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ABSTRACT
This study investigates the boundary conditions under which having ties that span organizational
boundaries are beneficial to firm performance. Previous studies have shown that bridging ties
positively influence a firm’s innovation performance. This study extends this previous research
by examining the moderating role of the alliance portfolio, including alliance intensity and
network efficiency. Patent and financial data from 200 U.S.-based biotechnology firms from
1997 to 2006 were gathered and analyzed to investigate how cross-boundary knowledge-sharing
flows with bridging ties affects firm performance. Our findings suggest that as the alliance
intensity increases, the relationship between cross-boundary knowledge-sharing flows with
bridging ties and firm performance strengthens. In addition, when the network efficiency is
relatively great, the effects of knowledge-sharing flows with bridging ties become significant.
The implications of these findings for biotechnology firms are discussed.
Keywords: Cross-boundary knowledge flows, alliance portfolio, knowledge-based view, firm
performance.
INTRODUCTION
Knowledge is regarded as one of the most important resources for an organization, as it
contributes to a firm’s competitive advantage, sales growth, and value creation (Conner &
Prahalad, 1996). To sustain a competitive advantage, firms must frequently search for new
opportunities to promote their capabilities. Firms have two alternative manners of acquiring
knowledge for this purpose: developing it internally or sourcing it externally (Carayannopoulos
& Auster, 2010). However, critical knowledge is often located beyond firm boundaries, and
tends to be diverse and heterogeneous (Burt, 2000). Firms thus need to acquire heterogeneous
- 37001 -

Lin & Lin

Relationship Between Cross-boundary knowledge Flows And Firm Performance

knowledge effectively across boundaries to sustain a competitive advantage (Al-Laham &
Amburgey, 2005; Powell et al., 1996).
Scholars of strategy and organization have long noted that boundary spanning is an important
channel for obtaining external heterogeneous sources of knowledge and information (Allen &
Cohen, 1969; Tushman & Scanlan, 1981). Previous studies have further found that knowledge
acquired from across firm boundaries contributes to the innovation performance of organizations
(Cohen & Levinthal, 1990), teams (Reagans & Zuckerman, 2001), and individuals (Burt, 2004;
Perry-Smith, 2006). As new knowledge evolves frequently, organizations must create knowledge
flows through boundary-spanning ties across different boundaries to build up their knowledge
stocks. Existing evidence shows that bridging ties are beneficial for the acquisition of diverse
knowledge.
Although there is some research on the benefits of boundary-spanning ties (Lawrence & Lorsch,
1967), gaps remain. Furthermore, the conclusions of past research are inconsistent. For example,
previous studies show that bridging ties are positively related to performance (Burt, 2004;
Mcevily & Zaheer, 1999). However, Tushman (1977) indicated that merely acquiring diverse
knowledge across organizational boundaries may not be sufficient to improve firm performance
because it lacks a common foundation for knowledge integration. Tortoriello and Krackhardt
(2010) similarly found that it is not sufficient to enhance individuals’ innovation capabilities
through bridging ties to gain diverse knowledge.
Little attention has been paid to the boundary condition of the effects of cross-boundary
knowledge-sharing flows on performance. George, Zahra, Wheatley, and Khan (2001) indicated
that future research could fill this gap by exploring the impact of alliance structure on firm
performance. The strategic alliance is a suitable variable for investigating the moderating effect
of alliance structure on the relationship between cross-boundary knowledge-sharing flows and
firm performance, because alliances can accelerate a firm’s heterogeneous resource acquisition.
Alliances and networks help firms to utilize knowledge-sharing ties to acquire external resources
and achieve a competitive advantage (Dyer & Singh, 1998), especially through knowledge flows
among alliance members (Kogut, 1988; Mowery, Oxley, & Silverman, 1996). Inkpen (2000)
indicated that tactical knowledge, which is the most valuable knowledge for generating a
competitive advantage, is effectively transferred through alliances and acquisitions because
partners are coupled so tightly that they can share knowledge quickly. For example, in the
biotechnology industry, a firm’s achievement relies on whether it can successfully access
partners’ capabilities through established alliances (Ahuja, 2000; Gulati, 1995). Thus, strategic
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alliances moderate the relationship between cross-boundary knowledge-sharing flows and firm
performance. There are a large number of empirical studies on alliances, yet few have viewed
these alliances as portfolios (e.g., Hagedoorn & Schakenraad, 1994). This study treats alliances
as strategic portfolios, and examines alliance intensity and network efficiency. Alliance intensity
refers to the intensity with which a firm makes alliances with other firms (Lin & Wu, 2010).
Network efficiency refers to the information and capability diversity that each alliance provides
(Baum, Calabrese, & Silverman, 2000).
THEORETICAL BACKGROUND AND HYPOTHESES
According to the knowledge-based view (KBV) of the firm, knowledge is the most strategically
significant resource of a firm (Grant, 1996), and its proponents argue that heterogeneous
knowledge bases and capabilities among firms are the main determinants of a sustained
competitive advantage and superior performance (Decarolis & Deeds, 1999; Winter & Szulanski,
1999). To accumulate their knowledge stocks, firms must continuously generate new knowledge
flows. Many scholars have indicated that adopting the KBV as a theoretical foundation for
examining a firm’s boundary effects generates many valuable insights (Brouthers & Hennart,
2007; Zhao et al., 2004) because it appreciates that knowledge is an essential resource. The KBV
extends the resource-based view (RBV), which focuses on exploiting existing firm-specific
knowledge rather than acquiring new knowledge externally. In contrast, the KBV examines not
only the exploitation of existing firm knowledge but also the ability of firms to access knowledge
beyond their own boundaries. Previous studies have adopted the KBV to explore the effects of
inter-firm interaction, such as alliances and acquisitions, on knowledge transfer (Birkinshaw et
al., 2000; Inkpen, 2000). This study is grounded in and develops a conceptual model based on
the KBV.
Figure 1 presents the conceptual model of the study and illustrates the links among the
hypotheses. As shown in the model, a firm’s cross-boundary knowledge-sharing flows contribute
to its performance. Based on prior research, this study focuses on two key aspects of
cross-boundary knowledge-sharing ties: bridging ties and strong bridging ties. Firm performance
is characterized as sales growth and return on assets (ROA). A firm’s cross-boundary
knowledge-sharing flows with bridging ties and strong bridging ties are thus expected to
influence their sales growth and ROA.
Figure 1 also suggests that firm performance is influenced by a firm’s ability to make strategic
alliances. Thus, a firm’s alliance portfolio, and specifically the alliance intensity and network
efficiency, moderates the relationship between cross-boundary knowledge-sharing flows and
- 37003 -

Lin & Lin

Relationship Between Cross-boundary knowledge Flows And Firm Performance

firm performance. In the following section, we introduce the concepts of tie strength and network
position, the effects of cross-boundary knowledge-sharing ties, and the important moderators in
this study.




Cross-boundary
Knowledge-sharing Flows
Bridging Ties
Strong Bridging Ties

Firm Performance
 Sales Growth
 ROA

Alliance Portfolio
 Alliance Intensity
 Network Efficiency
Figure 1. Research conceptual model
Cross-boundary Knowledge-sharing Ties
Gulati (1999) regarded the exploitation of network ties as a firm’s network resources. Firms have
different capacities to acquire heterogeneous sources of information through their network ties.
A network of well-informed contacts that provide trustworthy sources of information can lead to
better competitive capabilities (Mcevily & Zaheer, 1999). This study proposes that the level of
network ties (e.g., bridging ties and strong bridging ties) that firms possess from which to acquire
cross-boundary knowledge creates differences in performance. Two types of network ties are
discussed.
Bridging ties
In this study, a bridging tie refers to a link spanning formal rather than informal boundaries.
Bridging ties help firms not only to reach economic and social groups not usually accessible to
them, but also to gain resources and opportunities that are not available from other network
partners (Mcevily & Zaheer, 1999). Mcevily and Zaheer (1999) further indicated that such
resources and opportunities often exist in structural holes, and thus a bridging tie (span)
represents how a firm explores the opportunities in structural holes to acquire resources (e.g.,
information). In other words, bridging ties span structural holes (Burt, 1992). Bridging ties also
help firms to access diverse knowledge and information for the generation of new ideas
(Utterback, 1971) and to improve innovation (Burt, 2004). Firms can act as connectors between
sub-clusters in a network by maintain bridging ties, which allows them to acquire
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complementary resources to build a competitive advantage. We thus expect cross-boundary
knowledge-sharing flows with bridging ties to contribute to firm performance. This leads to the
following hypothesis.
Hypothesis 1a: There is a positive relationship between cross-boundary Knowledge-sharing
flows with bridging ties and firm performance.
Strong bridging ties
Strong ties improve knowledge transfer more efficiency in the context of bridging formal
organizational boundaries (Hansen, 1999). When knowledge is context specific, the continuous
interaction of strong ties between two parties helps to promote complex information sharing
(Uzzi, 1997) and facilitates mutual understanding (Tortoriello & Krackhardt, 2010). We thus
expect cross-boundary knowledge-sharing flows with strong bridging ties to contribute to firm
performance. This leads to the following hypothesis.
Hypothesis 1b: There is a positive relationship between cross-boundary knowledge-sharing flows
with strong bridging ties and firm performance.
Moderating Role of the Alliance Portfolio
The portfolio approach has been widely used in financial research, in particular to examine how
economic agents act in an uncertain environment (Markowitz, 1952, 1991). Alliances by nature
involve risks and uncertainty (Inkpen & Beamish, 1997) because the participating firms have
different motivations for forming the alliance, such as obtaining a competitive resource or
gaining economic returns. The use of a portfolio approach is suitable in this context precisely
because of the risk and uncertainty of alliances. This study addresses two components of the
alliance portfolio: the intensity with which a firm makes alliances with other firms (i.e., alliance
intensity) and the diversity of information and capabilities that each alliance can provide (i.e.,
network efficiency). Both alliance intensity and network efficiency are related to firm
performance (Baum et al., 2000; Lin & Wu, 2010). The alliance portfolio that a firm possesses
determines its innovation and financial performance outcomes (Nooteboom, 1999). George et al.
(2001) indicated that exploring alliance portfolios rather than individual transactions enables us
to get closer to value-generating activities. Thus, this study suggests that alliance characteristics
including alliance intensity and network efficiency are likely to be associated with firm
performance.
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Alliance Intensity
A strategic alliance is a good channel for firms to access the firm-specific knowledge embedded
in other firms, such as valuable social, technical, and heterogeneous resources (Ahuja, 2000); to
gain experience from alliance partners through knowledge transfer; and to cooperate with
partners in knowledge development. Firm-specific knowledge acquired through an alliance is a
source not only for project progress but also for new product development (Rothaermel & Deeds,
2004). Gaining experience from partners through knowledge transfer also creates opportunities
to accumulate a diverse knowledge stock (Inkpen & Dinur, 1998). Cooperating with other
partners for knowledge creation is particularly appropriate in industries with rapidly changing
technology (Powell, Koput, & Smith-Doerr, 1996) because alliance partners can help firms to
face the uncertainty of new technology. Baum, Calabrese, and Silverman (2000) found that a
firm’s performance increases with the size of its strategic alliance network. Empirical studies
have similarly found that strategic alliances contribute to a firm’s innovation performance
(Penner-Hahn & Shaver, 2005; Sampson, 2007). We thus expect that firms that make good use
of strategic alliances to access information and resources, learn knowledge from partners, and
gain technical advice from partners will have better performance. This leads to the following
hypotheses.
Hypothesis 2a: The relationship between cross-boundary knowledge-sharing flows with bridging
ties and firm performance is greater for firms with greater alliance intensity.
Hypothesis 2b: The relationship between cross-boundary knowledge-sharing flows with strong
bridging ties and firm performance is greater for firms with greater alliance intensity.
Network Efficiency
Engaging in a high number of strategic alliances is insufficient by itself to gain a competitive
advantage. Scholars have argued that the diversity of a firm’s strategic alliances also contributes
to performance (Baum, Calabrese, & Silverman, 2000). As the number of alliances grows, the
concern over partner redundancy increases (Burt, 1992). Partner redundancy raises the risk of
accessing the same resources or complementary capabilities, which limits the opportunities to
make contact with innovations elsewhere (Uzzi, 1997). Baum and Silverman (1998) further
showed that the more efficient the alliance network, the lower the failure rates of Canadian
biotechnology firms. Empirical studies also suggest that the network efficiency of a firm’s
alliances contributes to revenue and patent generation (Baum, Calabrese, & Silverman, 2000). In
all, if firms can access more diverse resources and capabilities from an alliance, then they can
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achieve more desirable outcomes. We thus expect that the more efficient a firm’s alliance
network, the stronger the relationship will be between cross-boundary knowledge-sharing ties
and firm performance. This leads to the following hypotheses.
Hypothesis 2c: The relationship between cross-boundary knowledge-sharing flows with bridging
ties and firm performance is stronger for firms with an efficient alliance network.
Hypothesis 2d: The relationship between cross-boundary knowledge-sharing flows with strong
bridging ties and firm performance is stronger for firms with an efficient alliance network.
RESEARCH METHOD
Data and sample selection
Our sample includes biotechnology firms in the United States whose four-digit SIC code is 2836.
This industry is a favorable context for our study because it is a dynamic and
knowledge-intensive industry that compels firms to make alliances and undertake acquisitions to
acquire competitive knowledge (Powell et al., 1996). Financial information on the firms was
collected from the Compustat Research Insight database. The information on inter-firm alliance
strategies was collected from the Securities Data Corporation (SDC) database, which consists of
data on mergers and acquisitions and strategic alliances announced during the period January 1,
1997 to December 31, 2006. The patent information was provided by the NBER Patent Citation
Data File (Hall et al., 2001). We used the firms’ CUSIP numbers to integrate data from these
three databases. As a result of missing data in the Compustat database, the final dataset included
200 firm data that was used for the subsequent regression analysis. The 10 years of observations
were further divided into two periods – 1997-2001 and 2002-2006 – each covering five years. A
five-year window is suitable for evaluating a firm’s long-term R&D strategy and its outcomes
(Lin & Chen, 2005). The measurement of each construct is described in the following:
Strong Ties. As stated, we measured knowledge-sharing ties by the number of patent citation
among firms in the biotechnology industry. Ties were categorized as strong or weak using the
judgment of whether a firm’s patent citation number was above or below the median number of
patent citations (Mv) for all of the firms in the biotechnology industry in the United States.
Strong ties are defined as any tie with a citation value of greater than or equal to Mv. Weak ties
are ties with a citation value smaller than or equal to Mv.
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Bridging: E-I Index. Generally, the E-I index is a measure of the extent to which a party’s ties
form a bridge across an organizational or social divide (Krackhardt & Stern, 1988). The E-I
index for each firm is defined as
Ei  I i
E-I indexi = Ei  I i ,

where Ei is the number of i’s ties that are to/from members of groups other than the groups to
which i belongs. The E-I index ranges from -1 to +1. A value of 0 indicates the special case in
which the number of bridging ties exactly equals the number of non-bridging ties of firm i.
Knowledge Flow Bridging Ties. Bridging ties refer to the distribution of network ties among
firms in the biotechnology industry and across to firms in the pharmaceutical industry. The E-I
index for each firm was constructed by considering the difference between the number of
external ties (patent citation, Ei) between each biotechnology firm and pharmaceutical firms and
the number of internal ties (patent citation, Ii) among biotechnology firms. Pharmaceutical firms
were used as the external links because they are regarded as the downstream partners of
biotechnology firms, and provide complementary resources that are crucial to the successful
development and commercialization of new products (Pisano, 1990).
Firm Performance. Two commonly used variables were adopted to measure firm performance:
return on assets (ROA) and sales growth (Lin & Wu, 2010). Sales growth is a market sales-based
short-term performance measure that evaluates how firms transform their technological
advantages into substantial product sales. ROA, which measures long-term financial
performance, is a commonly used performance measure (e.g., Greve, 2003; McGuire & Dow,
2003). Sales growth is measured as a firm’s sales minus its average sales in the previous period
(five years).
A five-year observation window was adopted as the time lag between firm performance and the
independent variables. Performance was measured at the end of year t, and the moderating
variables, such as alliance intensity and network efficiency, and the two kinds of cross-boundary
knowledge ties (i.e., bridging ties and strong bridging ties), were measured by the total amount
during the previous five years (t-4, t-3, t-2, t-1, and t).
Alliance Intensity. Alliance intensity may affect firm performance (Lin & Wu, 2010). Alliance
intensity was measured as the total number of alliances announced during the two five-year
periods (1997-2001, 2002-2006) divided by the square root of the total employees of the firms.
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Alliance Intensityi =




ij

NAij

ij

NEij

,

where NAij is the number of all firm i’s alliances in j years and NEi is the total number of
employees in firm i in j years.
Network Efficiency. Alliance network efficiency can influence firm performance. Efficiency
here means the diversity of information and capabilities per alliance (Baum, Calabrese, &
Silverman, 2000). The measure is based on the Hirschman-Herfindahl index, and computes
diversity as one minus the sum of the squared proportions of a firm’s alliance with each of the
partner types divided by the total number of the firm’s alliances. Network efficiency for firms
with no alliances is coded zero (i.e., NAi = 0).
[1  ij ( PAij ) 2 ]

Network Efficiencyi =

NAi

,

where PAij is the proportion of all firm i’s alliances that are with partner type j, and NAi is the
total number of alliances of firm i.
Control variables. Several control variables that could affect the hypothesized relationships
were included, namely, period, firm size, and absorptive capacity.
RESULTS
According to the results, hypothesis 1a suggests that cross-boundary knowledge-sharing flows
with bridging ties has an effect on firm performance. Consistent with Hypothesis 1a, models 1A
and 1B show that cross-boundary knowledge-sharing flows with bridging ties is a significant
predictor of sales growth (β = .47, p < .01; β = .56, p < .01) and ROA (β = .19, p < .05; β = .27, p
< .01 ), respectively.
Hypothesis 1b predicts that cross-boundary knowledge-sharing flows with strong bridging ties
affect firm performance. Models 1A and 1B show strong bridging ties to have no significant
effect on sales growth. However, the effect of cross-boundary knowledge-sharing flows with
strong bridging ties on ROA is supported by Models 2A and 2B (β = .26, p < .01; β = .39, p
< .01).
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Hypotheses 2a, 2b, 2c and 2d focus on the moderating role of alliance intensity and network
efficiency on the relationship between firm performance and the different types of
cross-boundary knowledge-sharing ties. The R-square of sales growth in Model 1B (0.51) is
higher than that in Model 1A (0.44). The R-square of ROA in Model 2B (0.54) is higher than
that in Model 2A (0.31). The results indicate that these interaction terms should be taken into
consideration when explaining a firm’s sales growth and ROA. We thus explain the results based
on Models 1B and 2B with the interaction terms.
In Model 1B, the regression coefficient of the interaction term between alliance intensity and
cross-boundary knowledge-sharing flows with bridging ties is positive and significant (β = .39, p
< .01). Thus, Hypotheses 2a is supported. However, Hypotheses 2b, 2c, and 2d are not
supported.
In Model 2B, the regression coefficient of the interaction term between alliance intensity and
cross-boundary knowledge-sharing flows with bridging ties is positive and significant (β = .44, p
< .01). The regression coefficient of the interaction term between network efficiency and
cross-boundary knowledge-sharing flows with bridging ties is also positive and significant (β
= .91, p < .01). Thus, Hypotheses 2a and 2c are all supported. However, Hypotheses 2b and 2d
are not supported.
CONCLUSION
This study aims to better understand the relationship between a firm’s alliance deployment
strategies and its cross-boundary knowledge-sharing ties through empirical research using a
dataset from the biotechnology industry in the United States. Several key findings are revealed.
First, network efficiency has a significant effect on ROA. The result confirms the strategic role
of network efficiency for a firm in sustaining a competitive advantage. Second, cross-boundary
knowledge-sharing flows with bridging ties and strong bridging ties can be very efficient in
improving a firm’s financial performance. Third, this study confirms the positive moderating
effects of alliance intensity and cross-boundary knowledge-sharing flows with bridging ties.
Biotechnology firms with strong alliance intensity can make use of cross-boundary
knowledge-sharing flows with bridging ties to improve both their short-term and long-term
financial performance.
Our study also has several theoretical and practical implications. First, consistent with the
knowledge-based view (KBV) of the firm, the results highlight the importance of studying the
effect of cross-boundary knowledge flows and strategic alliances on firm performance. Second,
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the results indicate that at the start-up stage, biotechnology firms can make good use of their
cross-boundary knowledge-sharing flows with bridging ties to the pharmaceutical industry to
build more strategic alliances with firms to acquire the knowledge or resources that they lack,
which may in turn contribute to their short-term performance (sales growth). This finding is
consistent with the study of George, Zahra, Wheatley, and Khan (2001). In a young
high-technology industry such as biotechnology, firms need strategic alliances as a means to gain
competitive resources to sustain their innovation, because they may not possess the necessary
knowledge and resources internally (George et al., 2001; Zahra, 1996). As these firms grow, they
can further forge strong bridging ties in their knowledge-sharing network, and can build more
diverse strategic alliances with different industries to leverage heterogeneous external resources
and knowledge. Third, sensible organizations can continuously examine their alliance portfolios
and compare them with those of their rivals. Such information would help organizations to
devise appropriate tactics and efficiently deploy resources.
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