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But first, a bit about me

I frequently study the organization of internal R&D, often with Nicholas Argyres and Luis 

Rios

1. “R&D, Organization Structure, and the Development of Corporate Technological 

Knowledge”

     with Nicholas Argyres, Strategic Management Journal, 2004

2. “Organizational Change and the Dynamics of Innovation” 

     with Nicholas Argyres and Luis Rios, Strategic Management Journal, 2020

3. “On the Heels of Giants: Internal Network Structure and the Race to Build on Prior 

Innovation”

     with Nicholas Argyres and Luis Rios, Strategic Management Journal, 2nd revise-and-

     resubmit]



Background

– Proprietary technological knowledge often forms the basis for a firm’s competitive 

advantage

– Developing and sustaining such an advantage requires building on the firm’s own 

knowledge before rivals do.

• “…a race between an innovator and the ability of the imitating firm [to] reverse-

engineer…the substantive technology.” (Kogut & Zander 1992: 393)

• “Generative appropriability” (Ahuja, Lampert & Novelli 2013)

– Literature emphasizes complementary assets, IP enforcement, non-compete 

agreements, location choice

• Teece 1986; Mitchell 1991; Cohen et al. 2000; Agarwal et al. 2009; Marx et al. 2009; Somaya 2012; 

Alcacer & Chung 2007; Bloom et al. 2013

– Less on intra-organizational characteristics (Exceptions: Liebeskind 1996; Zhao 2006)

– Intrafirm inventor networks help determine innovation directions and outcomes 

(Reagans & McEvily 2003; Singh 2005; Sorenson et al. 2006; Singh & Agrawal 2011; Moreira et al. 2018)

• But focus is on diffusion, absorption and impact, not appropriability or speed



Research question and findings

– Does the structure of a firm’s internal inventor network affect its generative 

appropriability? If so, then how? 

– Sample: All 1,391 firms appearing in COMPUSTAT between 1986 and 2013 

that had at least 250 patents during the sample period

– Result: More integrated (“small-worldy”) internal networks → greater and faster 
generative appropriation

• More integrated networks → higher self-citation rate, as proportion of overall 

citations

• Relationship is stronger immediately after patent application, declining over time

• Self-citation is positively associated with value appropriation



Whole-network integration, or “small worldiness”

Firm A           Firm B

Firm B’s network is more highly connected than Firm A’s network



Inventor networks and innovation

– Intrafirm inventor networks help determine innovation directions and outcomes 
(Singh 2005; Sorenson et al. 2006; Singh & Agrawal 2011; Zhao 2006)

– Key attributes of network: brokerage and closure

• Networks rich in structural holes facilitate creation of new innovations… 

whereas more closed networks facilitate their diffusion (Hansen 1999; 

Reagans & Zuckerman 2001; Obstfeld 2005)

– Whole networks that are more “integrated” are characterized by high levels of 
brokerage and closure, and… 

• Generate more impactful innovations (Guler & Nerkar 2012; Argyres et al. 2020) 

• Expedite the absorption of external knowledge (Moreira et al. 2019) and 

knowledge recombination (Carnabuci & Operci 2013)

• Implication: more integrated inventor networks → more rapid leveraging of 

knowledge to build upon existing innovations



Internal networks and appropriability: Evidence from practice

• “...an idea in one area may be able to be translated into another therapeutic 

area. Quite often an indication may be unsuccessful in one therapeutic 

domain but have legs in another, however with the wrong structure (they) 

may not be able to take advantage of this.” 

– quoted in Balachandron & Eklund 2019

• Merck developed Boceprevir to fight hepatitis C, but was unable to quickly 

identify its potential in fighting COVID.  

• Pfizer used Boceprevir in its COVID vaccine -- realized approx. $17 billion 
from it in 2022. 



Internal networks and appropriability

– Integrated internal network facilitate flows of knowledge and information:

• Innovations generated elsewhere in the large firm
– Reagans & Zuckerman 2001; Obstfeld 2005

• Uncodified knowledge
– Polanyi 1962; Teece 1982; Winter 1987

• Prior failures

–  Nelson & Winter 1982; Sitkin 1992; Eggers 2012; Khanna et al. 2016

• H1: Greater integration of a firm’s internal inventor network is associated 
with greater generative appropriability



Inventor networks and the duration of appropriability

– Everything diffuses eventually (Jaffe et al. 1993; Sorenson et al. 2006)

– Innovating firms have limited time in which to pre-emptively build on their own 

knowledge (Kogut & Zander 1992; Ceccagnoli 2009)

• Exacerbated for firms with highly integrated networks, as the greater 

number of people exposed to the knowledge → more potential conduits 

for leakage

• Ideally (from a focal firm’s perspective), by the time the initial knowledge 

fully diffuses, the firm will already be building on its own follow-on 

innovations (Ahuja et al. 2013)

H2: The positive relationship between the integration of a firm’s internal inventor 
network and its generative appropriability is strongest immediately after the initial 

invention, and weakens as the initial invention ages



Data

– Co-invention network properties

• Patent ownership and bibliometric dataset constructed by matching EPO’s 

PATSTAT, USPTO, Bureau VanDjik’s ORBIS database, Lee Fleming's Berkeley 

data project, and NBER dataset

– Innovative outcomes, e.g. patent citations

• PATSTAT bibliometrics; examiner-added citations removed

– Characteristics of firms

• COMPUSTAT

– Sample

• All 1,391 firms appearing in COMPUSTAT between 1986 and 2013 that had at 

least 250 patents during the sample period

• All patents for these firms with application dates between 1986 and 2013, 

aggregated at the patent family level:  > 400K patent families

• Citations to these patents through 2019
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• Patent ownership and bibliometric dataset constructed by matching EPO’s 
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– Innovative outcomes, e.g. patent citations

• PATSTAT bibliometrics; examiner-added citations removed

– Characteristics of firms

• COMPUSTAT

– Sample

• All 1,391 firms appearing in COMPUSTAT between 1986 and 2013 that had at 
least 250 patents during the sample period

• All patents for these firms with application dates between 1986 and 2013, 
aggregated at the patent family level:  > 400K patent families

• Citations to these patents through 2019



Network Integration, measure 1: Giant Component

Firm A          Firm B

Firm B’s Giant Component is larger than Firm A’s Giant Component



Network Integration, measure 2: Entropy

Usually, Giant and Entropy are strongly negatively correlated…

Entropy=1.00    Entropy=0.89                    Entropy=0.65
  Giant=1/6 (6/36)                  Giant=1/2 (18/36)               Giant=5/6 (30/36)

You can think of this as an inverse 
Herfindahl based on cluster sizes



Small-world measure of “near-decomposability” (based on Watts 2001)

At a conceptual level: 
• Take a given network
• Calculate the average path length between any two inventors [LA]

• Higher L = information must bass through more people to reach someone
• Calculate the ratio of the total number of ties among all inventors vs. the total 

number of possible ties among all inventors [CA]
• Higher C = pockets of dense clustering

• Generate a random network using the same number of nodes and ties as in the 
actual network

• Calculate the average path length [LR] and ratio of ties [CR] in the random network 
• Calculate SmallWorld

Interpretation: Higher values of SmallWorld indicate networks with unusually high 
clustering and unusually low path lengths – classic nearly-decomposable networks.



Whole Networks - examples from our data



Data

– Co-invention network properties

• Patent ownership and bibliometric dataset constructed by matching EPO’s 
PATSTAT, USPTO, Bureau VanDjik’s ORBIS database, Lee Fleming's Berkeley 
data project, and NBER dataset

– Innovative outcomes, e.g. patent citations

• PATSTAT bibliometrics; examiner-added citations removed

– Characteristics of firms

• COMPUSTAT

– Sample

• All 1,391 firms appearing in COMPUSTAT between 1986 and 2013 that had at 
least 250 patents during the sample period

• All patents for these firms with application dates between 1986 and 2013, 
aggregated at the patent family level:  > 400K patent families

• Citations to these patents through 2019

Two exciting twists:
--Citations to applications

--Patent families
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What’s a patent family, anyway?

– Silverman Widgets, Inc. files a U.S. patent application for a new 

transmogrifying demodulator

                                                             the inventor →

– The initial “seminal priority application” is very broad, and/or            

vague

– As the patent application progresses, Silverman Widgets revises the 

application, breaking it into separate applications for different parts

• Or it adds new, clarifying claims (often based on subsequent research)

– Even after the first patent is granted, Silverman Widgets may file 

subsequent patents that the patent office notes are based on the same 

“seminal priority application,” if they trace to those initial claims

– All patent applications linked to the seminal priority application are part 

of the same patent family (Rios 2020; Kuhn et al. 2020)



Figure 1B: Domestic patent family. 

Eight different granted patents covering the same technology, and claiming same priority date. 

Gauging the impact of this invention calls for aggregating at the domestic family level.
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What’s a patent family, anyway? (aside)

– Silverman Widgets, Inc. decides to also file “equivalent” patent 

applications for the same technology in Canada, Japan, etc.

                                                             

– Thanks to harmonization of patent data through the EPO, PATSTAT links 

these applications in different jurisdictions to the same seminal priority 

application

– All patent applications across jurisdictions that are linked to the seminal 

priority application are also part of the same patent family (Rios 2020; 

Kuhn et al. 2020)



Key Variables

SelfRatiojk (# of citations by firm k to patents or patent applications in firm k’s patent 
family j through 2019) / (# of all citations to patents or patent applications in 
firm k’s patent family j through 2019). [for H1]

--for H2, include a time-clock variable = # of months since the date of the 
patent application; interact with SelfRatio.  Key variable is SelfRatio*Months

Giantkt (# of inventors in the largest component of firm k’s inventor network in year 
t) / (# of all inventors in firm k’s inventor network in year t)
          [Higher Giant → more integrated network]

Entropykt A variant of 1 - herfindahl index of the sizes of components of firm k’s 
inventor network in year t. See equations (1) and (2) in the text for precise 
definition.
          [Lower Entropy → more integrated network]



Patent Family Control Variables

Generalityjk 1 - herfindahl index of the technology classes of patent applications 
that cite firm k’s patent family j, per Hall et al. (2001)

Originalityjk 1 - herfindahl index of the technology classes of patent applications 
that are cited by firm k’s patent family j, per Hall et al. (2001)

CitesToPublicationsjk Count of the number of citations to scientific publications that appear 
on patent applications in firm k’s patent family j

LnFamilyAgejk Number of years between application year of seminal application and 
application year for the most recent application in firm k’s patent 
family j, as of 2013

Patent complexityjk      The Fleming/Sorenson complexity measure averaged for all applications
    in firm k’s patent family j 



Firm-year Control Variables

LnR&Dkt-1 Natural log of (1 + firm k’s R&D expenditure) in year t-1

LnAssetskt-1 Natural log of (1 + firm k’s assets) in year t-1

LnEmployeeskt-1 Natural log of (1 + firm k’s employees) in year t-1

LnSaleskt-1 Natural log of (1 + firm k’s revenue) in year t-1

LnPatentskt-1 Natural log of (1 + the number of patent applications submitted by firm 
k) in year t-1

LnComponentskt-1 Natural log of (1 + the number of distinct components in firm k’s 
inventor network)



Measures of Patent Value (as a check on the validity of SelfRatio)

YrsRenewedjk Average number of years that the granted patents in firm k’s patent 
family j are renewed, through 2019

Jurisdictionsjk Count of the number of countries in which at least one application in 
firm k’s patent family j is submitted

Triadjk Set equal to 1 if at least one application in firm k’s patent family j is 
granted in all three of these jurisdictions: US, Japan, and Europe; set 
equal to 0 otherwise 

Patent family 
sizejk

Count of the total number of patent applications in firm k’s patent 
family j as of 2013



Summary Statistics



Key first step: is self-
citation associated with 

evidence of greater value 
appropriation?





1 std dev increase in SelfRatio → 
5%-10% increase in other DVs 

1 std dev increase in SelfRatio → 
9% increase in YrsRenewed 



Testing H1: Is a more connected 
inventor network structure 

associated with a higher self-
citation rate?

?





1 std dev decrease in Entropy → 
12% increase in SelfRatio 

1 std dev increase in Giant → 
8% increase in SelfRatio 



The extent and timing of citations: Low- vs. high-integration networks





Alternative specifications and robustness checks

• Fractional response models (Wooldridge 2010; Villadsen & Wulff 2019a, b)

• Firm-level estimation instead of patent-family level

• Patent-level estimation instead of patent-family level

• Sample = granted patents instead of patent applications

• DV: count of self-citations instead of self-citation ratio

• Duration models – time-to-citation as a function of Giant or Entropy



Summary

• Greater integration of intra-firm inventor network is associated with 

greater rates of self-citation

– Our interpretation:  evidence of greater ability to appropriate knowledge, 

a.k.a. generative appropriability

• This relationship is most salient in the crucial early years of a patent 
family’s life – integration is associated with the relative speed with which 

a firm builds on its innovations

• Not a causal study, but we rule out some alternative explanations

– E.g., that this is simply driven by different types of innovation generated by 

different inventor network configurations



Inspirational/aspirational closing

• Contributes to the recent upsurge in work around whole-networks and 

innovation, particularly around small worlds and connectedness

• Extends our understanding to knowledge appropriation as well as 

knowledge creation

• Potential future research

– Costs of integration?

• Belderbos, Park & Carree (2021) finding

• does the periphery generate more radical breakthroughs?

• Inventor resistance [influence on inventor departures?]

– Complementarities between inventor network structure and other mechanisms of 

knowledge appropriation
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