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Firm strategic behavior and the measurement
of knowledge flows with patent citations

Marco Corsino, Myriam Mariani, Salvatore Torrisi

Research Summary: This research addresses firms' use of external knowledge sources to
develop patented inven-tions and explores the validity of patent citations as an indicator of
interfirm knowledge flows. By comparing pat-ent citations with primary data reported by the
inventors, we uncover systematic measurement errors in patent cita-tions and show that they
depend on the firms' patent strate-gies (e.g., to reduce the risk of imitation or litigation), the
source of knowledge employed (e.g., competitors, users), the technology of the underlying
invention, and the insti-tutional characteristics of the patent system. Our findings about the
role of these factors in external knowledge sourcing and citing propensity highlight the
importance of firms' strategic behavior and offer novel insights for the use of patent citations
as an indicator of knowledge flows. Managerial Summary: Firms' open innovation strategies
rely on the sourcing of knowledge from other organiza-tions. Tracing these knowledge flows
is difficult, such that the empirical research on this matter typically uses cita-tions that patents
make to prior art in order to track them. However, patent citations might be added also for
reasons other than the actual transfer of knowledge. We use pri-mary information from a
large survey of inventors to assess the accuracy of patent citations to measure knowl-edge
flows, and we find evidence of measurement errors that depend on the applicants' patent
strategies, the type of knowledge sources used, the filing jurisdiction, and the technology of
the underlying invention. We offer insights to evaluate the settings in which patent citations are
a reli-able measure of knowledge flows.
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1 INTRODUCTION

Firms' openness to external interactions and the ability to select, integrate, and profit from external
knowledge sources are key features to exploit innovation opportunities and achieve market success
(Chesbrough, 2003). As such, the idea that firms can benefit from knowledge flows from external
parties has permeated the innovation and strategy literature, in general, and the studies on firms' open
innovation models, in particular (Chatterji & Fabrizio, 2014; Laursen & Salter, 2006; Leiponen &
Helfat, 2010).

Building on Jaffe, Trajtenberg, and Henderson (1993), the most widely used indicator of knowl-
edge flows at a fine-grained level of detail relies on patent citations (e.g., Agarwal, Ganco, &
Ziedonis, 2009; Alcacer & Gittelman, 2006; Thompson & Fox-Kean, 2005). However, not only do
we “know surprisingly little about how well citations measure knowledge flows” (Roach & Cohen,
2013, p. 504), but extant research also supports the view that they are a noisy indicator of knowledge
flows and suffer from measurement errors (Duguet & MacGarvie, 2005; Jaffe, Trajtenberg, &
Fogarty, 2000; Roach & Cohen, 2013). Analyzing the sources and magnitude of such errors has
gained renewed interest for research, in particular because patent citation patterns are affected by the
increasing adoption of patent-based strategies in several industries (Sampat, 2010), such as those
aimed at reducing the risk of patent litigation and invalidation (Cotropia, Lemley, & Sampat, 2013;
Lampe, 2012; Steensma, Chari, & Heidl, 2015).

Our research addresses the issue of the validity of patent citations as a measure of interfirm
knowledge flows, and the role played by firms' strategic behavior in this relationship. We employ
data on 12,619 research projects that led to patented inventions in business organizations and com-
pare direct survey information about knowledge sourcing that occurred during the inventive process
with prior art references listed in the resulting patents. We focus on knowledge flows between busi-
ness organizations, which account for most patented inventions and represent the most important
external sources of knowledge in several industries (Arora, Cohen, & Walsh, 2016; Cohen, Goto,
Nagata, Nelson, & Walsh, 2002). Our data allow us to investigate the type of knowledge sources
used during the inventive activity (e.g., customers, suppliers, and competitors), the associated firms'
patent strategy (e.g., commercial exploitation, preempting competing inventions, avoiding litigation),
and the decision to disclose prior art.

Our findings reveal that patent citations reflect several dimensions of the actual transfer of knowl-
edge. Nevertheless, they also show both errors of omission and errors of commission, and the magni-
tude of these errors depends on the institutional setting in which the patent is filed, the technology
characteristics of the invention, the applicant's strategic intent, and the heterogeneity in the use of dif-
ferent types of external sources of knowledge.

With this study, we contribute to three streams of research. First, we extend the literature on the
validation of patent citations as measures of knowledge flows, with a focus on knowledge interac-
tions between firms. Despite their importance, earlier studies either focus on knowledge flows from
public research (e.g., Roach & Cohen, 2013) or do not distinguish between public and private sources
of knowledge (e.g., Duguet & MacGarvie, 2005), thus neglecting the potentially different patterns
and (strategic) reasons driving knowledge transfer in the private sector compared with the “open sci-
ence” culture of the public sector.

Second, we contribute to a related body of research that investigates the reasons for the existence
of systematic measurement errors in patent citations, such as the characteristics of the patent system
and the applicant patenting strategies. Legal requirements to delimit the scope of a patent's claims
create an incentive for the applicant to include references that highlight the novelty of the claims and



to exclude those that may undermine the granting process (Hegde & Sampat, 2009). “Legal” or “stra-
tegic” citations are included to decrease the likelihood of postgrant litigation and invalidation
(Harhoff & Reitzig, 2004; Lampe, 2012). Institutional differences between patent systems also create
different incentives to disclose prior art, such that the U.S. inequitable conduct doctrine, for example,
may make the USPTO (United States Patent and Trademark Office) patent citations a noisier indica-
tor of knowledge flows than EPO (European Patent Office) citations (Criscuolo & Verspagen, 2008).
Finally, a large share of citations are added by the patent examiners in both the USPTO and the EPO,
making it difficult to establish whether inventors are aware of the cited patents at the time of inven-
tion (e.g., Alcacer & Gittelman, 2006; Jaffe et al., 2000; Steensma et al., 2015).

Third, we bridge the stream of research on patent strategies (e.g., Cohen, Goto, et al., 2002;
Somaya, 2012) with the open innovation literature and complement the latter by showing that the use
of specific knowledge sources covaries with the firm's patent strategies. This association is reflected
in the decision to disclose prior art, and therefore in the reliability of patent citations as indicators of
knowledge flows. Thus, for example, patents filed to preempt other patents typically rely on competi-
tors as a source of knowledge. In turn, knowledge sourced from competitors leaves a trail in patent
citations. Differently, knowledge sourced from users is not reflected in backward citations.

2 BACKGROUND LITERATURE

Our work draws on three streams of the literature. The first one comprises studies on the validity of
patent citations to measure knowledge flows. Contributions in the second body of research uncover
confounding factors that dampen the suitability of patent citations as proxies for knowledge flows
and assess the role of the applicant's strategic considerations in adding or withholding patent cita-
tions. The third set of studies in the open innovation literature concerns the use that firms make of,
and the benefits that they draw from, external knowledge sources in the innovation process.

2.1 Validation studies

Extant contributions that assess the validity of patent citations as a measure of knowledge flows rely
on the key informants about the use of external knowledge during the inventive process, that is,
inventors and R&D managers (Jaffe et al., 2000; Mattes, Stacey, & Marinova, 2006; Tijssen, 2002).
Jaffe et al. (2000) surveyed a sample of U.S. inventors and find that only one-quarter of the respon-
dents recognize the correspondence between patent citations and knowledge spillovers. Half the
inventors report a low degree of familiarity with the inventions cited in their patents, and about one-
third indicate that they did not know about the cited invention before the interview. Tijssen (2002)
finds similar results for citations to nonpatent literature.

Other studies use the firm or the R&D laboratory as the unit of analysis. With data from the
French Community Innovation Survey, Duguet and MacGarvie (2005) find a positive correlation
between patent citations and firms' acquisition of new technologies, whereas they find no correlation
with the channels of knowledge flows from open science. Nelson (2009) shows that over 82% of the
organizations that developed and licensed new products based on Stanford University's patents on
recombinant DNA technology never cite them in their inventions. More recently, for patents assigned
to public research organizations (PROs), Roach and Cohen (2013) provide evidence of a shared vari-
ation between survey-based measures of knowledge flows and backward citations. These citations,
however, correlate with firms' appropriability and citing strategies rather than capturing open science
and contract-based knowledge exchanges.



A feature common to all these studies is that they do not explicitly address the validity of patent
citations as a measure of knowledge flows between firms. Firms are instead the source of external
knowledge most relevant to other firms' R&D projects (Arora et al., 2016; Cohen, Goto, et al., 2002)
and those for which the applicants' strategic use of patents as competitive weapons (Somaya, 2012)
may play a key role in affecting the citing behavior. These considerations lead to our first research
question: How accurate are citations as a measure of knowledge flows between firms?

2.2 Firms' strategic behavior and the measurement errors in patent citations

Two factors can produce errors in patent citations as measures of knowledge flows. The first one is
that most citations are added by the patent examiners rather than by the applicants or the inventors.
Alcécer, Gittelman, and Sampat (2009) and Sampat (2010) for USPTO patents and Criscuolo and
Verspagen (2008) for EPO patents find that examiners add the majority of citations, and therefore the
inventors may not be aware of them at the time of the invention. Besides, examiner-added citations
may depend on examiners' cognitive biases (Alcacer & Gittelman, 2006; Cotropia et al., 2013) and
therefore could not be randomly distributed (Alcacer et al., 2009).

Second, the applicants' decision to search for and disclose prior art is affected by their patent strategies
(Atal & Bar, 2010; Langinier & Marcoul, 2016; Sampat, 2010). On one hand, applicants may omit prior
art in order to obtain a broader patent scope or to reduce the likelihood that patent applications are rejected
(Cotropia et al., 2013; Lampe, 2012). These omissions are more likely for applicants with large patent
portfolios because the latter reduce the probability of lawsuit attacks (Lampe, 2012). They also depend on
the accumulated experience with the patenting process that nurtures the inventors' ability to estimate the
risk of invalidation (Alcacer et al., 2009; Steensma et al., 2015). The fact that examiners suffer from
resource constraints and must comply with productivity targets (Jaffe & Lerner, 2004) may further reduce
the inclusion of references. On the other hand, applicants have an incentive to disclose more prior art in
the case of high-expected-value patents, for which the cost of invalidation would be large relative to the
loss of breadth of the property right (Lampe, 2012; Sampat, 2010), or if they want to reduce the probabil-
ity of invalidation in the case of postgrant litigation (Allison, Lemley, Moore, & Trunkey, 2004), or, still,
when they file patent applications to preempt the granting of competing patents (Guellec, Martinez, &
Zuniga, 2012). Patent attorneys may also contribute to inflating the count of citations to early patents to
establish the patentability of an invention (Moser, Ohmstedt, & Rhode, 2018).

The unfolding of these contrasting forces and their influence on the strategic disclosure of prior
art varies across technological fields (Jaffe & de Rassenfosse, 2017). Applicants in discrete technolo-
gies (e.g., chemicals and drugs), in which a single patent can define and protect an invention, are
more active in searching for prior art than applicants in complex-product technologies
(e.g., computers, communications, and electronics), in which the boundaries between patents are
blurred and patents are more important as bargaining chips in cross-licensing deals and infringement
suits than for appropriating the returns from R&D (Cohen, Goto, et al., 2002). In these technologies
the possibility that a patent does not survive a validity challenge is less critical and, hence, withhold-
ing citations is more frequent (Lampe, 2012; Sampat, 2010).

Finally, institutional differences between patent systems and regulations also create contrasting
applicants' incentives to disclose prior art. In the U.S. patent system, the duty of candor and the legal
doctrine of inequitable conduct legally bind applicants to disclose known prior art and prompt them
to overcomply with the submission of references (Cotropia, 2009) because the costs of
undercompliance (i.e., the rejection of a patent application and the unenforceability of a granted pat-
ent) are disproportionally larger than the costs of overcompliance (i.e., a possible reduction of the
scope of protection). However, the rule that applicants must disclose prior art that they already know



may weaken the incentive to search for new references (Atal & Bar, 2010; Langinier & Marcoul,
2016). Finally, postgrant opposition is cheaper at the EPO because of the limited attractiveness of the
reexamination procedure in the USPTO as an early-stage litigation mechanism (Harhoff & Reitzig,
2004) and the U.S. courts' reluctance to overturn a decision made by the patent office after a patent is
granted (Allison & Lemley, 1998; Sampat, 2010). This may increase the EPO applicant's incentive to
search for and disclose prior art to avoid invalidation. These considerations lead to our second
research question: How much does a patent applicant's strategic behavior account for the mismatch
between knowledge flows and citations flows?

2.3 Knowledge flows and patent strategies: A window on open innovation models

The idea that external knowledge sourcing yields productivity benefits has gained popularity in the innova-
tion and strategy research (e.g., Baldwin & von Hippel, 2011; Chesbrough, 2003). The open innovation lit-
erature, in particular, offers contributions that describe the extent and implications of firms' use of specific
sources of knowledge, or the different degrees of breadth and depth of external search strategies
(e.g., Chatterji & Fabrizio, 2014; Laursen & Salter, 2006; Leiponen & Helfat, 2010), or, still, the trade-off
between the openness to external knowledge sourcing and the ability to protect a firm's own knowledge
(Laursen & Salter, 2014), known as the ‘paradox of openness.” In this latter context, intellectual property
rights play a twofold role, as they may foster open innovation postures (e.g., Chesbrough, 2003; Zobel, Bal-
smeier, & Chesbrough, 2016) or they can instead hamper external knowledge sourcing in open, free innova-
tion settings (Baldwin & von Hippel, 2011; Wadhwa, Bodas Freitas, & Sarkar, 2017).

Appropriability concerns, in turn, depend on the type of knowledge source used. They are partic-
ularly severe when firms use knowledge drawn from competitors (Laursen & Salter, 2014). In these
cases patents can serve offensive purposes, such as that of blocking other innovations, and, at the
same time, they may also cite more prior art to reduce the risk of infringement and litigation. Knowl-
edge sourcing from customers and users, on the other hand, involves a lower risk of imitation and
patent litigation, which likely materializes in a lower likelihood of citing prior art for either offensive
or defensive purposes. Our study will investigate this aspect of the “paradox of openness” by digging
into the heterogeneity of patent strategies and the citation behavior associated with the use of differ-
ent knowledge sources. This is the aim of our third research question: How do patent strategies, pat-
ent citations, and the use of different external sources of knowledge relate to each other?

3 METHOD, DATA, AND VARIABLES

3.1 Method

We apply Roach and Cohen's (2013) methodology to investigate the reliability of patent citations as
a measure of knowledge flows between firms. The estimation approach distinguishes between two
sources of measurement errors: errors of omission, or the failure of citations to capture important
dimensions of knowledge flows; and errors of commission, or the possibility that citations correlate
with factors other than knowledge flows. To uncover the two sources of errors, we estimate the fol-
lowing reduced-form regression models:

ke=a1 X1+ Xo+y . P+e. (1)
ks=91X1+92X2+}/5P+83 (2)



The dependent variable in model (1), k., is a measure of knowledge flows based on references to
patented prior art (or backward citations). The dependent variable in model (2), k;, is an indicator of
the “true” knowledge flows that exploits a survey-based measure of the importance of knowledge
sources during the invention process. The set of covariates in both equations are X, a vector of corre-
lates of knowledge flows reflected by patent citations; X5, a vector of correlates of knowledge flows
that are not reflected by patent citations; and P, a vector of factors correlated with patent citations that
do not reflect knowledge flows. X, and P are crucial in identifying the sources of errors of omission
and commission, respectively.

3.2 Data

This research employs data from a comprehensive data set that combines survey and archival data at
the level of the patent application. Primary data about the knowledge sources used during the inven-
tive projects come from the InnoS&T survey that collects information on 23,044 randomly selected
patent applications filed at the EPO, with priority dates between 2003 and 2005 (see Torrisi et al.,
2016, for details on the sampling and data collection procedures).! For the purpose of this study, we
focus on 20,825 patent applications filed by firms.

We matched 20,499 surveyed patents with secondary data from the CRIOS-PatStat database
(Coffano & Tarasconi, 2014) that contains standardized information on patents, applicants, and the
Documentation Database (DOCDB) patent families of EPO patent applications, that is, the collection
of patent documents with the same priority date (Martinez, 2011). We also retrieved citation data for
the 20,499 patents at the DOCDB patent—family level. After eliminating duplicates in citing—cited
pairs within the same DOCDB family, cited patents without EPO equivalents, self-citations, and
observations with missing values in key covariates, we ended up with a working sample of 12,619
patents that comprises 4,356 firms (the applicants), with an average number of patents per firm equal
to 2.9 (the median is 1). Section 2 of the Appendix S1, Supporting Information shows that the work-
ing sample of 12,619 observations and the sample of 7,880 observations not used in this study do not
differ systematically in some key patent-related characteristics.

3.3 Variables

3.3.1 Dependent variables

For each surveyed patent, we build two types of dependent variables: citations- and survey-based
indicators of knowledge flows from other firms. The variable Back cITEs counts the total number of
backward citations to patents whose applicant is a business organization. To account for the back-
ward citations added by the examiners, App BACK CITES counts only applicant-added citations, which,
in our sample, represent 39.34% of all citations. Section 3 of Appendix S1 shows the distribution of
backward citations along several dimensions.

The InnoS&T survey asked inventors to rate on a 6-point Likert scale (0 = not used; 5 = very
important) the importance of five types of external sources of knowledge during the inventive pro-
cess, that is, customers, users, suppliers, competitors, and consulting or contract R&D. The variable
KFs survey is constructed by summing the scores assigned to each of these sources; therefore, it
ranges between O (none of the source was used, 12.98% of the cases) and 25 (all sources were very
important, 0.38% of the cases).

!Section 1 of Appendix S1 reports the wording of the questions in the InnoS&T survey.



3.3.2 Searching for errors of omission: Correlates of knowledge flows

We consider two sets of factors as potential sources of errors of omission: (a) the channels through
which knowledge flows to the recipient inventor, that is, open innovation, formal collaborations, and
employee mobility and (b) the type of R&D activity leading to the focal patent.

Open innovation can materialize through the consultation of patent documents (PATENTS), the par-
ticipation in technical conferences and workshops (TECHNICAL CONFERENCES), and the exploitation of
informal interactions in the form of discussions, meetings, and exchange of ideas with people in other
organizations (INFORMAL INTERACTIONS). The surveyed inventors rate the importance of these three
sources of information on a 5-point Likert scale (1 = not important/not used; 5 = very important).
We expect all three sources of information to be positively associated with the survey-based measure
of knowledge flows. Citation-based metrics, especially examiner-added citations, may fail to reflect
the transfer of knowledge through the participation in technical conferences and informal interactions
that involve the use of “invisible colleges” (Cotropia, 2009, p. 754; Kesan, 2002). In contrast,
because examiners can easily retrieve patented prior art, knowledge embodied in patents is likely
reflected in the citation-based indicator, especially in legal systems that compel applicants to disclose
known prior art.

We measure the transfer of knowledge through formal collaborations (Cohen, Nelson, & Walsh,
2002) with a dichotomous variable (FORMAL COLLABORATIONS) that equals 1 if the organization
engaged in collaborations involving written contracts with other firms during the inventive process,
and O otherwise. Finally, knowledge inflows may occur through the hiring of employees (Hoisl,
2007; Marx, Strumsky, & Fleming, 2009), which we measure with the variable INVENTOR MOBILITY
that equals 1 if the inventor was formerly employed by a different business organization and moved
to the applicant in the 5 years before the invention, and O otherwise.

As far as the type of R&D is concerned, compared with applied research, science-based research
is more likely to draw on external knowledge from specialized firms or public research. We measure
the scientific orientation of the research project by employing information on whether the results of
the project are published in scientific journals. The variable PuLISHED ouTpuT equals 1 if the results
related to the focal invention have been published in scientific journals, and O otherwise.

3.3.3 Searching for errors of commission: Correlates of patenting and citing behavior

Firms' appropriability and citing strategies can affect the number of patent citations for reasons
unrelated to knowledge flows (Roach & Cohen, 2013). For example, the effectiveness of patents as
protection mechanisms of the inventions increases the firms' propensity to patent and, as a result, to
cite prior art. The variable PATENT EFFECTIVENESS therefore measures on a 5-point Likert scale the
importance of obtaining patent rights to exploit the invention economically. We also account for the
firm's citing and patenting behavior with the following variables: CITING PROPENSITY, computed as the
ratio between the applicant's stock of backward citations (excluding self-citations) and the stock of
patents before the priority year of the focal patent; three indicators of the patent value, that is, FAMILY
SIZE, or the number of equivalents in the DOCDB family, FORWARD cITATIONS, or the number of cita-
tions received by the patent in the 5 years after the EPO application (Hall, Jaffe, & Trajtenberg,
2005; Sampat, 2010; Steensma et al., 2015), and CrLaims, or the number of claims in the focal patent
that defines the scope of the patent protection (Allison et al., 2004).

3.3.4 Exploring the effect of patent strategies

Extant research on strategic citations (e.g., Akers, 2000) suggests the existence of a link between pat-
ent citations and applicants' expectations about the use of the patents at the time of application, which



is the moment when they add the citations (Cotropia et al., 2013) and also the moment that the survey
refers to about the motives for patenting.” We draw from the literature on patent strategies
(e.g., Allison et al., 2004; Cohen, Goto, et al., 2002; Lampe, 2012; Sampat, 2010; Somaya, 2012)
and define three patent uses that firms can pursue and that can influence citing behavior. The first use
is to protect from imitation the inventions that a firm uses in the final market; the second is to pre-
empt rivals' inventions; and the third is to protect the applicant from the risk of litigation (Torrisi
et al., 2016).

Three dichotomous variables reflect these patent strategies. The variable USED PATENT equals 1 if
the inventor claims that the patent was used commercially in a product, a service, a process, or if it was
used to found a new firm, or was sold or licensed to third parties; it takes the value O if the patent was
not used for any of these purposes. To identify patents used to preempt rivals' inventions we concen-
trate on the group of patents that were not used for commercial reason (i.e., conditional on USED PAT-
ENT = 0), and we distinguish between strategically unused patents and sleeping patents. To this end we
employ the survey information on the importance of “preventing other firms from patenting similar
inventions as a reason for filing the patent application” (BLockING, 5-point Likert scale). The variable
STRATEGIC NON-USEg, ocxing takes the value 1 if the score reported for BLOCKING is equal or greater than
4; the variable SLEEPING PATENTE, ocxivg, Which is our baseline category, reflects patents unused for non-
strategic reasons and takes the value 1 if the score for BLOCKING is less than 4. Typically, the disclosure
of prior art strengthens the patentee's bargaining power with respect to postgrant oppositions filed by
third parties or to validity challenges in national courts, and to licensees' questioning of the validity of
the patent (Akers, 2000). Thus, an applicant who expects to use a patent commercially is likely to be
particularly concerned about the risk of future validity challenges compared with the case of an unused
(sleeping) patent, because the damage s(he) would suffer in the event of invalidation would be much
larger. This concern increases the likelihood of adding backward citations in commercially used pat-
ents compared with unused, sleeping patents. Applicants of patents filed to preempt other inventions
have contrasting incentives to disclose prior art. On the one hand, patent invalidation due to prior art
withholding does not directly harm the firm's market position. In addition, when patenting to preempt
competing inventions, applicants aim to establish an exclusive patent leadership in a technology, and
therefore try to enforce their patents aggressively against possible infringement (Somaya, 2012). These
factors reduce the incentive to cite prior art. On the other hand, the incentives to cite prior art by
preempting patents could increase when they draw on knowledge from competitors. In this case, the
risk of patent invalidation is higher than when drawing on users' or customers' knowledge. We estimate
the net effect of these contrasting forces on the incentive to cite prior art.

We also consider a second strategic reason for patenting, that is, the “intention to build a credible
threat to countersue firms” (PREVENT surts, 5-point Likert scale). Conditional on the patent not being
used for commercial reasons (USED PATENT = (), STRATEGIC NON-USEpgevent surrs takes the value 1 if the
score reported for PREVENT suITs is equal or greater than 4; SLEEPING PATENTppgvent surrs takes the value
1 if the score reported for PREVENT surTs is less than 4. Similarly to patents used for commercial rea-
sons, the applicant is likely to disclose more prior art in patents filed to prevent litigation compared
with sleeping patents, to reduce the risk of third parties' questioning of the validity of the patent,
although this could reduce the patent scope (Allison et al., 2004).

3.3.5 Control variables

Firms may accumulate patents as a defensive weapon (Hall & Ziedonis, 2001), and because a large
patent portfolio deters third parties from challenging the validity of a firm's patent, defensive citations

2QOur interview with a patent attorney confirms the existence of this link.



become less likely (Lampe, 2012). We therefore take into account the applicant's patent stock before
the priority date of the focal patent (PATENT stock). We also control for the presence of a
U.S. equivalent in the patent family that may increase the citation propensity because of the duty of
candor. The variable US EQUIVALENT is equal to 1 if there is a U.S. equivalent in the DOCDB family
of the patent, and 0 otherwise. To further control for the different patent-related regulations, we
include eight dummy variables identifying the patent office of the initial filing (PRIORITY OFFICE), and
four additional dummy variables accounting for the patent's legal status (LEGAL STATUS).

Three dummy variables account for size differences across applicant organizations, and
30 dummy variables control for the technological class of the focal patent as defined in the
Observatoire des Sciences et des Techniques (OST) classification (Schmoch, 2008). Table 1
describes the variables employed in the empirical study and Table 2 shows their descriptive statistics
and the pairwise correlation matrix.

4 ECONOMETRIC ANALYSIS

Because of the non-negative, integer values of the dependent variables, we estimate Equations (1) and
(2) with a negative binomial regression model and report the average marginal effects for the
covariates. However, the different natures and scales of the citation- and survey-based dependent var-
iables do not allow for a straight comparison of the estimated results from the two equations. To this
end, we compute the relative magnitudes of the estimated effects with respect to the average value of
the dependent variables and present them in the discussion of the results. Only some model specifica-
tions use an ordered logit regression model because of the ordinal, categorical nature of the depen-
dent variable.

This section reports four sets of results. The first set shows the existence of measurement errors
in the citation-based indicator of knowledge flow. The second set explores the role of patent strate-
gies on the applicant's citing behavior. The third set focuses on the shared variation between the
survey- and citation-based indicators, and it documents heterogeneous results according to the type
of knowledge source employed. The fourth set reports the robustness checks of our results, including
a replication of the Roach and Cohen (2013) study for knowledge flows from PROs.

4.1 Baseline model

Results in columns 1 through 3 of Table 3 address our first research question and point to the exis-
tence of errors of omission and errors of commission in citation-based indicators. All channels of
knowledge flows are positively correlated with the survey-based measure (Column 1). Thus, for
example, a 1-SD rise in PATENTS implies a 1.35-point increase in KFs survey, which represents a
14.06% shift in the average value of this variable. Inventions that rely on formal collaborations entail
an increase of 2.20 points in the value of KFs survEy, and inventors' mobility is associated with a
0.40-point increase in the same variable.

The citation-based measure, instead, reflects only knowledge flows occurring through PATENTS,
INFORMAL INTERACTIONS, and INVENTOR MOBILITY. It does not capture knowledge acquired through tech-
nical conferences and formal collaborations, pointing to the existence of errors of omission. A 1-SD
increase in the importance of patents, informal interactions, and inventors' mobility is associated with
arise of 0.14, 0.11, and 0.20 of App BACK cITES, respectively (Column 3). The largest effect is that of
INVENTOR MOBILITY, Which represents a 10.25% shift in the average number of App BACK cITEs. Note
that the size of the correlations decreases after the inclusion of the examiner-added citations in the



TABLE 1 Description of variables

Name Source Measure

Measures of
knowledge flows

KFs SURVEY InnoS&T Variable measuring how important other firms (CUSTOMERS, USERS; SUPPLIERS, COMPETITORS,
survey CONSULTING) were as sources of knowledge during the invention process. The variable
reports the summation of the scores assigned to each source and ranges from
0 (no source was used) to 25 (all sources were used and were important)

KFs cUSTOMERS InnoS&T Importance of customers as knowledge source, 6-point Likert scale (0 = not used;
survey 5 = very important)
KFs Users InnoS&T Importance of users as knowledge source, 6-point Likert scale (0 = not used; 5 = very
survey important)
KFs SUPPLIERS InnoS&T Importance of suppliers as knowledge source, 6-point Likert scale (0 = not used; 5 = very
survey important)
KFs coMPETITORS InnoS&T Importance of competitors as knowledge source, 6-point Likert scale (0 = not used;
survey 5 = very important)
KFs coNSULTING InnoS&T Importance of consulting or contract R&D firms as knowledge source, 6-point Likert
survey scale (0 = not used; 5 = very important)
BACK CITES CRIOS-PatStat Number of backward citations to other firms' patents (no self-citations)
APP BACK CITES CRIOS-PatStat  Number of applicant's backward citations to other firms' patents (no self-citations)
Channels of
knowledge flows
PATENTS InnoS&T Importance of patent documents as sources of information during the invention process,
survey 5-point Likert scale (1 = not important/not used, 5 = very important)
TECHNICAL InnoS&T Importance of technical conferences/workshops as sources of information during the
CONFERENCES survey invention process, 5-point Likert scale (1 = not important/not used, 5 = very
important)
INFORMAL InnoS&T Importance of informal interactions with people in other organizations during the
INTERACTIONS survey invention process, 5-point Likert scale (1 = not important/not used, 5 = very
important)
FormMAL InnoS&T Dummy that equals 1 if there were collaborations involving written contracts with other
COLLABORATIONS survey firms during the invention process, 0 otherwise
INVENTOR MOBILITY  InnoS&T Dummy that equals 1 if the inventor changed employer in the 5 years before developing
survey the invention, and previous employer was a firm, 0 otherwise
Type of R&D
PusLisHED ouTPUT  InnoS&T Dummy that equals 1 if results related to the invention have been published in scientific
survey journals, O otherwise

Patenting and citing

behavior
PATENT InnoS&T Importance of commercial exploitation (i.e., obtain exclusive rights to exploit the
EFFECTIVENESS survey invention economically) as a reason for patenting the invention, 5-point Likert scale
(1 = not important, 5 = very important)
FAMILY SIZE CRIOS-PatStat  Log of the number of equivalents in the DOCDB family of the focal patent
CLAMS CRIOS-PatStat  Log of the number of claims in the focal patent
ForwARD citaTioNs PATSTAT Log of the number of forward citations received by the focal patent in the 5 years after the

application to the EPO
CiminG PROPENSITY  CRIOS-PatStat  Log of the of the applicant's average number of backward citations per patent

Patent strategy

USED PATENT InnoS&T Dummy that equals 1 if the patent has been used commercially (i.e., in a product, service,
survey or process), or sold, or licensed, or used to found a new firm, 0 otherwise

BLockING InnoS&T Importance of blocking (i.e., avoid that others patent similar inventions, complements or
survey substitutes) as a reason for patenting the invention, 5-point Likert scale (1 = not

important, 5 = very important)



TABLE 1 (Continued)

Name Source Measure
PREVENT suiTs InnoS&T Importance of preventing infringements suits (build a credible threat such that your
survey organization can sue others if they sue your organization) as a reason for patenting the
invention, 5-point Likert scale (1 = not important, 5 = very important)
STRATEGIC NON-USE ~ InnoS&T Dummy that equals 1 if USED PATENT==0 & BLOCKING > 4, 0 otherwise
BLOCKING survey
SLEEPING PATENT InnoS&T Dummy that equals 1 if Usep PATENT==0 & BLOCKING<4, 0 otherwise
BLocKING survey
STRATEGIC NON-USE ~ InnoS&T Dummy that equals 1 if USEp PATENT==0 & PREVENT suITs > 4, 0 otherwise
PREVENT SUITS survey
SLEEPING PATENT InnoS&T Dummy that equals 1 if USED PATENT==0 & PREVENT suits<4, 0 otherwise
PREVENT SUITS survey
Controls
PATENT sTOCK CRIOS-PatStat  Log of the applicant's patent stock
US EQUIVALENT CRIOS-PatStat  Dummy that equals 1 if the focal patent has a U.S. equivalent, 0 otherwise
PRIORITY OFFICE CRIOS-PatStat 8 dummy variables identifying the patent office of the first filing of the application

(Europe, United States, Japan, Germany, France, United Kingdom, Italy, Other national
authorities): reference category is United States)

LEGAL STATUS CRIOS-PatStat 4 dummy variables identifying the legal status of the patent as of December 2014
(1 = Granted; 2 = Pending; 3 = Refusal or Revocation; 4 = Withdrawn)
TECHNOLOGICAL CRIOS-PatStat 30 OST classification dummy variables: reference category is Telecommunications
CLASS
FIrRM SIZE InnoS&T Three dummy variables measuring the size of the applicant (FIRM SIZE,; = 1 if applicant
survey has fewer than 1,000 employees; FIRM SIZE, .y = 1 if applicant has 1,000 to 4,999

employees; FIRM SIZEy .y 1 arae = 1 if applicant has 5,000 or more employees)

dependent variable (Back cites in Column 2). The variable PUBLISHED OUTPUT is not significantly
associated with the citation-based measure App BACK CITES. It is negatively correlated with KFs sur-
VEY and BAcCK CITES.

The average marginal effects of the variables FAMILY size, CLaIMS, FORWARD cITATIONS, and CITING
PROPENSITY indicate that errors of commission plague citations as measures of knowledge flows.
While none of them is associated with the survey-based indicator, they all correlate with the citation-
based measures: a 1-SD increase in FAMILY size, CLAIM, FORWARD cITATIONS, and CITING PROPENSITY
leads to an increase in the number of applicant-added citations of 0.53, 0.41, 0.39, and 0.62, respec-
tively. CITING PROPENSITY carries the largest effect, with a 31.66% increase in the average value of Aprp
BACK CITES. PATENT EFFECTIVENESS, instead, is positively associated with both the survey-based and the
citation-based measures of knowledge flows, with a 1-SD increase in PATENT EFFECTIVENESS producing
a 0.35-point increase in KFs survey and a 0.21 increase in App Back cITES (0.18 in the case of Back
crtes). Thus, with the exception of PATENT EFFECTIVENESS, all patenting variables covary with back-
ward citations, but do not covary with KFs SURVEY.

We address the second research question in columns 4 through 6 in Table 3 that add the patent
strategy variables USED PATENT and STRATEGIC NON-USEg;ockmng tO the estimated models. SLEEPING
PATENTg1 ockinG 18 the excluded reference strategy. Columns 7 through 9 focus on patent strategies to
prevent infringement suits (STRATEGIC NON-USEpggyent surrs)s With SLEEPING PATENTpREVENT surts De€Ing
the excluded baseline strategy. The estimated results show that patents filed for commercial purposes
(Usep PATENT) correlate positively with both the survey- and citation-based measures of knowledge
flows, and they entail an increase of 1.19 points (Column 4) and 0.21 units (Column 6) respectively,
compared with sleeping patents, similar to the estimated effects in columns 7 and 9. Differently, pat-
ents filed for strategic reasons rely on knowledge from other firms more than sleeping patents do, as
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shown by the positive association with KFs survEy, but the extent to which this knowledge flow also
translates into prior art citations differs according to the strategic intent. In the case of STRATEGIC NON-
USER, ockivgs they do not give rise to more applicant-added citations compared with sleeping patents
(Column 6). Contrarily, in the case of STRATEGIC NON-USEpgpyent surrss the number of applicant-added
citations increases by 0.40 (Column 9). The average marginal effect estimated for this variable is
47.77% higher than the one associated with USED PATENT, and it entails a 20.24% increase in the aver-
age value of App BAcK CITES. These results suggest that firms have weak incentives to cite relevant
prior art if the applications are filed to strategically preempt others from patenting similar inventions;
the incentive to cite prior art is instead higher if they want to reduce the risk of litigation.

Among the control variables, we note that US EQUIVALENT is not correlated with the survey-based
measure of knowledge flows, whereas it is strongly and positively associated with the citation-based
measure of knowledge flows. In particular, the presence of a U.S. equivalent in the focal DOCDB
family increases the number of applicant-added citations by 1.68, or 85.23%, with respect to the mean
value of App BAack cITES. These results suggest that the U.S. inequitable conduct doctrine triggers the
inclusion of an overwhelming number of backward citations.® The applicant's PATENT sToCK, instead,
negatively correlates with the number of applicant-added citations (-12.89%), which confirms earlier
results about the role of the applicant's experience with the patenting process (Steensma et al., 2015).
Finally, technology-based differences bear meaningful consequences for the strategic disclosure of
known prior art (Jaffe & de Rassenfosse, 2017). The results reported in Section 5 of Appendix S1
reveal large differences across technologies. Specifically, discrete technologies show a negative cor-
relation with the survey-based measure of knowledge flows (e.g., BIOTECHNOLOGY; PHARMACEUTICALS;
ORGANIC CHEMISTRY) and a positive association with the number of applicant-added citations,
suggesting that characteristics such as the degree of cumulativeness and complexity of the technology
(Cohen, Goto, et al., 2002; von Graevenitz, Wagner, & Harhoff, 2013) may explain part of the incen-
tive to cite prior art. Thus, for example, in discrete technological fields like chemistry, in which a sin-
gle patent may be important to protect an entire invention (e.g., a protein), applicants pay particular
attention to citing prior art to reduce the risk of patent invalidation.

4.2 Firms' patent strategies and the disclosure of prior art

To further explore our second research question and to understand whether the incentive to disclose
known prior art differs according to the applicant's patent strategy, we estimate the same baseline
regressions as those in Table 3 (columns 1-3) for the three separate samples of USED PATENTS, STRA-
TEGIC NON-USER, ocxing Patents, and SLEEPING PATENTSg, ocxme-

The results in Table 4 show a positive association between PATENTS and the survey-based measure
of knowledge for the three subsamples; a 1-SD increase in PATENTs implies an increase of 1.45 points
in KFs survey for used patents, 1.39 points for strategically unused patents, and 1 point for sleeping
patents. Thus, knowledge available in patented prior art is essential to develop new inventions,
regardless of the patent use. However, the knowledge acquired from patents leaves paper trails in
backward citations only for patents used commercially. A 1-SD increase in PATENTs is associated with
a 0.21 surge in App BAcK CITES (Column 3). Instead, the same covariate does not correlate with back-
ward citations in the case of STRATEGIC NON-USEg, ocxivg patents as well as SLEEPING PATENTSg; ocxing
(columns 6 and 9).

*We conduct additional analyses for the two groups of patents with and without a U.S. equivalent, and, separately, for those
with and without a U.S. priority. Section 4 of Appendix S1 shows the estimated results that fully confirm the role of institu-
tional factors in adding patent citations.



Results in Table 4 also reveal that, for the sample of STRATEGIC NON-USEg, ocking Patents, the aver-
age marginal effects of FamiLy sizé (0.44) and Cramvs (0.24) in Column 6 are lower than those
reported for the sample of Usep PaTeNTs in Column 3 (0.70 and 0.54, respectively), while the magni-
tude of CITING PROPENSITY rises from 0.59, in the case of USEp PATENTS, to 0.78, for STRATEGIC NON-
USERocking Patents. These heterogeneous effects of the variables across the three samples of patents
suggest that the errors of omission and the errors of commission in backward citations are affected by
the firm's patent strategies. In this respect, a noticeable result is that STRATEGIC NON-USER, ocxing Pat-
ents do not cite prior art even if patents are an important source of information for the invention.*

4.3 Unpacking knowledge sourcing

This part of the investigation explores the existence and magnitude of a common component of varia-
tion between the citation-based measure and the survey measure of knowledge flows, and it answers
our third research question by unpacking the analysis according to the type of knowledge source used
in the inventive process.

Columns 1-10 of Table 5 report the estimated results of five sets of regressions that employ the
importance of each of the five types of external knowledge sources (i.e., customers, users, suppliers,
competitors, and consulting R&D) as dependent variables, and the same covariates as in columns
4 and 7 of Table 3.

A few results concerning specific channels of knowledge flows are worth noting. Earlier PATENTS
represent an important channel of information for the applicant, irrespective of the source. Especially
in the case of KFs compeTITORS (columns 7 and 8), a 1-SD increase in the importance of patents is
reflected in a 57.80% increase in the odds of reporting a higher importance of competitors as a knowl-
edge source, and this association is more than twice as large as the association between PATENTS and
any of the other sources of knowledge.

Formal and informal collaborations with third parties are positively associated with all five depen-
dent variables. The highest correlation (135.71% for formal collaborations and 44.01% for informal
interactions) is with KFs suppLiErs (Column 6), while the lowest one (14.38 and 8.13%, respectively)
involves the dependent variable KFs compeTiTORS (Column 8).

These findings suggest that, while knowledge deriving from suppliers is transmitted through both
publicly available channels like patents and collaborative links (which often entail tacit or secret
information), the knowledge arising from competitors is primarily transmitted by codified, publicly
available information.

The variables USED PATENT and STRATEGIC NON-USEDpgeyent surrs r€ positively associated with each
of the five sources of knowledge, although their magnitude varies across sources. When the depen-
dent variable is KFs customers, KFs users, or KFs suppLIERs (columns 1-6), the percentage-change
coefficient associated with USED PATENT is more than twice as large as the coefficient estimated for
the covariate STRATEGIC NON-USEDpggyenr surrs- Differently, for KFs compETITORS, the magnitude of the
strategic variable is similar to that of the commercial-use variable (14.39 vs. 13.63%). Finally, for
KFs coNsULTING, the effect of STRATEGIC NON-USEDpgevent surrs (23.82%) is much larger than the effect
of USeD PATENT (11.27%). The estimated effect for the variable STRATEGIC NON-USEDg, goxing, iNStead,
shows no correlation with any of the knowledge sources, with the only important exception of KFs
coMPETITORS (Column 7), suggesting that, relative to the sleeping baseline, patents filed to prevent

“We obtain similar results (available from the authors upon request) when we use the samples of STRATEGIC NON-USEpgyent surrs
patents in place of STRATEGIC NON-USEg; ocxima-
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others from developing similar inventions are more likely to draw on knowledge developed by
competitors.

At the same time, knowledge drawn from competitors leaves a paper trial. Columns 11 and 12 in
Table 5 show the association between the importance of the five knowledge sources and the variable App
BACK CITES. We note that the inclusion of these five covariates does not change the sign, magnitude, and
statistical significance of the other covariates compared with those reported in Table 3. Moreover, only the
use of two knowledge sources translates into the disclosure of known prior art, albeit in opposite directions.
Specifically, a 1-SD increase in KFs users decreases the number of backward citations by 0.13 units, while
a 1-SD increase in KFs compETITORS raises the number of backward citations by 0.12 units.

Section 6 of Appendix S1 confirms these associations when the five sources of knowledge are
included separately in the regression model (Table S6a), and it explores the origin of measurement
errors according to the type and importance of the different sources of knowledge used in the inven-
tive process (Table S6b). The estimated results show that the errors of omission vary across different
types of knowledge sources, whereas the errors of commission are pervasive across all five sources
of knowledge. At the same time, these findings offer compelling evidence that backward citations
reflect the exploitation of knowledge when this is drawn from competitors, possibly because this
attenuates the risk of litigation.

4.4 Robustness checks

We conducted four robustness tests. First, we estimate the specifications in Table 3 with a different
survey-based dependent variable that we built to measure the intensity of the use of external knowledge
sources. Second, we employ a random-coefficient regression model to estimate the equations. The
results of these two tests are reported in sections 7 and 8 of the Appendix S1 and are fully consistent
with those presented in Table 3. Third, drawing on earlier studies suggesting that organizational charac-
teristics provide differential incentives to disclose known prior art (e.g., Steensma et al., 2015), we per-
form our regressions on three separate subsamples of patents applied for by small, medium, and large
firms, respectively. The estimated results in Section 9 of the Appendix S1 reveal a significant difference
between large and small firms, with small firms showing a more marked nondisclosure behavior of prior
art than large firms. Finally, we quasi-replicate the study of knowledge flows from PROs by Roach and
Cohen (2013). In the remainder of this section we reproduce the analysis in Roach and Cohen (2013)
on the validity of patent citations as measures of knowledge flows from PROs. This exercise, which
exploits a different data set and different, albeit comparable, measures (Bettis, Helfat, & Shaver, 2016),
allows us to ascertain that our findings do not depend on the peculiarities of our data or research setting.

The InnoS&T survey asks inventors to rate the importance of two sources of public knowledge
on a 6-point Likert scale (0 = not used; 5 = very important): universities or other education institu-
tions, and public research institutions. We construct the variable KFs SURVEY,, as the maximum
score between the two sources. The two citation-based measures of knowledge flows are Back
CITESr0, Which counts all backward citations to PROs' patents, and ApP BACK CITES,y,, Which counts
only applicant-added, backward citations to PROs' patents.

In line with Roach and Cohen (2013), we account for the open science feature of public research
with three variables: SCIENTIFIC PUBLICATIONS, CONFERENCES, and INFORMAL INTERACTIONS, all three mea-
sured on a 5-point Likert scale (1 = not important/not used; 5 = very important).” To account for the
importance of interactions stemming from contract-based relationships with PROs, we employ the

>To make the analysis of knowledge flows from PROs comparable with Roach and Cohen (2013), we used SCIENTIFIC PUBLICA-

TIONS instead of PATENTS and INDUSTRIAL SCIENTIST instead of INVENTOR MOBILITY.



dichotomous variable FORMAL COLLABORATIONSz,, Which may not be readily reflected in patent cita-
tions because they often produce documents that are not publicly disclosed, and they typically
involve face-to-face and confidential communication (Cohen, Nelson, & Walsh, 2002). Roach and
Cohen (2013) hypothesize that public research that is used to complete existing projects is less likely
to be traced by patent citations than public research that triggers their initiation. We construct the var-
iable COMPLETION OF INVENTION, which measures on a 5-point Likert scale the importance of reading
scientific articles for the completion of the invention. To identify the role of the errors of commission,
we maintain the same set of covariates used in the analysis of knowledge flows from other firms.°

Table 6 reports the results of this analysis. Columns 1 through 6 involve factors that can spur
errors of omission in citation-based indicators of knowledge flows. Columns 7 through 9 explore the
existence of errors of commission, and columns 10 through 12 report the estimated results for the full
model, which we comment on in this section.

All three dimensions of open science reflect knowledge flows from PROs (Column 10). Scientific
publications play a prominent role: a 1-SD increase in SCIENTIFIC PUBLICATIONS implies a 53.40% rise
in the odds of reporting a higher value of KFs SURVEY,,. However, only the variable SCIENTIFIC PUBLI-
caTIONS is significantly correlated with the citation-based measure of knowledge flows; the estimated
increase in the expected number of backward citations is 23.20% (Column 12). Formal collaborations
are an important bridge to public research: a 1-SD increase in FORMAL COLLABORATIONS,,, entails a
270.37% upsurge in KFs SURVEY,, and a 42.11% increase in APP BACK CITES,,. Finally, both depen-
dent variables reflect knowledge inflows through highly educated scientists: KFs SURVEY,;, increases
by 29.97%, and APP BACK CITES,;, increases by 49.62% when the inventor holds a PhD. The results in
Table 6 suggest that there are also errors of commission in citation-based indicators of knowledge
flows from PROs: the covariates gauging the patenting behavior of the applicant are not significantly
associated with KFs SURVEY,,, but they are positively related to APP BACK CITESpgo-

Thus, overall, our results support Roach and Cohen's (2013) findings and highlight additional,
interesting correlations. First, backward citations capture some dimensions of open science, that is,
knowledge drawn from scientific publications. Second, formal collaborations are associated with both
the survey-based and the citation-based indicators, thus suggesting that they entail the transfer of cod-
ified knowledge that PROs protect through patents. Third, our survey measure of basic research con-
ducted by the firm is correlated with patent citations to public research, which suggests that PROs are
important as a source of knowledge for firms' basic research, even when the latter leads to patentable
results.

S DISCUSSION AND CONCLUSIONS

This paper investigates the extent to which patent citations reflect knowledge flows in a context
where firms open their innovation activities and draw from external knowledge sources. Based on
Roach and Cohen's (2013) methodology, we compare patent citations with inventors' accounts of
knowledge sourcing during the inventive process and find evidence of both errors of omission and
errors of commission in patent citations.

Our findings indicate that patent citations capture knowledge flows that occur through the reading
of other firms' patents, informal interactions with employees of other organizations, and inventors'

“The correlation matrix and descriptive statistics for the variables used in this part of the paper are in Section 10 of the online
appendix. Notice that, unlike Roach and Cohen (2013), we could not retrieve the backward citations made to nonpatent

literature.
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mobility. However, they do not reflect knowledge acquired through technical conferences and formal
collaborations. In addition, they are strongly associated with several other dimensions that do not
involve any transfer of knowledge. We also explore the reasons for these measurement errors,
whether they vary with the type of knowledge source (e.g., customers, competitors), and the circum-
stances in which researchers can safely use citations to measure interfirm knowledge flows.

The origins of these measurement errors are rooted in the firms' contrasting incentives to cite prior art
(i.e., broad patent scope vs. low risk of invalidation), which, in turn, depend on some key factors. A first
important factor is the patenting system and regulations, such as the U.S. inequitable conduct doctrine
that triggers the inclusion of a large number of backward citations. Likewise, the technological field con-
tributes to shaping the citation incentives: applicants in discrete technologies (e.g., biotechnology) dis-
close more prior art than those in complex technologies (e.g., telecommunications). This is because of
the lower cost of not surviving a validity challenge for a patent in complex technologies, where several
patented interconnected inventions enter a single product, compared with discrete technologies, in which
the invalidation of a single patent due to incomplete disclosure of prior art can be much more damaging.
Larger firms are also less likely to withhold relevant prior art because of the high cost they would suffer
from a precautionary injunction to stop production or to invalidate a patent used in commerce. Finally,
firms' patent strategies play a key role. Recent contributions that address the strategic origin of backward
citations (Cotropia et al., 2013; Lampe, 2012; Somaya, 2012) acknowledge that a better understanding of
the predictors of backward citations “holds significant implications for firms competing through their pat-
ent rights and limiting those of others” (Steensma et al., 2015, p. 1187). Our study contributes to advance
this understanding, and it shows that the applicant's citing behavior is closely associated with the pursuit
of specific patent strategies. Patents that are filed to preempt others from patenting similar inventions are
less likely to disclose prior art, even if this prior art was an important source of information to develop an
invention. In contrast, the propensity to disclose prior art rises in the case of patents used commercially
or filed to prevent infringement suits.

We also show that firms' patent strategies are closely linked to the use of specific knowledge
sources, and, in turn, to the propensity to cite prior art. The establishment of this relationship helps
bridge the patent strategy research (e.g., Lampe, 2012; Sampat, 2010; Somaya, 2012; Steensma et al.,
2015) with the open innovation perspective (e.g., Chatterji & Fabrizio, 2014; Chesbrough, 2003;
Laursen & Salter, 2006; Leiponen & Helfat, 2010; Rosenkopf & Nerkar, 2001), and it highlights that
applicants draw on a limited set of external sources of knowledge (i.e., competitors) when pursuing a
patent strategy to preempt other patents, whereas they engage with a wider range of external sources
when adopting a patent strategy to mitigate the risk of litigation. Preempting other patents reveals a
protection strategy focused on preventing knowledge spillovers, which may discourage investment in
external knowledge screening and sourcing (Wadhwa et al., 2017).

It also suggests that, under specific conditions, citations can opportunely track knowledge flows.
Thus, for example, compared with knowledge sources from users, customers, and suppliers, knowl-
edge flows from competitors are likely to be traced by backward citations.

These findings have implications for research on the relationship between firms' open innovation
strategies and patent protection mechanisms, as they show that there is large heterogeneity in the rela-
tionship between the different patent strategies that firms pursue and the breadth and depth of exter-
nal knowledge search.

Our study can help future empirical research on open innovation to distinguish contexts where
citations accurately measure knowledge flows (as in the case of knowledge flows from competitors)
from settings where their validity is arguable (as in the case of knowledge flows from users). It also
offers insights on the use of citations as a measure of knowledge flows. First, exploiting only



applicant-added citations to build citation-based indicators of knowledge flows is recommended
because it neutralizes the confounding effect surrounding examiner-added citations and washes out
some of the noise that would otherwise hide or diminish the effect of several channels through which
knowledge flows between firms. Second, accounting for technological differences across patents is
important. Our analysis highlights that technology-related dummies differentially influence the
survey- and citation-based indicators of knowledge flows and influence the marginal effects of other
covariates especially when the dependent variable is the citation-based indicator. Moreover, in some
technological fields (e.g., chemistry or electrical machinery, for opposite reasons) researchers must
be even more cautious in using backward citations as a measure of knowledge flows. Last,
researchers may want to use information at the level of the patent family to explore how institutional
differences between different patent systems affect the incentive to cite prior art.

These recommendations can be implemented easily in empirical studies that use the patent family
or the research project as the unit of analysis. However, in more aggregate research settings, in which
the unit of analysis is the business unit or the whole firm and their portfolio of patents, the insights
for the use of patent citations as a measure of knowledge flows are more nuanced. We show that the
errors of omission and commission are strictly related to specific patent characteristics, such as the
expected use of the patent, the filing jurisdiction, and the specific technological class of the underly-
ing invention. The immediate implication of this finding is that, at the aggregate firm-level, one
should be aware of these patent-specific factors and take them into account, for example, by analyz-
ing the composition of the firm's patent portfolio in terms of technologies, filing jurisdictions, and
share of patents that translate to commercial applications. Another, subtler implication for future
empirical work that takes this heterogeneity into account concerns the consequences of averaging-out
indicators that, especially in the case of large, technologically diversified companies, may produce
contrasting effects and cancel each other out (e.g., patent portfolios containing patents filed with both
the EPO and USPTO, or inventions in both discrete and complex technologies), making the use of
patent citations a highly noisy indicator of knowledge flows. This is confirmed by the results of a
separate analysis (available from the authors) that estimates our baseline model using the firm-
average values of the variables factored into the models to compute the between-firm effects.
Although the results of this aggregate analysis are consistent with those presented in Table 3, the
magnitude and statistical significance of some of the covariates are much lower than those for the
patent-level estimates (i.e., PATENTS, INFORMAL INTERACTION With respect to the citation-based indicator
of knowledge flows, and PATENT EFFECTIVENESS with respect to the survey-based measure).

Our work is subject to some limitations. One is that survey-based data as a measure of knowledge
flows does also have limitations. Although inventors are key informants, we cannot completely rule
out the possibility of biases due to the subjectivity of some items, retrospective biases, and common
method bias. To moderate the effects of these potential biases, we constructed our variables drawing
on items employed in previous studies (Torrisi et al., 2016). In addition, several variables are based
on data from various secondary sources, and all survey items were tested during the pilot stage of the
survey. More precisely, we conducted three pretests aiming to check, respectively, the face validity
of the final version of the questionnaire (e.g., the inventor's experience with the questionnaire), the
different response rates between “paper and pencil” and online survey instruments, and the reasons
for not responding to the survey. Despite some reasons for not answering the questionnaire, such as
time restrictions, confidentiality issues, and general suspicion of surveys, the inventors generally
described the questionnaire as clear and easy to handle. Finally, respondents did not know the
research questions at the time of the survey (Podsakoff, MacKenzie, Lee, & Podsakoff, 2003). In
addition, because of the cross-sectional nature of our data, we cannot rule out the possibility that



unobserved heterogeneity at the applicant level may confound the results discussed in the paper,
although the multilevel, mixed-effect regression model addresses some of these concerns and corrob-
orates the findings of our inquiry for the subset of applicants with repeated observations. Nonethe-
less, we believe that our investigation uncovers meaningful correlations between the applicant's
patent strategies and the disclosure of prior art.

Finally, this paper does not directly observe the strategic interactions of the firm with other firms.
However, our findings on the association between particular external knowledge sources
(e.g., competitors, users), patent strategies, and backward citations are suggestive of the strategic
interaction of the firm in the technology and the product markets. Future studies could build upon
our results to match patent and citation data with finer-grained information on firms' interactions in
the technology and product markets.
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