single year.

This patent renewal methodology allows us to
explore the relationship between a firm’s knowl-
edge-sharing strategy and the utility of the inno-
vations developed during the same period of time.
Although each observation includes only a single
year’s patent awards, the use of the patent renewal
methodology means that the dependent variable
reflects how the value of each patent unfolded

! Potential costs of defending a patent against infringement
increase expected costs substantially, and Lanjouw (1993) found
that firms’ decisions to maintain patent protection depended in
part on their evaluation of these costs.

2 Firms based in Germany were eliminated from the analysis.

3 Patents were identified from International Patent Classes GO2F,
G09G, and GO9F and were assigned to known FPD firms.
Traditional display technologies such as cathode ray tubes are
explicitly excluded from these patent classes.

Strat. Mgmt. J., 24: 217-233 (2003)

This content downloaded from
140.182.176.13 on Tue, 01 Jun 2021 20:33:25 UTC
All use subject to https://about.jstor.org/terms



Knowledge-Sharing Strategies in the Global Innovation System 225

over time into the commercial phase of innova-
tion. The longer the firm chose to protect the
patent, the greater the commercial value it is esti-
mated to hold. In this way, we can link a firm’s
knowledge-sharing strategy to its concurrent inno-
vation activity.

Knowledge sharing

A firm shares knowledge by making its
scientific and technological knowledge public.
This paper considers only the sharing of explicit
knowledge, which can be transferred through
detailed documentation, and not tacit knowledge,
which is transferred only through richer channels
such as extensive person-to-person communication
(Polanyi, 1962; Winter, 1987). Knowledge sharing
must take place in a public forum such as a
scientific journal or technical conference that is
open to scientists from a number of different
organizations.

I distinguished between firms’ decisions to share
knowledge with their national and global innova-
tion systems. A firm shares knowledge with its
NIS by attending local and regional technical con-
ferences, publishing papers in domestic outlets,
and distributing papers to domestic colleagues. It
shares knowledge with its GIS by attending foreign
conferences, publishing papers in foreign scientific
journals, publishing papers in foreign languages,
and publishing in outlets that are widely read (and,
thus, widely cited) internationally.* Table 1 lists
the two dimensions of sharing knowledge with the
NIS and GIS.

4 In all cases but one, firms’ national innovation systems reflected
the country of the firm’s main headquarters. However, since IBM
headed its worldwide FPD operations in Japan (Murtha, Lenway,
and Hart, 2001), publications and citations in Japan reflected
knowledge sharing in the NIS, and publications and citations in
the United States and Europe constituted knowledge sharing in
the GIS.

The first dimension for each measure repre-
sented the quantity of knowledge each firm shared
with its innovation system. One would expect that
firms pursuing a knowledge-sharing strategy would
publish more journal articles and present more
papers at technical conferences than firms that pre-
fer to protect their technological knowledge. The
second dimension reflects the relevance of knowl-
edge that each firm shared. Firms that published
only knowledge that was well established in the
industrial community, that scrubbed their articles
so clean that the publications conveyed little real
information, or that published on relatively obscure
topics, should rarely be cited by external firms.
I considered a firm’s decision of publication out-
let to be a strategic one. However, I standardized
the second dimension to account for variations in
the size of firms’ NIS and GIS, and centered the
data around zero. Finally, the quantity and rele-
vance of total knowledge shared was calculated
as: Quantityrorar = Quantity s + Quantity s and
Relevancerorar = Relevanceys + Relevancegs.

Research effort

The size of a firm’s research effort in the FPD
area has strong implications for its ability to
develop a technically viable, patented product.
Therefore, it is critical to understand the relation-
ship between knowledge sharing and innovative
performance, controlling for the size of each firm’s
research effort.

I included two independent measures of firms’
research efforts. The first measure reflects the num-
ber of scientists devoted to research on FPD tech-
nologies, as indicated by the number of researchers
in each firm who held membership in the Soci-
ety for Information Display (SID). Because SID
offered researchers benefits such as trade mag-
azines, scholarly journals, and regular industry
conferences in Asia, Europe, and North America,

Table 1. Sharing with the NIS and GIS
Sharing with the NIS Sharing with the GIS
Quantity Number of articles and presentations by the firm’s  Number of articles and presentations by the firm’s
researchers in outlets in the firm’s home country researchers in outlets in foreign countries
Relevance The number of times scientists in other domestic The number of times scientists in foreign

organizations cited the firm’s publications and
conference papers, divided by number of

researchers in the NIS

organizations cited the firm’s publications and
conference papers, divided by number of
researchers in the GIS

Copyright © 2003 John Wiley & Sons, Ltd.
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226 J. W. Spencer

industrial researchers received incentives to join
the association. Because SID did not publish a
membership directory during every year from 1969
to 1989, firms’ membership levels were based on
directories no more than 3 years distant from the
specified year.

The second measure reflected the number of
innovations that the firm chose to patent in the
United States. A large number of publications
may simply indicate that a high level of research
productivity allowed the firm to develop many
distinct innovations. The number of U.S. patent
awards provides an indication of the number of dis-
tinct technologies that the firm has developed that
meet some minimal threshold of utility (Griliches,
1990). In addition, cross-national differences in
firms’ patenting behaviors may arise (Maskus and
McDaniel, 1999), and even within one country
firms may vary on the percentage of their inno-
vations that they choose to patent. U.S. patent
awards, therefore, are included to control for these
differences in propensity to patent. Since innova-
tive performance is measured as the value of a
firm’s German patent portfolio, the inclusion of
U.S. patent awards creates a conservative test for
all hypotheses. All regressions were checked for
multicollinearity, and no problems arose.

Size and nationality

It is possible that large multinational firms had
slack resources to renew patents of questionable
commercial value, or enjoyed a greater ability to
apply for patents in foreign countries. Size and
multinationality proved to be highly correlated.
Therefore, I included only the size variable in
this analysis. A ‘large’ firm dummy included in
each regression equation identifies firms with more
than 1000 employees. Finally, since firms based in
some countries or regions may systematically out-
perform other firms, I included dummy variables
identifying Japanese, North American, and Euro-
pean firms.’

Time effects

The value of FPD patents may well have changed
over the course of industry emergence. Earlier
patents may have been renewed for longer periods
of time, since the industry environment remained

5 All Asian firms in the dataset were Japanese.

Copyright © 2003 John Wiley & Sons, Ltd.

uncertain for longer periods of time after these
patents were awarded. Therefore, the precommer-
cial period was divided into four equal time peri-
ods, and dummy variables were included in regres-
sion equations to control for time effects.

Data collection

German patent awards and renewals for all FPD
firms came from microfilm and computer files at
the German patent office in Munich, Germany. The
bibliographic database INSPEC archived firms’
publications and conference papers from 1969 to
1989. Articles on FPD technologies were identified
using Boolean searches of keywords derived from
interviews with engineers and managers of FPD
companies. Because not all journals and techni-
cal conferences were consistently indexed in the
database as far back as 1969, I manually entered
information about articles that were cited by pre-
viously retrieved articles, but that had not, them-
selves, been listed in INSPEC. The full database,
which included papers written by researchers in
industry and academia, included papers that had
been published in 39 countries and 19 different lan-
guages. 3448 articles were written by researchers
in FPD firms, and these constituted the database
used to measure the knowledge-sharing variables.
Citations of one industrial researcher by another
(34,802 in total) were entered manually from the
physical articles themselves, and aggregated to the
firm level for the analysis.

DATA AND RESULTS

The fundamental argument articulated above sug-
gests that by sharing knowledge with its innovation
system a firm can increase the chances that its
technology will win out as the dominant design
in an emerging industry. Table 2 reports results
from an analysis of the knowledge-sharing net-
works of the primary technological approaches

Table 2. Valued densities in three major FPD techno-
logical networks

1982-86 1977-81 1972-76
LCD 0.32 0.57 0.52
PDP 0.17 0.50 0.29
EL 0.17 0.00 0.00
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to FPD design: plasma, electroluminescent, and
liquid crystal. Firms pursuing the same techno-
logical approach were grouped together into dis-
crete networks, and all interfirm citation ties were
identified. The density score of a given tech-
nology indicates the average number of citation
ties between all possible participants in that tech-
nology’s knowledge-sharing network. In order to
exclude the possibility that a given technological
network would display high density as a result of
firms’ tendencies to cluster around an established
dominant technology, I have provided data across
three 5-year time periods, and have excluded data
from the last 2 years before the dominant design
emerged in the industry.® Table 2 shows that the
technology that eventually won out as the dom-
inant design in the industry, the liquid crystal
display, was more interconnected via citation rela-
tionships than either of its major technological
rivals across all three time periods.” Similarly, a
t-test showed that the mean values for both vol-
ume and relevance of shared knowledge between
1969 and 1986 were significantly higher for LCD

¢ Technological networks containing fewer than four firms were
excluded from the analysis, resulting in three primary techno-
logical networks. Firms were considered to be active in a given
time period when they published at least one patent across that
S-year period.

"The number of firms in each technology varied across time,
with the LCD technology having the largest number of firms in
each period.

300

227

firms than firms pursuing other technologies (p <
0.03 and p < 0.01, respectively). Although neither
network analysis nor a t-test can show causal-
ity, these results are consistent with the notion
that knowledge-sharing strategies can strengthen
a firm’s technological trajectory and increase the
chances that the firm’s technology will emerge as
the dominant design.

Figures 1 and 2 show patenting and publication
trends throughout the precommercial time period,
and Table 3 provides descriptive statistics and cor-
relations among all variables used in the regression
analyses. Table 4 provides results from four regres-
sions used to test Hypotheses 1-4.

Control variables generally held the same lev-
els of significance across all four models. Dummy
variables identifying the earliest two time periods
were significantly and positively associated with
the dependent variable, indicating that the earliest
patent portfolios were renewed for longer periods
of time than later portfolios. The dummy variable
for North American firms was a significant, nega-
tive predictor of innovative performance, while the
dummy variable for Asian firms did not emerge
as significant. This suggests that Japanese FPD
firms achieved higher innovative performance than
firms from the United States, even when including
their knowledge-sharing activities and measures of
research effort in the analysis. Firm size was not a
significant contributor to innovative performance.

n
[
o

Total Publications

100 o

1969

1973

Figure 1.
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Figure 2. German patent awards

As expected, the two measures of research effort
were strong predictors of innovative performance.
Specifically, a large number of employees holding
SID membership associated positively with high
innovative performance. Similarly, the number of
U.S. patents that the firm was awarded for FPD
technologies was a strong predictor of high innova-
tive performance. Together, these indicate a strong
relationship between a firm’s research effort and
the value of its patent portfolio. Each knowledge-
sharing variable, then, was tested after controlling
for the size of a firm’s research staff and the num-
ber of distinct, patentable, innovations coming out
of the firm’s laboratories.

Table 4 shows mixed support for Proposition 1.
The relationship between the quantity of knowl-
edge firms shared with their innovation system
(NIS and GIS combined) and innovative per-
formance was marginally significant (p < 0.06),
offering only marginal support for Hypothesis 1.
The relationship between the relevance of knowl-
edge shared and innovative performance was sig-
nificant at p < 0.05, offering support for Hypoth-
esis 2.

Table 4 shows support for Proposition 2. Firms
that shared a large quantity of knowledge with
their NIS by publishing papers in domestic jour-
nals and presenting papers at technical conferences
within their home country did not achieve higher
innovative performance than firms that published

Copyright © 2003 John Wiley & Sons, Ltd.

little in their NIS. In contrast, firms that shared a
large quantity of knowledge with their GIS by pub-
lishing papers in foreign journals and presenting
papers at conferences outside their home country
did see correspondingly higher innovative perfor-
mance (p < 0.05). Similar results emerged when
considering the relevance of knowledge shared
with the NIS and GIS. Firms that had their research
cited frequently by other domestic firms did not
see increased innovative performance. However,
citation of a firm’s research by foreign organiza-
tions was positively and significantly associated
with high innovative performance (p < 0.05).

DISCUSSION

The empirical analysis suggests three particularly
interesting conclusions. First, some firms actively
designed strategies to share knowledge with their
innovation systems. Eighty firms shared at least
one scientific paper with the innovation system
during the precommercial phase of innovation.
These published articles were regularly cited by
researchers in competing firms, suggesting that the
publications met the standard of relevance nec-
essary to contribute to external research efforts.
This finding is consistent with prior results sug-
gesting that industrial researchers share techno-
logical knowledge with their innovation system

Strat. Mgmt. J., 24: 217-233 (2003)
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Table 4. Regression analyses

Control Quantity Relevance Quantity in Relevance in
variables NIS and GIS NIS and GIS
(Constant) (0.85) (0.63) (0.74) (1.20)
Period 1 0.22 (7.05) 0.22 (7.00)* 0.23 (7.17) 0.23 (7.17)>
Period 2 0.22 (7.10)* 0.22 (7.00) 0.23 (7.17)~ 0.22 (7.06)*
Period 3 0.05 (1.48) 0.05 (1.42) 0.05 (1.61) 0.05 (1.45)
N. Amer. firms —0.20 (—4.45)~ —0.18 (—3.91)* —0.20 (—4.52) —0.19 (—4.12)
Asian firms 0.03 (0.73) 0.05 (1.14) 0.03 (0.66) 0.02 (0.51)
Large firms 0.02 (0.60) 0.02 (0.62) 0.02 (0.53) 0.02 (0.50)
SID members 0.09 2.77)= 0.10 (3.22) 0.11 (3.09)* 0.09 (2.78)*
U.S. patents 0.15 (5.41)= 0.16 (5.51)= 0.15 (5.32) 0.15 (5.14)
Quantity (total) 0.06 (1.88)"

Relevance (total) 0.06 (2.00)*

Quantity in NIS 0.02 (0.60)

Quantity in GIS 0.06 (2.26)*

Relevance in NIS 0.01 (0.45)
Relevance in GIS 0.08 (2.73)*
F 20.44 20.50= 18.64** 19.03*
Adjusted R? 0.13 0.13 0.13 0.14

Standardized coefficient (z-value); n = 1154
Tp < 0.10; *p < 0.05; *p < 0.01; *™*p < 0.001

(Rappa and Debackere, 1992a; Henderson and
Cockburn, 1994).

Second, firms that shared relevant knowledge
with their innovation system earned higher inno-
vative performance than firms that did not share
knowledge. There was considerable variation in
FPD firms’ strategies to share or protect their tech-
nological knowledge. Some firms developed repu-
tations for being very secretive, while others were
seen as fairly open. This empirical study found that
among FPD firms knowledge might have conveyed
more value when it was shared with the innovation
system than when it was kept secret. Many man-
agers and researchers have contended that a firm’s
best interest lies in exploiting proprietary techno-
logical knowledge without attracting imitators to
its technological trajectory (Scherer, 1980, 1992).
However, these results are consistent with the argu-
ment that under some circumstances firms may be
better off sharing their knowledge than protecting
it from rivals.

The empirical results also distinguish between
firms’ strategies to share knowledge in their na-
tional and global innovation systems. These results
are consistent with the argument that firms’ strate-
gies to share knowledge with the national inno-
vation system are not sufficient to enhance a
firm’s innovative performance. Innovators that
share knowledge only with firms in their own

Copyright © 2003 John Wiley & Sons, Ltd.

country do little to influence the emergence of
the global dominant design, or even identify the
trends emerging in that global industrial commu-
nity. In contrast, by actively participating in its
global innovation system, a firm lies ready to both
observe and influence the standards that emerge in
the global industry community. This active partici-
pation in the global innovation system is associated
with higher innovative performance.

Prior research has suggested that firms may
allow their researchers to publish academic papers
in order to recruit and motivate their research
staff (Henderson and Cockburn, 1994). This paper
suggests that the effects of a firm’s knowledge-
sharing strategy extend beyond these internal pro-
ductivity effects. For instance, Table 2 shows that
the technological network that showed the dens-
est pattern of knowledge sharing emerged as the
dominant design in the FPD industry. In addition,
if the relationship between a firm’s knowledge-
sharing strategy and performance were due to an
increase in internal productivity alone, then one
would expect similar effects from strategies to
share knowledge with the NIS and the GIS. Indeed,
since firms are most likely to recruit domestic sci-
entists and to monitor their research staff’s reputa-
tion within their national scientific community, one
would expect knowledge sharing in the NIS to hold
greater predictive ability than knowledge sharing
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in the GIS. In contrast, the logic presented in this
paper suggests that within this globally integrated
industry sharing knowledge with the GIS should
have a stronger effect than sharing knowledge in
the NIS. Future research should identify the rel-
ative importance of these complementary produc-
tivity and industry-shaping effects more explicitly.

It is possible that the empirical analysis
presented here reflects a spurious correlation in
which firms that employ the best scientists are
likely to have both extensive numbers of foreign
publications and high innovative performance. The
findings suggest conclusions that extend beyond
this simple correlation, however. First, one would
expect highly effective scientists to publish more
and be cited more in both their NIS and the GIS.
Second, including U.S. patent awards as a control
variable sets up a relatively conservative test
reducing the possibility that both independent and
dependent variables simply captured the volume
of innovation taking place in a firm’s R&D labs.
Nevertheless, it is important to recognize that
the analysis presented here does not establish a
causal relationship between a firm’s decision to
share knowledge with the GIS and innovative
performance.

Current literature on firms’ standard-setting ac-
tivities acknowledges that in networked industries
firms may achieve higher performance by licens-
ing their technology and introducing open archi-
tectures. For instance, the VHS design to video
recorders may well have beat out its competitor,
Betamax, because several firms licensed and pro-
duced VHS systems (Cusumano, Mylonadis, and
Rosenbloom, 1992). Similarly, software develop-
ers commonly give away versions of their product
for free in order to speed market acceptance of
their design.

This paper suggests that the importance of hav-
ing a critical mass of competitors on the same tech-
nological trajectory extends beyond firms operat-
ing in networked industries. The primary argument
in this paper does not rest on the role of the com-
mon interface standards that are critical for success
in networks. Instead, it highlights the importance
of developing evaluation standards that favor the
firm’s product design and building a strong indus-
try infrastructure.

Further, unlike previous research that focused
on licensing and subassembly strategies, this
paper focused on sharing technological knowledge
as it was developed, with the possibility, and

Copyright © 2003 John Wiley & Sons, Ltd.

even intent, of having competitors internalize
that knowledge. From the first publication to
the last, each firm took the risk that its
knowledge would provide its competitors with
critical strategic resources. The finding that firms
achieved higher innovative performance when they
shared knowledge with the GIS is a much stronger
conclusion in favor of this perspective than a
finding that firms achieved higher performance by
licensing out their patented technology.

Allen, Tushman, and Lee (1979) found that the
most appropriate type of external communication
varied with the nature of a firm’s research project.
More basic research projects tended to benefit
when a wide range of researchers maintained
extensive external communication, while more
applied development projects succeeded most
when a few researchers monopolized external
communication. Further research should strive to
identify the specific attributes of industries that
reward knowledge-sharing strategies, as well as the
best way of structuring employees’ participation in
a firm’s knowledge-sharing activities.

Finally, the results from this paper suggest that
in this globally integrated industry firms must
develop strategies to participate in their global
innovation system. Kobrin (1991) emphasized the
roles of economies of scale and high investment
requirements in determining whether or not an
industry would become globally integrated. Zaheer
and Zaheer (1997) expanded these criteria for iden-
tifying globally integrated industries by suggesting
that in some sectors firms not only deal in iden-
tical products but also actively interact with one
another in the same global marketplace and serve
the same set of customers.

The FPD industry is also globally integrated in
yet a third manner. Firms from all countries rely
on a common institutional environment of tech-
nological and evaluation standards and on a com-
mon body of technological knowledge. The criteria
that are used to evaluate the merits and trade-
offs between firms’ product designs are themselves
global. In this context, in order to achieve high
innovative performance in FPDs, firms need to
implement strategies to influence not only their
national institutional environment but also the
institutions emerging in their global innovation
system. Further research should extend this finding
to identify other ways in which firms’ strategies
are embedded in both national and global innova-
tion systems.
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In the meantime, in industries characterized by
the emergence of a dominant design, managers
should consider viewing their scientists’ desires to
publish in the scientific literature as an opportunity
to influence the activities of competing firms, and
should encourage their scientists to become active
in their global, and not just national, research com-
munity. In the early phases of innovation in some
industries, knowledge sharing may be one way that
a firm can increase its innovative performance for
the long run.
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