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Abstract

We use the universe of US Patent and Trademark Office (USPTO) data on patents
and inventors from 1976 to 2017 to look at how inventors potential concern for
business-stealing affects coauthorship on patents. First, we find an inverted-U shape
in the fraction of coauthors that an inventor has per year who are new as a function
number of other inventors also working in an inventor’s field. Second, we find that
after a breakthrough invention, an inventor brings in persistently fewer than usual
new coauthors. Third, a higher potential concern for business stealing—as measured
either by the number of others working or the average price markups by firms in
the area—leads to a higher drop in the fraction of new co-authors per patent after a
breakthrough. We show how these patterns can be explained via a simple model in
which inventors trade off gains from collaboration against threats of business steal-
ing.
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1 Introduction

Research involves putting ideas together and building upon knowledge held by different
people and sources. There is substantial evidence that teams can be more effective than
individuals and that connections between groups help spark new ideas (e.g., Walker et
al. 1997; Burt 2004; Hong et al. 2004; Page 2007; Ozman 2009, etc.), with larger teams
leading to more breakthroughs and creativity. Although such positive externalities and
synergies offer incentives for researchers and inventors to collaborate, inventors also face
forces that push in the opposite direction. In particular, they may face competition from
their collaborators as well as broader leakage of information about their inventions. In
this paper, we examine the implications of these countervailing forces both empirically

and theoretically.

For our empirical analysis, we use the universe of the US Patent and Trademark Office
(USPTO) data on granted patents and inventors from 1976 to 2017 to look at how inven-
tors potential concern for business-stealing affects coauthorship on patents. First, we find
an inverted-U relationship in the growth in coauthorship as a function of the number of
other inventors working in an area: the rate per year at which inventors add new collab-
orators is highest at intermediate levels of competition in terms of the number of other
inventors patenting in the same subject area. Second, we use an event study method to
examine how networks are influenced by having a major breakthroughs, which we mea-
sure as a patent in the top 2 percentiles of citations over following years. We find that
after a breakthrough, the fraction of coauthors who are new on the inventor’s patents
drops significantly below what it was before the breakthrough and does not recover to
its pre-breakthrough value. Third, we examine how the extent to which an inventor stops
working with new coauthors depends on two measures of potential losses from business
stealing: the average price markups by firms (aggregated at the level of NBER technol-
ogy sectors), as well as the number of other inventors in the area. In both cases, there
is a significantly higher drop in the number of new co-authors after the breakthrough
when there are greater potential losses from business stealing as measured by either the

number of competitors or price markups.

We also provide a model that offers an explanation as to why these effects should be
expected; and the simplicity of the model shows how robust these effects can be. The
two forces in the model are countervailing: having greater numbers of collaborators on

a team increases the probability of having a successful invention, but having more new



collaborators can lead to lower potential profits for the inventor from the breakthrough,
both by spreading profits more thinly and by increasing the probability that information
leaks to others in the field. Moreover, the potential loss in profits due to information
leakage and spreading the profits among more total team members are greater with
greater numbers of potential competitors and/or higher markups. The results from the

model are consistent with the patterns that we discover in the data.

The implications of our findings are important for economic efficiency and growth.
Fears of business stealing and leakage of ideas lead to lower investment in collaborative
research, and our analysis shows that these effects can be substantial and hold across

patent areas, especially those with many inventors or high price markups.

Our paper relates to several strands of literature. First, we add new insights into the
literature on networks and how communication depends on worries of sharing informa-
tion (e.g., Immorlica et al. 2014). Indeed, we are not the first to recognize that business
stealing can lead to inefficiencies. Stein (2008) shows how information exchange can be
hampered when players are in competition with each other, and that can be exacerbated
when information can diffuse. Dasaratha (2019) examines a game of network formation
among competitors who can share ideas to innovate, but those might be then shared
further in the network. He finds that the network ends up being exactly at a critical
threshold between sparse and dense networks, and shows that welfare can be improved
by having public innovators who freely share information. Our contribution is to provide
evidence of the importance of business-stealing in the dynamics of research networks,
and to show and model how the fear of business-stealing interacts with competition in

the inventor’s field.

Also related to our analysis is the literature on research teams and research output.
For example, Akcigit et al. (2018) show how interacting with other researchers, particu-
larly with top researchers, positively affects innovation. Azoulay et al. (2010) and Jaravel
et al. (2018) show how the death of a top innovator negatively affects the subsequent
productivity of their coauthors. We contribute to these literatures by pointing at the

importance of business-stealing and competition in the dynamics of network building.

Our paper also relates to the literature on competition and innovation. In partic-
ular, Aghion et al. (2005) describe an inverted-U relationship between innovation and
competition. Our finding instead is about the formation of teams and the inverted-U is
between an inventors fraction of new collaborators per year and the the potential losses

from business stealing. Thus, our inverted-U is between different things and occurs for
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different reasons. Moreover, our event studies have no parallel in the previous literature.
The patterns that we uncover on breakthrough patents leading to fewer than usual new
collaborators, and more extremely with more potential losses from business stealing, are

novel and provide interesting facts and questions for further research.

The remaining part of the paper is organized as follows. Section 2 presents our data
and measures, Section 3 presents our empirical results, Section 4 presents our model,

and Section 5 concludes.

2 Data, measurement and empirical strategy

2.1 Data description

We use the universe of USPTO data on inventors and utility patents that are filed from
1976 to 2017 and eventually granted. Throughout the paper, the year of patent refers to
its year of application, and a patent’s citations are measured within its first five years of

application.

We identify inventors and assignees using the disambiguation algorithm of Monath et
al. (2015) available on the Patentsview database (our data includes assignees and inventors
based both inside and outside the US).

We use the coauthorship of inventors to build collaboration networks, and track them
over time. Similarly, patents are connected to each other through the citations that appear

in the patents.

A statistical overview of these networks is presented in Table 1. Inventors in more
recent years have more than three times as many coauthors as they did in the 1970s and

80s. Similarly, patents have become more interconnected over time, on average.

Some coauthors on patents, such as intellectual property lawyers, management exec-
utives, etc., may not contribute to the creative process of an invention. To filter out such
individuals, we restrict our attention to those inventors who within our data: (i) publish
at least one patent alone, (ii) publish at least three patents, (iii) have a research career
that lasted more than three years, and (iv) coauthor with at least three other people in

our data.

We present the summary statistics for the selected and the full population of inventors

in Table 2. Overall, our selected sample covers about 25 percent of the people in our data,
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Table 1: Descriptive statistics of coauthorships and citations networks of the full data

Coauthorship Network 1976 - 1985 1986 - 1995 1996 - 2005 2006 - 2015
Number of inventors 522,279 845,907 1,396,121 1,481,191
Average number of coauthors 3.63 5.83 9.06 11.60
Giant component size 138,116 382,120 858,732 992,365
Overall clustering 0.76 0.77 0.76 0.77
Citation Network 1976 - 1985 1986 - 1995 1996 - 2005 2006 - 2015
Number of patents 592,789 1,012,254 1,934,934 2,012,732
Average citations 1.95 3.22 5.66 4.14
Giant component size 548,503 988,623 1,914,253 1,873,129
Overall clustering 0.10 0.10 0.10 0.14

Notes: Descriptive statistics of the coauthorship and citation networks over sequential periods of time
using Patentsview data. Giant component size refers to the number of nodes in the largest connected com-
ponent. Overall clustering examines situations in which one node is connected to two others and reports
the fraction of those for which the two others are connected to each other.

and those in our sample tend to have a broader network of coauthors, longer experience,

and more published patents.

2.2 Measuring changes in inventors’ networks

To analyze the evolution of an inventor’s network, we build a panel of inventors and
track their collaborations over time. We consider two measures of how inventors expand
their networks.

Our first measure of the expansion of an inventor’s network is based on the fraction
of collaborators who are new in each year. Let C;; denote the number of collaborators of
an inventor i during year t, and S;; be their stock of (unique) collaborators up through

year t. The fraction of new collaborators is:

fir = (Sit — Sit—1)/Ciy (1)

This measure is normalized per number of collaborators in a given year to account for
the fact that the stock is growing over time, and so we divide by C and not S. Since
collaborators of an inventor are observed only in years during which they apply for a

patent, the value of f is imputed to the last observed value during the years in which no



Table 2: Cross sectional summary statistics of the full and selected inventors” data

Year of application: 1985 1995 2005
Variables All Selected Treated All Selected Treated All Selected Treated
Degree
Mean 14 15 22 23 27 42 38 48 77
Median 6 8 10 10 12 20 16 24 42
Growth rate of degree 0.11 0.12 0.14 0.15 0.14 0.16 0.13 0.12 0.13
Fraction of new coauthors 0.79 0.74 0.72 0.73 0.69 0.64 0.69 0.65 0.59
Experience 5.98 6.77 6.92 8.7 10.2 10.9 10 13 14
Patents per inventor 0.47 0.55 0.74 0.64 0.77 1.10 0.69 0.88 1.26
Team size 2.59 247 2.64 3.19 2.93 3.20 3.71 3.08 3.33
Patenting inventors 32% 33% 39% 38% 39% 48% 38% 44% 53%
CPC Section
Chemistry and metallurgy 210/0 180/0 190/0 190/0 140/0 150/0 160/0 110/0 120/0
Electricity 16% 19% 19% 19% 22% 23% 24% 26% 27%
Fixed constructions 3.1% 2.8% 2.2% 2.4% 2.3% 1.9% 2.0% 2.0% 1.9%
Human necessities 11% 9.5% 8.5% 12% 10% 9.7% 12% 9.9% 9.5%
Mechanical engineering 9.9% 9.9% 8.5% 8.1% 8.4% 7.7% 6.6% 7.5% 7.4%
Performing ops.; Transporting ~ 18% 18% 17% 16% 16% 15% 13% 14% 13%
PhysiCS 190/0 210/0 240/0 220/0 250/0 260/0 270/0 290/0 290/0
Textiles and paper 2.1% 2.2% 1.5% 1.5% 1.5% 1.1% 0.8% 0.8% 0.7%
Country
Other 50% 48% 47% 51% 51% 46% 51% 54% 46%
us 50% 52% 53% 49% 49% 54% 49% 46% 54%
Assignee type
Firm 89% 94% 96% 92% 95% 97% 95% 97% 97%
Other 11% 6.2% 4.1% 7.8% 4.8% 3.2% 4.7% 3.4% 2.7%
Number of inventors 167,989 41,863 7,382 309,519 74980 13,574 446,534 93,514 17,244

Notes: Summary statistics of the full and selected panel data of inventors for three given years. Our selected
sample of inventors are those who have at least one single-authored patent, and a career spanning at least
3 years, with 3 granted patents, and having at least 3 coauthors within our data. “Treated” inventors
(in our event study) are the selected inventors that publish one breakthrough patent over their career. A
breakthrough is a patent that is among the top 2 percent most cited patents during the five years following
its application, among the pool of all patents filed within two years of the patent in its CPC subclass.
We discuss this further in section 2.4. Degree is defined as an inventor’s cumulative number of unique
coauthors up through a given year. Growth rate of degree is the growth rate of inventor’s degree. Fraction of
new coauthors is the fraction of an inventor’s coauthors of patents in a given year who are new. Experience
is the number of years since the filing date of the inventor’s first granted patent. Patents per inventor are
the average number of patents filed per inventor in the given year (that were eventually granted). Team size
is the number of coauthors on the last filed patent. Patenting inventors are the share of inventors applying
for a patent in that year. CPC Section shows the distribution of inventors in each broad technology class as
defined by the USPTO.



patent was filed.

Our second measure of the expansion of an inventor’s network is the growth rate of

the stock of coauthors as measured in the change of the log;:
Alog i =10g(Sit/Sit—1). (2)

Since S;; does not change until an inventor collaborates with new coauthors on patents,

this measure is 0 until the inventor collaborates with a new coauthor.

Given that our main focus is on inventors” willingness to expand their network sub-
ject to the threat of business-stealing, we consider the first measure to be preferable for
our empirical exercises, since it is robust to the productivity of inventors. By contrast,
although the growth rate of new coauthors allows us to estimate the impact on aggregate
networks of inventors, it depends on research productivity. Nonetheless, it is a useful

robustness check and alternative view of the evolution of the network.

2.3 Measuring the potential concern for business-stealing

We consider several measures of the potential concern for business-stealing, each captur-

ing a different aspect of potential concerns.

First, areas with greater numbers of inventors reflect a greater potential competition
for profits from innovation than those areas with fewer inventors, and can also reflect a
greater potential possibility of leakage of information. Thus as our most basic measure
of potential concerns of business stealing, we consider the number of active inventors
in a USPTO CPC subclass.! An inventor’s CPC is defined by the technology they most
frequently publish patents in. The number of active inventors in a given year and CPC
subclass are counted as those who have patented at least once in that subclass by the
end of the year, and will patent again in the future in that subclass. The distribution of
number of inventors in CPC subclasses is presented in Figure 6 in the Appendix. Since
inventive activity in technologies can change in the long run, we re-classify the CPC

subclasses into high or low concern for business stealing every year.

Second, we also consider the rate of entry of new inventors, classifying those tech-

LA subclass of a patent in our data is a four character USPTO CPC classification. For example, HO4N is a
subclass that represents the technology of Pictorial Communication.



nologies with more inventors entering per year as being ones with a higher level of
competition. Entry rate is estimated as the ratio of the number of inventors who are
patenting for the first time, to the number of patenting inventors in a given year in each
technology category. Because the number of new inventors patenting in various CPC
subclasses each year may be too small to provide sufficient precision for our analysis, we
use the broad NBER technology categories as our unit of aggregation for the entry rate of
inventors. > We treat inventors patenting in the NBER categories with an above median

entry rate as those facing a higher than average concern of business-stealing.’

Third, we examine average size of price markups in the corresponding sector: higher
markups can lead to higher potential lost profits from business-stealing. We estimate
markups for each NBER technology sector using a three step process: first, we measure
markups at the firm level using the method of De Loecker et al. (2020) using the Com-
pustat database. Second, we match firm level markups with patent assignees using the
data of Dorn et al. (2020). Third, weighting by patent citations, we estimate the markups
for each NBER technology sector using the matched firm level markups, and update its

value every three years.*

Fourth, we construct a localized measure of competition for each inventor based on
how much competition each of their patents faces. For this purpose, we build a network
of similar patents and estimate the density of this network. This captures how intensely
researchers are working on similar problems. In particular, say that two patents are
similar to one another if the patents they they cite overlap. We estimate the Jaccard index
(size of the intersection over union) of the backward citations between all pairs of patents,
and consider that two patents (vertices) are connected by an undirected and unweighted
edge if their similarity is greater than 5%.” Since two patents published many years apart
are less likely to be in competition than if they are published within a few years of each
other, we retain only those edges between similar patents that are published within 3

calendar years of each other. We also use this narrow time band to have a measure that

2See Marco et al. (2015) for details on patent classification by NBER technology categories.

3Replicating our empirical exercises by aggregating entry rate of inventors at the level of CPC class does
not change the direction of our results.

4Repeating our estimations with alternative weightings—by patent applications and firm revenue—we find
no significant changes in our results.

5For a pair of patents A and B, their respective set of backward citations (who they cite) C4, Cp and the set
of technologies—measured by the CPCs—of their backward citations T; = T(C;) i € { A, B}, the similarity
index is defined as S(A,B) = S(B, A) = |Ta N Tg|/|Ta U Tg].



is less likely to be contaminated by knowledge spillover.” Within this network of patents,
we identify patent communities using the Louvain algorithm developed by Blondel et al.
(2008) and estimate a community’s density as its total number of connections normalized
to the total possible connections within the community. More formally, we define the

density measure of community C of similar parents as:

N(C)
d C) = 1
ens(C) {W}g’p#q pa /( 5 )

where N(C) is the number of patents in community C and where 1, 4 is equal to 1 if the
two patents p and q are connected, and is equal to zero otherwise. Since density can be
correlated with the size of a community, we residualize the density measure dens(C) by
the size of C; i.e., by the number of patents in C. Note that some patents are isolated:
without other patents in their community. In that case, we define their density as O,
meaning that such patents do not face any competition given no patent is similar to

them.”

2.4 Breakthrough inventions and event studies

We examine how a breakthrough invention impacts a inventor’s collaboration, and how
this effect depends upon the measures for potential concern of business stealing listed

above.

We define a breakthrough as a patent that is among the top 2 percent most cited patents
within five years following its application, among the pool of all patents applied for
within two years in its CPC subclass. The last granted patent in our dataset is applied
for in 2015, and its citations are measured up to (including) 2017. To minimize the chance
that we misidentify a patent as a breakthrough, we only consider those CPC subclasses

with at least 100 patents in their comparison set.

The “event” we consider is the year of application of a patent that is a breakthrough,

and our treated inventors are the ones who author them. We time the event by the year

®Distinguishing business stealing from knowledge spillovers is challenging (e.g., see the discussion in
Bloom et al. 2013), and our results should be interpreted with corresponding caution.

’Some inventors patent in multiple research areas and may face different levels of competition in each
of them. We define the degree of competition faced by an inventor to be the average of the level of
competition faced by each of their patents in their corresponding communities.
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of patent’s application. We compare the changes in the inventor’s network normalized to
the stream of previous patents that were not breakthroughs, as a proxy for what would

have happened if no breakthrough had occurred.

In our baseline event study exercise, we look at how a breakthrough patent affects
the growth rate of an inventor i’s network at period t as captured by their fraction of
coauthors that are new connections (i.e, f;;), as well as the growth rate of their stock
of coauthors (i.e., 1og(S;¢/S;;—1)). We then decompose the baseline by looking at how
a breakthrough invention’s impact on the dynamics of coauthorship depends upon the

threat of business-stealing.

We restrict our analysis to inventors who have only one breakthrough over their re-
search career to capture the effect of business stealing on networks in our event study. A
statistical overview of inventors with a breakthrough is presented in the treated columns
in Table 2.

3 [Empirical analysis of the dynamics of collaborations

3.1 Cross sectional analysis

Looking at all inventors, we first examine how our main measure of collaboration of
inventors—the fraction of coauthors who are new connections in a given year—depends
on our basic measure of concerns of business-stealing—the density of active inventors in

a patent’s subclass.

Figure 1 and Table 3 show an inverted-U relationship between the density of the tech-
nological sector and the willingness of inventors to add new collaborators to their team.
We find positive and significant regression coefficients on concerns of business-stealing
(density), and negative and significant regression coefficients on the square term. Con-
trolling for variation both by year, and by technology classes within a year, the direction
of their relationship remains stable. Controlling for technology subclass in addition to
year, the fraction of new coauthorships is (weakly) negatively correlated with the density

of inventors.

Intuitively, starting from zero density, higher density increases the scope for coau-
thorship as there are more researchers working in an area, hence the upward part of the

inverted-U; however too much density induces the inventor to reduce coauthorship so
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Table 3: New collaborations as a function of the density of inventors

Fraction of coauthors who are new

(1) ) 3) 4)
Variables
(Intercept) 0.612***
(0.017)
Log number of inventors 0.049***  0.054***  0.035***  -0.015*

(0.006)  (0.005)  (0.005)  (0.008)
Log number of inventors squared -0.005** -0.005*** -0.003*** -0.002***
(0.000)  (0.000)  (0.000)  (0.001)

Fixed-effects

Year v v
Year x CPC class v

CPC subclass v
Fit statistics

Observations 17,842 17,842 17,842 17,842
R? 0.02042  0.40238 0.62621  0.63106
Within R? 0.01104  0.00507  0.02623

“**p < 0.01; *p < 0.05; *p < 0.1

Notes: The table shows the estimates of the regression of the average fraction of coauthors who are new
connections in a given year for patenting inventors within a CPC subclass, on the log number of inventors
in the CPC subclass. Standard errors are in parenthesis. CPC class is one unit of patent classification above
CPC subclass.
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Figure 1: Correlation Between the Density of Inventors and New Collaborations

Notes: The figure plots the binned scatter relationship between the average fraction of coauthors in a given
year who are new connections for its patenting inventors (along the vertical axis) and the log of the number
of active inventors in a CPC subclass (along the horizontal axis) using 100 bins. The unit of observation is
a CPC subclass. The solid line is the least squares fit with a second order polynomial. Both variables are
residualized by year and centered around the sample average.

as to limit the risk of business/knowledge-stealing. Absent any risk of business-stealing,
one would expect the relationship between new collaborations and people working in

the area to be increasing, or at least nondecreasing.

3.2 An event study of breakthrough patents

Next, we measure the pattern of inventors’ coauthorships during and after the filing of an
application for a breakthrough patent. This gives us a different perspective, and allows

us to see if inventors act differently once they make a big discovery.

The idea is that inventors should be more willing to collaborate when they are looking
for breakthrough ideas than once they have one in hand. Once they have a breakthrough
there is less value from adding new collaborators and more potential risk in losing profits

and having information leak.

Our identification strategy relies on a difference-in-differences design with staggered

adoption. The empirical model for the outcome of interest for an inventor i on year ¢ is:
Yi,t = -+ )Lt -+ bi,t X Treatedi,t + Ei,t (3)
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where «; and A; capture inventor and year fixed effects, respectively, on the dependent
variable of inventor network measured by Yj;, and Treated;; = 1[t > E;] is a dummy
variable indicating that the inventor is treated, where E; is the year where inventor i
makes an application for her breakthrough patent. Finally, b; ; is the individual treatment
effect, that is, the effect of having a breakthrough patent. Model (3) works from a parallel
trends assumption: had there been no breakthrough patent, the expected outcome of an

inventor would be «; + A;.

The canonical method to estimate the treatment effect in this setting is an Ordinary
Least Squares (OLS) with two-way fixed effects (TWFE) and some leads to test for pre-
trend along with lags to recover dynamic effect. However recent literature has shown
that this estimator is not reliable in the presence of treatment effect heterogeneity.” We
thus use the imputation estimator proposed by Borusyak et al. (2021) for its ease of inter-

pretation, efficiency, and performance with large sample.

The estimation is a three step procedure. First, inventor and year fixed-effects «;, A; in
(3) are estimated on not yet treated observations, that is observations where Treated;; = 0.
Second, we compute the treatment effect IAyi,t =Y — & — At of each treated observations
using the estimated fixed effect. Finally, averaging b;, gives a consistent estimate of
the average treatment effect on the treated B. The procedure allows estimation of the
dynamic effect b, for each horizon & relative to the treatment year by averaging individual
treatment effect IAyi/t at each horizon. That is
1 -

Y by (4)

b =
|Ih|i€hz

with I; the set of inventors observed h periods after treatment. We focus on h ¢
{0,...,10}.

To provide support for our empirical analysis, we also test for parallel trends follow-

ing Borusyak et al. (2021). We run a TWFE regression on not yet treated observations:

-1
Yi,t|t<Ei =wa; +Ar + Z 'ypTreated[t =Ei+p|+ei; (5)
p=—P

where E; is the year of treatment and Treated[t = E; + p] is an indicator variable of

8See De Chaisemartin et al. (2020), Borusyak et al. (2021) and Goodman-Bacon (2021).
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being treated p years later. In our event study plots, we combine both treatment effect
coefficients {b,} and pre-trend coefficients {4,}. In all subsequent analysis, we report

the standard errors clustered at the inventor level.”

In our baseline regression, we adopt a richer model that allows time fixed effects to
vary by technological field at the CPC subclass level and by the inventor’s country of
origin. We also control for a life-cycle effect by adding the experience of the inventor as
measured by the number of years since the application of their first patent observed in

our dataset.’

Y; s = a; + (Year x CPC subclass x Country); ; + Experience;; + b; ; x Treated;; +€;; (6)

We conduct event studies using this approach for each of our two network mea-
surements, namely fraction of new coauthors as well as the growth rate of the stock of

coauthors.

3.3 Results

Figure 2 (see also 7) and Table 4 show the results of our baseline event study exercise.

The bars in the figure are 95% confidence intervals.

We see a large and significant drop in the fraction of new coauthors per year in the
year of the event and subsequent.'' Treated inventors work with fewer than usual new
coauthors on research teams during and subsequent to a breakthrough, and do not return

to their previous level.

9While it would be even more desirable, clustering at team level is not tractable because teams change over
time.
10Since the fully tracked USPTO PatentsView data series begins in 1976, we are unable to retrieve the true
years of experience for inventors active prior to 1976. Therefore, inventors with 2 years of observed
experience as of 1978, say, may have more years of experience. This may bias our event study estimates,
particularly for inventors observed early in their career. However, we do not find reason to believe that
they are differentially biased by concerns for business-stealing. Moreover, limiting our data to inventors
who are first observed in years beginning 1986 onward, which keeps only those few inventors active
prior to 1976 that did not patent in over 10 years, does not change our results.
1The drop in the year of the breakthrough is smaller than subsequent years. There can be other patents
in that year that come before the breakthrough, and it might also take some time to realize that one has
a breakthrough. In 7 we actually see a jump up at the time of a breakthrough. That reflects the fact that
the year of a breakthrough has a selection bias to have more patents than usual and hence more new
coauthors than in a typical year. That is controlled for in fraction of new coauthors calculation, as that
controls per patent, and so this effect is eliminated in Figure 2.
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Figure 2: Event study of an application for a breakthrough patent on fraction of coauthors
on patents who are new connections

Notes: The figure plots the treatment effect of a breakthrough patent on inventor collaborations using the
Borusyak et al. (2021) imputation estimator. The event is the application for a patent by an inventor that
is among the 2 percent most cited patents filed in its CPC subclass within a range of 2 years; the event is
timed by the year of its application. The outcome is the fraction of new coauthors among all coauthors
in a given year of an inventor. Pre-trends are estimated using OLS on not-yet-treated observations. For
years with no patent, the value is imputed using the last observed value. Bars indicate the 95% confidence
interval. The estimation controls for inventor, experience, and for year x CPC subclassx country specific
shocks.

Table 4: Baseline effect of a breakthrough on subsequent inventor coauthorship

Fraction of coauthors who are new Growth rate in stock of coauthors

) ) 3 “) @) (6) 7) 8)
Treated —0.194***  —0.081*** —0.072*** —0.152*** —0.123*** —0.058*** —0.052*** —0.071***

(0.003) (0.005) (0.005) (0.006) (0.003) (0.003) (0.004) (0.004)
Inventor v v v v v v v v
Year v v
Year x CPC x Country v v v v
Experience v v
Wald stat. 137.139 10.470 4.305 1.055 127.816 4.346 1.591 2.030
Observations 349130 343816 326066 326066 349130 343816 326066 326066
Units 18899 18899 18899 18899 18899 18899 18899 18899

p < 0.01; **p < 0.05 *p < 0.1

Notes: This table summarizes the change in the inventor networks, as measured by our two metrics, sub-
sequent to the application of a breakthrough patent, relative to had they not. We note that the coefficients
are negative regardless of the controls, and the effect size remains similar controlling for year of applica-
tion, the CPC subclass of the applied patent, and country of origin of the inventor. The coefficients for
columns (1) to (4) are interpreted as the change in growth rate of stock of coauthors of an inventor, and
for columns (5) to (8) as the percentage point change in team members that are new coauthors, subsequent
to application of a breakthrough patent relative to inventors who have not yet applied for or published a
breakthrough patent. Standard errors are clustered at the inventor level.
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The baseline effect sizes summarized in Table 4 show that the measured change in
coauthorship with new inventors is negative, and statistically significant, regardless of

the granularity of controls."”

One alternative explanation for why successful inventors end up reducing coauthor-
ship after a breakthrough, is that they enter in a different phase of production, where

instead of inventing (exploring) they turn to developing the product (exploitation).

If that is the case, then the extent to which successful inventors reduce new collabo-
rations would no reason to vary as a function of potential business-stealing. To explore
this, we interact the breakthrough event with the degree of concern for business-stealing

faced by the inventor.

Following our previous notation, we define by, as the treatment effect of having a
breakthrough during a time horizon #, and belonging to a level of concern for business-
stealing g € {g,9}, which we denote as being above median in §. This is a natural
extension of eql_lation (4), and the treatment effect is given as the average value of b;; for

inventors within each group. That is,

Y. bis (4')

iEI}l,q

by =

where I;,; is the set of inventors belonging to group g and observed & periods after

treatment.

Table 5 presents the results of the event studies decomposed by concerns for business-
stealing using our four different measures of potential business stealing concerns (as
defined in Section 2.3). The event studies for price markups and the entry rate of new

inventors are presented in Figures 3a and 3b.

First, note that the baseline event study estimates hold for both high and low levels
of concerns: breakthroughs induce a decline both in the fraction of coauthors who are
new and in growth rate of the stock of coauthors. Second, this decline in is significantly
larger among inventors that face a higher threat of business-stealing by every one of

the measures. Moreover, the difference in the decline between above and below median

12Note that team members on a given breakthrough patent may differ in their measured effect size due to
differences in baseline rates of new coauthorship, previous coauthorship with team members, and stage
of the inventor’s research career. Our results indicate that controlling for experience, as measured by
years elapsed since the application of first patent, magnifies the effect size.
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Table 5: Drops in new coauthors as a function of measures of concerns for business-

stealing

Fraction of coauthors who are new

Growth rate in stock of coauthors

1) 2 3 4)

®) (6) @) ®)

Density of Inventors: < median —0.135*** —0.051***
(0.009) (0.006)
Density of Inventors: > median —0.162*** —0.083***
(0.007) (0.005)
Sector Markup: < median —0.123*** —0.045**
(0.009) (0.007)
Sector Markup: > median —0.165*** —0.082***
(0.007) (0.004)
Entry Rate: < median —0.104*** —0.056***
(0.007) (0.005)
Entry Rate: > median —0.203*** —0.083***
(0.007) (0.005)

Similarity Density: < median —0.149** —0.038***

(0.007) (0.005)
Similarity Density: > median —0.163*** —0.106***

(0.008) (0.005)
Inventor v v v v v v v v
Year x CPC x Country v v v v v v v v
Experience v v v v v v v v
Wald stat. 0.811 1.020 1.335 1.043 1.246 1.705 1.562 5.105
Z score 2.337 3.713 10.000 1.324 4.005 4.479 4.209 9.176
Observations 326064 322549 321027 326066 326064 322549 321027 326066
Units 18899 18872 18803 18899 18899 18872 18803 18899

#*p < 0.01; *p < 0.05 *p < 0.1

Notes: This table summarizes the event study estimates for the effect of a breakthrough on inventor net-
works decomposed by the various measures of concerns for business-stealing discussed in section 2.3. We
estimate the coefficient for two levels of each measure: above median reflects a higher concern for business-
stealing over below median. Coefficients in columns (1) and (5) correspond to the density of inventors in
their main CPC subclass; columns (2) and (6) to the entry rate of inventors in the different NBER categories;
columns (3) and (7) to the measure of sector level markup faced by inventors; and, columns (4) and (8) to
our measure pertaining the density of patent similarity in inventors” areas of research. The wald statistic
is testing for nullity of 10 pre-trend coefficients using an OLS regression on not-yet-treated observations.
Z score is computed assuming the absence of covariance between the two parameter estimates. Standard
errors are clustered at the inventor level.
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measures is statistically significant for each specification. Depending on how we measure
concern for business-stealing, this additional drop amounts to between 1.4 to about 10
percentage points in the fraction of coauthors who are new connections, and between 2.7

to about 6.8 percentage points in the growth rate of in the stock of unique coauthors.

Our results are consistent with business-stealing playing an important role in inven-
tors” decisions to (not) expand their coauthorship networks. The difference between the
drop across these different measures could conceivably be correlated with some other
unmeasured variables that differ from business stealing and lead team structures to di-
verge, but the fact that this holds for all four measures makes such alternatives less
plausible.

4 A business-stealing explanation for the empirical results

Next, we propose a model that illuminates the empirical findings. It provides a direct
explanation for: the inverted-U relationship; the fact that the growth rate in the number
of collaborators drops after a breakthrough innovation; and the finding that the negative
impact of the breakthrough invention on the subsequent growth in coauthorship is more
pronounced the higher inventors concern for business-stealing. It is one possible model
with these features, concentrating on the obvious tradeoff between an increased proba-
bility of breakthroughs from adding more collaborators versus decreased profits for the

inventor conditional on a breakthrough.

4.1 A Base Static Model

We begin with a simple static model.
An inventor has access to up to n collaborators.
The inventor chooses a number d of collaborators.

The project has a probability of P(d) of being successful, where d is the number of
collaborators (beyond the inventor) who work on it. P(0) > 0 and P(-) is increasing and

strictly concave in d.

If successful, the project yields profits 7r,(d). The subscript b refers to the level of
the threat of business stealing. We take 71, (d) to be positive, decreasing and strictly log-

concave in b; and so that —m; (d)/m,(d) is positive and increasing in d. We also assume
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(b) Decomposition by the markups of NBER technology sectors

Figure 3: Event study of the application of breakthrough patent on fraction of coauthors
on patents who are new connections by concerns of business-stealing

Notes: The figure plots the treatment effect of a breakthrough patent on inventor collaborations using the
Borusyak et al. (2021) imputation estimator. The event is the application for a patent by an inventor that
is among the 2 percent most cited patents filed in its CPC subclass within a range of 2 years; the event is
timed by the year of its application. The outcome is the fraction of new coauthors among all coauthors
in a given year of an inventor. Figure 3a shows treatment effect decomposed by above and below median
number of inventors in a CPC subclass. Figure 3b shows the treatment effect decomposed by above and
below median price-markup in the NBER technology sector of the inventor. Pre-trends are estimated using
OLS on not-yet-treated observations. For years with no patent, the value is imputed using the last observed
value. Bars indicate the 95% confidence interval. The estimation controls for inventor, experience, and for
year x CPC subclass x country specific shocks.
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that 77, (d) tends to 0 as d tends to infinity. Thus, increased numbers of collaborators lead

to lower profits, and eventually to full dissipation.

Finally, take — 7t} (d) / 1 (d) to be increasing in b, so that inventors who see more threat
of business stealing see a greater marginal percentage loss in profits from a successful

project from adding new collaborators.

We take all functions to be differentiable.

4.2 An Inverted-U Relationship Between Competition and Collabora-

tion

First, let us explain why this simple model lead to an the inverted-U relationship between

the potential for business stealing and the number of new collaborators on a project.

The expected payoff to the inventor who has d collaborators is
P(d)my(d).

A necessary condition for an optimal d, when it lies strictly between 0 and # (and ignoring
integer constraints), is

P'(d)/P(d) = —my(d)/ my(d). )

This has a natural interpretation. The left hand side is the elasticity of the probability
of a breakthrough and that has to offset the right hand side which is the elasticity of the

loss in profits.

Given that P(+) is positive, increasing, and strictly concave, it follows that P’'(d)/P(d)
is positive and is decreasing in d. Given that —7;(d)/m,(d) is positive and increasing
in d, it follows that there is at most one interior solution to (7). Note also that expected
profits are positive at d = 0 and converge to 0 as d becomes too large, and so if there is

no solution satisfying (7), then the solution is at d = 0.

Let d*(b) denote the unconstrained optimum (ignoring the available n). Since the
left hand side of (7) is independent of b and decreasing in d and the right hand side
is increasing in b and d, it follows that d*(b) is decreasing in b (whenever nonzero), as

pictured in Figure 4.1

13The optimum is the intersection of a downward sloping curve that does not depend on b, and an upward
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Figure 4: The optimal number of collaborators reflects two effects. Higher levels of
potential business stealing reduces the rate at which profits decrease with collaboration,
shifting the right hand curve inwards.

This analysis shows the two competing effects. The benefits from new collaborations
comes through the elasticity in the probability of a breakthrough, while the fear of busi-
ness stealing is reflected in the potential lost profits (here the upward shift of the elasticity

of the lost profits).

The overall maximum is min[n,d*(b)]. As an example, if P(d) = min{1,ad} and
my(d) = max{0, 71y — bd} then d*(b) = m/(2b) and the overall maximum given the

constraints (ignoring integer constraints) is min{n, rto/(2b),1/a}.

Substituting n as one possible proxy for potential business stealing b, the overall
maximum becomes min[n,d*(n)]. If d*(n) is ever positive, then noting that d*(n) is
decreasing in n, the overall function has an inverted-U shape with a maximum at the
point at which d*(n) = n, as it is initially constrained by the min function and eventually
follows d*(n). Figure 5 pictures this for the example above in which the overall optimum
is min{n, 7o/ (2n),1/a}.

Although we have shown this without worrying about the integer constraints on
d, the optima for the above functions will be an adjacent integer to the unconstrained
solution, and so a similar result will hold, at least in some approximate sense, for most

functions satisfying our assumptions.

This establishes an inverted-U shape in the number of added collaborators to a
promising project for a very simple example that trades off the probability of a break-

through against potential lost profits.

sloping curve that shifts upward as b increases, so the equilibrium quantity d* (b) decreases as b increases,
unless it was already 0. This is analogous to shifting up a supply curve intersecting a demand curve that
is not shifting.
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Figure 5: The optimal number of collaborators d* as a function of the number of inventors
n in the area. For probability of success P(d) = min{1,ad} and profits as a function of
the number of collaborators 77, (d) = max{0, ond}.

4.3 The Increase and Subsequent Decrease in Added Collaborators

Next, we discuss how to extend this model to cover the event study results, incorporating

time and information.

There are three periods {0,1,2}, and an inventor is working on a project. There
are two states of the world High, Low, that describe the project’s potential. The prior
probability of the High state is 6 € (0,1). The project has the potential to lead to a profit

in period 2 only if the state of nature is High and not if the state of nature is Low.

In period 1 the inventor gets a preliminary signal S; about the potential of the project,
and the signal takes on one of two values: {H,L}. If the state of nature is High, there
is a probability p € (0,1) that the signal is S; = H and 1 — p that the signal S; = L. If
the state is Low the probability is 1 that the signal is S = L. Thus, conditional on seeing
H, the inventor knows the state is High, while conditional on seeing L, the posterior that
the state is High is

1—p
91—9p<9' (8)

After seeing the signal in period 0, in period 1 the inventor can choose a number of
up to n collaborators to help with the project. Invited collaborators observe the signal

and decide whether to join the project in period 1.

If the state of nature is High, then the project has a probability of P(d) of being
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successful in period 2 (as above). If the state of nature is Low, the project leads to 0

profits no matter how many people work on it.

If successful, the project yields profits 77, (d) where b is the level of potential business

stealing.

Take projects without an H signal to be non-breakthrough projects. They do not at-
tract new collaborators. A breakthrough project then attracts new collaborators, and in a
way that matches the empirics: the maximal amount for intermediate levels of competi-

tion.

The post-phase empirical results — in which fewer new collaborators are added — can

then be rationalized, by adding an additional period to the model.

Suppose that in an additional period 3, a successful project can be further developed
to result in additional profits by more efforts. So, the innovator can invite a new set of
collaborators m to develop the product. The additional profits happen with probability
P™(d) and then generate profits of 7;'(d), that have similar properties as P(d), 7t (d),
but now in m. However, we presume that the product having already been successful is
already known to have very high potential for additional profits, and so the additional
gains from adding new team members does less to increase the probability but more to
decrease the profits, and so the m*(d, b) is lower than before for all levels of competition,
and moreover is further decreasing in b. Thus, the additional period brings in fewer

collaborators than during the first innovation stage.

We note that in this model, we have not distinguished between new and existing
collaborators, which could be added with some complications of notation and analysis.
We also note that we presume that projects with L signals that are not breakthroughs
have no collaboration, which is counter to the data. This is easily accommodated by
added a medium signal, which is indicative of a positive but lower profit project that

would attract fewer collaborators.

We present a further extension to endogenous competition in the appendix (B).

5 Conclusion

In this paper, we uncovered an inverted-U relationship between the extent to which

inventors work with new coauthors and the potential business stealing that face. Second,
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we showed that breakthrough innovations lead to fewer new collaborators afterwards,

with a bigger drop for bigger threats of business stealing.

While business stealing explains our observations, our event studies do not rule out
alternative explanations. One alternative explanation for the basic event study finding is
that inventors do not have incentives to share the pie, and consequently, do not expand
their coauthorship network once they have a breakthrough. However, this mechanism
fails to reconcile the finding that all four of our measures of potential business stealing

lead to a bigger decrease in the rate of collaboration.

A second possible explanation is that inventors on breakthrough projects plan mul-
tiple patents during their collaboration, and apply for them in the years following the
filing of the breakthrough. This could mechanically reduce observed coauthorship in
subsequent years, since we capture only those years where inventors do file a patent.

However, our findings are that the pattern continues for many years.

A related potential explanation is that inventors might reduce their research efforts
and prioritize to consume the monopoly rents earned from breakthrough inventions.
Such inventors may choose to collaborate with existing coauthors rather than spend effort
in expand their network further. While this explanation may hold for older researchers,
subsequent to a breakthrough, younger team members may continue to become team
leaders (e.g., Akcigit et al. 2018). Examining patterns of expanding coauthorship among

younger researchers would be a natural next step to our analysis.

A third potential explanation is reputation. Having filed a breakthrough patent, in-
ventors may enjoy the privilege of becoming selective about who they work with, and
prioritize collaborating with other high type inventors. In such a case, we should simi-
larly observe a decline in new coauthorships. High competition areas may have higher
gains from reputation due to larger prize pools, and therefore, inventors may set greater
thresholds for whom they subsequently collaborate with. This is empirically difficult to

disentangle from concerns for business-stealing.

Lastly, our analysis is limited to inventors who have at most one breakthrough patent.
It would be interesting to examine how this works for superstar inventors with many

breakthroughs and whether there is any selection effect in our data.

Our analysis can also be extended in several other directions. One avenue is to
continue to explore the implications of business-stealing for the structure of research

networks and the conditions under which successful breakthrough innovators become
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central to the network rather than moving to the periphery. Another avenue is to ex-
plore policy implications: how and when should collaborative research be encouraged
in fields, and how does that depend upon competition? Which competitive environ-
ments maximize social welfare when endogenous research is taken into account as well
as competition in the product markets? A third avenue is to look in more detail at past
coauthorships: when are relationships continued rather than severed? It would also be
interesting to directly measure knowledge spillovers and actual business stealing when
it does occur, and to see how they interact. Also, although we have focused on patents,
there are much wider areas where research is collaborative (across science generally),
and where there are some competitive aspects to the process. It would be interesting to
see whether similar results hold outside of patents. These and other extensions of the

analysis in this paper are left for future research.
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Figure 6: Distribution of the number of inventors in CPC subclasses
Notes: The figure plots the histogram of the total number of inventors per CPC subclasses using USPTO

Patentsview database from 1976 to 2015. The dashed vertical line represents the average number of inven-
tors in CPC subclasses.
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Figure 7: Event study of application for a breakthrough patent on team size

Notes: The figure plots the treatment effect of a breakthrough patent on inventor collaborations using the
Borusyak et al. (2021) imputation estimator. The event is the application for a patent by an inventor that
is among the 2 percent most cited patents filed in its CPC subclass within a range of 2 years; the event is
timed by the year of its application. The outcome is the fraction of new coauthors among all coauthors
in a given year of an inventor. Pre-trends are estimated using OLS on not-yet-treated observations. For
years with more than one patent, the value is the average team size. For years with no patent, the value
is imputed using the last observed value. Bars indicate the 95% confidence interval. The estimates control
for inventor, experience, and for year x CPC subclass x country specific effects.
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B Extending the Model to Have Endogenous Competition

Further insights into business stealing come from extending the model to allow for en-

dogenous competition from collaborators, as developed here.

Let us return to the decision of the inventor at time 1 after seeing a signal of type H.
Competition now is allowed to depend upon the number of coauthors, and not just the

size of the community (in line with Aghion and Tirole 1994).

For the sake of illustration we look at a particular parametric form. Let
P(d) = min{1,ad},

where a > 0, and
my(d) = max{1 —b(d, n),0}.

The threat of business stealing, b(d, n), is itself endogenous and depends on both n

and d: some collaborators turn into competitors. In particular:

b(d,n) = co+ on + ~d.

The innovator then solves
max P(d) ty(q,) (d),

or, equivalently,

max ad(1—cy—on—d),
dg%,lfc(()yfzm

presuming that 1 — cp — dn > 0 and ignoring integer constraints. This yields:

1—cyp—dn 1
d* = min n,o—,— )
2y a
Here again, we see that d* has an inverted-U shape in 71, and is decreasing in the base
amount of competition ¢y + én after the cap on 7 is no longer binding (and for small

enough J).

We also note that the greater the threat of endogenous competition via larger 7, the
lower the amount of collaboration that there is. This shows the power of endogenous

competition in reducing collaboration.
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Again, this can be extended to the post-breakthrough period, by having a higher a,

co, 0 and vy, which then all work to reduce the size of the collaboration.
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