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Abstract

Knowledge integration, which facilitates interactions between R&D and other functions
within a firm value chain, and patenting are both reckoned to increase the returns to R&D
and firm performance. However, the combined effect of a joint use is in many ways am-
biguous since those strategies pursue different objectives in terms of managing the flow of
information within the firm’s boundaries. Although knowledge integration tends to foster
within-firm flows of information that may be complementary to patented ideas, some of the
internal knowledge leaking to competitors could deteriorate the profitability of appropri-
ability strategies. Using survey-based data on the organization and appropriability of R&D
in the US manufacturing sector, we present evidence suggesting that contextual variables
favoring R&D spillovers across rivals tend to increase the substitutability between patenting
and cross-functional knowledge integration.

1 Introduction

The ability of a firm to use and exploit its knowledge base, and to appropriate the associated
rents, forms a major source of competitive advantage nowadays (see e.g. Teece, 2000). Extensive
research efforts have been pursued in the past decades to understand how firms manage their
internal knowledge base and how they appropriate its associated economic returns (see e.g. Alavi
and Leidner, 2001; Cohen et al., 2000). To date, these two components of an innovation strategy
have mostly been studied in isolation. However, theoretical developments and some empirical
evidence point at a certain degree of interdependence between the strategies used to improve
the diffusion and exploitation of knowledge within the firm, and those aiming at preserving
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distinctive knowledge from imitation (e.g. Liebeskind, 1996). The main rationale behind this
interdependency is that appropriation mechanisms are generally related to how knowledge can
be accessed (secrecy consists of hiding it, while patents disclose it publicly), whereas knowledge
management (KM) aims at improving the accessibility and diffusion of knowledge within (and
across) organizations.

This paper provides empirical evidence about interdependence between KM and appropri-
ability strategies. More specifically, we explore the extent to which a firm’s propensity to patent
on the one hand, and organizational initiatives to improve the flow of information between R&D
personnel and other functions within a firm (“knowledge integration” henceforth) on the other,
are complements or substitutes. We do this by adapting the approach of Cassiman and Veugelers
(2006) to testing complementarity among innovation strategies. Similar to Cassiman and Veugel-
ers, we not only test the existence of complementarity or substitutability between patenting and
knowledge integration, but we also investigate potential contextual conditions that affect the
interdependency of the two strategies.

Our empirical results suggest a certain degree of substitutability between patenting and
knowledge integration. More interestingly, we find that the substitutability is exacerbated in
specific market conditions: when technological competition is fiercer and R&D spillovers more
likely, such as when the focal firm’s R&D projects are close to those of its rivals in the technology
space. Following Porter and Siggelkow (2000), managing the innovation process requires a good
understanding of the conditions in which activities are complementary or substitutable. This
paper contributes to this understanding in two ways: by highlighting the potential existence of
substitution effects between innovation strategies that were generally studied in isolation, and
by identifying some of the factors that moderate or exacerbate the substitution effect.

The remainder of this paper is organized in 5 sections. In section 2, we define the central
notion of knowledge integration, review the empirical evidence available on its effect on produc-
tivity, and discuss the main arguments in favor of complementarity or substitutability between
knowledge integration and patenting. In section 3, we present our empirical strategy. Section 4
presents our data sources and main variables, and the empirical results are presented in section
5. Section 6 concludes.

2 Knowledge Integration and Appropriation

2.1 Knowledge Integration Defined

Different definitions of KM have been proposed in the literature (see e.g. Alavi and Leidner,
2001). Most relate to the notions of knowledge acquisition and exploitation. Alavi and Leidner
(1999) define knowledge management as “a systemic and organizationally specified process for
acquiring, organizing and communicating both tacit and explicit knowledge of employees so that
other employees may make use of it to be more effective and productive in their work”. Following
Darroch (2005), KM is essentially a coordinating mechanism. It is largely regarded as a process
involving various activities, which most often include at least knowledge creation or acquisition,
knowledge storing or retrieving, knowledge transfer or sharing (inside or outside the firm), and
knowledge application (Alavi and Leidner, 2001).

There is ample evidence in the literature of a positive effect of KM overall on firm or inno-
vation performance. For instance, Bierly and Chakrabarti (1996) find that KM strategies are
associated with higher profits. Kremp and Mairesse (2004) show that KM has a positive effect on
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firm performance overall after controlling for firm characteristics such as size, industry and R&D
expenditures. They consider three main KM strategies: cultural, organizational, and collabora-
tive (information sharing culture, employee retention, formal written KM rules and partnerships
for knowledge acquisition), which tend to be jointly adopted. Based on a survey of CEOs, Dar-
roch (2005) finds that KM is associated with superior innovation and performance, thanks to a
better use of resources.

In this paper, we use a narrower definition of KM, one focused on knowledge sharing between
R&D personnel and other functions across the value chain within large firms. We refer to these
practices as “knowledge integration” (KI). Such knowledge flows within the value chain feature
information about legal, marketing and even some technical aspects of the inventive output of
the firm that are not patented or patentable, such as technical know-how (Kline and Rosenberg,
1986; Saviotti, 1998). Some of this knowledge is tacit (Nelson and Winter, 1982).

KI has also been consistently associated with superior performance in empirical studies.
This derives on the one hand from higher productivity in R&D (Lee and Walsh, 2012), which
may be due to the application of an integrated problem-solving approach (Clark and Fujimoto,
1991), from economies of scope in research (Henderson and Cockburn, 1994, 1996), or from the
coherence and scope of the knowledge base (Nesta and Saviotti, 2005). On the other hand, the
benefits of knowledge integration stem from the closer proximity of R&D to the market, which
results in shorter product development times (Clark and Wheelwright, 1993) and distinctive
organizational capabilities (see e.g. Clark and Fujimoto, 1991; Malerba and Orsenigo, 2000;
Cohendet and Meyer-Krahmer, 2001).

2.2 The KI - Appropriation Tension

Despite ample evidence on the positive impact of KI on performance overall, such strategies may
come with detrimental side effects, and there may be a point beyond which the returns to KI
decline or even turn negative (e.g. if knowledge integration leads to the erosion of specializa-
tion at the R&D level). In particular, by fostering the circulation of knowledge across different
functions or departments inside the firm, the chance that valuable knowledge leaks out to other
(competing) organizations may increase. To the best of our knowledge, the literature lacks em-
pirical evidence of this potential collateral damage, but several works suggest a tension between
strategic initiatives to foster the acquisition of external knowledge and the diffusion of knowledge
internally, and other initiatives to prevent critical knowledge from spilling out of the organization
(see e.g. Helms et al., 2000). More specifically, Liebeskind (1996) discusses how rents can be
extracted from knowledge only to the extent that it can be protected from theft or imitation.
Such protection can be achieved by preventing expropriation of knowledge and/or reducing the
observability of knowledge. Firms should therefore take organizational arrangements to serve as
“isolating mechanisms”, especially given “that there is a large body of knowledge that may be
valuable to a given owner, but that cannot be protected from expropriation and/or imitation
under the law” (Liebeskind, 1996).

This tension between internal and external objectives was summarized by Teece (2000): “in
order to contribute to firm performance, knowledge assets need to be usable and transferable
within the firm, but difficult for outsiders to access or recreate”. There is a tension because
when it diffuses within the organization, more individuals will get access to knowledge that was
produced by other teams and “may have an incentive to expropriate that knowledge to their
own use or to leak it to competitors” (Liebeskind, 1996). To prevent this from happening, firms
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may rely on different strategies, such as employee conduct rules and job design (Liebeskind,
1996). For instance, compartmentalizing knowledge by disaggregating tasks may be an efficient
way to achieve the second objective (knowledge protection), which is particularly popular within
organizations with highly valuable knowledge, such as in defense systems and pharmaceuticals
(Liebeskind, 1996). But such a strategy may hinder communication and hence knowledge diffu-
sion within the firm. In practice, Randeree (2006) suggests that the tension is such that most
KM systems overlook the issue of knowledge protection. This indicates that KM in general (and
our focus on knowledge integration in particular) may come at the cost of lower knowledge pro-
tection. Should that be the case, while KI may have other benefits for the firm, it could play
against the appropriation of the firm’s knowledge rents.

This relationship between knowledge appropriation and KI has received very little attention
in the empirical literature. In fact, to the best of our knowledge, appropriability strategies
(especially patents) and KI have never been studied together in any systematic empirical way.
We believe that there is a strong case for interdependency between them, a claim that we explore
empirically in this paper, and we discuss in the following paragraphs.

2.3 KI and Patenting: substitutes or complements?

Patenting and KI are related due to the common tension between knowledge protection and
knowledge diffusion, highlighted above for the case of KM. Indeed, patents create legally en-
forceable property rights over knowledge. But they are published, and so reveal the knowledge
of a firm to its rivals, thereby allowing the possibility that competing firms “invent around” them
(Horstmann et al., 1985; Arora et al., 2008). To the extent that joint adoption of patenting and
KI give rise to leakages of complementary knowledge benefiting rivals, then the two strategies
could substitute for each other.

The key source of substitution between these two strategies can indeed be explained using the
concept of tacit knowledge. Since Polyani’s pioneering works, we have know that tacit knowledge
forms a background that is necessary to understand and apply explicit knowledge (Polanyi and
Prosch, 1975). This implies that a certain amount of overlapping, contextual knowledge is re-
quired for two individuals to truly exchange knowledge (Alavi and Leidner, 2001). This reasoning
applies to patents as well. It translates, for instance, in the complementarity among patents,
know-how and trade secrets (see e.g. Arora, 1997). Cowan et al. (2000) summarize this finding
as follows: “the information presented (in codified form) in a patent is insufficient to allow others
to actually make use of the patented invention, and it is the correlative ’tacit knowledge’ that
resides with the innovator that provides the real source of private, rent-appropriating (monopoly)
power” (see also Arundel and Kabla, 1998). To the extent that KI facilitates leakages of tacit
knowledge that is complementary to the more codified knowledge disclosed in a patent, patents
and KI would be substitutes.1

However, there may be reasons pointing to complementarity between KI and patenting. To
the extent that patent propensity captures a firm’s innovative capabilities, then KI may increase
the economic returns to patent propensity due to the potential complementarity between such
innovative capabilities and downstream capabilities such as manufacturing or marketing (Teece,
1986).2 A different argument is the one put forward by Lee and Walsh (2012). They suggest that

1As Grant (1996) points out, incorporating tacit knowledge in knowledge integration practices is a crucial chal-
lenge for firms that use these practices to establish and sustain a competitive advantage in innovative industries.

2We thank a referee for suggesting this argument.
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in environments where secrecy is an important appropriation mechanism, the positive impact of
KI on innovative performance is reduced, because secretive organization may hinder communi-
cation across employees. By extrapolating this result, one may speculate that patenting should
improve the effectiveness of KI by making critical elements of the knowledge base explicit, and
so the two strategies could be complements.

Despite the suggestive or anecdotal evidence pointing at a potential tension between knowl-
edge appropriation and diffusion (see also Hellmann and Perotti, 2011 and de Faria et al., 2012 for
more recent examples), the potential complementarity or substitutability between strategies to
appropriate while diffusing knowledge (like patents do) on the one hand and strategies to diffuse
knowledge internally (like KI) on the other has never been explored in any systematic empirical
way. In this paper, we take an agnostic stance on this question and explore the existence of such
interdependencies and the conditions in which they occur.

We do this by adapting the approach of Cassiman and Veugelers (2006) to test complemen-
tarity between different activities in a firm’s innovation strategy. Like Cassiman and Veugelers,
we combine a direct test (in which we estimate the impact of KI and patenting on firm per-
formance) with an adoption test (in which we explore factors that drive the joint adoption of
both strategies), and then explore contextual variables that may moderate the impact of joint
adoption on performance.

3 Empirical Strategy

The empirical strategy of the paper follows the work of Cassiman and Veugelers (2006), who de-
signed an empirical framework to test the existence of complementarities, based on the concept
of supermodularity (Milgrom and Roberts, 1990, 1995). The main issue in showing the existence
of complementarity or substitutability between different strategies, according to Cassiman and
Veugelers (2006), is the need to account for the unobserved heterogeneity that could potentially
bias the estimation results. As a result, the correlation between the two strategies would be
neither necessary nor sufficient to establish the existence of complementarity or substitutability,
calling for an empirical strategy that can identify, on the one hand, the isolated and joint impact
of the adopted strategy on a measure of performance, and on the other, the exogenous factors
that indirectly affect the magnitude of the joint effect.

Our analysis is developed in three steps, which are based on two building blocks: the estima-
tion of performance and the adoption equations.

3.1 The Performance Approach

In the first step, we test the existence of complementarity or substitutability directly, by esti-
mating a regression relating a measure of firm’s performance on the strategy variables and their
interaction, capturing the joint effect.

Our specification differs from the productivity equation used by Cassiman and Veugelers
(2006) in two important aspects: first, we employ continuous variables to capture the extent to
which a strategy is implemented, and second, we focus on a market-based measure of economic
performance rather than looking at R&D productivity. This performance measure, in particular,
calls for a specific modeling of the performance equation that requires a nonlinear specification as
well as the introduction of a triple interaction term to measure complementarity. This limits our
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ability to use the method of instrumental variables to obtain unbiased estimates of the structural
coefficients (see subsection 3.3 for more details).

To this end, we follow the specification proposed by Griliches (1981), a widely adopted and
well-established model (Jaffe, 1986; Hall et al., 1993; Hall, 1993; Ceccagnoli, 2009).
The market valuation of a firm’s R&D is defined by:

V = q(A+ γR̄)

where V is the market value of the firm at the end of the year, A is the book value of the capital’s
stock, R̄ is the value of the firm’s R&D capital and γ is the marginal contribution to the firm’s
market value. q is the coefficient that reflects the firm’s differential risk and market power as
determined by the firm’s total assets (Griliches, 1981). A more complete and detailed derivation
of this equation as the outcome of the firm’s dynamic optimization problem of investment can
be found in Hall et al. (1993). By dividing both sides by A and taking logs, one obtains:

log
V

A
= log q + log

(
1 + γ

R̄

A

)
(1)

Following Griliches (1981) we set:
q = exp(Xβ+ ε)

where the vector X includes factors affecting firm’s market power: market share and the con-
centration ratio. β is a vector of estimated coefficients. Finally, following Ceccagnoli (2009) we
define:

γ = Sθ

where S is the vector of the observed firm’s strategic decision affecting the returns to R&D,
which will include patenting propensity (PAT) and knowledge integration (KI), as well as their
interaction, which will capture the interdependency between the two activities. θ is the associated
vector of estimated parameters.

3.2 Adoption Approach

In the second step, we examine the adoption decision of knowledge integration and patenting
by looking at variables that could determine the exclusive or joint adoption of such strategies.
This analysis will help us to identify contextual variables that could influence the direct com-
plementarity or substitutability effect measured by the performance approach. These contextual
variables will therefore be used in the final stage of the analysis to complement the results of the
performance equation estimation using a split-sample strategy (to be detailed in the next section).

The first step in the quest for contextual variables affecting complementarity or substitu-
tion is to transform our two continuous measures of strategy into a single categorical variable
that captures exclusive and joint adoption. To do so, we take the median value of the dis-
tribution of our strategy variables as a cutoff point determining whether a strategy is imple-
mented or not, and we generate a new categorical variable Y that takes value i = {1, 2, 3, 4}:
OnlyKI(1), OnlyPAT (2),KIandPAT (3), noKInoPAT (4).3

3More formally, let µ1/2(X) denote the median of a variable X. The following definitions apply:

• i = OnlyKI(1) when KIz ≥ µ1/2(KI) ∩ Yz < µ1/2(Y );

• i = OnlyPAT (2) when Yz ≥ µ1/2(Y ) ∩KIz < µ1/2(KI);
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The adoption equation to be estimated using a multinomial logit approach is described by:

Pr(Y = i) =
eΨzδi∑4
k=1 e

Ψzδk
,∀i (2)

where Ψ is a vector of firm characteristics that include the drivers of exclusive or joint adop-
tion. Although the set of variables should be as comprehensive as possible, we need to choose
our variables carefully as to maximize the explanatory power of our model, given the constraints
imposed by the sample at our disposal.

Our review of the literature on KM and patent propensity guided the selection of key controls
driving these decisions, which will be detailed in section 4. To summarize here, as drivers
of KI we include information on the R&D organization, firm and industry characteristics. To
explain the propensity to patent, we use a set of variables capturing the perceived effectiveness of
various appropriability strategies along with other firm and industry-level controls. Our analysis
will focus on the selection of variables thought to affect the interdependency between KI and
patent propensity, for example those stemming from possible spillovers of valuable knowledge to
competitors. In particular, we will highlight the role of technological rivalry that a firm faces in
the market and the extent of the firm’s R&D activity for which the risk of imitation is greater.

3.3 Subsample regressions

As a final step, we use the contextual variables significantly affecting the complementarity or
substitution between KI and patent propensity from the previous stage to create two subsamples,
using again the median value of such variables as the cutoff point; we then re-estimate the per-
formance equation in each of the subsamples. Our expectation is to observe a significant change
in the magnitude of the estimated coefficient of the interaction term between our strategic vari-
ables θ4, the sign of such change dependent on the nature of the variables used to split the sample.

Although this exercise allows us to shed light as of the nature of the interdependence between
KI and patent propensity, our framework is not compatible with the use of the predicted values
from the adoption approach to instrument our endogenous variables in the performance equation
(as in Cassiman and Veugelers, 2006). This is due to two reasons: first, we employ continuous
variables to measure strategy implementation, while in the multinomial logit the dependent
variable is discrete. Second, since we estimate a structural performance equation in order to
capture the impact of KI practices on returns to R&D, we would need to instrument a triple
interaction term (see the estimation section 5.1 for further details), which could be difficult given
the nature of our data. This means that, although the split-sample approach will tell us the
extent to which contextual variables can impact the substitution or complementarity between
KI and patent propensity, our results should not be interpreted in terms of the causality of the
impact of strategy adoption on firm’s performance.

4 Data and Variables

We combine two datasets for our analysis: the Carnegie Mellon Survey (Cohen et al., 2000),
conducted at the R&D-unit level of the firm, and Compustat. We work with a resulting cross-

• i = KIandPAT (3) when Yz ≥ µ1/2(Y ) ∩KIz ≥ µ1/2(KI);

• i = noKInoPAT (4) when Yz < µ1/2(Y ) ∩KIz < µ1/2(KI);
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sectional sample of 313 observations related to the period 1991-1993. In the following, we describe
in detail how we build the variables that we are going to use in the empirical analysis.

4.1 The Performance Equation

Performance Measure Our dependent variable is an approximation of Tobin’s q (as in Chung
and Pruitt (1994)), which is defined as the ratio of a firm’s market value to the book value of
its total assets. The market value is determined by the sum of the firm’s equity value, the book
value of its long-term debt and its net current liabilities. All the financial information is retrieved
from Compustat. It is worth stressing that a market-based measure allows us to better capture
the future impact of R&D decisions with respect to performance measures based exclusively on
accounting data. Our dependent variable will then be the log of the 1991-1993 average of Tobin’s
q.

R&D Intensity As in Ceccagnoli (2009), we control for the stock of R&D using the cumulated
stock of past deflated R&D expenditures, available from Compustat, using a 15% depreciation
rate. To obtain the R&D intensity ratio, we divide the R&D stock by the book value of to-
tal assets, also available from Compustat. We denote the resulting explanatory variable R&D
Intensity, or RDI.

Patenting A firm’s patenting strategy is measured using propensity to patent (PAT), which is
constructed using the share of product and process innovation for which a firm applied for patents
in the period 1991-1993 (Arora et al., 2008; Ceccagnoli, 2009). This information is retrieved from
the CMS. Since propensity to patent is reported distinctly for product and process innovations,
PAT will be defined by the weighted average of product and process propensity to patent using
the percentage of R&D devoted to product and process innovating projects.

Knowledge Integration Our KI variable represents the number of practices -from 0 to 4- that
are put in place to favor the exchange of information between the R&D department and other
functions of the firm, as reported in the CMS; more precisely, respondents are asked whether
any of the following methods were used during the previous three years to facilitate interaction
between R&D and other functions: 1) Rotation of personnel across functions; 2) Project team
with cross-functional participation; 3) Interdepartmental committee; 4) Computer network with
electronic mail, bulletin board or conferencing capabilities. These practices may sound relatively
general, but three features need to be stressed. First, the survey was conducted in 1993, a time
when some of these practices (e.g. electronic mail or bulletin boards) were less obvious than
today; second, the respondents were specifically asked whether these methods were not only in
place, but specifically used to facilitate interactions between R&D and other personnel; and third,
all of them should indeed lead to superior interactions between R&D and other departments,
which is exactly what our core notion of KI is about. In addition, it is important to remark how
the knowledge practices we focus on concern exclusively information flows that are internal to
the firm’s boundaries. However, we neglect any qualitative differences between different types of
knowledge integration practices and simply focus on their number as an ordinal measure. This
choice reflects a data constraint: our sample is not large enough to exploit the variance in the
adoption of individual KI practices.

Controls: Market Structure and Industry Fixed Effects Consistent with previous work
(see Hall, 1999 for a review of the literature), we control for the market power of the firm by
including two control variables, industry concentration (C4W ) and market share (MS), both
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weighted using their 1991-1993 four-digit SIC sales distribution (available from Compustat).
Market share is computed as the weighted average sales of the firm divided by the total industry
sales, available from 1992 U.S. Census of Manufacturers. The concentration ratio is the percent-
age of total industry sales accounted for by the four leading firms in each business segment of
the firm, also available from U.S. Census of Manufacturers. In all specifications, we include a set
of 18 dummies capturing industry fixed effects (denoted in the estimated equation by the vector
IFE), mostly defined at the two- and three-digit SIC level of the primary business segment of
the firm.

4.2 The Adoption Equation

4.2.1 Dependent Variables Affecting Patenting

We build a set of drivers for the patenting decision following Ceccagnoli (2009), who employs
measures that capture the perceived effectiveness of various appropriability strategies using infor-
mation from the CMS; specifically, the respondent in CMS was asked to indicate the percentage
of product/process innovations for which patent protection, secrecy, being first to enter the mar-
ket or ownership of complementary assets (denoted, respectively, “Patent eff.”, “Secrecy eff.”,
“First to market eff.” and “Compl. assets eff.”) were perceived as effective in order to protect
the firm’s competitive advantage. The answers are then weighted by the respondents’ focus on
product and process innovation. We further corroborate the patent effectiveness variable with
an additional variable that captures patent effectiveness at the industry level, which is an average
of the patent effectiveness in the primary business segment of the firm.

4.2.2 Dependent Variables Affecting Knowledge Integration

For KI, we include a set of firm characteristics related to the organization of the R&D function
and how it relates to the other functions within the firm. Specifically, we create the following
variables using information from the CMS and Compustat:

• R&D Autonomy : R&D divisions with high autonomy in starting their projects may require
less intra-firm communication according to the literature on delegation and communication
(Bloom et al., 2009); this is approximated with the percentage of R&D projects initiated
by direct request of the R&D department (source: CMS).

• Cons. Init. (consumer initiative): firms that are more customer oriented in designing
their products are more likely to implement KI (Cantner et al., 2009); we therefore control
for the percentage of R&D projects initiated by a request of the firm’s customers (source:
CMS).

• R&D location: physical location of the R&D lab is likely to play an important role in the
need for KI practices, as establishments that are distant from other functions such as sales
or manufacturing will need more structured organizational practices to share information
despite their distance; we therefore create a dummy variable that takes a value 1 when the
R&D laboratory is physically located in a stand-alone industry facility (source: CMS).

• Integration: firms with a high degree of vertical integration should need more KI to coor-
dinate their activities (Cantner et al., 2009); we create a dummy variable that takes value
1 when if the firm has manufacturing and sales operations in the US (source: CMS).

• Product Life: according to Cantner et al. (2009), firms operating in an industry with a
short product life cycle require more KI, because reduced time to market requires closer

9



proximity within the value chain to reduce the time of coordination efforts; we include a
(self-reported) measure of the rate at which product innovations have been introduced in
the focus industry of the firm between 1983 and 1993, from “very slowly” to “very rapidly”
(5-point Likert scale, source: CMS).

• Science is a measure that describes the nature of the underlying scientific knowledge base
that is most important for the R&D activities of the firm. We proxy for it using a measure
of importance of university or government research during the last 10 years.4

4.2.3 Market Competitiveness and Spillovers

Following our theoretical discussion concerning the role played by information spillovers in the
substitutability between patenting and KI, we employ the following variables:

• Overlap is a measure of potential knowledge spillovers, as in Arora et al. (2008). It measures
the percentage of projects started between 1991 and 1993 by the R&D unit of the firm that
have the same technical goals as an R&D project conducted by at least one competitor, as
reported in the CMS.5

• Tech. Rivals is the log number of firms located in the US that are able to introduce a com-
peting innovation in time to effectively diminish the respondent’s profits from innovation.
This information is also taken from the CMS.

Both measures are directly related to the effect of knowledge spillovers: the first quantifies the
sources of potential spillovers, the second focuses on the number of potential competitors that
could exploit them. These constitute our key contextual variables affecting the interdependence
between KI and patenting.

4.2.4 Other Controls

For both patent and KI adoption, we control for firm size with the average of the log number of
employees working at the firm between 1991 and 1993 (based on the CMS and Compustat), as
well as for the R&D Budget of the focal R&D lab in 1993 (expressed in billions of US$ in the
CMS). Finally, consistently with the performance equation, we also include market controls and
IFE (see previous section 4.1).

5 Empirical Estimation

We start our empirical investigation by providing some descriptive statistics about our variables,
presented in the next three tables.

Our main variable of interest, KI, shows an average of 2.856 and a standard deviation of
1.007. The median firm in the sample implements at least 3 out of 4 knowledge integration

4The respondent reports the degree of importance in a Likert scale from “not important” to “very important”
by field of science and engineering (possible fields are Biology, Chemistry, Physics, Computer Science, Materials
Science, Medical and Health Science, Chemical Engineering, Electrical Engineering, Mechanical Engineering,
Mathematics), we take the highest answer provided (Cohen and Walsh, 2000).

5This information naturally represents a lower bound of the technological rivalry present in the market, as the
respondent of the CMS may not be aware of all the R&D project initiated by competitors.
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Variable Obs. Mean Std. Dev. Min Max
Log Tobin’s q (logQ) 313 0.269 0.617 -2.010 2.147
R&D Intensity (RDI) 313 0.288 0.433 0.005 4.541
Patent Prop. (PAT) 313 0.339 0.274 0.000 1.000
Knowledge Integration (KI) 313 2.856 1.007 0.000 4.000
Market Share (MS) 313 0.117 0.175 0.000 0.966
Market Concentration (C4W ) 313 0.389 0.178 0.004 0.840
R&D Autonomy 299 21.545 17.885 0.000 80.000
R&D location 313 0.230 0.422 0.000 1.000
Prod. life 312 2.997 1.074 1.000 5.000
Cons. Init. 300 46.593 22.167 0.000 90.000
Integration 313 0.911 0.286 0.000 1.000
R&D Budget 282 0.044 0.364 8.00·10−6 6.030
Science 311 2.939 0.960 1.000 4.000
Patent eff. (firm) 313 0.395 0.294 0.050 0.950
Patent eff. (industry) 313 0.343 0.102 0.138 0.614
Secrecy eff. 313 0.493 0.295 0.050 0.950
First to market eff. 313 0.466 0.288 0.050 0.950
Compl. assets eff. 313 0.383 0.274 0.050 0.950
Tech. Rivals 311 1.394 0.660 0.000 3.497
Overlap 281 0.555 0.253 0.000 0.880

Table 1: Descriptive statistics

1 2 3 4

1. Rotation 1.0000
2. Project Team 0.1719* 1.0000
3. Interdpt. Comm. 0.0128 0.1478* 1.0000
4. I.T. 0.2831* 0.1711* 0.1975* 1.0000

Table 2: KI Practices’ Correlation Matrix. * indicates significant at the 5% level.

1 2 3 4 5 6 7
1. Log Tobin’s q 1.000
2. PAT 0.235* 1.000
3. KI -0.046 0.148* 1.000
4. only KI -0.149* -0.513* 0.392* 1.000
5. only PAT 0.176* 0.371* -0.468* -0.273* 1.000
6. KI & PAT 0.138* 0.602* 0.498* -0.465* -0.309* 1.000
7. Neither -0.151* -0.459* -0.604* -0.331* -0.220* -0.375* 1.000

Table 3: Performance/Strategies Correlation Matrix. * indicates significant at the 5% level.

practices, with 25% of firms implementing all four and only 1% none. Indeed, looking at table
2, we observe the high degree of correlation among the four of them. Still, the variable provides
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enough variation to examine it as a continuous explanatory variable.

Table 3 provides a descriptive correlation analysis between our measure of performance and
the adoption of patenting/KI practices. We remark a positive and significant correlation between
PAT and the Tobin’s q, in line with previous findings of the literature, which extends in our case
to the case in which the firm adopts jointly implements both practices. As we stressed before,
the positive correlation between joint adoption and Tobin’s q is neither necessary nor sufficient
to establish the existence of complementarity, as other variables correlated with our strategic
adoption variables could influence this result.

5.1 Estimation: Performance Approach

In this section, we estimate our main performance equation (1) in a quest for the direct impact
of joint adoption of PAT and KI. We estimate the model in two different ways:

1. We take a linear approximation of the performance equation in which we include as controls
all the interactions between RDI, PAT, and KI;

2. We adopt a Nonlinear Least Square approach in which, consistent with the structural
interpretation of this equation, we do not explicitly examine the effect of the non-interacted
strategy variables, as we focus on the effect that is channeled through the rents generated
by the R&D investment.6

Since in our sample some labs belong to the same firm, we correct for correlation of the residuals
by clustering standard errors at the firm level. Table 4 presents the estimation results.

The performance estimation shows that the joint adoption of KI and PAT performance has
a negative and significant impact. We also measure a positive and significant impact of patent
adoption, in line with previous results in the literature (Ceccagnoli, 2009). The impact of KI is
positive, but not significant.

This first batch of results seems to be consistent with the existence of a negative effect
on performance when KI practices and patenting are jointly implemented, which suggests sub-
stitutability. The linear approximation results suggests that the negative effect is not due to
spurious correlation due to the omission of some of the interactions and non-interacted variables,
since these coefficients are not significant in the OLS specification.

Given that the NLS shows in general a better fit7 and it appears to be the standard speci-
fication in the literature (Hall et al., 2005), we take the NLS results with clustered residuals as
our benchmark results.

6The estimated productivity equation will then take the form:

logQ = β0 + log

(
1 + θ1

R̄

A
+ θ2PAT#

R̄

A
+ θ3KI#

R̄

A
+ θ4KI#PAT#

R̄

A

)
+ β1CW4 + β2MS + Γ IFE + ξ

where ξ is the unobserved error term and β0 is the constant. Indeed, we believe that by introducing any of
the strategy variables outside the non-linear component of the performance equation we would both reduce the
explanatory power of our specification and also, potentially, introduce a bias in the estimated coefficient whenever
the strategy variables are correlated with our measures of market power or the industry fixed effects.

7On top of the R2 we also compute the Akaike Information Criterion (AIC) to have an alternate measure of
fit when comparing the linear approximation and the NLS estimation of the nonlinear moment condition; we look
only at estimation with clustered standard errors: AIC for the linear model scores 454, while AIC for NLS scores
441. Accordingly, we choose the model with the lowest AIC score.
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OLS OLS NLS NLS
R&D Intensity (RDI) -0.647* -0.647 -0.200 -0.200

(0.095) (0.145) (0.337) (0.347)
PAT # RDI 2.525*** 2.525** 2.732*** 2.732***

(0.004) (0.018) (0.001) (0.010)
KI # RDI 0.150 0.150 0.005 0.005

(0.384) (0.448) (0.962) (0.963)
PAT # KI # RDI -0.709* -0.709 -0.667** -0.667**

(0.072) (0.132) (0.018) (0.037)
PAT -0.493 -0.493

(0.230) (0.230)
KI -0.049 -0.049

(0.387) (0.299)
PAT # KI 0.198 0.198

(0.188) (0.169)
Market Controls YES YES YES YES
Industry Fixed Effects YES YES YES YES
Clustered Residuals NO YES NO YES
Observations 313 313 313 313
(Adj.) R2 0.40 0.45 0.41 0.46

Table 4: Performance approach Estimation; dependent variable: log of Tobin’s q. Significance
levels ***=0.01 **=0.05 *=0.10. p-values are reported in parenthesis below the estimated coef-
ficient.

5.2 Adoption Approach

In the previous section, we provided evidence consistent with a substitution effect between patent-
ing and KI through a direct (performance) approach. In this section, we are going to look at
contextual variables that influence this substitutability effect between these two activities. We
present the results of the estimation of the multinomial logit model (2) in Table 5.

In estimating the adoption model, we drop a part of our sample due to missing values in
some of the explanatory variables that we include in the model. Results for PAT show that the
effectiveness of patent protection logically appears as the main determinant of patent propen-
sity, together with the control for stand-alone R&D labs, which is the main driver of patent
propensity when KI is not adopted. The former effect is intuitive and captured in the literature
(Arora et al., 2008). The latter represents the negative effect of cospecialized complementary
assets (which tend to increase the opportunity cost of patenting) on patent propensity, as in
Arora and Ceccagnoli (2006). Indeed, when R&D is co-located with manufacturing rather than
being stand-alone, R&D and downstream capabilities tend to be cospecialized (cf. Arora and
Ceccagnoli, 2006).8

The results on the adoption of KI are more contrasted. In the case in which only KI is
adopted, no coefficients appear significant at conventional levels, except for the effect of secrecy

8R&D lab location was used as an instrument for cospecialized complementary assets in Arora and Ceccagnoli
(2006).
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Only KI Only PAT KI & PAT
R&D Autonomy 0.009 0.028 0.033*

(0.639) (0.239) (0.097)
R&D Location 0.635 2.130** 2.331**

(0.473) (0.024) (0.014)
Product Life 0.378 -0.160 -0.088

(0.192) (0.606) (0.772)
Cons. Init. -0.021 -0.003 -0.007

(0.139) (0.894) (0.710)
Integration 0.021 1.149 0.259

(0.984) (0.357) (0.803)
R&D Budget −0.103 −0.854 0.418

(0.934) (0.472) (0.723)
Science 0.323 0.245 0.488

(0.346) (0.561) (0.208)
Secrecy eff. 1.941** -0.034 0.364

(0.027) (0.977) (0.720)
Patent eff. (firm) -0.704 5.411*** 5.436***

(0.622) (0.000) (0.000)
First to market eff. -1.285 -0.918 -0.281

(0.342) (0.493) (0.827)
Compl. assets eff. 1.045 1.359 1.783

(0.335) (0.275) (0.113)
Patent eff. (industry) 2.163 12.128** 15.495***

(0.653) (0.016) (0.002)
Overlap 2.178 3.170* 2.356

(0.122) (0.054) (0.116)
Tech. Rivals 0.671* 0.282 -0.046

(0.077) (0.541) (0.922)
Market Controls YES
IFE YES
Clustered Std. Err. YES
Observations 237

Table 5: Adoption approach Estimation (Multinomial Logit). Baseline: no adoption. Signifi-
cance levels ***=0.01 **=0.05 *=0.10. p-value is reported in parenthesis below the estimated
coefficient.

effectiveness. This result seems to support the idea that effective secrecy-based appropriability
strategies are associated with lower spillovers to rivals, thus increasing the expected benefits
from KI and the probability of its adoption. Although we also find that secrecy effectiveness
increases the probability of joint adoption, the effect of exclusive KI use is stronger, leading us
to reject the idea that secrecy effectiveness is a contextual variable reducing the substitution
between patenting and KI.

More interestingly, important insights come from the analysis of the effect of contextual
variables thought to affect spillovers: while both Overlap and Tech. Rivals have positive and
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-often- significant impact on the exclusive adoption strategies, they are not significant and even
switch sign (Tech. Rivals) in the joint adoption equation. More generally, following Cassiman
and Veugelers (2006), to establish whether a given variable ψ influences substitutability (resp.
complementarity) in the multinomial logit, we should verify that the null hypothesis δ3 < δ1 + δ2
(resp. δ3 > δ1 + δ2) cannot be rejected.9 Indeed, for both variables we cannot reject the null
hypothesis of substitutability at the 5% level of significance.

δ3 − (δ1 + δ2)
Tech. Rivals -0.999**

(0.040)
Overlap -2.992**

(0.042)

Table 6: Substitutability Test. Null hypothesis H0 : δ3 − (δ1 + δ2) = 0. Alternative hypothesis:
H1 : δ3 − (δ1 + δ2) < 0 (one-sided t-test). Significance levels ***=0.01 **=0.05 *=0.10. p-value
is reported in parenthesis below the estimated coefficient.

In the following section of our analysis, we verify whether these variables indeed drive the
substitutability between PAT and KI by using a split sample approach in the estimation of the
performance equation.

5.3 Split-sample Approach

TECH. RIVALS OVERLAP
LOW HIGH LOW HIGH

R&D Intensity -0.261 -0.703** -0.202 -0.737**
(0.473) (0.039) (0.712) (0.023)

PAT # RDI 2.413* 2.963 2.137 3.514**
(0.078) (0.111) (0.459) (0.014)

KI # RDI -0.075 0.259 -0.172 0.270*
(0.613) (0.128) (0.344) (0.095)

PAT# KI # RDI -0.454 -0.699 -0.187 -0.871*
(0.339) (0.214) (0.820) (0.058)

Market Controls YES
IFE YES
Clustered Std. Errors YES
H0 : θ4(LOW ) = θ4(HIGH) 3.580*** 8.237***
Observations 141 172 113 200

Table 7: Split-sample Estimates; method: NLS; dependent variables: log of Tobin’s q. Signifi-
cance levels ***=0.01 **=0.05 *=0.10. p-value is reported in parenthesis below the estimated
coefficient. The last row reports the statistics of the 2-sided t-test for H0.

9As a reminder, we denote with the subscript 3 the estimated coefficient of a given variable for the joint
adoption, and with 1 and 2, the estimated coefficient for exclusive KI and PAT adoption, respectively.
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In this section, we employ our controls of external spillovers in order to split our sample
when estimating the performance equation. According to our empirical strategy, we expect the
magnitude of the negative effect estimated in the full sample to increase whenever we focus on a
sample of firms for which the technological rivalry is high: this occurs when there is a high num-
ber of rivals that can effectively introduce competing innovations or when there is high overlap
of R&D projects with competitors. Results are presented in Table 7.

The samples are split using the median value of the relevant variables. Results of the esti-
mation tend to confirm the central idea of this paper. Indeed, when contextual variables suggest
higher spillovers across rivals, the substitution between KI and patenting tends to increase. The
triple interaction coefficient in the high technological rivalry subsample is negative and signifi-
cantly different from the coefficient in the low technological rivalry subsample.10

6 Conclusions

This paper contributes to our understanding of the tradeoffs between cross-functional knowledge
integration within the firm and protection of intellectual assets in a competitive environment.
One part of the literature has shown that knowledge integration increases the productivity of
the R&D function (Clark and Wheelwright, 1993; Henderson and Cockburn, 1994; Nesta and
Saviotti, 2005). Another strand of the literature has focused on the risks related to knowledge
diffusion for the protection of the firm’s knowledge assets (Liebeskind, 1996). Our paper provides
an empirical investigation of the interdependencies between these two strategies and it shows the
existence of a non-trivial tradeoff between these two benefits and the strategy of appropriation of
returns from R&D adopted by the firm. Using cross-sectional data of U.S. manufacturing firms,
obtained matching the CMS survey data and Compustat at the firm level, we provide evidence
consistent with the existence of such a trade-off.

This work has a number of implications. Our results shed light on the impact of intellec-
tual property strategies on incentives for information disclosure at the firm level. These results
suggest that firms should be careful in their attempts to foster cross-functional integration, in
order to reduce the flow of R&D knowledge that spills over to the market. Leakage of valuable
knowledge may deteriorate the effect of patents in appropriating the returns from its intellectual
assets, especially when competing with capable innovators and when working on R&D projects
with technical goals similar to those of its rivals. However, our study has also important lim-
itations: the cross-sectional nature of the survey data and the complexity of our performance
equation do not allow us to identify a causal relation between the joint adoption of KI, patenting
and firm performance. More research (and possibly longitudinal data) will be needed to identify
such a causal relationship, as well as to uncover the direct mechanisms through which spillovers
occur (as a consequence of KI).

This work speaks to other recent findings about the impact that changes in the market struc-
ture, like competition or ability to protect intellectual property, have on firms’ organizational
and strategic decisions. Our work indeed suggests that flatter hierarchical structures may be a

10In the subsample of high tech. rivals, the coefficient of the triple interaction is not significantly different from
0. We test whether the result can be influenced by the presence of outliers affecting the distribution of marginal
observations by using the industry-level average of the non-logged variable to split the sample. We find that the
number of observations in each sub-sample is more balanced - 159 vs. 154 - and that results are statistically
different from 0.
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solution adopted to integrate knowledge while avoiding knowledge spillovers. In return, compet-
itive environments may shape important internal organizational design choices, such as whether
to invest in knowledge integration or not. There is growing interest in trying to understand
market- and firm-level transformation when exogenous shocks increase the level of competition,
but so far very little work has taken into account knowledge and the legal tools that influence
its circulation and its economic value.
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