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Abstract

This dissertation examines how inventive capabilities and offshoring decisions influence

the value of corporate inventions across three essays.

The first essay investigates whether large firms produce more valuable inventions, and

if so, why. After confirming that large firms indeed produce more valuable inventions, we

consider two possible sources: a superior ability to invent, or a superior ability to extract

value from their inventions. We develop a simple model that discriminates between the two

explanations. Using a sample of 2,786 public corporations, and measures of both patent

quality and patent value, we find that, while average invention value rises with size, average

invention quality declines, suggesting, per our model, that the large firm advantage is not

due to superior inventive capability, but due to the superior ability to extract value. We

provide evidence suggesting that this superior ability to extract value is due to the greater

commercialization capabilities of larger firms.

The second essay explores the offshoring of R&D over the past four decades, focusing

on how the value of overseas inventions changes with changes in the cost of inventing at

home. Over the last 40 years, corporate R&D has globalized, with U.S. firms increasingly

relying on overseas inventors. I examine how rising domestic costs affect invention value,

particularly due to restrictive U.S. immigration policies. Prior studies suggest firms offshore

their lower-value inventions as high penalties from coordination costs and knowledge leakage

are justified only by lower overseas costs of R&D talent. If only lower-value inventions

were offshored, a rise in domestic costs should increase overseas invention value. Contrary

to expectations, this essay finds that higher domestic costs reduce the value of overseas

inventions. This lower value is likely due to inventions with high offshoring penalties being

offshored after home costs increase. This essay also explores which types of firms are less

affected when domestic costs increase. Analysis of U.S. public firms shows centralized firms
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offshore fewer inventions but shift more overseas when costs rise. Larger firms are less

responsive to cost increases, but decentralized and larger firms extract more value from

overseas R&D. When domestic costs of inventing rise, firms increase their inventive activity

in emerging market countries and countries with weaker IPR regimes. Moreover, the value

of inventions in countries with weak IPR declines under rising domestic costs.

The third essay delves into the specific offshoring penalties arising from coordination

costs and potential knowledge leakage in weak IPR countries. Using a measure of patent

technical quality to capture coordination costs and a measure of private value to reflect

both coordination costs and knowledge leakage, this essay finds that coordination costs are

universally significant, while knowledge leakage is particularly problematic in weak IPR

regimes. Moreover, we find weak evidence that engaging in inventive activity in strong

IPR countries can create local value via companion patents filed in the inventor’s country.

Finally, large firms experience a greater home–overseas value gap despite facing similar

coordination costs, highlighting their superior ability to capture value.
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1. Introduction

The factors driving innovation in �rms are closely related to their ability to pro�t from

inventive activity. Broadly, these factors include a �rm's ability to capture value, the value

created, and the cost of inventing.

Knowledge, the output of innovation, is nonrival in nature�that is, one �rm's use of it

does not preclude others from using it as well (Arrow, 1962). As a result, �rms often struggle

to appropriate returns on their investments. Large �rms, with superior commercialization

capabilities, are better positioned to extract value from inventions (Teece, 1986a, (p. 301)).

However, concerns about rising market concentration in the U.S. economy have reignited a

long-standing debate: Do large �rms have an inherent advantage in technological progress?

Despite decades of research on this topic (W. Cohen, 2010), the reasons behind �rm size

advantages in innovation remain unresolved. Recent studies suggest that large �rms may

be consolidating their dominance not just in market share but also in innovation (Autor,

Dorn, Katz, et al., 2020; Gutiérrez & Philippon, 2019).

If large �rms do have an advantage in innovation, what is driving it? Is it their abil-

ity to create more high-quality inventions, or are they better at capturing the value of

their inventions? Understanding this distinction has critical policy implications. If �rm

size inherently fosters innovation, concerns about growing corporate giants might be less

pressing�at least from an innovation standpoint. However, if their advantage primarily

lies in extracting value rather than fostering invention itself, discussions on market power

and innovation policy become even more complex.

Chapter 2 of this dissertation, a joint work with Ashish Arora, Wesley Cohen, and

Honggi Lee, explores these questions, shedding light on the relationship between �rm size

and the value and quality of inventive activity. The �ndings suggest that the large �rm

advantage in innovation primarily stems from superior value capture capabilities.
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The pro�tability of innovation is also constrained by the cost of inventing. High-skilled

labor is an important input into R&D, with more than 50% of R&D expenditures allocated

to wages and salaries for highly skilled scientists and inventors (Hall & Lerner, 2010, p.

612). However, a shortage of skilled scientists and engineers in the U.S. has prompted �rms

to seek highly skilled talent overseas (Lewin et al., 2009). Additionally, foreign nationals

make up a substantial share of U.S. Science, technology, engineering, and mathematics

(STEM) programs. Appendix Figure A.1 illustrates that foreign nationals account for

approximately 30% of graduate students in science and engineering, and more than 50% of

doctorate holders in the U.S (National Science Board, 2024).

The H-1B visa program is a key mechanism for employing talented individuals from

individuals from non-U.S. nationalities, including those educated domestically and those

recruited from abroad.1 Even with the Optional Practical Training (OPT) �cap-gap� ex-

tension of three years for STEM �elds, the program only allows a fraction of STEM talent

to remain in the U.S. economy (W. R. Kerr, 2018). Further, Chapter 3 provides evidence

that the H-1B visa program has become increasingly restrictive, with demand for H-1B

workers far exceeding supply. This surge in demand resulted in a policy change in 2008-09

and every year since 2014 to allot H-1B visas through an annual lottery. Such immigration

restrictions have further driven U.S. �rms to seek highly skilled workers overseas. Recent

studies, such as, Glennon, 2023, Nayak et al., 2024, Chaurey et al., 2024, document that

immigration restrictions, particularly those a�ecting the H-1B visa program, are linked to

the o�shoring of highly skilled jobs. Moreover, immigration restrictions are expected to

tighten further. Nearly half of the H-1B slots in recent years have gone to IT sta�ng and

multinational outsourcing �rms (E. Fan et al., 2024, from Bloomberg News), leaving fewer

lottery slots available for U.S. companies. These sta�ng and outsourcing �rms tend to

attract less-skilled workers, making it even more costly for U.S. companies to �nd talented

individuals domestically as a key input into inventive activity.

1 The H-1B visa program was introduced under the Immigration Act of 1990, signed into law by George
H.W. Bush. The program initially capped visas at 65,000 for those with a bachelor's degree or higher and/or
in a specialty occupation. Immigration Act of 1990. H-1B visas are currently capped at 85,000 per year.
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At the same time, the global landscape of science and engineering (S&E) education

has undergone signi�cant democratization over the past two decades. A growing high-

skilled talent pool, once concentrated in developed countries like the U.S., has expanded

to emerging markets such as India and China. Appendix Figure A.2 shows that between

2000 and 2018, the number of doctoral S&E degrees awarded in the U.S. increased by 57%,

while the same �gure rose by 385% in India and 432% in China. In 2018, the U.S. awarded

41,000 doctoral S&E degrees, whereas China and India combined awarded 67,000. By 2013,

China and India together had twice the number of college-educated individuals as the U.S.

(31% vs. 14% of 137 million total across OECD and G20 countries). By 2030, 60% of all

S&E degree holders worldwide are projected to be from China and India (OECD, 2015).

Appendix Figure A.3 presents a similarly stark trend for �rst university degrees.

Motivated by concerns that rising immigration restrictions could increase the cost of

inventing in the U.S., Chapter 3 examines how changes in the cost of inventing in�uence

the realized value of inventions overseas. This chapter develops a framework of location

choice that accounts for: (1) selection based on potential value, (2) o�shoring penalties,

and (3) wage arbitrage resulting from lower overseas labor costs. Prior studies suggest that

�rms typically o�shore lower-value inventions, as the high penalties from coordination costs

and knowledge leakage are only justi�ed by the lower costs of overseas R&D talent. If only

lower-value inventions were o�shored, an increase in domestic costs would raise the value

of overseas inventions. However, Chapter 3 �nds that rising domestic costs reduce overseas

inventions' value. This decline is likely to be due to �rms o�shoring less suitable inventions

with high o�shoring penalties. An analysis of U.S. public �rms in this chapter shows

that centralized �rms o�shore fewer inventions overall but shift more inventive activity

overseas when domestic costs rise. Larger �rms are less hurt when domestic costs increase,

but decentralized and larger �rms extract more value from overseas R&D. When domestic

inventing costs rise, �rms increase their inventive activity in emerging market countries and

regions with weaker intellectual property rights (IPR) protections. However, the value of

inventions in weak IPR countries declines with rising domestic costs.
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Chapter 4 explores the speci�c o�shoring penalties arising from coordination costs and

potential knowledge leakage in weak IPR countries. Using a measure of patent techni-

cal quality to capture coordination costs and a measure of private value to re�ect both

coordination costs and knowledge leakage, this chapter �nds that coordination costs are

universally signi�cant, while knowledge leakage is particularly problematic in weak IPR

regimes. Moreover, there is weak evidence that engaging in inventive activity in strong IPR

countries can create local value via companion patents �led in the inventor's home coun-

try. Chapter 4 also shows that large �rms experience a greater home�overseas value gap

despite facing similar coordination costs, again pointing to their superior ability to capture

value�a result consistent with the �ndings of Chapter 2.
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2. Invention Value, Inventive Capability and the Large
Firm Advantage

This chapter is a reprint of joint work with Ashish Arora, Wesley Cohen and Honggi

Lee (Arora, Cohen, Lee and Sebastian 2023). All authors have contributed equally.

2.1 Introduction

Stimulated by concerns over a decades-long increase in market concentration in the U.S.

economy, the question of the existence of a large �rm advantage in technical advance has

reemerged in recent years (Autor, Dorn, Katz, et al., 2020; Gutiérrez & Philippon, 2019).

Yet, despite decades of research (W. Cohen, 2010), the source of a �rm size advantage in

innovation remains unresolved. Moreover, important policy implications are at issue. For

example, if size provides an advantage in innovation, then, antitrust considerations aside,

should policymakers be unconcerned as �rms grow very large?

In this paper we ask: If large �rms have an advantage in innovation, is it because

they are better at invention or because they are able to extract more value from their

inventions?1 We develop a model whose predictions discriminate between an inventive

capability and a value-capture advantage of size. For either advantage, the model predicts

that the average private value of a �rm's inventions should increase with �rm size. However,

average invention quality should increase with size if large �rms are more capable inventors,

but decline with size if they have a value-capture advantage. We empirically test these

predictions with simple descriptive regressions and non-parametric analyses using data on

publicly traded U.S. �rms for the period 1980-2015.

Our paper contributes to the literature on the sources of the �rm size advantage in

1 Coad, Mathew, and Pugliese, 2020 argue that �rms differ in their ability to bene�t from innovation and,
thus, some �rms do not invest in R&D. We distinguish between the ability to invent and the ability to com-
mercialize and capture the bene�ts from inventions. Further, whereas Coad, Mathew, and Pugliese, 2020
focus on the extensive margin, we focus on the intensive margin of how much �rms invest in invention.
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innovation. Our principal contribution is to clarify two potential types of advantage and

distinguish between them empirically using patent based measures of invention value and

quality. 2 We �nd that average invention value increases with size, whereas average invention

quality declines with size, suggesting that large �rms bene�t mainly from an appropriability

advantage. Using a new non-parametric test, we provide additional evidence that large �rms

do not have superior inventive capabilities by comparing their highest-quality inventions

with those of small �rms. These results are consistent with the size advantage arising not

from superior inventive capability, but instead from the greater capacity that large �rms

have in capturing value from their inventions.

We subsequently consider commercialization capabilities as the source of large �rms'

appropriability advantage by exploring how markets for technology and markets for com-

mercialization capabilities moderate the relationship between �rm-size and private value

and quality of inventions. Where access to commercialization capabilities is less tied to

size, the links between value and quality, respectively, and �rm size are weakened. For

example, in industries where technology licensing or patent reassignments are common, the

relationship between �rm size and quality is weaker. Similarly, in industries where �markets

for commercialization capabilities� are more pervasive, the relationship between �rm size

and quality also weakens because inventing �rms need not rely only on internally developed

commercialization capabilities to derive value from their inventions. These �ndings are

consistent with the appropriability advantage arising from the greater commercialization

capabilities possessed by large �rms.

Section 2 below discusses the prior literature and provides conceptual background. Sec-

tion 3 considers whether the source of the large �rm advantage resides in large �rms' ability

to capture value or their inventive capability. Section 4 addresses the source of large �rms'

2 The term “patent quality” is occasionally used interchangeably with patent value (e.g., Higham et al.,
2021; Kogan et al., 2017; Lanjouw & Schankerman, 2004), as well as with “patent validity” (e.g., Frakes &
Wasserman, 2017; Lei & Wright, 2017). Our results suggest that, though related, the concepts of patent value
and quality are quite distinct. See, for example, Figure 2.2 below. We measure the technical quality of a patent
with forward citations on the assumption that inventions of higher technical quality will induce others to
patent similar or follow-on inventions.
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apparent appropriability advantage. Section 5 presents additional non-parametric results

on the relationship between �rm size and inventive capability. Section 6 provides robustness

tests and Section 7 concludes the paper.

2.2 Background and literature

Firms' R&D expenditures are closely related to their size; among R&D performers,

R&D increases monotonically and typically proportionately with size within industries.

The proportionate relationship was interpreted initially as indicating that large �rms had

no advantage in R&D, and perhaps a disadvantage because R&D productivity appeared to

decline with size (Scherer, 1991). W. M. Cohen and Klepper, 1996 showed, however, that

the proportionate relationship re�ected an advantage to size, such that large �rms earned

a higher return per R&D dollar than small �rms. 3 However, by assuming all �rms were

equally capable at invention, they never addressed the question of the relationship between

�rm size and inventive capability.

It is plausible that �rm size is associated with superior inventive capability. First, large

established �rms should be able to attract the high quality personnel that are essential

to such capabilities (W. R. Kerr & Lincoln, 2010; Vinokurova & Kapoor, 2020). With

deeper pockets, they can o�er higher pay (Popkin, 2019). They can also o�er greater

job security (Sauermann & Roach, 2018) and more opportunities for promotion (Bennett &

Levinthal, 2017). Moreover, they can o�er more of the resources that would attract talented

candidates, including better equipment, access to data, as well as the prospect of working

with other talented technologists. In related work, Coad, Segarra-Blasco, and Teruel, 2020

�nd that large �rms are more likely to invest in basic and applied research, in addition to

technological development. Insofar as research leads to higher quality inventions, this is

consistent with large size being associated with higher inventive capability.

3 W. M. Cohen and Klepper, 1996 argued that a higher return to their R&D induced larger �rms to prof-
itably undertake more incremental R&D projects, thus yielding what only appeared to be a decline in R&D
productivity. Such an apparent decline would even occur if one assumed large and small �rms were equally
ef�cient in their R&D. See Knott and Vieregger, 2020 for a complementary perspective on the reconciliation
of this seeming paradox.
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Cockburn and Henderson (Cockburn & Henderson, 2001; Henderson & Cockburn, 1996)

provide evidence on advantages to scale in invention using detailed data for ten pharmaceuti-

cal �rms at the R&D program (i.e., therapeutic class) and project levels. Using �important�

patents granted from 1960 through 1988 as their dependent variable, Henderson and Cock-

burn, 1996 �nd evidence of bene�ts of scale and scope in drug discovery research.4 For the

same sample of �rms, Cockburn and Henderson, 2001 use New Drug Applications (NDA's)

at the project level to test for scale and scope bene�ts in drug development. While they

�nd no evidence for bene�ts of scale in development, they �nd evidence consistent with

advantages of large scope, measured as the number of therapeutic classes or �programs� in

which the �rm is active. By not including a measure of overall �rm size in their analyses,

Cockburn and Henderson do not, however, address �rm size advantages that would apply

to either �rms' research or development e�orts.

Indeed, large �rms may actually be disadvantaged in their abilities to invent. Greater

size, for example, may undermine inventive capabilities to the degree that more bureaucracy

and hierarchy sti�e new ideas (Sah & Stiglitz, 1986, 1988; Schumpeter, 1942). Also, agency

or coordination costs increase with size, and the managerial function itself may be subject

to diminishing returns (Holmstrom, 1989). Talented scientists may also have preferences to

work for small, more entrepreneurial �rms (Sauermann & Roach, 2018). Thus, given the

absence of empirical results on large �rms' inventive capabilities, the question of the link

between �rm size and inventive capability remains unresolved.

W. M. Cohen and Klepper, 1996 argue that a large �rm can extract more value from

an invention by selling more output embodying the invention. This argument is based on

two related assumptions. The �rst is that current output conditions expectations of future

output. 5 The second assumption is that �rms pro�t from their inventions by embodying

4 Important patents are de�ned in their study as patents issued in at least two of the three major patent
jurisdictions of the USPTO, Europe's PTO, and Japan's JPO.

5 While consistent with the common assumption of convex adjustment costs in the theoretical literature
on growth and investment, W. M. Cohen and Klepper, 1996's justi�cation for this assumption is largely
empirical, notably that growth rates tend to be modest (Evans, 1987; Hart & Prais, 1956; Singh & Whittington,
1975). W. M. Cohen et al., 2021 report that most new products tend to have incremental effects on sales. Their
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them in their own output. 6

The embodiment assumption appeals to both theory and empirical �ndings. Arrow,

1962 argued that markets for inventions in disembodied form (i.e., descriptions) will tend

to fail. Survey research shows that most manufacturing �rms protect pro�ts from inventions

through �rst mover advantages, secrecy, and the use of complementary capabilities (e.g.,

marketing, sales, manufacturing), all of which are implemented through a �rm's own sales

(W. M. Cohen et al., 2000; Levin et al., 1987).7

Cohen and Klepper's assumption that current sales of a �rm's products are closely

related to future sales raises the question of what capabilities enable �rms to achieve a

given level of sales. Teece, 1986a suggests that it is a �rm's complementary capabilities

or assets that enable �rms to commercialize, and thus realize new sales from their new

products and processes. The resource-based view also emphasizes the importance of �rm-

speci�c capabilities as a source of competitive advantage (Barney, 1991; Makadok, 2001;

Peteraf, 1993; Wernerfelt, 1984).8 Teece, 1986a also ties �rm size to the critical role of

complementary capabilities. He states, �Large �rms are more likely to possess the relevant

specialized and co-specialized assets within their boundaries at the time of new product

introduction. They can therefore do a better job of milking their technology, however

meager, to maximum advantage.� (p. 301) Ceccagnoli and Rothaermel, 2008 also suggest

that such capabilities are close correlates of �rm size, largely because they underpin growth

due to innovation.

For concreteness, we shall refer to complementary capabilities as simply commercializa-

survey �ndings indicate that, for most manufacturing �rms, the most important product innovation (i.e., that
new product accounting for the most revenue) accounted for 10% or less of their sales during 2009. Moreover,
most innovations are imitated in less than three years (Levin et al., 1987), allowing little time for signi�cant
capacity expansion.

6 This is consistent with Schumpeter's (Schumpeter, 1942) argument regarding large, monopolistic �rms
when he states, “They largely create what they exploit.” (p. 101)

7 Consistent with this, Coad and Grassano, 2019 show that �rm size, rather than pro�tability or market
capitalization, “granger causes” R&D investment.

8 Survey research con�rms that complementary capabilities are among the key means through which �rms
pro�t from their new products and processes (W. M. Cohen et al., 2000; Levin et al., 1987).
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tion capabilities. Such capabilities span a variety of functions within the �rm, including

product development, manufacturing, marketing (e.g., brand) and sales (e.g., sales and

distribution channels, and relationships with customers), that allow �rms to capture more

value from their inventions.9 While some of these capabilities, such as brand and distri-

bution, increase demand for a �rm's products (Christensen & Bower, 1996; Rosenbloom,

2000), others, such as manufacturing or supply chain capabilities reduce the �rm's cost of

production (Filippetti & D'Ippolito, 2017).

The argument that large �rms realize an advantage from possession of commercialization

capabilities also depends on the embodiment assumption. If �rms can readily license or sell

the rights to their inventions to other �rms, then they can realize returns to their inventions

by capitalizing upon other �rms' commercialization capabilities rather than their own. In

our empirical analysis, we test whether the relationship between size and both invention

value and quality weakens in those industries where inventions may be readily licensed or

sold.

That a �rm's commercialization capabilities importantly drive their sales of and pro�ts

from new products and processes strengthens the theoretical foundation for W. M. Co-

hen and Klepper, 1996's second assumption that future sales embodying new products are

closely related to current sales. One only needs to believe that expansion of �rms' commer-

cialization capabilities is subject to costly, time-consuming frictions. Commercialization

capabilities that are �rm-speci�c are particularly subject to such frictions because they

require integration with the �rm's other activities, including its product development and

other functions. In contrast, where commercialization capabilities are more readily acquired

via market transactions�possibly because they are more generic (i.e., less �rm-speci�c) and

contractable�those capabilities can be accessed much more quickly and at a lower short-run

cost. Thus, when such capabilities are contractable, the �rm's sales of a new product should

be less tied to its existing capabilities, and, in turn, its sales prior to the development of

9 Note that we distinguish invention from innovation, where the latter refers to the commercialization of
the former.
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the new product.10

A recent survey by Arora et al., 2016 suggests that there is indeed a relationship be-

tween the market for commercialization capabilities (MFC) and sales due to new products.

The survey asked respondents to report the percentage of sales due to their most impor-

tant new product innovation in 2009, and if its commercialization required the acquisition

of new types of equipment or the hiring of personnel with skills di�erent from those of

existing employees.11 We interpret a higher incidence of the latter as indicating that at

least some commercialization capabilities can be readily acquired via market transactions

in that industry�that MFC are more pervasive. In such industries, we would expect to

see short-run growth of sales of new products to be greater. Indeed, W. M. Cohen et al.,

2021 �nd that, for the 32 manufacturing industries in the sample, the correlation between

the average percentage of sales of the �rm's most important new product in 2009 and the

percentage of �rms acquiring these capabilities is 0.51. This strong relationship suggests

that, in industries where commercialization capabilities are more readily procured, sales of

new products will be less constrained by current capacity. Under such circumstances, we

would expect a weaker link between �rm size and, respectively, the value and quality of the

�rm's inventions.

To summarize, we expect �rm size to be less closely tied to average invention value

and quality when there are well-functioning markets for the output of inventive activity

(i.e., markets for technology) or when there are well-functioning markets for the inputs

required to commercialize �rms' new products. While the prior literature (W. M. Cohen

& Klepper, 1996) has explored the impact of markets for technology (MFT) on the �rm

size-R&D relationship, the impact of MFT on the relationship between size and either

invention value or quality is less explored. What is entirely unexamined is how markets for

commercialization capabilities (MFC) condition the size advantage of �rms.

10 Even where commercialization capabilities can be purchased, however, �rm size may matter if the cost of
�nance declines with size.

11 Importance was de�ned as that product accounting for a plurality of sales in a given, identi�ed market.
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2.3 Value capture versus inventive capability

This section is comprised of several parts: a model, a description of the data and

variables employed throughout the paper, and non-parametric and regression results testing

the model predictions. We �rst con�rm that large �rms indeed realize greater private value

from their inventions, and then consider whether the source of this value premium originates

from a superior ability to capture value or from superior inventive capability, de�ned as an

ability to invent higher quality inventions.

2.3.1 A model of returns, innovation, quality and �rm size
2.3.1.1 Model setup

We construct a simple model of investment in invention building upon W. M. Cohen

and Klepper, 1996. Firms are price takers and make independent decisions on how much

to invest. Recalling that we distinguish invention from innovation, rents are realized from

inventions that, with subsequent investment in commercialization (i.e., development, man-

ufacturing, marketing and sales), yield innovations in the form of either new products or

processes (i.e., innovations). Rents accrue only in one period, after which the innovation is

imitated. The �rm faces an increasing marginal cost of invention, and there are no �xed

costs in their production.12 For the moment, we also assume that �rms pro�t from their

inventions exclusively by embodying them in their own output, s, which we treat as a

measure of �rm size.

The set of projects available to �rm i is arranged in a decreasing order of technical

quality (henceforth, simply �quality�), which refers either to the extent of product perfor-

mance improvements for inventions leading to product innovation, or to cost reduction for

those leading to new processes. The quality of thenth project is q(n) = A � bn, so that

marginal quality declines with the number of projects. We assume quality re�ects the so-

cial value of an invention, and we represent this total value asQ(n). Let v represent the

share of value that the �rm appropriates from its inventions, i.e., 0   v   1. The �rm's

12 Adding �xed costs would imply an additional restriction on the optimal number of projects in order to
ensure that the �rm breaks even. Doing so does not substantially alter the results of the model.
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optimization problem is to choose the number of inventions,n, that maximizes pro�ts from

inventions: max
n

t p = vQ(n) � dn2

2 u, where vQ(n) represents total revenue net of the costs

of commercialization, d represents the cost of invention, andQ(n) = An � bn2

2 .

The optimal number of projects, n� is given by equating marginal revenue to marginal

cost i.e., vq(n) = dn, which implies that n� = A
v

d + bv
=

A

b+ d
v

. It is easy to see thatn�

increases withA and decreases withd
v .

With s representing �rm size, the appropriability advantage can be represented asBv
Bs ¥

0. One way to capture an inventive capability advantage to size is to assume that large

�rms have a higher value of A that increases the quality of all their inventions. That is, if

BA
Bs ¡ 0, there is a size premium due to greater inventive capability.

Finally, note that average quality is simply A � bn
2 and average value isvA � bvn

2 .

Evaluated at n� , it is straightforward to see that average quality and average value both

increase withA. A higher value of A shifts the marginal quality schedule out, which implies

that the average quality of inventions will be higher, as will their average value.

Whereas average value increases withv, average quality, however, declines. Recall that

n� increases asv increases. A greater ability to capture value from an invention implies

that the �rm has an incentive to produce more inventions. Because additional projects

are of lower quality given diminishing returns, the quality of the average project will also

be lower if v is higher.13 The implications for how the two di�erent sources of the size

premium relate to average value and quality follow directly and are summarized in Table

2.1. Appendix B.1 provides a formal proof.

Illustrating the intuition, Figure 2.1 shows a �rm's marginal quality of invention sched-

ule, q(n) on the top panel, and corresponding marginal value�or, equivalently, marginal

revenue�curve on the bottom panel. For the �gure, we will also assume a constant marginal

cost of invention. The �rm's marginal private value from its inventions is the product of

13 The argument is symmetric to a reduction in the marginal cost of projects, d. As marginal cost falls, the
value of the marginal project must also be lower.
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q(n), and the share of value captured,v. Thus, the marginal revenue curve,MR1, may shift

to MR2 either as appropriability, v, increases, or as a �rm's inventive capability�re�ected

in q(n)�increases. The latter results from the outward shift of the quality schedule,q(n),

while the former occurs with no change in the quality schedule. But, asMR1 shifts to

MR2 for either reason, the �rm's marginal and, in turn, average private value of inventions

increase, and the �rm will increase the number of inventions it produces fromn1 to n2.

But, importantly, as shown on the upper panel, as marginal revenue shifts outward toMR2

due to the shift in the quality schedule from q1(n) to q2(n), the quality of the �rm's n2

inventions will increase to q2 from an initial value of q1. In contrast, if the marginal rev-

enue schedule shifts out due to an increase in value-capture,v, the quality of the �rm's n2

inventions declines toq3, re�ecting a downward move along the existing quality schedule.

Thus, an increase in private value will drive the number of inventions produced, but the

quality of those inventions will either increase or decline depending on whether that change

is due to a �rm's changing inventive capability or a change in the �rm's ability to extract

value from their inventions.

Prediction 1: If the size premium is due to superior inventive capability, we must observe a

positive relationship of �rm size with average private value and quality of inventions.

Prediction 2: If the size premium is due to superior appropriability, we must observe a

positive relationship of �rm size with average private value of inventions but a negative

relationship between �rm size and average quality.

Table 2.1: Comparative statics summary table

Inventive Capability (A) Appropriability (v)

Average Quality Positive Negative
Average Private Value Positive Positive

Notes:This table summarizes the results from comparative statics of average private value and average qual-
ity with respect to inventive capability and appropriability.
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FIGURE 2.1: Visualizing model predictions

Notes:The top panel of this �gure plots marginal quality curves q1(n) and q2(n) on the y-axis and the
number of inventions on the x-axis. The bottom panel of this �gure plots the marginal revenue curves MR1
and MR2, and the constant marginal cost of invention curve MC on the y-axis and the number of inventions
on the x-axis. MR1 may shift to MR2 for two reasons. With higher inventive capability (as shown in the
upper panel), q1(n) shifts to q2(n) and the �rm produces n2 inventions, where the marginal quality of the q2.
In contrast, the higher appropriability shifting out the marginal revenue curve, �rms will also produce n2
inventions, but the marginal quality of n2 is lower, at q3.
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2.3.2 Data and variables

Our sample consists of 26,468 observations at the �rm-year level. It includes 2,786 �rms

and spans years 1980 through 2015. The �rms in our sample are manufacturing �rms, in

the Standard Industrial Code (SIC) range of 2000 to 3999.

To construct the sample, we extract a list of patents owned by US-headquartered public

�rms from Duke Innovation & SCienti�c Enterprise Research Network (DISCERN) (Arora,

Belenzon, & Sheer, 2021a). Then, for each patent, we add a measure of invention value

from Kogan et al., 2017 and a measure of invention quality (the number of forward citations

normalized by mean citation count within each Cooperative Patent Classi�cation (CPC)

class-grant year pair) from PATSTAT maintained by the European Patent O�ce. Further-

more, we add the grant year and primary CPC code of each patent from patentsview.org

maintained by the USPTO.

In the main speci�cation, we aggregate the data to the �rm-year level by averaging both

invention value and quality for each �rm and year, based on the patent application year. We

also add �rm sales for each year along with other accounting measures and industry code

(i.e., SIC) from Standard & Poor's CRSP/Compustat database. We also present estimates

at the technology area level in Appendix Tables B.5 and B.6.14 See Table 2.2 for an overview

of variables and their corresponding measures used in this paper. (See appendix B.2 for

additional details on sample construction.)

2.3.2.1 Private value of an invention

We use two measures of private value. Following Feng and Jaravel, 2020 and Kline

et al., 2019 among others, we use patent values from Kogan et al., 2017, who estimate

the private value of a patent using an event study that captures abnormal market returns

within a three-day window in response to a patent issuance. We interpret these estimates

as re�ecting the private value of the patent to the �rm. To derive the average value of a

14 In unreported analysis, we also conduct a patent level analysis, where the estimates can be thought of as
the results of �rm-level estimates where �rms are weighted by the number of patents. That is, patent level
estimates implicitly place a larger weight on larger �rms. We avoid giving larger �rms a higher weight by
including technology area level analysis.
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�rm's inventions for a given year, we divide the total value of the �rm's patents in a given

year by the total number of patent applications �led by the �rm in the same year. 15

As an alternative measure, we use the share of inventions patented in multiple jurisdic-

tions (Lanjouw & Schankerman, 2004; Putnam, 1996).16 17 Given that an applicant has to

incur additional costs to �le a patent application in more than one jurisdiction, the share of

inventions patented in multiple jurisdictions should be related to the expected private value

of the underlying invention. We construct this measure by identifying patent families of a

�rm's patents for each year and �nding the share of those families with patents in multiple

jurisdictions. To the extent that the share of inventions patented in multiple jurisdictions

re�ects the private value of an invention, we expect it to have a positive relationship with

�rm size. Both measures yield a similar pattern of results.

2.3.2.2 Invention quality

Assuming that a patented invention will induce others to invent similar or follow-on

inventions when it is of higher technical quality, our proxy for the quality of invention is

the number of forward citations received by each patent (Gambardella et al., 2008; Hall

et al., 2005; Lanjouw & Schankerman, 2004; Trajtenberg, 1990). This can be thought of

as a forward looking measure of quality. To account for systematic di�erences in citation

behaviors across technology areas and to address concerns around truncation for patents

in the latter years of our sample period, we normalize the number of forward citation by

the mean citation count in each CPC class-year pair. We aggregate this measure to the

15 Measuring patent value with an event study comes with its disadvantages. (Arora, Belenzon, and Dionisi,
2021 also note these limitations.) For instance, this approach can be sensitive to the time window selected,
as a narrow window might not allow for suf�cient time to capture market's response in full while a broad
window might increase the chances of introducing market's responses to other events.

16 A patent applicant typically has two options for pursuing patents in multiple jurisdictions for a given
invention. First, the Paris Convention agreements allow patent applicants twelve months from the date
of the �rst �ling to seek patents in other jurisdictions. Additionally, an applicant may �le a PCT (Patent
Cooperation Treaty) application, which provides thirty months for the applicant to seek patents in multiple
jurisdictions.

17 We tested the possibility that the share of inventions patented in multiple jurisdictions is related to size
due to large �rms' superior access to �nance by including cash �ow as a control. The coef�cient estimate was
unchanged.
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�rm-year level by computing the average number of normalized citations received by the

patents that each �rm applies for in a given year.

2.3.2.3 Market for technology

To examine how the relationship between �rm size and invention quality changes when

�rms are able to sell their inventions, we construct a measure re�ecting the level of activ-

ities in markets for invention using patent assignment data from the USPTO.18 Using the

USPTO's patent assignment dataset, we count the number of patents traded within each

CPC class for a given year. We then derive the �rm-year level measure by computing, for

each �rm and year, the average number of patents traded across the CPC classes weighted

by the share of each �rm's patents in those CPC classes.

2.3.2.4 Market for commercialization capabilities

We also explore whether the �rms' ability to procure commercialization capabilities

moderates the �rm size relationship with average patent value and average quality. We

construct for each 6-digit NAICS a measure of propensity to acquire new commercialization

capabilities (i.e., share of �rms within 6-digit NAICS that acquired new commercialization

capabilities) based on the division of innovative labor (DoIL) survey from Arora et al.,

2016. In particular, we use responses to question 9.2 of the survey, which asks respondents

if they acquired new types of equipment or hired employees with skills di�erent from ex-

isting employees to commercialize their most signi�cant product innovation introduced in

2009, where �most signi�cant� was that new product accounting for a plurality of sales rev-

enue. While this measure should capture a component of the market for commercialization

capabilities, it is not comprehensive in that the market for such capabilities extends beyond

hiring or the purchase of equipment.

2.3.2.5 Diversi�cation

We also explore whether invention quality should increase when the inventive activi-

ties of �rms, controlling for size, are more diverse; that is, they span a larger number of

18 https://www.uspto.gov/ip-policy/economic-research/research-datasets/patent-assignment-dataset
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technologies. To the degree that a �rm's commercialization capabilities apply to di�erent

technologies and its inventive e�orts are spread across more technologies, a �rm's level

of inventive e�ort in each technology will be less. As a consequence, given diminishing

marginal returns, with less investment �rms will tend to undertake projects with higher

average quality. We construct a measure of technological diversi�cation for each �rm by

counting the number of CPC classes in which a �rm patents throughout the entire sam-

ple year, multiplied by one minus Her�ndahl�Hirschman Index across the CPC classes to

control for potential concentration of patenting activity within certain technology areas.

2.3.2.6 Descriptive statistics

Table 2.3 presents the summary statistics for the main variables used in our study. The

observations are at the �rm-year level. The average private value of the patents that a

�rm applies for in a given year is 13.5 million U.S. dollars, with a standard deviation of

37 million U.S. dollars. The average forward citations received by a patent, normalized by

the mean citation count within each grant year and CPC class pair, is 1.3, with a standard

deviation of 1.6. Consistent with �ndings from prior studies (Gambardella et al., 2008;

Kogan et al., 2017), the distribution of value and quality of patents is right-skewed.19

Average sales and market capitalization for our sample �rms are 3.1 billion U.S. dollars

with a median of 263 million U.S. dollars and 4.2 billion U.S. dollars with a median of 364

million U.S. dollars, respectively. The high averages are driven by a few large �rms at the

top of the distributions. To account for the highly skewed distributions, we log transform

these variables in our analyses.

2.3.3 Non-parametric results

To understand how average private value and quality of a �rm's invention vary with

size, in Figure 2.2, we plot �rm size against private value of an invention (left vertical axis)

and invention quality (right vertical axis). Patent values are from Kogan et al., 2017 and

19 At the patent level, the average value of a patent is 22.3 million U.S. dollars, and the median value of a
patent is 6.8 million U.S. dollars. The average patent in our sample receives 1.1 forward citations at the mean,
and 0.5 at the median.
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Table 2.2: Variable description
Variable Measure Description of measure

Average
private
value

Average
patent
value

Private value of patents to a �rm is obtained from the data set constructed by Kogan et
al., 2017 till 2010 and extended by Stoffman et al., 2022 to 2015. These patent values are
estimated by exploiting movements in stock prices following the days that patents are issued
to the �rm. The expected valuation of a patent is estimated by �ltering the idiosyncratic
stock return from normal stock market returns. This value is then divided by the number of
patents that a �rm was granted that day and multiplied by the market capitalization. The
private value of a patent is averaged across granted patents applied for by a �rm in a given
year to compute the average patent value of a �rm's patents.

Share
of
multi-
jurisdiction
patents

This measure is de�ned as the share of inventions patented in multiple jurisdictions. We
construct this measure by identifying patent families of a �rm's patents for each year and
�nding the share of those families with patents in multiple jurisdictions.

Average
quality

Average
for-
ward
cites
(Avg.
Cites)

Patent quality is measured using forward citations. Forward citations to patents are obtained
from PATSTAT. These are weighted by the average forward citation in the focal patent's three
digit CPC and grant year cohort. These weighted forward citations of patents is averaged
across patent applications of a �rm in a given year to get the average quality of innovation
to a �rm from its granted patents.

Firm
size

Sales Firm size is measured using sales of the �rm from Compustat. We use the lagged value of
sales, lagged one year prior to the application year of the patent, as an empirical proxy for ex
ante �rm size.

Markets
for
Technol-
ogy

MFT

We use reassignments to construct a measure of propensity to sell patents. Using the
USPTO's patent assignment dataset, we count the number of patents traded within each
CPC class for a given year. We then derive the �rm-year level measure by computing, for
each �rm and year, the average number of patents traded across the CPC classes weighted
by the share of each �rm's patents in those CPC classes.

Markets
for
Com-
mercial-
ization
Capabil-
ities

MFC

The measure of commercialization capabilities is constructed using the average response to
the question about using new types of equipment or hiring new employees to commercialize
new or signi�cantly improved goods and services in a six digit NAICS industry code.

Diversi-
�cation

Diversi-
�cation

The measure of diversi�cation is constructed by multiplying the number of CPC classes that a
�rm patents by (1-HHI CPC3), where HHI CPC3 is the Her�ndahl–Hirschman Index across the
CPC classes that the �rm patents in. Using this measure, we construct an indicator variable
taking the value 1 if the �rm is above the median of the measure, and 0 otherwise.

Stirling
Index

This index is constructed by taking the sum over the product of share of patents in each CPC
class pair and the distance between each CPC pair of a �rm. The distance between each
CPC class pair is calculated as a range between 0 and 2, where 2 is the distance between two
completely distinct CPC classes, 1 is the distance between CPC classes whose CPC section
is the same and 0 is for �rms that patent only in one CPC class. The �nal measure is log-
transformed.

Centered
U.S. Tar-
iffs

(Centered)
Tariffs

This variable is constructed using a simple average of tariffs charged by U.S. on its imports
from the rest of the world. Average tariffs are demeaned across years for each four digit
SIC and weighted by the �rm's share of sales in each SIC using primary SIC codes from
compustat historical segment �les.
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Table 2.3: Summary statistics for main variables

Obs Mean SD 10% 50% 90%
Avg. quality 26,468 1.32 1.60 0.31 0.99 2.45
Avg. value (mil. USD) 26,468 13.5 37.2 0.46 3.82 28.6
Diversi�cation 26,468 3.25 6.13 0 1 8.54
Employees ('000's) 26,252 11.4 34.0 0.09 1.55 29.2
Market capitalization (mil. USD) 26,430 4,173 19,182 30.5 364 6,694
MFC 19,166 0.60 0.18 0.43 0.60 0.80
MFT 26,468 357 659 11.3 158 760
Patent stock 26,468 157 572 2 17.5 322
Publication stock 26,468 101 465 0 4.87 128
Sales (mil. USD) 26,462 3,086 13,750 8.23 263 5,673
Share of multi-juris. patents 26,468 4.06 3.51 1 3 8.05
US Tariffs (centered) 18,697 0.05 1.17 -0.99 -0.10 1.41

Notes: This table provides a summary of the main variables used in our study. The sample is restricted to
2,786 U.S. headquartered publicly traded �rms in the DISCERN dataset for the period 1980-2015. The sample
is further restricted to manufacturing �rms (SIC 2000-3999). MFT is the number of patents reassigned within
each CPC class, weighted by the share of the �rm's patents in each CPC class.MFC is based on the division
of innovative labor (DoIL) survey (W. M. Cohen et al., 2021), and is the share of �rms within each 6-digit
NAICS that acquired new equipment or hired new employees to commercialize inventions. Diversi�cation
is a continuous variable constructed by multiplying the number of CPC classes that a �rm patents in for a
given year by (1-HHI CPC3), where HHI CPC3 is the Her�ndahl–Hirschman Index across the CPC classes that
the �rm patents in for a given year. The measure Centered U.S. tariffsis constructed using a simple average
of tariffs charged by U.S. on its imports from the rest of the world. This measure is demeaned across years
for each four digit SIC and weighted by the share of sales each �rm in an SIC. We use Centered U.S. tariffs to
instrument for �rm sales.

are averaged over the patents that each �rm applies for in each year, and invention quality

is proxied by the average number of forward citations received by the patents that each �rm

applies for in each year, where forward citations are normalized (i.e., divided by) by grant

year-CPC class mean. Firm size quartiles are based on �rm sales at the �rm-year level.

The �gure shows that average private value of patents (left vertical axis) represented by

the solid line is systematically higher for larger �rms. More speci�cally, moving from the

bottom to the top �rm size quartile, the average private value of patents rises around ten

fold, that is, from around 3.6 million U.S. dollars to 35 million U.S. dollars. At the same

time, consistent with superior appropriability being the principal source of the size premium,

average patent quality (right vertical axis) represented by the dotted line declines with �rm

size. Moving from the bottom to the top quartile of �rm size distribution is associated with

about a 26% decline (i.e., from 1.54 to 1.15) in the average number of citations.
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FIGURE 2.2: Firm size, patent value, and patent quality

Notes:The �gure presents the relationship between �rm size and patent value as well as between �rm size
and patent quality. The sample consists of Compustat �rms between 1980 and 2015. Patent value is from
(Kogan et al., 2017) and is the mean value of patents produced by each �rm for each year. Patent quality is
the number of forward citations received per patent produced by each �rm for each year. Patent citation is
normalized by CPC class-year mean.

2.3.4 Econometric results
2.3.4.1 Private value of invention

We use the following econometric speci�cation to test the relationship between �rm size

and invention value:

ln(c it ) = a0 + a1ln(Salesit � 1) + f i + t + #it (2.1)

The dependent variablec it is the average private value of the patents that �rm i applies

for in year t. Salesit � 1 is sales of �rm i in year t � 1. Both the dependent and independent

variables are in log terms. Therefore, the coe�cient a1 is the elasticity of average private

value of an invention with respect to sales. f i and t are complete sets of �rm and year
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dummies. #it is an iid error term. Standard errors are clustered at the �rm level. The

coe�cient of interest is a1. We expect a1 ¡ 0 if large �rms realize higher value from their

inventions.

Table 2.4 presents estimation results for equation 2.1. Columns 1 and 2 report between-

and within-�rm estimates, respectively. Both indicate a sizable positive association between

the average patent value and size. Column 2 shows that �rm size and private value of

an invention has a statistically signi�cant and positive relationship, and indicates that, a

doubling of �rm size is associated with approximately 16% increase in private value of an

invention. Comparing columns 1 and 2 shows that the inclusion of �rm �xed e�ects reduces

the coe�cient estimate of �rm sales by about 60%, suggesting substantial heterogeneity

across �rms in the relationship between size and value. In most of our analyses, we will

feature the within-�rm e�ects, thus focusing on the question of whether �rms are able to

realize higher value from their inventions as they grow.

Column 3 reports within-�rm estimates after controlling for di�erences in patent and

publication stocks. We include patent and publication stocks as controls for comparability

with other studies of the research activities of �rms (e.g., Arora, Belenzon, and Sheer,

2021a; Hall et al., 2005).20 The coe�cients on patent and publication stocks indicate a

negative relationship between average value and patent stock and a positive relationship

between average value and publication stock. Column 4 further adds a control for market

capitalization to re�ect the fact that Kogan et al., 2017 estimate invention values based

on movements in the share value and, in turn, the market value for each �rm (Brav et al.,

2018). As expected, the magnitude of the coe�cient on �rm sales declines substantially

(by about 80%) after adding market capitalization. The results indicate that a doubling of

�rm size is associated with approximately 5% increase in the private value of an invention.

21 In column 5, as an alternative measure of average invention value, we use the share of a

20 These stocks re�ect the scale of the �rm's inventive effort, which itself re�ects both its inventive ability
and its ability to capture value from inventions.

21 At the sample mean, a doubling of �rm size is associated with approximately 0.8 million U.S. dollars. At
the median, a doubling of �rm size is associated with an increase in private value of 0.7 million U.S. dollars.
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�rm's inventions patented in multiple jurisdictions. The results indicate that a doubling of

�rm size is associated with 1.7 percentage point increase in the share of inventions patented

in multiple jurisdictions.

The pattern of results presented in this section is consistent with the private value of

inventions increasing with �rm size. Note, however, that market capitalization is strongly

correlated with sales (r = 0.72). As a forward looking measure, it may also be correlated

with unobserved variation in the value-capture capabilities of the �rm.

Table 2.4: Relationship between �rm size and private value of inventions
Dependent variable ln(Average patent value) Share of multi-

juris. patents)
(1) (2) (3) (4) (5)

VARIABLES Btw-Firm Within-Firm Stock Market Cap Jurisdictions
log(1+Sales)t� 1 0.405 0.161 0.224 0.053 0.017

(0.010) (0.019) (0.021) (0.018) (0.005)
log(1+Patent stock)t� 1 -0.147 -0.138

(0.019) (0.018)
log(1+Publication stock) t� 1 0.002 -0.002

(0.021) (0.018)
log(1+Market capitalization) t� 1 0.284

(0.012)
Firm dummies No Yes Yes Yes Yes
Year dummies Yes Yes Yes Yes Yes
SE Clustered Firm Firm Firm Firm Firm
Mean of DV 13.48 13.62 14.08 14.08 0.83
Observations 26,468 26,152 24,572 24,529 26,152
R-squared 0.50 0.87 0.88 0.89 0.38

Notes: This table presents the relationship between average private value of inventions and �rm size. The
sample consists of 2,786 public �rms (from Compustat) and covers years 1980 through 2015. Average private
value is from Kogan et al., 2017 and is based on abnormal stock market returns returns in response to patent
issuance. Firm sales is lagged by one year. Publication stock and Patent stock are from Arora, Belenzon, and
Sheer, 2021a. Clustered standard errors are reported in parentheses.

2.3.4.2 Invention quality

Given that as �rms grow larger, they are able to realize higher value from their in-

ventions, we now explore whether that is due to an advantage in inventive capability or

an advantage in their ability to capture value. Recall that our model predicts that, if the

size premium is due to greater inventive capability, the relationship between quality and

size should be positive. However, if the size premium is due to higher value-capture, the
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relationship should be negative. We use the following econometric speci�cation:

ln(Quality it ) = b0 + b1ln(Salesit � 1) + f i + t + #it (2.2)

The dependent variableQuality it is the average quality of the patents that �rm i applies

for in year t. The coe�cient of interest is b1 as we are interested in examining how invention

quality varies with �rm size. We expect b1>0 if large �rms are able to realize higher value

from their inventions due to advantages in inventive capability (model prediction 1) and

b1<0 if large �rms are able to realize higher value from their inventions due to advantages

in value-capture (model prediction 2).

Table 2.5 presents estimation results for equation 2.2. Columns 1 and 2 report between-

and within-�rm estimates, respectively. They indicate that �rm size and invention quality

has a negative and statistically signi�cant relationship. The column 2 estimates indicate

that when �rm size doubles, the invention quality declines by approximately 3.4%. Compar-

ing columns 1 and 2, we see that the inclusion of �rm �xed e�ects increases the coe�cient

estimate over tenfold in magnitude and renders the coe�cient statistically signi�cant. This

change in coe�cient estimates and signi�cance suggests that there is signi�cant unobserved

heterogeneity across �rms in the average quality of inventions. Sources of unobserved het-

erogeneity may include persistent di�erences in �rms' inventive capabilities, re�ected in

invention quality di�erences between �rms, that are positively associated with size, as well

as di�erences in the technology classes in which they patent.

Column 3 reports within-�rm estimates after controlling for di�erences in patent and

publication stock, and column 4 adds a control for market capitalization to facilitate com-

parison with the estimates for value. Patent stocks and publication stocks are highly cor-

related with size, leading to noisy coe�cient estimates. The results in column 4 show that

doubling of �rm size is associated with around 2.7% decline in invention quality, or 0.04

fewer (normalized) citations at the sample mean.22

22 In unreported analysis, we regress average quality on �rm sales for the post-2000 sample period after ex-
cluding examiner added citations and �nd qualitatively similar and statistically signi�cant results. Examiner
citations are identi�able only since 2000.
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In column 5, we use inverse hyperbolic sine transformation for average forward citations

to account for the fact that some patents receive no citations. The results continue to show

a statistically signi�cant and negative coe�cient on sales, indicating that invention quality

has a negative relationship with �rm size.

Taken together, the results from Tables 2.4 and 2.5 indicate that increases in �rm size

are associated with an increase in average patent value and a modest lowering of average

patent quality. The general pattern of results from our analysis on the relationship between

�rm size and invention quality is consistent with large �rms realizing higher value from

their inventions due to their advantages in value-capture.

Table 2.5: Relationship between �rm size and invention quality
Dependent variable ln(1+Average forward cites) asinh(Avg.

forw. cites)
(1) (2) (3) (4) (5)

VARIABLES Btw-Firm Within-Firm Stock Market Cap IHS
log(1+Sales)t� 1 -0.003 -0.034 -0.023 -0.027 -0.035

(0.002) (0.006) (0.006) (0.007) (0.009)
log(1+Patent stock)t� 1 -0.015 -0.015 -0.021

(0.006) (0.006) (0.009)
log(1+Publication stock) t� 1 -0.013 -0.013 -0.017

(0.007) (0.007) (0.010)
log(1+Market capitalization) t� 1 0.007 0.009

(0.005) (0.007)
Firm dummies No Yes Yes Yes Yes
Year dummies Yes Yes Yes Yes Yes
SE Clustered Firm Firm Firm Firm Firm
Mean of DV 1.32 1.32 1.30 1.30 1.30
Observations 26,468 26,152 24,572 24,529 24,529
R-squared 0.01 0.44 0.43 0.44 0.43

Notes: This table presents the relationship between invention quality (average forward citations) and �rm
size (�rm sales) at the �rm-year level. The sample consists of 2,786 public �rms (from Compustat) and covers
years 1980 through 2015. Forward citations are weighted by the average value in their cohort (CPC class and
grant year). Firm sales is lagged by one year. Publication stock and Patent stock are obtained from Arora,
Belenzon, and Sheer, 2021a. Clustered standard errors are reported in parentheses.

2.4 Commercialization capabilities and the appropriability advan-
tage

Having established in the prior section that large �rms bene�t from an appropriability

advantage in invention, this section considers the source of that advantage, speci�cally the

role of commercialization capabilities. Lacking a measure of commercialization capabilities,
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we make the case indirectly. We identify the circumstances under which �rms' prior pos-

session of commercialization capabilities confers less of an advantage, which, in our model,

should moderate the links between �rm size and, respectively, the value and quality of

inventions. We then test these predictions.

2.4.1 Model

If we relax the assumption that �rms must embody their inventions in their own output

by assuming that �rms can sell or license their inventions, the relationship between average

private value and �rm size should weaken. A market for technology o�ers a �rm the option

to buy or sell. A �rm with strong commercialization capability�a large �rm�may continue

to commercialize internally. It would reduce internal R&D so as not to invent incremental

inventions and instead acquire inventions from the outside and deploy its commercialization

capabilities to those inventions. Firms lacking commercialization capability�small �rms�

would, instead, increase R&D (Arora & Ceccagnoli, 2006) to sell additional inventions to

other, larger �rms with superior commercialization capabilities, realizing gains from trade.

The quality of inventions of large and small �rms would become more similar, as would the

private value of inventions.23

This argument can be illustrated with a simple example. Suppose �rmi can license its

inventions with probability l to a potential licensee with a value for the invention of quality

q given by v̄q, v̄ ¡ v. Suppose �rm i can capture a fractiong, 0   g ¤ 1 of the total value

generated, such that, the licensing fees are equal to(v + g( v̄ � v))q. Thus its expected

payo� (gross of costs) is ṽq, where ṽ = v + lg ( v̄ � v) ¡ v. Thus, when the inventor can

license, this is equivalent to the inventor being able to capture value that a larger �rm could

capture. Note that for �rms with high appropriability due to superior commercialization

capabilities, v ¡ v̄, their value-capture is not increased by the option of licensing, and thus

licensing is not attractive to them. This implies that average value of inventions is less

23 Furthermore, �rms might specialize. A �rm might invest in R&D and other assets that would increase
the quality and quantity of inventions, or it might invest in production, and sales and marketing, and other
capabilities that enable it to ef�ciently commercialize inventions.
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dependent on size when �rms can license. As a consequence, quality will also depend less

on size since expected value drives the projects that �rms pursue. This result also highlights

the importance of commercialization capabilities as the means for value-capture since the

reason that smaller �rms bene�t from licensing is that licensing provides indirect access to

the superior commercialization capabilities of potential licensees.

When the size premium is due to superior appropriability, the option to sell or license

their inventions will dampen the di�erences between large and small �rms in terms of both

quality and value. If instead the size premium is due to superior inventive capability,A,

average quality increases with size. However, the option to license would encourage larger

�rms with weak commercialization but high inventive capabilities to invent more, and move

down the marginal product curve. As a result, average quality would increase with size more

slowly than if licensing were not possible.24

If commercialization capabilities could be rented or otherwise acquired by the inventor,

the outcome is similar to that when �rms can license their inventions. Assuming no capital

constraints, the value of invention would not depend on the existing commercialization

capabilities of a �rm. To the extent that markets for commercialization capabilities are

pervasive within an industry, we expect the �rm size relationship with both invention value

and quality to weaken if size is associated with superior commercialization capability. On

the other hand, if size is associated with superior inventive capability, the relationship

between size and average value would be strengthened.

A market for technology also allows for in-licensing. Suppose a �rm can in-license

inventions with an average quality of q. It follows that it will not develop internal inventions

with quality lower than q . If size is associated with greater appropriability, the option to

in-license will imply that the average quality of internal inventions will fall more slowly

with size. But the same logic implies that average value would increase at a higher rate

with appropriability. Recall that as appropriability, v, increases, the e�ect on average value

is partially reduced by a reduction in average quality. If average quality diminishes at a

24 See appendix B.1.3 for a formal proof.
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lower rate because of the �oor provided by outside inventions, average value will increase

at a higher rate with superior appropriability due to size.

If the size premium is due to superior inventive capability, average quality increases with

size. In an MFT, smaller �rms are more likely to in-license, thereby reducing the positive

relationship between average quality and size, as well as reducing the positive relationship

between average value and size.25

To summarize, when companies have the option of licensing inventions from others, or

license their inventions to others, or acquire commercialization capabilities from outside,

the relationship between average quality and size will weaken. This is the case whether size

is associated with greater appropriability or with superior inventive capability.

However, the relationship between average value and size depends on whether the �rm is

principally licensing its inventions to others or mainly licensing inventions from the outside.

The relationship will be weaker when size is associated with greater appropriability and the

�rm licenses to others, and when size is associated with superior inventive capability and

�rms can in-license. The relationship will be strengthened if size is associated with superior

inventive capability and �rms license their inventions to others. The relationship will also be

strengthened if size is associated with greater appropriability and �rms in-license inventions

from the outside.26

Empirically, this implies that if the size premium is due to inventive capability, the

interaction between MFT and size should be negative for quality. If the size premium is

due to appropriability, the interaction between MFT and size should be positive for quality.

These are summarized in rows 1 and 2 of Table 2.6. Rows 3 and 4 indicate the relationship

between average value and size.

25 See appendix B.1.4 for a formal proof.

26 In our sample, as explained in detail in footnote 28 below, �rms tend to out-license more. Thus, we should
expect the interaction between MFT and size in the value equation to be positive if size premium is from
ability and negative if the premium is due to appropriability.

29



Table 2.6: Empirical predictions under MFT and under MFC
Out-licensing In-licensing MFC

Inventive
Capability (A)

Appropri-
ability (v)

Inventive
Capability (A)

Appropri-
ability (v)

Inventive
Capability (A)

Appropri-
ability (v)

(1) (2) (3) (4) (5) (6)

Average Size Positive Negative Positive Negative Positive Negative
Quality Size*Markets Negative Positive Negative Positive Negative Positive

Average Size Positive Positive Positive Positive Positive Positive
Value Size*Markets Positive Negative Negative Positive Positive Negative

Notes: This table summarizes the results from comparative statics of average private value and average
quality with respect to inventive capability and appropriability, under out- and in-licensing of inventions,
and when there are a market for commercialization capabilities (MFC). Note that the empirical predictions
from the model are similar in the cases of out-licensing and MFC.

2.4.2 Non-parametric results

Figure 2.3 presents the relationship between �rm size and invention quality (normalized

by the �rst size quartile) for �rms that are more likely to trade their inventions (upper half

of trade propensity distribution) and for �rms that are less likely to trade their inventions

(lower half of trade propensity distribution).

The �gure shows that the relationship between �rm size and invention quality is weaker

for �rms that are more likely to trade their inventions. Speci�cally, for �rms in the upper

half in terms of propensity to trade patents, moving from the bottom to the top quartile of

�rm size distribution, the average quality of inventions drops by around 20%. The average

quality drops by 32% for �rms in the lower half of trade propensity distribution.

Figure 2.4 shows that the relationship between �rm size and invention quality (normal-

ized by the �rst size quartile) is weaker for �rms better able to acquire new commercial-

ization capabilities. Speci�cally, for �rms operating in industries in the top quartile of the

propensity to acquire new commercialization capabilities, moving from the bottom to the

top quartile of �rm size distribution is associated with around 4% drop in the average qual-

ity of inventions. The average quality drops by 28% for �rms in the lower three quartiles

of the distribution.
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FIGURE 2.3: Firm size, patent quality, markets for technology

Notes:The �gure presents the relationship between �rm size and patent quality for �rms in the top half of
reassigned patents versus �rms in the bottom half. The measure of reassignments is the number of patents
reassigned in each 3-digit CPC for each sample year and aggregated to the �rm-year level by taking the
weighted average based on a �rm's patenting propensity in a 3-digit CPC. Patent quality is normalized by
the average quality of patents in the �rst quartile of sales distribution.

2.4.3 Econometric results

Table 2.7 presents our results characterizing the relationship between �rm size and,

respectively, private value and invention quality when either markets for technology (MFT)

or markets for commercialization capabilities (MFC) are pervasive.

In Table 2.7 we once again observe a positive relationship between size and value and a

negative relationship between size and quality. More importantly, in columns 1 and 4, the

coe�cient estimates for the interactions of sales with MFT show a weakening of �rm size

relationship with private value and invention quality as MFT increases.27 This is consistent

27 In columns 1 and 4, �rm sales is interacted with a continuous measure indicating the level of activity in
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FIGURE 2.4: Firm size, patent quality, and markets for commercialization capability

Notes:The �gure presents the relationship between �rm size and patent quality for �rms in industries in the
top quartile of MFC distribution, and 0 otherwise. MFC is an industry-level measure of propensity to
acquire new commercialization capabilities (i.e., share of �rms within 6-digit NAICS that acquired new
commercialization capabilities) based on W. M. Cohen et al., 2021. Patent quality is normalized by the
average quality of patents in the �rst quartile of sales distribution.

with our model prediction (see Table 2.6) for the case where larger �rms bene�t from

an appropriability advantage and: 1) markets for technology are more pervasive; and 2)

�rms are predominantly using such markets to sell their inventions (e.g., via out-licensing,

or selling their patent rights via reassignments). The negative and statistically signi�cant

coe�cient on the interaction term in column 1 shows that the relationship between �rm size

and private value of an invention is about 13% weaker (interaction coe�cient is statistically

signi�cant at the 5% level) for �rms operating industries with more active markets for

inventions. Also, column 4 shows a positive and statistically signi�cant coe�cient on the

markets for technology.
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interaction term, indicating that the relationship between �rm size and invention quality is

about 11% (statistically signi�cant at the 5% level) weaker for �rms operating in industries

with more active markets for inventions.28 This weakening of the �rm size relationship with

both quality and value suggests that where �rms do not need to possess commercialization

capabilities themselves, but can sell their inventions via MFT to earn higher returns, the

size advantage diminishes.

We next explore the moderating e�ect on size of markets for commercialization capabil-

ities (MFC). Paralleling our argument regarding MFT, to the extent that �rms operate in

industries where commercialization capabilities are more readily procured, we again expect

a weaker relationship between �rm size and invention quality and value to weaken. Columns

2 and 5 of Table 2.7 report our estimation results. In both columns, �rm sales is interacted

with a continuous measure of MFC, de�ned as the share of �rms that have either acquired

new equipment or hired new employees to commercialize their most signi�cant innovation

in a 6-digit NAICS.

Consistent with the expectation, the coe�cient on the interaction term for the value

regression in column 2 is negative. Although the coe�cient is not statistically signi�cant,

the magnitude is quite large, about 88% of the coe�cient on sales. Also, consistent with

the expectation, the coe�cient on the interaction term for the quality regression in column

5 is positive and statistically signi�cant at the 5% level. The magnitude of the coe�cient

is again quite large at 99% of the coe�cient on sales. These results suggest that the �rm

size relationship with value and quality may be substantially diminished when �rms can

acquire the capabilities required to commercialize their inventions.

To summarize, it appears that it is the prior possession of commercialization capa-

bilities of larger �rms that allow them to extract more value from their inventions. We

28 It should be noted, however, that our model predicts a strengthening of the relationship between size and
private value where �rms acquire inventions via MFT's. In our sample, �rms typically sell rather than buy
inventions. Approximately 58% of the �rms in our sample have reassigned their patents at least once, and
46% have acquired patents. Of the 71% of �rms have sold or bought patents in our sample, 35% have only
sold patents, compared to 18% that have only bought patents. The remaining 47% have both sold and bought
patents.
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demonstrate this argument through exception�by showing that where the prior possession

of commercialization capabilities is not essential for �rms to pro�t from their inventions,

the link between �rm size and, respectively, invention quality and private value weakens.29

Lastly, we explore the relationship between �rm technological diversi�cation and av-

erage invention value and quality, while controlling for �rm size. To the extent that the

�rm's commercialization capabilities are speci�c to technology areas, we expect that more

diversi�ed �rms on average will realize lower value from their inventions and generate higher

quality inventions than focused �rms.

Consistent with the expectation, the results in column 3 show that diversi�cation has

a negative relationship with average private value of inventions, indicating that doubling

the level of diversi�cation is associated with about 3% decline in average private value of

inventions. Column 6 shows that diversi�cation has a positive relationship with average

invention quality, indicating that doubling the level of diversi�cation is associated with

about 4% increase in average invention quality.30 What this suggests is that, through

technological diversi�cation, the value and quality of the inventions of a larger �rm can

begin to resemble the value and quality of a smaller �rm's. This result also suggests

that, to some degree, the commercialization capabilities of �rms may be speci�c to the

di�erent areas of technical specialization within it. For example, one would not expect the

marketing, sales, and manufacturing capabilities for the jet engine division of GE to be

useful in commercializing innovations from GE's medical imaging division.

2.5 Firm size and inventive capability: Non-parametric results

The model in section 2.3.1 is driven by the simple insight that a �rm that can cap-

ture more value from its inventions will develop more inventions. Diminishing returns in

29 A link between �rm size and the ability to manage and enforce patents could also explain our �ndings of
a positive relationship between �rm size and value and a negative one between �rm size and quality. Under
some assumptions, that counterargument could also explain the weakening of the observed relationships
when markets for technology are strong. However, this counter-argument is not consistent with the weaker
relationships estimated when markets for commercialization capabilities are strong.

30 In Appendix Table B.8, we use an alternate measure of diversi�cation based on Stirling, 2007 and �nd
qualitatively similar results for both the value and quality regressions.
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Table 2.7: Markets for technology and capabilities and �rm diversi�cation
Dependent variable ln(Avg. private value) log(1+Avg. forward cites)

(1) (2) (3) (4) (5) (6)
VARIABLES MFT MFC Diversif. MFT MFC Diversif.
log(1+Sales)t� 1 0.146 0.090 0.055 -0.063 -0.070 -0.030

(0.026) (0.050) (0.018) (0.010) (0.022) (0.007)
log(1+Sales)t� 1 x MFT -0.019 0.007

(0.004) (0.002)
log(1+Sales)t� 1 x MFC -0.076 0.069

(0.083) (0.035)
Diversi�cation -0.029 0.039

(0.014) (0.006)
MFT 0.078 -0.052

(0.022) (0.010)
log(1+Patent stock)t� 1 -0.127 -0.131 -0.135 -0.016 -0.014 -0.019

(0.017) (0.020) (0.017) (0.006) (0.008) (0.006)
log(1+Publication stock) t� 1 0.004 0.021 -0.003 -0.015 -0.010 -0.012

(0.018) (0.021) (0.018) (0.007) (0.009) (0.007)
log(1+Market Capitalization) t� 1 0.288 0.270 0.287 0.005 0.008 0.003

(0.012) (0.014) (0.012) (0.005) (0.006) (0.005)
Firm dummies Yes Yes Yes Yes Yes Yes
Year dummies Yes Yes Yes Yes Yes Yes
SE Clustered Firm Firm Firm Firm Firm Firm
Mean of DV 14.08 13.87 14.08 1.30 1.32 1.30
Observations 24,529 17,634 24,529 24,529 17,634 24,529
R-squared 0.89 0.88 0.89 0.44 0.45 0.44

Notes: This table presents the �rm size relationship with invention value and quality moderated by active
markets for technology and commercialization capabilities (Columns 1-2 and 4-5). It also presents the
relationship between �rm diversi�cation and invention value and quality (Columns 3 and 6). MFT is the
number of patents reassigned within each CPC class, weighted by the share of the �rm's patents in each
CPC class.MFC is the share of �rms within each 6-digit NAICS that acquired new equipment or hired new
employees to commercialize inventions. Diversi�cation is a continuous variable constructed by multiplying
the number of CPC classes that a �rm patents in for a given year by (1-HHI CPC3), where HHI CPC3 is the
Her�ndahl–Hirschman Index across the CPC classes that the �rm patents in for a given year. Clustered
standard errors are reported in parentheses.

invention quality imply that additional inventions will tend to be of lower quality, thereby

reducing the averagequality of inventions. It is possible, therefore, that a greater inventive

capability may be masked by the e�ect of diminishing returns. If one assesses not the

quality of the average invention but instead the quality of the �best� (i.e., highest quality)

inventions, the e�ect of diminishing returns will be muted. That is, in terms of the model,

instead of testing whether
Q(n; A)

n
increases with size, we could test whetherQ(0; A)

increases with size.

Doing so raises, however, a di�erent problem. Even ifQ(0; A) did not increase with
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size, if we measureQ(0; A) with noise, an increase in the number of patents a �rm �les will

bias the estimate ofQ(0; A) upwards. A simple example illustrates the point. Consider two

�rms with the same total quality function, Q(n). Assume �rm a, being larger, has a higher

v than �rm b, and therefore produces more patents i.e.,na ¡ nb. Quality is measured with

error, so the quality of the i th patent is Q( i) + ei . The expected quality of �best� patent

of �rm k, k = t a, bu has quality given by E
i= nk
max
i= 0

t Q( i) + eiu, which increases withnk. As

a result, �rm a will have a higher quality �best� patent compared to �rm b, though they

have identical inventive capability (they have the sameQ(n)). This implies that we have

to control for the number of patents �led. However, simply including a linear control, as in

a regression, is insu�cient because of the expected value of an order statistic from a sample

is inherently non-linear in the sample size. We therefore use a non-parametric approach to

test whether large �rms have superior inventive capabilities.

In Figure 2.5, we compare the citations received by the highest quality patents while

controlling for di�erences in the number of inventions that �rms generate in a given patent

class (i.e., CPC class). The X-axis is �rm sales quartiles, and the Y-axis is the average

number of citations that the highest quality patents receive in a given �rm size quartile,

CPC class, and year. The square markers represent highest quality patents, and the round

markers represent the average of the top three highest quality patents. Because large �rms

overall tend to produce many more patented inventions than small �rms, we compare the

quality of inventions only for �rms producing a similar number of patents in a given CPC

class over our sample period. Intuitively, we are comparing the best patents of large and

small �rms, as measured by sales, where we compare a group of large �rms with a group of

small �rms such that both groups have the same number of patents in a CPC. Speci�cally,

within each CPC class, we identify �rms that generate 1-5, 6-10, 11-15, and so on, up to

201-205 inventions (�count groups�).31 Then, we �nd the highest quality patent within each

sales quartile for a given CPC class-count group pair. Lastly, for each sales quartile, we

31 We stop with the count group 201-205 to have a suf�cient number of �rms in our analysis. We set the
threshold for the number of unique �rms to be included in the analysis to 10.
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average the citations that the highest quality patents receive across all count groups and

CPC classes.32

The �gure shows no apparent evidence of large �rms having an advantage in inven-

tive capability as the number of citations received by the highest quality patents (square

markers) is similar between �rms in the bottom and the top quartiles of size distribution.

The number of citations received by the highest quality patents of the �rms in the bottom

quartile of size distribution is 7.3, while that of the �rms in the top quartile is 6.1. The com-

parison of the three highest quality patents (round marker) across �rm size quartiles also

shows no apparent evidence that large �rms possess an advantage in inventive capability.

Appendix Figure B.1 presents a comparison of the highest quality inventions between

small and large �rms within each technology area (i.e., CPC section). The overall pattern

continues to show no apparent evidence of large �rms holding an advantage in inventive

capability.

In Appendix Figure B.2, we compare the CDF of citations received by the top 1% cited

patents of small and large �rms while controlling for di�erences in the number of inventions

that �rms of di�erent sizes generate. Appendix Figure B.3 shows the CDF of citations of

top 1% cited patents, by technology area. We �nd the qualitatively similar result that large

�rms show no apparent evidence of holding an advantage in inventive capability.33

2.6 Robustness tests

This section provides both an instrumented version of our quality equation results as

well as a robustness test at the technology area level and another using an alternative

32 For example, if the highest quality patent in the bottom sales quartile of the �rms generating 1-5 patents
in a speci�c CPC class receives 15 citations and the highest quality patent in the bottom sales quartile of the
�rms generating 6-10 patents in the same CPC class receives 11 citations, then the average citations received
by the highest quality patents generated by �rms in the bottom sales quartile in that particular CPC class
would be 13. This within-quartile average is computed for every CPC class, and the overall average for each
quartile is computed from those averages.

33 Appendix Table B.3 reports additional statistics and analysis to support �gures B.2 and B.3. The �rst row
of Table B.3, shows evidence that the mean of top 1% cited patents for large �rms is lower for smaller �rms.
A Kolmogorov-Smirnov test of equality of CDFs can be rejected in favor of the alternate hypothesis that the
CDF of quality of small �rms lies below that of the CDF of quality for large �rms. This pattern is also apparent
within technology areas (except textiles and paper, �xed construction and electricity).
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FIGURE 2.5: The quality of the top cited patents by sales quartiles

Notes:The �gure presents the mean of the highest quality patents across all CPC classes by �rm size (i.e.,
sales quartiles). The Y-axis is the number of forward citations that highest quality patents receive in a given
�rm size bin, CPC class, and year. Speci�cally, within each CPC class, we identify �rms that generate 1-5,
6-10, 11-15, and so on, up to 201-205 inventions (“count groups”). We stop with the count group 201-205 to
have a suf�cient number of �rms in our analysis. We set the threshold for the number of unique �rms to be
included in the analysis to 10. Then, we �nd the highest quality patent within each sales quartile for a given
CPC class-count group pair. Lastly, for each sales quartile, we average the citations that the highest quality
patents receive across all count groups and CPC classes.

measure of �rm size.

2.6.1 An additional test of the model: Using tariffs as a source of vari-
ation in value of inventions

The analysis so far examined how invention quality varies with �rm size. In the value-

capture interpretation, �rm size proxies for commercialization capabilities that enable the

�rm to realize higher value from its inventions. It is then possible that the annual variation

in sales within a �rm may re�ect unobserved factors that are related to the quality of future

patents. In our model, such variations may re�ect shocks to technological opportunity

(represented byA) or shocks to the value of inventions (which were normalized to unity in

the model.) Shocks to technological opportunity would be positively correlated with average

38



quality. However, shocks to the value of inventions would lead the �rm to move further

down the marginal product curve, resulting in lower average quality of inventions. Tari�s

can a�ect sales through changes in input cost and changes in product market competition,

and thereby a�ect the value of inventions. This provides an additional test of our model,

namely that average quality of inventions is negatively related to the average value.

We therefore use sales predicted by tari�s as a proxy for such shocks to value. In terms

of our model, the shocks to value should be negatively correlated with average quality.34

Compared to the OLS estimation, we observe that the coe�cient on predicted sales in

the 2SLS estimation in Appendix Table B.4 is an order of magnitude greater. Because

unobserved shocks to technological opportunity may increase both quality and sales, it is

not surprising that, once we strip that e�ect out, the estimated relationship between size

and average quality becomes more negative.35

2.6.2 Technology area-level analysis

Appendix Table B.5 presents the estimation results on the relationship between �rm

size and private value of an invention at the �rm-technology area level. Consistent with the

main �ndings, the results show that �rm size and patent value have a positive association

even with the inclusion of technology area dummies. For instance, column 5, which includes

complete sets of year, �rm, and technology area dummies, shows that doubling of �rm size

is associated with approximately approximately 6% increase in patent value (statistically

signi�cant at the 5% level), or around 1.2 million U.S. dollars at the sample mean.

Appendix Table B.6 presents the estimation results on the relationship between �rm

size and invention quality at the �rm-technology area level. The general pattern of results

is consistent with the main �nding that �rm size has a negative association with invention

quality. For instance, column 5, which includes complete sets of year, �rm, and technol-

34 Using predicted sales in the value equation does not provide a test because, by de�nition, shocks to value
will be positively correlated with the average value of patents.

35 For the discussion on construction of the instrument and a discussion of the �rst stage analysis, see Ap-
pendix B.2.5
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ogy area dummies, shows that doubling of �rm size is associated with approximately 2%

decline in invention quality (statistically signi�cant at the 5% level), or around 0.03 fewer

(normalized) citations at the sample mean.

2.6.3 Alternative measures of �rm size

To mitigate the potential concern that �rm sales do not adequately capture the level

of assets and capabilities that �rms possess, we present additional results using an alter-

native measure of �rm size - i.e., the count of employee. Appendix Table B.7 presents the

estimation results on the relationship between �rm size proxied by employee count and

both invention value (columns 1 and 2) and quality (columns 2 and 3). Consistent with

our main �ndings, columns 1 and 2 show that �rm size has a positive relationship with

invention value. (Only column 2 using a dummy variable indicating a large �rm is sta-

tistically signi�cant. 36) Columns 2 and 3 show that �rm size has a negative relationship

with invention quality. (Only column 1 using a continuous measure of employee count is

statistically signi�cant.)

2.6.4 Inventions in the core technology area

It is possible that a �rm's invention would be of higher quality when it is related to

the prior inventions of the �rm. Also, the tendency to make improvements over prior

inventions can di�er between large and small �rms. To control for this possible di�erence,

we reproduce our results after restricting the inventions used in our sample to those in the

technology area within which each �rm patents most frequently. Consistent with our main

�ndings, the results in Appendix Table B.9 show that �rm size has a positive relationship

with invention value (column 1) and a negative relationship with invention quality (column

2).

36 A large �rm is de�ned as a �rm in the top half of the employee count distribution.
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2.7 Conclusion

In this paper, we observe a strong positive relationship between a �rm's size, as measured

by their sales, and the private value of their patented inventions�a �nding consistent with

the prior literature. A key objective of this paper is to understand the source of this

relationship. We posit two possibilities: that larger �rms are better at inventing, or that

larger �rms are better able to capture value from the inventions in their possession. We

developed a simple model that allows for both possibilities. While the model predicts that

invention value should increase with size in either case, the model also o�ers predictions

that discriminate between the two. If inventive capability increases with size, then average

quality should also increase. If the ability to capture value accounts for the relationship,

then average quality should decline as �rms grow.

In our empirical analysis, we feature Kogan et al., 2017 estimates of the values of �rms'

patented inventions as our primary measure of value, and the share of inventions patented

in multiple jurisdictions as a second measure. We use forward citations as our measure of

technical quality. Using a sample of 2,786 public corporations, our regression results show

that larger size is indeed tied to a higher average private value of inventions. More tellingly,

however, we �nd that average quality declines with size, suggesting that the main source

of the size advantage is the ability to capture value�not inventive capability. This latter

result does not, however, entirely eliminate the possibility that inventive capability may

increase with size; larger �rms may have a higher quality curve but move further down

the curve, resulting in a lower average quality. To examine this possibility, we focus on

the highest-quality inventions of di�erent sized �rms. Because the realized quality of the

�best� inventions is a random variable, which depends not just on the inventive capability

of the �rm but also the number of patents it �les, we conduct a non-parametric analysis

that accounts for the di�erences in the number patents �led. The results of this analysis

suggest that there is no relationship between �rm size and inventive capability.

After establishing that it is an appropriability advantage that accounts for larger �rms'
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realization of greater value from their innovations, we argue that it is larger �rms' greater

commercialization capabilities that confer that advantage. We make the case by identifying

circumstances under which the appropriability advantage, if due to �rms' commercializa-

tion capabilities, should weaken. Speci�cally, the large �rm advantage should weaken if

there is an active market for technology that enables inventors to capitalize on the com-

mercialization capabilities of other �rms, or if the inventing �rm itself has ready access to

commercialization capabilities. We indeed �nd that �rm size advantage is weaker in indus-

tries where �rms have access to markets for technology, allowing smaller inventors to pro�t

from the commercialization capabilities of other �rms by selling their IP to them. Similarly,

in industries where �rms can readily procure commercialization capabilities, the size advan-

tage appears to be weaker as well. These results highlight the role that commercialization

capabilities play in tying �rm size to the quality and private value of invention.

The role of large, especially dominant �rms in the economy has been a fraught question

for 80 years since Schumpeter �rst suggested that large, monopolistic �rms were the locus

of technological change and, in turn, economic growth (Schumpeter, 1942). How we think

about their role turns partly on our judgments about how such �rms become dominant and

what they contribute to the economy. What we have examined in this paper is not whether

�rms grow large because they are more productive per Autor, Dorn, Katz, et al., 2020,

but whether �rms' inventive e�orts are more productive when they are large. Our results

indicate that increases in �rm size do not enhance inventive capability. Our analysis,

however, would be consistent with a claim that larger �rms' superior commercialization

capabilities contribute to their further growth.

Our core �nding that size confers an advantage for capturing value, likely via �rms'

commercialization capabilities, raises policy challenges. A key policy objective should be to

support an economy's inventive capabilities. Our results are consistent with the simple logic

of pro�t maximization operating on the diminishing productivity of �rms' inventive e�orts:

As growth in size enables �rms to reap greater pro�ts from their inventions, they will move

down the marginal productivity schedule, generating lower quality inventions, privately
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valuable but of less social value. Supporting smaller innovation-intensive �rms will bene�t

the economy because, by virtue of their limited size and limited commercialization capabil-

ities, smaller �rms will tend to focus their e�orts on the highest quality inventions. Such

support can take the form of ensuring that market entry remains unfettered�especially

that large, established �rms are not permitted to suppress entry and venture creation.

Our paper is subject to a number of limitations. First, our sample is limited to public

manufacturing �rms, which means that �small� �rms in our sample are still relatively large.

The question is whether our �ndings would generalize to a more representative sample.

Although ongoing research suggests a wider �rm size distribution may well strengthen our

�ndings 37, extending our analysis to a more representative sample would be useful. Second,

we lack a direct measure of �rms' commercialization capabilities. As a consequence, we

can only provide indirect evidence consistent with our argument that commercialization

capabilities account for the appropriability advantage of large �rms. The absence of a

measure of commercialization capabilities does not, however, weaken our more general

point that the key to the large �rm advantage is their superior ability to capture value

from their inventions. Third, we do not model the process by which �rms become large,

nor the way in which associated factors might a�ect the observed relationship between size

and, respectively, invention value and quality. Instead, we derive theoretical predictions

that discriminate between competing explanations of the size premium, and, while making

no causal claims, we test those predictions using simple regressions and non-parametric

analyses.

37 Ongoing research by Johnson et al., 2023 suggests that private �rms' patents are typically of higher quality
and less redundant that those of larger, public �rms.
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3. Location Choice and Innovation

3.1 Introduction

Global high-skilled talent plays a signi�cant role in U.S. �rms' inventive activity (Bahar

et al., 2020; Hernandez, 2024; W. R. Kerr, 2018; Laursen et al., 2020). The share of Indian

and Chinese inventors working in the U.S. and �ling patents at the USPTO tripled from

5% to 17% between 1975 and 2015 (W. R. Kerr, 2018). Over the last two decades, U.S.

�rms also increased their reliance on inventors working outside the U.S.. Figure 3.1 shows

that the share of USPTO patents invented by overseas-located inventors more than doubled

from 8% to 19% between 1980 and 2020.1

This increase in reliance on inventions generated by overseas inventors is likely a conse-

quence of a global democratization of science and engineering education over the last two

decades that shifted the high-skilled talent pool from the United States and other developed

countries to emerging market countries such as India and China. This shift in global high-

skilled talent, along with a shortage of scientists and engineers in the U.S. (Lewin et al.,

2009) and restrictions on immigration (Chaurey et al., 2024; Glennon, 2023) potentially

motivate U.S. �rms to increase their R&D presence overseas.

Given this increasing reliance on overseas inventions, there is limited evidence on the

nature of overseas inventions and how they contribute to �rm pro�tability. Existing studies,

such as those by d'Agostino et al., 2013 and Castellani and Pieri, 2013, focus on region-level

e�ects of R&D o�shoring in Europe, but their insights do not fully address the �rm-level

dynamics of global inventive activity. This gap is signi�cant, as �rms with a high reliance

on overseas inventive activity after 2000 dominate inventive activity: the top 1,000 �rms in

the sample account for 69% of all patents, 80% of R&D investments, and 88% of overseas-

generated patents (see Appendix Figure C.1 for details). Acknowledging the importance of

1 The share of coinvented patents (with at least one inventor in the U.S. and at least one inventor overseas)
also increased dramatically from 1% to 12% over the same period.
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FIGURE 3.1: Share of patents granted to US-headquartered �rms with only overseas
inventors

Notes:This �gure presents the share of patents with only overseas-located inventors as a share of all granted
patents to US-headquartered �rms plotted by patent �ling year. The sample consists of Compustat �rms
between 1980 and 2020. The denominator includes coinvented patents, that is, patents with at least one
co-inventor in the United States and at least one co-inventor overseas.

�rm level heterogeneity in pro�ting from invention, this paper explores how the distribution

and private value of overseas inventions change when the cost of inventing at home increases.

Additionally, I explore which �rms are most resilient to rising domestic invention costs.

Prior studies suggest a negative relationship between overseas inventions and �rm value

(Berry, 2014; Glaeser et al., 2023; Zhao, 2006). Zhao, 2006 argues that inventions conducted

in weak intellectual property rights regimes are of lower value as �rms derive lower returns

from them.2 Glaeser et al., 2023 provide evidence that the value of inventions declines

with distance to headquarters.3 These studies imply that �rms conduct their lower-valued

2 See Berry, 2017; Nandkumar and Srikanth, 2016; Zhao, 2006 for strategies �rms employ to navigate in-
venting in countries with weak intellectual property regimes.

3 Note, Glaeser et al., 2023's �ndings are limited to inventors within the US.
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inventions overseas.

If �rms invent low-value inventions overseas, then higher costs at home should lead to

more high-value inventions being moved abroad. However, when costs increase at home,

the average value of overseas inventions declines, which is puzzling. I reconcile this puzzle

in a simple framework of location choice of inventive activity.

This paper develops an analytical framework showing that R&D o�shoring depends on a

three-dimensional selection choice between 1) wage arbitrage, 2) o�shoring penalty, and 3)

the potential value of inventions to the �rm. Wage arbitrage refers to the cost savings from

conducting inventive activity in countries with low wages to inventors. O�shoring penalty

refers to lower realized value from higher coordination costs or operating in countries with

weak intellectual property rights (IPR) regimes. I derive predictions from the framework

linking rising domestic costs with the share of inventions o�shored and their realized value.

The key managerial implications of this paper are that decentralized �rms and larger �rms

bene�t more from o�shoring their inventive activity.

The framework predicts that an increase in the cost of inventing at home leads to

a higher share of inventions being o�shored. These additional inventions are those with

higher o�shoring penalties compared to inventions that are already o�shored. The change

in the realized value of overseas inventions depends on the balance between two factors: the

increase in o�shoring penalty and the increase in potential value. If the increase in potential

value exceeds the rise in o�shoring penalties, the realized value of overseas inventions rises

with domestic costs. Conversely, if o�shoring penalties increase more than potential value,

the realized value of overseas inventions declines with domestic costs. These predictions

align with the empirical �ndings, which show that when domestic costs increase, the realized

value of overseas inventions declines.

However, �rms di�er in their distributions of invention value and o�shoring penalty

of inventions such that some �rms are hurt less by an increase in cost of inventing at

home. Firms with lower o�shoring penalties are able to overcome some of the o�shoring

penalty as a result of an increase in cost of inventing at home. Firms with a decentralized
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organizational structure derive more value from their external inventions (Arora et al.,

2014). I argue that the ability to derive more value from external inventions is synergestic

with a capability to derive more value from overseas inventions. Thus, decentralized �rms

are more likely to have lower o�shoring penalty and derive morevalue from their overseas

inventions. Conversely, centralized �rms are likely to have higher coordination costs, that

increase their o�shoring penalties.

The results from the simulations of the framework presented in this paper have impli-

cations for the organization of international inventive activity and its e�ect on the nature

and direction of inventions. The empirical results suggest that an increase in the cost of

inventing at home increases the share of overseas inventions, especially in emerging market

countries and countries with weaker intellectual property rights (IPR) regimes. The real-

ized value of overseas inventions declines, on average. This decline in overseas inventions

is driven by inventions conducted in countries with weak IPR regimes. Findings also sug-

gest that decentralized �rms and larger �rms experience a lower decline in �rm value when

domestic costs increase.

Section 3.2 discusses the prior literature and provides conceptual background. Section

3.3 presents a simple framework of a �rm's decision to o�shore inventive activity. Section

3.4 presents the predictions derived from the framework on how realized value and share

of overseas inventions change with domestic costs of inventing. Section 3.5 describes the

data and measures used to test the predictions of the framework. Section 3.6 presents the

�rm-level empirical tests, and Section 3.7 presents the country-level empirical tests. Section

3.8 concludes.

3.2 Offshorability of inventions

In this section, I will summarize the theoretical background and empirical evidence

on how the o�shorability of inventions can a�ect the value of inventions. There are two

main arguments for why o�shored inventions realize less value than their counterparts at

home. First, the costs of coordinating inventive activity across vast distances. Second, the
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leakage of information in countries with weak intellectual property rights. I denote this as

an o�shoring penalty.

Firms trade-o� conducting R&D at home versus overseas considering several factors

(Thursby & Thursby, 2006), including supporting manufacturing operations (Hirschey &

Caves, 1981; Mans�eld et al., 1979), access to universities, market growth potential, IP

protection, access to inventor's markets (J. Fan, 2024; Thursby & Thursby, 2006), cheaper

input costs (Athukorala & Kohpaiboon, 2010; Chung & Yeaple, 2008; Kumar, 2001),

knowledge-seeking or to exploit the host country's national scienti�c capacity (Cantwell

et al., 1995; Chung & Alcácer, 2002; J. Fan, 2024; Kuemmerle, 1997), or immigration

restrictions (Chaurey et al., 2024; Glennon, 2023; Nayak et al., 2024).

O�shored inventions may create less value than inventions generated at home. Prox-

imity of R&D centers to their corporate headquarters is an important determinant of the

productivity of a �rm's innovation output (Carrincazeaux et al., 2001). Being near the

�rm's headquarters increases information exchange by raising the chances of accidental in-

teractions and reducing cost of planned meetings (Catalini, 2018). Bahar et al., 2023 and

Glaeser et al., 2023 �nd evidence that innovation output and patent values are lower for

inventors located further away from the �rm headquarters but improve with shorter �ight

times between locations. The frictions in coordinating overseas operations of a multinational

�rm (Kogut & Zander, 1993; Teece, 1977, 1986b) may result in loss of valuable information

and reduce the realized value of inventions of the �rm. Importantly, this penalty when

o�shoring inventive activity varies across the inventions within a �rm.

The main argument for why �rms should conduct R&D away from their corporate

centers is the lower economic cost of conducting their R&D activities in these regions (e.g.,

Glaeser et al., 2023)4. In the framework developed in this paper, the di�erence in the cost

of inventing at home versus overseas are explicitly modeled as the wage arbitrage. However,

if only wage arbitrage mattered, then only low-valued inventions will be o�shored. In this

framework, I show that wage arbitrage alone cannot reconcile the empirical puzzle that

4 Lampert and Kim, 2019 argues lower cost as a key motive in the context of R&D offshoring
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overseas value declines when domestic costs increase.

The frictions in coordinating overseas operations of a multinational �rm (Kogut & Zan-

der, 1993; Teece, 1977, 1986b) may result in the loss of valuable information and reduce the

realized value of inventions of the �rm. Moreover, �rms di�er in their ability to coordinate

their R&D activities across multiple regions. Multinational �rms are particularly adept at

integrating and recombining their knowledge across multiple locations (Kogut & Zander,

1993). Marino et al., 2020 shows that ethnic inventors act as knowledge bridges between

inventions in their country of origin and the inventing �rm. Moreover, Uhlbach and Anck-

aert, 2024 and Choudhury and Kim, 2019 provide empirical evidence that hiring migrant

inventors can also change the direction of inventive activity of a �rm, suggestive of using

migrant inventors as a way to derive more value from inventions generated overseas.

Leakage of valuable intellectual information in countries with weak intellectual prop-

erty rights (IPR) is another reason why the value of overseas inventions are lower than

their counterparts at home. Firms di�er in their abilities to circumvent such leakage by

using di�erent strategies such as integrating overseas inventive activity with home inventive

activity (Zhao, 2006), avoiding use of inventors from the overseas location for inventions

geared toward the inventor's country (Nandkumar & Srikanth, 2016) or through using home

country expatriates (Berry, 2017) in overseas locations.

3.3 A framework of �rm's decision to offshore inventions

In this section, I will describe an analytical framework that incorporates 1) wage arbi-

trage 2) o�shoring penalty and 3) the potential value of inventions that together determine

�rm's decision to o�shore inventions.

The �rm chooses to invent in a location based on three dimensions 1) the potential value

of inventions to the �rm lq 2) an o�shoring penalty K and 3) a wage arbitrageD = w � wo,

wherew is the wage of an inventor at home andwo is the wage of an inventor overseas and

w ¡ wo. The potential value of this invention is lq , where l is a factor of value extraction

and q is a parameter representing the quality of inventions. For simplicity, I assumel = 1,
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that is, q represents the potential value of inventions. This assumption will be later relaxed

to incorporate �rm level di�erences in the ability to extract value from overseas inventions

in Chapter 4. If the invention is invented overseas, the realized value isq(1 � K). To

simplify calculations, I assume0 ¤ q, K ¤ 1. For each invention of value,q, the �rm choose

between inventing at home, inventing overseas or not inventing at all based on the highest

payo� 5. The payo� rule is given by:

Payo� q = maxt 0,q � w, q(1 � K) � wou (3.1)

Figure 3.2 presents the solution to the analytical framework graphically. Inventions

below the thick black line are invented overseas and above the thick line are invented at

home if the potential value is greater than the home wage,q ¡ w and not invented at all

otherwise. The �rm's decisions choice between inventing at home, overseas or not at all are

analyzed in di�erent zones:

1. q   wo: Firm does not invent and realizes the value of 0.

2. wo   q   w: Firm chooses between o�shoring ifK   1 � wo
q and not inventing, if

otherwise. The �rm realizes a value ofq(1� K) for its overseas inventions and a value

of 0 if it chooses not to invent. In Figure 3.2, all inventions under the thick black

curve, K = 1 � wo
q are o�shored and inventions above the curve are not invented.

3. q ¡ w: Firm chooses between o�shoring ifK   D
q , where D = w � wo and inventing

at home, if otherwise. The �rm realizes a value ofq for its inventions at home and

q(1 � K) for its overseas inventions. In Figure 3.2, inventions below the thick black

curve, K =
D
q

are o�shored and inventions above the curve are invented at home.

The framework generates the following insights:

• The region under the thick black line in Figure 3.2 is the probability mass distribution

of overseas inventions and shows that the mass of overseas inventions is on inventions

of medium value.

5 Note, value is assumed to be same as the value of invention and the cost of inventing ( w, wo are expressed
as a fraction of potential value, q.
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FIGURE 3.2: Framework of decision to offshore inventions

Notes:This �gure presents a framework for the decision to offshore inventive activity. The X-axis plots the
distribution of value, q, drawn from a uniform distribution between 0 and 1. The Y-axis plots the
distribution of offshoring penalty, K, also drawn from a uniform distribution between 0 and 1. The graph is
drawn such that the overseas wage is wo = 0.1 and the home wage isw = 0.3.

• The mass of inventions produced at home is drawn from inventions of the highest

value, as measured by the vertical distance above the thick black line in the �gure.

• Inclusion of an o�shoring penalty implies that �rms are not trying to o�shore their

low-valued inventions, but rather those inventions that have the lowest o�shoring

penalty, that is, those under the thick black line in Figure 3.2.

The solution to the framework in Figure 3.2 reveals an inverted U-shaped relationship

between o�shored inventions and potential value, a result that is consistent with the �ndings

of Lahiri, 2010, who �nd an inverted U-shaped relationship between R&D dispersion and

invention quality, as measured by forward citations.
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3.4 Effect of cost of inventing at home on the share and value of
inventions at home and overseas

In this section, I �rst illustrate using extreme cases of heterogeneity in o�shoring penalty

and potential value of inventions that the average value of overseas inventions declines with

home wage only when there is some heterogeneity in o�shoring penalty. Second, I will

present the results of simulations comparing �rms with di�erent levels of mean of quality

and o�shoring penalty to show that �rms with higher levels of mean quality, and higher

levels of o�shoring penalty are hurt more with an increase in home wage.

The o�shoring penalty from an increase in home wage in the framework follows from

the fact that inventions that are o�shored on the margin have higher levels of K than the

inventions already being produced overseas. The o�shoring of less suitable inventions when

home wage increases results in a reduction in expected �rm value and pro�t.

3.4.1 Framework predictions

The framework in Section 3.3 can inform the e�ect of an increase in cost of inventing at

home (increase inw) on the share and realized value of inventions at home and overseas.

The comparative statics on share and realized value of overseas inventions with respect to

w are below.

For ease of exposition, assume that quality,q, is drawn from a uniform distribution

between 0 and 1 and the distribution of o�shoring penalty, K, is also drawn from a uniform

distribution between 0 and 1.

Share of Inventions produced at home and overseas

The share of inventions overseas given by Equation(3.2). The calculations for the share

of overseas inventions based on the probability mass of inventions at home, overseas and

uninvented inventions are in appendix section C.3.1. The expression in Equation(3.2) is

an increasing function of home wage,w. Figure 3.3 presents this comparative static result

using simulated data. The analytical solution for the comparative static of share of overseas

invention with respect to home wage is provided in Appendix Equation(C.9).
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s =

% of overseas inventions=

1 �
prob mass overseas

prob mass home

=
� D ln w + D � wo( ln w � ln wo)

� D ln w + D � wo( ln w � ln wo) + 1 � w + Dln(w)

(3.2)

FIGURE 3.3: Simulated results: Share of home and overseas inventions as a function of
home wage

Notes:This �gure presents the comparative statics result of an increase in cost of inventing at home on the
share of inventions produced at home and overseas. The X-axis plots selected values of home wage. The
overseas wage is assumed to be 0.1. The Y-axis plots the observed share of overseas and home inventions.
The data are simulated from 1 million observations with quality and offshoring penalty drawn from
standard uniform distributions, q � U [0, 1] and K � U [0, 1].

Expected Quality at home and overseas

The expected quality of inventions overseas is given by the expectation ofq(1� K) times

the inverse of the probability mass of overseas inventions and is as follows:

[(
» q= w

q= wo

» K= 1� wo
q

K= 0
q(1 � K).dKdq+

» q= 1

q= w

» K= w� wo
q

K= 0
q(1 � K).dKdq)]

�
1

� Dln(w) + D � wo( ln w � ln(wo))
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Second term
» q= 1

q= w

» K= w� wo
q

K= 0
q(1 � K).dKdq

=
» 1

q= w
D �

D2

2q
dq

= qD �
D2ln(q)

2
|1q= w

= D(1 � w) + ln w
D2

2

First term
» q= w

q= wo

» K= 1� wo
q

K= 0
q(1 � K).dKdq

=
» q= w

q= wo

(q � wo �
q
2

�
w2

o

2q
+ wo)dq

=
» q= w

q= wo

(
q
2

�
w2

o

2q
)dq

=
q2

4
�

w2 ln (q
2

|wq= wo

=
w2 � w2

o

4
�

w2
o( ln w � ln wo)

2

Putting it together, the expected quality of inventions overseas is given by:

[
w2 � w2

o

4
�

w2
o( ln D)

2
+ D(1 � w) + ln w

D2

2
] �

1
� D ln w + D � wo( ln D)

(3.3)

Di�erentiate expected quality overseas with respect to w:

Let u = [
w2 � w2

o

4
�

w2
o( ln w � ln wo)

2
+ D(1 � w) + ln w D2

2 ],

and v =
1

� D ln w + D � wo( ln w � ln wo)
.

Applying the rule, duv
dw = u

dv
dw

+ v
du
dw

, we have,
du
dw

= 1 � w + ln w(w � wo)

and
dv
dw

=
� ln w

(� D ln w + D � wo( ln w � ln wo)) 2 .
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Note, duv
dw is decreasing inw with the functional form assumed in this paper, that q and K

are drawn from the standard normal distribution, except for very small values ofwo and D.

The expected quality of inventions at home is given by:
» q= 1

q= w

» K= 1

K= w� wo
q

qdKdq �
1

1 � w + Dln(w)

» q= 1

q= w
(q � D)dq �

1
1 � w + Dln(w)

(
(1 � w2)

2
� D(1 � w)) �

1
1 � w + Dln(w)

(3.4)

FIGURE 3.4: Simulated results: Expected quality at home, overseas and overall �rm as a
function of home wage

Notes:This �gure presents the comparative statics result of an increase in cost of inventing at home on the
expected quality of inventions at home, overseas and for the �rm as a whole. The X-axis plots selected
values of home wage. The overseas wage is assumed to be 0.1. The Y-axis plots the average quality of home,
overseas and overall �rm inventions. The data are simulated from 1 million observations with quality and
offshorability drawn from standard uniform distributions, q � U [0, 1] and K � U [0, 1].

Figure 3.4 presents the relationship with average quality at home (Equation(3.4)),

overseas (Equation(3.3)) and overall �rm quality on the Y-axis and the home wage on

the X-axis. The data in the �gure are based on simulations from 1 million observations

with quality and o�shorability drawn from standard uniform distributions, q � U [0, 1] and

K � U [0, 1] and overseas wage,wo = 0.1. The �gure shows that the average quality overseas
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(gray line) decreases with wages at home, the average quality at home (the solid black line)

increases with wages at home and the overall �rm quality (dotted black line) declines with

wages at home. Note the overall �rm quality is based on the weighted average of the home

and overseas quality, with the weights being the observed share in Equation(3.2). Thus, if

the share of home inventions are higher, then the overall �rm quality increases. Also worth

noting is that a dead weight loss occurs when some inventions are never produced when

home wage increases.

3.4.2 Sources of heterogeneity in invention quality

The decline in average quality of inventions from overseas inventions come from the

heterogeneity in K. If there was no heterogeneity in K, we would expect average quality to

increase as a result of o�shoring higher quality home inventions after home wage increases.

To demonstrate this analytically, suppose there was no heterogeneity in o�shorability, such

that, K = K̄ and q � U [0, 1].

Expected quality at home will be:

E[q|K = K̄ ¡ Dw]

=
» 1

D/ K̄
qf (q)dq

=
K̄ + D

2

(3.5)

Expected quality overseas:
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E[q(1 � K)|K = K̄, Dw   K̄ ¤
Dw
w

]

= ( 1 � K̄)E[q]

= ( 1 � K̄)
» D

K̄

wo
1� K̄

qf (q)

= ( 1 � K̄)
K̄w0 + ( D)(1 � K̄)

2K̄(1 � K̄)

=
K̄w0 + ( D)(1 � K̄)

2K̄

(3.6)

As wages at home increases, both expected quality at home (Equation(3.5)) and ex-

pected quality overseas (Equation(3.6)) increase.6

Consider the other extreme, where the source of heterogeneity in inventions is from

o�shoring penalty and the quality of all inventions are �xed, such that, q = q̄ ¡ w and

K � U P [0, 1].

Expected quality at home in this case will be:

E[q|q = q̄ ¡ w] = qf (q) = q̄ � 1 = q̄ (3.7)

6 Note: if K̄   Dw then a wage change at home does not change the expected quality of home or overseas
inventions as the �rm will be always better off to offshore inventions for all level of q ¡ wo and not invent at

all otherwise. Similarly, if K̄ ¡
Dw
w

, �rm will choose to invent all inventions at home for all levels of q ¡ w,

and not invent at all otherwise.
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Expected quality overseas:

E[q(1 � K)|q = q̄ ¡ w]

= q̄E(1 � K)

= q̄(1 � E(K))

= q̄(1 �
» D

q̄

0
K(

1
w � wo

q̄
� 0

)

= q̄(1 �
K2

2

�
�
�

D
q̄

0
�

q
D

)

= q̄(1 �
D
2q̄

)

= q̄ �
D
2

(3.8)

As wages at home increases, expected quality at home in Equation(3.5) and expected

quality overseas in Equation (3.6) also increase. However, as wages at home increases,

expected quality overseas when o�shoring penalty,K is allowed to vary in Equation (3.8)

declines.7

Table 3.1 summarizes the predictions of the framework when domestic costs increase.

When domestic costs increase, the share of overseas inventions always increase. When

o�shoring penalty does not vary across inventions, overseas value increases with home

wage as in Equation(3.6) and is represented by column 1 of this table. When o�shoring

penalty varies across inventions as in Equations(3.3)and (3.8), the realized value of overseas

inventions declines. This result depends on the functional form ofq and K which are both

distributed uniformly between 0 and 1. Results from simulating di�erent functional forms,

for example, whenq and K are correlated as in Appendix Section C.3.2, reveal that value

of overseas inventions can increase with home wage even whenK varies across inventions.

Column 2 of the table summarizes that the realized value of overseas inventions can increase

7 Note: if q̄   w, then a wage change at home does not change the expected quality of home or overseas
inventions.
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or decrease depending on the relative potential value and o�shoring penalty of o�shored

inventions. The comparative statics derived from this framework generate the following

insights:

• Inventions that are o�shored as a result of an increase in home wage have a higher

value of K; that is, they have a higher o�shoring penalty than the inventions already

being produced overseas. This results in a reduction in overseas invention value.

• Inventions that are o�shored as a result of an increase in home wage have a higher

value of q; that is, they have higher potential value than the inventions already being

produced overseas. This results in an increase in overseas invention value.

• The net change in overseas value when domestic costs increase depends on whether

the increase in potential value is greater than the increase in an o�shoring penalty of

o�shored inventions.

• If the o�shoring penalty does not vary across the inventions of a �rm, the value

of overseas inventions will always increase as a result of an increase in the cost of

inventing at home.

• Firm value declines due to a higher share of overseas inventions which have a lower

value on average.

Table 3.1: Framework predictions for share and realized value of overseas inventions
when domestic costs increase

Offshoring Penalty (K)
does not vary across inventions

Offshoring Penalty (K)
varies across inventions

(1) (2)

Share
of Overseas

Increase Increase

Realized Value
Overseas

Increase Increase Decrease

Intuition
Low-valued inventions

are offshored
Increase in K <

Increase in Potential Value
Increase in K >

Increase in Potential Value

Notes: This table provides the summary of comparative statistics for Share of overseas inventions and real-
ized value of overseas inventions. Note, that overseas invention value decreases for the assumed functional
form - q and K drawn from standard uniform distribution for all values of wo and w, except for very small
values of wo and D. For different functional forms, expected realized value overseas can increase depending
on D.
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In summary, I have demonstrated that for the average quality of overseas inventions to

decline, �rms also consider the o�shoring penalty when deciding to choose a location for an

invention. Thus, I use simulations to illustrate how �rms with di�erent mean and variance

of K and q will respond to an increase in the cost of inventing at home.

3.4.3 Determinants of the offshoring penalty: Firm level factors

Figure 3.5 presents the relationship between average pro�t at home, overseas and for

the �rm as a whole on the Y-axis and the home wage on the X-axis. The data in the

�gure are based on simulations from 1 million observations with quality and o�shorability

drawn from standard uniform distributions, q � U [0, 1] and K � U [0, 1] and overseas wage,

wo = 0.1. The �gure shows that as expected, the average pro�ts (in all locations) declines

with home wage. These results suggest that any increase in o�shoring inventions that comes

as a result of an increase in the cost of inventing at home decreases the pro�t of the �rm.

In this subsection, I will discuss the �rm level determinants of the source of this o�shoring

penalty.

To analyze how the o�shoring penalty varies with �rm-level factors, I derive the cross

partials of �rm pro�t with respect to changes in home wages, and di�erences in the mean of

quality and o�shoring penalty. Table 3.2 presents simulation results comparing distributions

of quality and o�shoring penalties when the home wage increases fromw = 0.3 to w = 0.35,

while the overseas wage remains constant atwo = 0.1.

Firm Pro�t (Column 1)

The upper panel of Column 1 in Table 3.2 examines how the negative relationship

between �rm pro�t and home wage varies for �rms with a higher mean of quality, q. The

solid line in the �gure represents �rms whose inventions are drawn from a distribution

with a high mean of quality, while the dotted line represents �rms with a lower mean of

quality. The �gure indicates that more innovative �rms (high mean q) have higher average

pro�ts. However, the di�erence in the slopes of the two lines re�ects the cross partial of

�rm pro�t with respect to home wage and mean quality, B2p
BwBq̄   0. This result suggests
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FIGURE 3.5: Simulated results: Expected pro�t at home, overseas and overall �rm as a
function of home wage

Notes:This �gure presents the comparative statics of an increase in the cost of inventing at home on the
expected quality of inventions at home, overseas and for the �rm as a whole. The X-axis plots selected
values of home wage. The overseas wage is assumed to be 0.1. The Y-axis plots the average quality of home,
overseas, and overall �rm inventions. The data are simulated from 1 million observations with quality and
offshorability drawn from standard uniform distributions, q � U [0, 1] and K � U [0, 1].

that the negative impact of an increase in home wage on �rm pro�t is more pronounced for

innovative �rms.

The lower panel of Column 1 examines how the negative relationship between �rm pro�t

and home wage changes for �rms with high o�shoring penalty,K. The solid line represents

�rms whose inventions are drawn from a distribution with a high mean of o�shoring penalty,

while the dotted line represents �rms with a lower mean of o�shoring penalty. The �gure

suggests that �rms with low o�shoring penalty (low mean K) tend to have higher average

pro�ts. The di�erence in the slopes of the two lines corresponds to the cross partial of �rm

pro�t with respect to home wage and meanK, B2p
BwBK̄   0. This implies that the negative

e�ect of increasing home wages on �rm pro�t is less severe for �rms with low o�shoring

penalty.

In summary, while innovative �rms (higher mean q) have higher pro�ts, they are more
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adversely a�ected by an increase in home wages. Intuitively, the lower pro�t come from

having more high quality inventions o�shored. While �rms with low o�shoring penalty

(lower mean K) have higher pro�ts, they also experience a smaller negative impact from

rising home wages.

Firm Quality (Column 2)

he upper panel of Column 2 in Table 3.2 presents how the negative relationship between

�rm quality and home wage changes for more innovative �rms. The solid line represents

�rms with a higher mean of quality, while the dotted line represents �rms with a lower

mean of quality. The �gure shows that more innovative �rms have higher �rm quality, and

their quality declines less with an increase in home wage. The cross partial inferred from

the di�erence in the slopes of the two lines isB2 Quality
BwBq̄ ¡ 0, indicating that the negative

e�ect of home wage on quality is weaker for innovative �rms.

The lower panel of Column 2 examines how the relationship between �rm quality and

home wage changes for �rms with lower o�shoring penalties (lower meanK). The solid

line represents �rms with a higher o�shoring penalty, while the dotted line represents �rms

with a lower mean o�shoring penalty. The �gure shows that �rms with higher o�shoring

penalties (higher meanK) have higher �rm quality than �rms with lower o�shoring penalties

(lower meanK). Additionally, the decline in quality due to rising home wages is smaller for

�rms with higher o�shoring penalties, as captured by the cross partial B2 Quality
BwBK̄ ¡ 0.

Share of Overseas Inventions (Column 3)

The upper panel of Column 3 presents how the positive relationship between the share

of overseas inventions and home wage changes for more innovative �rms. The solid line

represents �rms with a higher mean of quality, while the dotted line represents �rms with

a lower mean of quality. The �gure shows that more innovative �rms have a lower share of

overseas inventions, and this share grows more slowly as home wages increase. The cross

partial inferred from the di�erence in the slopes of the two lines is B2s
BwBq̄ ¡ 0, suggesting

that the o�shoring response to home wage is weaker for innovative �rms.
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The lower panel of Column 3 examines how the positive relationship between the share

of overseas inventions and home wage changes for �rms with higher o�shoring penalties,K.

The solid line represents �rms with a higher mean o�shoring penalties, while the dotted

line represents �rms with a lower mean o�shoring penalties. The �gure shows that �rms

with lower o�shoring penalties (lower mean K) have a higher share of overseas inventions.

Additionally, the increase in share of overseas inventions due to rising home wages is higher

for �rms with high o�shoring penalties, as captured by the cross partial, B2s
BwBK̄ ¡ 0.
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Table 3.2: Cross partials on overall �rm pro�t and quality and share overseas: �rms with high potential value and high
offshoring penalties

Firm Pro�t Firm Quality Share of Overseas

(1) (2) (3)

High mean of Quality Expression:
B2p

BwBq̄
  0 Expression:

B2Q
BwBq̄

¡ 0 Expression:
B2Q
BwBq̄

  0

Slope(high q) = -0.5;
Slope (low q) = -0.46;
Difference = -0.02 < 0

Slope(high q) = -0.032;
Slope (low q) = -0.034;
Difference = -0.002 >0

Slope(high q) = 18.4;
Slope (low q) = 19.4;
Difference = -1<0

High mean of K Expression:
B2p

BwBK̄
  0 Expression:

B2Q
BwBK̄

¡ 0 Expression:
B2Q

BwBK̄
¡ 0

Slope(high K) = -0.054;
Slope (low K) = -0.046;
Difference = -0.008 < 0

Slope(high K) = -0.028;
Slope (low K) = -0.034;
Difference = 0.006>0

Slope(high K) = 20.2;
Slope (low K) = 19.4;
Difference = 0.8>0

Notes: The data are simulated from 1 million observations with quality and offshoring penalty drawn from uniform distributions with various ranges to
adjust for high and low mean of q and high and low mean of K.
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I argue that �rms that are decentralized have a lower mean of K, that is, their inventions

have lower o�shoring penalties given potential value than inventions of centralized �rms.

The argument follows from the theory of the multinational enterprise, where the ability

of multinational �rms to create economic e�ciency by minimizing transaction costs over

distant locations that gives them advantage over other �rms (Teece, 1986b). The strategy of

decentralized �rms of arranging their economic activity to be external looking (Arora et al.,

2014), is particularly synergistic when it comes to managing overseas inventions. Therefore,

decentralized �rms are likely to have a lower mean value of K. Additionally, �rms that

engage in inventive activity in multiple countries can arguably combine knowledge more

e�ciently than other �rms (e.g., Berry, 2014; Kogut & Zander, 1993), and thus, are also

likely to have a lower mean of K. In the framework, having a choice to o�shore to multiple

countries after an increase in home wage, increases the likelihood of multi-country �rms to

o�shore the invention to a country where they can realize a lower value of K compared to

single-country �rms. Thus, �rms with lower mean o�shoring penalty, such as decentralized

or multi-country �rms will be able to overcome the o�shoring penalty better than other

�rms as a result of an increase in home wage.

3.4.4 Determinants of the offshoring penalty: Conducting inventive ac-
tivity in countries with weak IPR

Another determinant of o�shoring penalty can come from conducting inventive activity

in countries with weak intellectual property rights (IPR) regimes. These types of o�shoring

penalties do not vary at the organization level but depend on the strength of the country's

IPR regime in which an inventive activity is conducted. Since the parsimonious framework

does not distinguish between the di�erent countries that �rms invent in, this type of o�-

shoring penalty is subsumed within K in the framework. However, I can empirically test

the relationship between realized value of inventions and the strength of IPR in the country

the inventive activity is conducted.
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3.4.5 H-1B visa cap restrictions increase home invention costs

Human capital is one of the most important input in the R&D function of a �rm and

restrictions on migration of high skilled talent(Glennon, 2023), in the face of shortages of

skilled labor in the U.S. (Lewin et al., 2009) and a shifting global supply of high skilled

talent (W. R. Kerr, 2018), can increase the cost of inventing at home.

The H-1B visa program is an important channel for U.S. �rms to bring highly skilled

global talent to work in the US. The H-1B visa program was introduced in 1990 under

the Immigration Act of 1990, signed into law by George W. Bush. The visa was initially

capped at 65,000 visas for those with a bachelor's degree or higher and/or in a specialty

occupation 8. The law was later amended to ensure that foreign workers do not replace

natives, such as, by paying prevailing wages. In 1998, the American Competitiveness and

Workforce Improvement Act increased the H-1B cap to 115,000 and to 107,500 in 2001.

From 2004 onwards, the cap came back to 65,000 under the H-1B visa Reform Act of 2004,

with an additional 20,000 visas reserved for those with a master's or advanced degree from

an U.S. institution.

Thus, after 2004, it was likely more expensive to invent inside the United States, in-

creasing the probability of o�shoring. Firms that were highly dependent on H-1B workers

before 2004 were a�ected more than �rms that were not highly dependent on H-1B workers.

Employers who wish to hire a foreign inventor in the United States must �le a Labor

Condition Application (LCA) with the U.S. Department of Labor. The total number of

LCA petitions �led between 2002 and 2020 are listed in Figure 3.6. These applications can

be thought of as the demand for highly-skilled workers.

Figure 3.6 shows the number of petitions for H-1B (dashed lines) became more con-

strained than the number of approvals (solid line) after the year 2004, making it harder for

�rms to bring highly skilled talent to the US. In the framework developed in this paper,

this visa cap restriction is akin to an increase in the cost of inventing at home, where highly

8 Immigration Act of 1990
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skilled talent is an important input.

FIGURE 3.6: H-1B applications of U.S. patent �rms and constrained H-1B visa caps after
2004

Notes:This �gure presents the H-1B visa cap as the thick line and the number of petitions �led by U.S.
headquartered �rms as the dashed line. The �gure shows that �rms were constrained in their ability to hire
foreign highly skilled talent after 2004.

3.5 Data and variables

To test the relationship between the cost of inventing at home and overseas and the

share and realized value of overseas inventions, I construct a sample of US-headquartered

publicly traded �rms. The sample consists of 52,685 �rm-year observations for 4,853 �rms

for the years 1980 to 2020.

To construct the sample, I extract a list of patents �led at the USPTO assigned to US-

headquartered public �rms from Duke Innovation & SCienti�c Enterprise Research Network

(DISCERN) (Arora, Belenzon, & Sheer, 2021b).
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The �rst key dependent variable is the share of overseas inventions in a �rm-year. I

determine whether a patent is invented overseas if all inventors on the patent are located

outside the US. The USPTO collects inventor addresses when a patent is �led and makes

it publicly available on patentsview.org.9 I aggregate this measure to the �rm-year level by

taking the share of patents with overseas-only inventors over all patents �led by a �rm in a

year. I aggregate this measure to the �rm-country-year level by taking the share of patents

with all inventors in a particular country over all overseas patents �led by a �rm in a year.

The second key dependent variable is the realized value of inventions of a �rm. Assuming

that a patented invention will induce others to invent similar or follow-on inventions when

it is of higher technical quality, the proxy for the realized value of invention is the number

of forward citations received by each patent (Gambardella et al., 2008; Hall et al., 2005;

Lanjouw & Schankerman, 2004; Trajtenberg, 1990). This can be thought of as a forward

looking measure of quality and is related to the value of a patent (Lanjouw & Schankerman,

2004). To account for systematic di�erences in citation behaviors across technology areas

and to address concerns around truncation for patents in the latter years of my sample

period, I normalize the number of forward citation by the mean citation count in each CPC

class-year pair. I aggregate this measure to the �rm-year level by computing the average

number of normalized citations received by the patents that each �rm applies for in a given

year.

There are three versions of this variable at the �rm-year level. First, I take the total

citations received by all patents of a �rm-year to compute the overall average value of a �rm

and divide by all patents �led in a �rm year to compute overall average �rm value. Second,

I take the total citations received only by those patents with all inventors located outside

the U.S. and divide it by the number of patents with all inventors located outside the U.S.

to compute the overseas average value. Thirdly, I aggregate the citations received only by

9 If a patent has inventors comprising both U.S. and non-US inventors, I classify them as coinvented patents,
comparable to the de�nition used in the literature on international collaboration (L. Branstetter et al., 2014;
S. P. Kerr & Kerr, 2018). The focus of this paper is on overseas-only and US-only inventions, thus, whether a
�rm has coinvented patents or not is not relevant for the discussion so far.
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those patents with all inventors located in the U.S. and divide it by the number of patents

with all inventors located in the U.S. to compute the home average value. I aggregate this

forward citations measure to the �rm-country-year level by taking the average citations of

patents with all inventors residing in a country �led by a �rm in a year.

I also use an alternative measure of patent value from Kogan et al., 2017, who estimate

the private value of a patent capturing the abnormal market returns within a three-day

window in response to patent grant. I also aggregate this measure to the �rm-year level by

dividing the total value of a �rm's patents in a given year by the total number of patents

�led by the �rm in that year. This measure of patent value is more representative of the

private value of patents to a �rm rather than its technical quality as argued in Arora et al.,

2023. Other alternative measures of patent value, such as the non-geographical family size

and average renewals (Lanjouw & Schankerman, 2004) and measure of technical quality,

such as inventor added citations are in Appendix Table C.4 and show qualitatively similar

results.

Table 3.3 presents the summary statistics of the main and alternative variables used

in the analysis in this section. The observations are at the �rm-year level. The mean

share of patents that a �rm applies for in the sample period that are generated by overseas

only inventors is 8.8% with a standard deviation of 0.21. Conditional on having a positive

share of overseas inventions, the mean share of patents that are generated by overseas only

inventors is 20% with a standard deviation of 0.18 (not shown).

The average forward citations received by a patent, normalized by the mean citation

count within each grant year and CPC class pair is 1.45, with a standard deviation of

2.42. Average forward citations (normalized) received by patents generated only with in-

ventors outside the U.S. is 1.08 with a standard deviation of 2.54. Average forward citations

(normalized) received by patents generated only with inventors located within the U.S. is

1.53 with a standard deviation of 2.59. Conditional on having a positive share of overseas

invention, the average forward citations (normalized) received by patents generated only

with inventors located within the U.S. is 1.4 with a standard deviation of 1.9 (not shown).
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This di�erence in the average forward citations of home and overseas is consistent with the

empirical �ndings that overseas inventions realize a lower value.

The average private value of patents that a �rm applies in a given year, measured with

real KPSS values is 8.29 million U.S. dollars, with a standard deviation of 22.56 million U.S.

dollars. Average private value of patents generated only with inventors outside the U.S. is

13.92 million U.S. dollars, with a standard deviation of 34.6 million U.S. dollars. Average

private value of patents generated only with inventors located in the U.S. is 8.41 million

U.S. dollars, with a standard deviation of 22.9 million U.S. dollars. Conditional on having

a positive share of overseas inventions, the average private value of patents generated only

with inventors located in the U.S. is 15.6 million U.S. dollars, with a standard deviation of

33.4 million U.S. dollars (not shown).

Table 3.3: Summary statistics for main variables

Variable N Mean SD p5 p50 p95

Share of overseas patents 52685 0.088 0.21 0 0 0.52
Avg Fw Cite 52685 1.45 2.42 0.03 0.89 4.54
Avg Overseas Fw Cite 15354 1.08 2.54 0 0.59 3.39
Avg US Fw Cite 50130 1.53 2.59 0.03 0.93 4.79
Avg KPSS (mil. USD) 41523 8.29 22.56 0.17 2.34 33.89
Avg Overseas KPSS (mil. USD) 10611 13.92 31.22 0.44 5.51 51.93
Avg US KPSS (mil. USD) 39884 8.41 22.9 0.17 2.36 34.07
Market Cap t� 1 (mil. USD) 24546 7987.32 34745.24 28.71 768.18 32080.16
Sales 44699 3350.53 14384.07 1.07 282.09 13305
Employees (000's) 44335 11.32 35.7 0.04 1.48 54.83
Centralization (HHI) 29163 0.89 0.19 0.47 1 1
Notes:This table provides the summary statistics for the main variables in the analysis in this section. The

sample is based on 4,853 US-headquartered publicly traded �rms for the years 1980 to 2020. The measure of
Centralization is constructed using a Her�ndahl-Hirschman Index on the different entities attributed to the
ulitmate owner patent assignee and is based on Arora et al., 2014.

3.6 Results: Firm level

Table 3.4 presents how the share of overseas inventions changed after the year 2004.

Column 1 of the table shows that the share of overseas inventions increased by 0.03 per-

centage points after 2004, controlling for �rm �xed e�ects. Column 2 and 3 break down

the sample of �rm-year observations into �rms with high and low degree of centralization
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based on the top 10% of the continuous centralization measure. Comparing columns 2 and

3, �rms with more centralized R&D increased their share of overseas inventions more than

decentralized �rms. This result is consistent with the framework predictions that �rms with

higher o�shoring penalty (higher mean K), increase their share of overseas inventions more

than �rms with lower o�shoring penalties (lower mean K).

Columns 4 and 5 of Table 3.4 split the sample of observations into �rms with less than

500 employees. Comparing columns 4 and 5, larger �rms increased their share of overseas

inventions more than relatively smaller �rms.

Table 3.4: Share of overseas inventions increased more for centralized and larger �rm
following a more constrained H-1B visa cap program after 2004

VARIABLES All Firms Centralized Decentralized Emp (<500) Emp (>500)

(1) (2) (3) (4) (5)

Post 2004 0.048*** 0.057*** 0.040*** 0.031*** 0.059***
(0.004) (0.005) (0.010) (0.008) (0.005)

Observations 52,685 23,086 5,031 14,559 31,357
R-squared 0.500 0.518 0.625 0.558 0.504
Firm FE Yes Yes Yes Yes Yes
Year FE No No No No No
SE Clustered Firm Firm Firm Firm Firm
Mean of DV 0.09 0.08 0.11 0.06 0.10

Notes:This table presents how the share of overseas inventions changed after 2004 for all �rms (column 1),
for centralized (column 2), decentralized (column 3), small (column 4) and large �rms (column 4). The unit of
analysis is �rm-year. The analysis is based on patents �led by 4,853 US-headquartered publicly traded �rms
at the USPTO, with patent �ling year between 1980 and 2020. The dependent variable is Share of overseas
patentsis constructed as the share of patents �led by a �rm in a year with inventor teams located entirely
outside of the United States. In column 1, the key independent variable is a dummy variable taking the value
of 1 for all patent �ling years after 2004 and 0, for all years including and before 2004. The �rms in column
2 are selected as the top 10% of the centralization measure and the �rms in column 3 capture all other �rms.
The �rms in column 4 are selected as those having less than 500 employees and the �rms in column 5 capture
all other �rms. The measure of Centralizationis constructed as the Her�ndahl-Hirschman Index (HHI) on the
different entities attributed to the ultimate owner patent assignee and is based on the similar measure used
in Arora et al., 2014. Employees are obtained from compustat. These estimations do not include year �xed
effects as it is collinear with the Post 2004dummy variable. Clustered standard errors at the �rm level are in
parenthesis.

Table 3.5 presents how �rm value changed after the year 2004. Column 1 of the table

shows that the average forward citations received by a �rm decreased by 20%, evaluated

at the sample mean, this amounts to a reduction in about 0.3 weighted forward citations,

controlling for �rm �xed e�ects. Column 2 adds an interaction term for centralized �rms and
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column 3 adds an interaction term for Firm Size. The positive coe�cient on Centralization

indicates higher value of Centralized �rms. The negative coe�cient on the interaction of

Centralization and Post 2004 indicates that after cost of inventing at home increases, value

decreased more for Centralized �rms. The positive coe�cient onFirm Size indicates that

the decline value for larger �rms was signi�cantly less pronounced for larger �rms.

Table 3.5: Firms with decentralized R&D and larger �rms can overcome the offshoring
penalty

VARIABLES ln(Avg Fw Cite + 1)

Spec All Firms Centralization (HHI) Emp (>500)

(1) (2) (3)

Post 2004 -0.203***
(0.009)

Post 2004� Centralization -0.112***
(0.047)

Post 2004� Firm Size 0.072***
(0.017)

Centralization 0.069***
(0.023)

Firm Size -0.014
(0.011)

Observations 48,189 29,164 48,189
R-squared 0.427 0.482 0.461
Firm FE Yes Yes Yes
Year FE No Yes Yes
SE Clustered Firm Firm Firm
Mean of DV 1.44 1.36 1.44

Notes: This table presents how the relationship between average value of home and overseas patents and
share of overseas inventions changes with R&D centralization and �rm size. The unit of analysis is
�rm-year. The analysis is based on patents �led by 4,853 US-headquartered publicly traded �rms at the
USPTO, with patent �ling year between 1980 and 2020. In column 1, the key independent variable is a
dummy variable taking the value of 1 for all patent �ling years after 2004 and 0, for all years including and
before 2004. The key interaction term in column 2 is Centralizationis the Her�ndahl-Hirschman Index (HHI)
on the different entities attributed to the ultimate owner patent assignee and is based on the similar measure
used in Arora et al., 2014. The key interaction term in column 3 is a dummy variable that takes the value of 1
if the number of employees is more than 500 and 0 ,otherwise. The dependent variable is constructed using
the average citations received by a �rm's patents �led in that year. Forward citations are normalized by CPC
class and grant year. Clustered standard errors at the �rm level are in parenthesis.
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3.7 Results: Country level

Firms typically o�shore to high-income countries, possibly due to the higher availability

of skilled talent in these regions. The map in Figure 3.7 below highlights the countries with

high shares of overseas inventions. The map shows that high-income countries, such as,

Canada, Germany, UK, and Japan have the highest number of patents with inventors

located entirely in theses countries.

FIGURE 3.7: Patents granted to US-headquartered �rms with only overseas inventors by
country of inventor

Notes:This �gure presents a world map showing the number of patents by country of inventor. The darker
the shade of the color, the higher the share of patents from that country. Only patents with all inventors from
the country are included. The sample consists of Compustat �rms between 1980 and 2020.

Table 3.6, column 1 presents the results of estimating the following regression with OLS:

Sharei jt = a1LowIncj + a2MidInc j + a3Emergingj + F i + t t + ei jt (3.9)

Where the share is the share of overseas patents �led by a �rmi, in a year t, and

with inventors belonging to country j. F and t re �rm and year �xed e�ects. LowIncj

is a dummy variable that takes the value of 1 if a country j is a Low-income country and

0 otherwise. MidInc j is a dummy variable that takes the value of 1 if a country j is a

Middle-income country and not an emerging market economy and 0 otherwise.Emergingj
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is a dummy variable that takes the value of 1 if a countryj is an Emerging Market country

and 0 otherwise. The omitted variable is a dummy variableHighIncj that takes the value

of 1 if a country is a high-income country and 0, otherwise. All Emerging market countries

are classi�ed as middle-income countries except Chile. Chile is included in theHighIncj

dummy. Appendix table C.2 de�nes the countries according to income categories and

emerging market economy status.

The negative coe�cient on low-income, middle-income, and emerging market country

dummy variables, in column 1, Table 3.6 indicate that compared to high-income countries,

2.5% fewer patents are �led from low- and middle-income and 1.5% fewer patents are �led

from emerging market countries.

Table 3.4 presents how the share of overseas inventions changed after the year 2004.

Column 1 of the table shows that the share of overseas inventions increased by �ve per-

centage points after 2004, controlling for �rm �xed e�ects. To understand which countries

these shares increased to, the map in Figure 3.8 shows the countries which saw an increase

and decrease in the share of patents after 2004. Countries in deeper shades of blue experi-

enced an increase in their share of overseas patents and countries in deeper shades of red

experienced a decrease in their share of overseas patents.

Table 3.6, columns 2 and 3 present the results of estimating the following regression

with OLS:

Sharei jt = a1LowIncj � Post2004

+ a2MidInc j � Post2004

+ a2Emergingj � Post2004

+ F i + t t + ei jt

Column 2 of Table 3.6 does not include time dummies, and column 3 of the table includes

�ling year dummies. In columns 2 and 3, the coe�cient on low income and middle income

dummy is negative, indicating, that compared to high-income countries, the share of patents
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Table 3.6: Share of overseas patents by country type

VARIABLES Dependent Variable: Country Share
(1) (2) (3)

Low Income j -0.0255*** -0.0239*** -0.0239***
(0.000) (0.000) (0.000)

Middle Income j -0.0253*** -0.0238*** -0.0238***
(0.000) (0.000) (0.000)

Emerging j -0.0154*** -0.0202*** -0.0202***
(0.001) (0.000) (0.000)

Post 2004 0.0027***
(0.001)

Low Income j � Post 2004 -0.0030*** -0.0030***
(0.001) (0.001)

Middle Income j � Post 2004 -0.0028*** -0.0028***
(0.001) (0.001)

Emerging j � Post 2004 0.0094*** 0.0094***
(0.001) (0.001)

Observations 2,387,930 2,387,930 2,387,930
R-squared 0.012 0.012 0.012
Firm FE Yes Yes Yes
Year FE Yes No Yes
SE Clustered Firm Firm Firm
Mean of DV 0.011 0.011 0.011

Notes:This table presents the relationship between the share of overseas inventions and the type of country
by income. The reference country type is a high-income country. Countries classi�ed by type are de�ned in
C.2. The dependent variable, the share of overseas patents, is calculated conditional on a positive number
of patents with foreign inventors. Patents with any inventors in the U.S. are excluded. The sample consists
of USPTO-granted patents to 2058 US-headquartered �rms �led between 1980 and 2020. Clustered standard
errors at the �rm level are reported in parentheses.

from these countries reduced after 2004, when cost of inventing in the U.S. increased. The

coe�cient on Emerging market dummy is positive, indicating that compared to high-income

countries the share of patents from emerging market countries increased by about 0.9%.

Provided the average share of overseas patents is 1.1% in the sample, an increase of 0.9%

percentage points is substantial. These emerging market countries include India, China,

Brazil, Argentina, Columbia, Egypt, Indonesia, Iran, Malaysia, Mexico, Nigeria, Pakistan,

Philippines, Romania, Russia, South Africa, Thailand, Turkey and Vietnam.

In summary, the share of overseas inventions increased after 2004, shifting initially from
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FIGURE 3.8: Patents granted to US-headquartered �rms with only overseas inventors by
country of inventor

Notes:This �gure presents a world map showing the change in the share of overseas patents from a country
after 2004. The blue shaded countries had an increase in share and the red shaded countries had a decrease
in share of overseas patents after 2004. Only patents with all inventors from the country are included. The
sample consists of Compustat �rms between 1980 and 2020.

high-income countries to emerging market countries. I present the results of the change in

the value of overseas inventions when the relative cost of inventing at home increases in

Table 3.7.

Table 3.5 presents how the realized value of overseas inventions changed after the year

2004. Column 1 of the table shows that the value of overseas inventions decreased after

2004, controlling for �rm �xed e�ects. The map in Figure 3.8 shows the countries which

saw an increase and decrease in the value of overseas patents after 2004. The blue shaded

countries had a decrease in realized value and the orange shaded countries had a decrease

in realized value of overseas patents after 2004.

Table 3.7, columns 2 and 3 present the results of estimating the following regression

with OLS:
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FIGURE 3.9: Patents granted to US-headquartered �rms with only overseas inventors by
country of inventor

Notes:This �gure presents a world map showing the change in the realized value of overseas patents from a
country after 2004. The blue shaded countries had an decrease in realized value and the orange shaded
countries had a decrease in realized value of overseas patents after 2004. Only patents with all inventors
from the country are included. The sample consists of Compustat �rms between 1980 and 2020.

RealizedValuei jt = a1LowIncj � Post2004

+ a2MidInc j � Post2004

+ a2Emergingj � Post2004

+ F i + t t + ei jt

Column 2 of Table 3.7 does not include year dummies, and column 3-5 of the table

includes �ling year dummies. While Columns 1-3 use the weighted forward citations as

the dependent variable (not taking log transformations), Column 4 uses a poisson �xed

e�ects model to estimate the coe�cients and column 5 transforms the dependent variable of

weighted forward citations as inverse hyperbolic sine as the distribution of forward citations

are skewed with many zeroes. In columns 3-5, the coe�cient on the low income dummy is

positive, indicating that compared to high-income countries, the value of patents from these

countries increased after 2004, when cost of inventing in the U.S. increased. The coe�cient
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on Emerging market dummy or middle income dummy is negative but signi�cant.

To further explore which type of countries drive the average results, Tables 3.8 and 3.9

present the relationship between share and realized value of overseas patents before and

after 2004 by the strength of IPR of a country. Table 3.8, column 1 shows that the share of

overseas inventions in countries with weak intellectual property rights regimes is about 6.7%

lower. Column 2 of the table shows that this share increased by 0.8% after 2004. Column

3, which adds year �xed e�ects show similar results. Table 3.9, column 1 shows that the

value of overseas inventions in countries with weak IPR regimes tend to be lower but not

signi�cant. Column 2-4 of the table shows that the value of inventions in countries with

weak IPR declined by roughly 0.2 weighted forward citations. In column 5, the coe�cient

on the interaction of Weak IPR and Post 2004 is not signi�cant. In summary, the �ndings

provide strong evidence that �rms increased their share of overseas inventions to countries

with weak IPR regimes and weak evidence that the realized value of inventions in these

countries declined after costs of inventing at home increased after 2004.

3.8 Conclusion

This paper develops a framework of �rm's location choice of R&D and its e�ect on the

value of inventions generated at home and overseas. The basis for o�shoring arises from

the lower cost of inventing overseas relative to inventing at home. However, the framework

incorporates the distribution of o�shoring penalty coming from higher coordination costs

and from conducting inventions in countries with weak IPR, which di�ers by �rm. This �rm

heterogeneity in o�shoring penalty has implications on the pro�ts and value of inventions

at home and overseas as a result of an increase in cost of inventing at home.

The predictions of the framework from simulating the parameters reveals that an in-

crease in o�shoring of inventions as a result of increase in the cost of inventing at home

decreases �rm pro�t, as expected. However, �rms di�er in their distributions of potential

value and o�shoring penalty of inventions such that some �rms are hurt less from an in-

crease in cost of inventing at home. Firms with lower o�shoring penalties for inventions
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Table 3.7: Value of overseas and home patents by country type

Dependent Variable: Fwd Cites

VARIABLES OLS PPML IHS

(1) (2) (3) (4) (5)

Low Income j -0.266* -0.411** -0.510*** -0.672** -0.281**
(0.160) (0.173) (0.177) (0.339) (0.137)

Middle Income j -0.102 0.036 0.049 0.055 -0.025
(0.189) (0.247) (0.250) (0.250) (0.115)

US 0.321*** 0.420*** 0.402*** 0.297*** 0.300***
(0.034) (0.036) (0.036) (0.031) (0.011)

Emerging j -0.107*** -0.054 -0.023 -0.031 -0.060**
(0.041) (0.081) (0.081) (0.088) (0.025)

Post 2004 -0.238***
(0.045)

Low Income j � Post 2004 2.659*** 2.561*** 1.824*** 1.462***
(0.175) (0.189) (0.342) (0.137)

Middle Income j � Post 2004 -0.246 -0.226 -0.209 -0.038
(0.337) (0.339) (0.341) (0.128)

US � Post 2004 -0.155*** -0.162*** -0.084* -0.028*
(0.054) (0.054) (0.050) (0.015)

Emerging j � Post 2004 -0.123 -0.125 -0.124 0.043
(0.096) (0.095) (0.105) (0.029)

Observations 87,855 87,855 87,855 87,803 87,855
R-squared 0.305 0.304 0.305 0.348
Firm FE Yes Yes Yes Yes Yes
Year FE Yes No Yes Yes Yes
SE Clustered Firm Firm Firm Firm Firm
Mean of DV 1.3 1.3 1.3 1.3 1.3
Notes:This table presents the relationship between the value of overseas inventions and the type of country

by income. The reference country type is a high-income country. Countries classi�ed by type are de�ned in
C.2. The dependent variable, the share of overseas patents, is calculated conditional on a positive number of
patents with foreign inventors. The sample consists of USPTO-granted patents to 2058 US-headquartered
�rms �led between 1980 and 2020. Clustered standard errors at the �rm level are reported in parentheses.
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Table 3.8: Share of overseas patents by country type by strength of IPR

VARIABLES Dependent Variable: Country Share

(1) (2) (3)

Weak IPR -0.0673*** -0.0714*** -0.0714***
(0.002) (0.001) (0.001)

Post 2004 0.0026
(0.002)

Weak IPR � Post 2004 0.0081*** 0.0081***
(0.002) (0.002)

Observations 693,270 693,270 693,270
R-squared 0.030 0.030 0.030
Firm FE Yes Yes Yes
Year FE Yes No Yes
SE Clustered Firm Firm Firm
Mean of DV 0.04 0.04 0.04

Notes:This table presents the relationship between the share of overseas inventions and the type of country
by strength of IPR. The reference country type is a strong IPR country.The dependent variable, the share of
overseas patents, is calculated conditional on a positive number of patents with foreign inventors. Patents
with any inventors in the U.S. are excluded. The sample consists of USPTO-granted patents to 2058 US-
headquartered �rms �led between 1980 and 2020. Clustered standard errors at the �rm level are reported in
parentheses.

with a given value are able to get more value from their overseas inventions when cost of

increasing at home increases. I argue that �rms with centrally organized R&D will have

higher coordination costs and thus, a higher o�shoring penalty, and bene�t less than �rms

with decentralized R&D. The results from the simulations of the framework presented in

this paper has implications for the organization of international inventive activity and its

e�ect on the nature and direction of inventions. The empirical results suggest that an in-

crease in the cost of inventing at home increase the share of overseas inventions, especially

to emerging market countries and countries with weaker IPR regimes. The realized value

of overseas inventions declines, on average. This decline in overseas inventions is driven by

inventions conducted in countries with weak IPR regimes.

Some of the limitations of the paper are as follows. First, the current sample is limited

to patents granted to publicly traded, US-headquartered manufacturing �rms. Second, this

paper only considers two responses on a limited set of choices for the location of inventive
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Table 3.9: Value of overseas and home patents by strength of IPR

Dependent Variable: Fwd Cites

VARIABLES OLS PPML IHS

(1) (2) (3) (4) (5)

Weak IPR = 1 -0.070 0.072 0.090 0.092 -0.016
(0.051) (0.079) (0.080) (0.076) (0.025)

Post 2004 = 1 -0.164***
(0.051)

Weak IPR � Post 2004 -0.214** -0.213** -0.236** 0.006
(0.095) (0.095) (0.095) (0.027)

Observations 35,191 35,191 35,191 35,135 35,191
R-squared 0.176 0.174 0.176 0.199
Firm FE Yes Yes Yes Yes Yes
Year FE Yes No Yes Yes Yes
SE Clustered Firm Firm Firm Firm Firm
Mean of DV 0.95 0.95 0.95 0.95 0.95

Notes:This table presents the relationship between the share of overseas inventions and the strength of IPR
of a country. The dependent variable, the share of overseas patents, is calculated conditional on a posi-
tive number of patents with foreign inventors. The sample consists of USPTO-granted patents to 2058 US-
headquartered �rms �led between 1980 and 2020. Clustered standard errors at the �rm level are reported in
parentheses.

activity - to produce at home, overseas or not at all. The framework does not consider

alternative sources of inventive activity such as procuring patents through licensing in a

market for technology. Other means of using the relatively cheaper global high-skilled talent

include outsourcing inventive activity to foreign �rms, universities, and startups that are

beyond the scope of this manuscript, however, are a vital part of the global division of

innovative labor. Future research will explore how di�erent ways of utilizing cheaper global

talent a�ect the innovation performance of U.S. Companies.
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4. Unpacking the Sources of R&D Offshoring Penalty
This chapter is joint work with Ashish Arora. All authors have contributed equally.

4.1 Introduction

The share of overseas inventions by U.S. �rms has risen signi�cantly over the last four

decades, from 8% to 19%.1 Yet, overseas inventions have lower realized value than inven-

tions at home, which is worsened with increasing cost of inventing at home. The reduction

in realized value does not come from �rms' o�shoring only low-valued inventions, per con-

ventional wisdom, but due to o�shoring penalties. In light of rising immigration restrictions

in the U.S. that increase the cost of inventing at home for U.S. �rms and might increase

R&D o�shoring, it is important to understand the contexts where o�shoring penalties can

manifest.

This chapter delves into the speci�c dimensions of these o�shoring penalties, focusing

on two key sources: coordination costs and knowledge leakage in countries with weak in-

tellectual property rights (IPR). In Chapter 3, we established that lower value for overseas

inventions may re�ect not only a selection process on potential value of inventions but also

the added burden of o�shoring penalties. This paper takes a closer look at these penalties

to understand how and when they manifest, and why they vary across di�erent contexts

such as country-speci�c IPR regimes, �rm capabilities, and �rm strategies.

To unpack these o�shoring penalties, we use two separate measures of invention out-

comes. First, we use technical quality (captured by forward citations), to re�ect how coor-

dination challenges in managing geographically dispersed R&D might a�ect the technical

quality of inventions (Lahiri, 2010). Second, private value (from Kogan et al., 2017 and

henceforth referred to as KPSS), to capture the private economic value from inventive ac-

tivity, including the risk of knowledge leakage and missed commercialization opportunities.

1 Chapter 3, Figure 3.1
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We argue that if coordination costs are the dominant o�shoring penalty, they should

reduce an invention's technical quality. Managing R&D operations across borders and

nations can become more complex than at home, potentially lowering the overall quality

of the resulting innovation. Under this scenario, any drop in private value would mainly

mirror that reduction in technical quality. Conversely, if knowledge leakage is the more

pressing issue, the technical quality of the invention may remain una�ected, but the private

value would diminish as �rms invest fewer resources in commercialization e�orts or face

imitation concerns.

Building on these conceptual distinctions, we test the hypothesis that technical quality

and private value move together when coordination costs predominate, but technical quality

remains unchanged while private value decreases when knowledge leakage concerns are more

important. We then examine various contexts in which one type of o�shoring penalty may

be more salient than the other�for example, for inventive activity that occurs in a strong

IPR or a weak IPR country, for �rms employing strategies such as �ling companion patents

locally, or for �rms with high value-capture capabilities, such as large �rms (Arora et al.,

2023).

Overall, our �ndings reveal that coordination costs signi�cantly reduce invention value

independently of IPR regime, but knowledge leakage is important especially in countries

with weak IPR regimes. We also �nd weak evidence that companion patents �led in the

inventor's country can generate local value bene�ts in strong IPR contexts. Finally, de-

spite facing similar coordination costs at home and overseas, large �rms exhibit a greater

gap between home and overseas invention value�consistent with their superior ability to

capture value, as �rst established in Chapter 2.

Through these results, this chapter deepens our understanding of why and how value

is lost when R&D is o�shored. By distinguishing between two core drivers�coordination

challenges and knowledge leakage�we clarify the conditions under which each o�shoring

penalty becomes most salient. This research contributes to the literature on international

R&D management (Feinberg & Gupta, 2004; Lewin et al., 2009; Subramaniam & Venka-
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traman, 2001) and its interaction with the strength of IPR (Belderbos et al., 2021; L. G.

Branstetter et al., 2006; Lai, 1998; Nandkumar & Srikanth, 2016; Yang & Maskus, 2001;

Zhao, 2006).

Section 4.2 discusses the prior literature and provides the conceptual background to

develop the main hypotheses tested in this paper. Section 4.3 describes the data, variables,

how we measure the variables and descriptive statics. Section 4.4 presents non-parametric

results. Section 4.5 provides the results of testing the main hypothesis. Section 4.6 presents

additional predictions by extending the location choice framework developed in Chapter 3 to

include value capture capabilities and presents the empirical results. Section 4.7 concludes

the chapter.

4.2 Background and hypothesis development

R&D is typically the last operation �rms relocate overseas due to the signi�cant penal-

ties involved. These penalties primarily stem from coordination costs and knowledge leak-

age, yet �rms still choose to o�shore despite the risks. Notably, the cost savings from wage

arbitrage in R&D o�shoring are relatively small (Lewin et al., 2009). Prior research has ex-

plored strategies �rms use to mitigate these challenges, but it has not clearly di�erentiated

between how coordination costs and knowledge leakage individually a�ect the quality and

value of inventions. This raises a critical question: Which factor�coordination costs or

knowledge leakage�is the primary driver of the o�shoring penalty? Identifying the condi-

tions under which each penalty becomes more important can help managers make informed

investment decisions to minimize the loss of value in o�shored R&D.

Chapter 3 establishes that as domestic costs increase, the value of overseas inventions

declines. This decline is attributed to higher o�shoring penalties associated with relocating

inventive activity abroad, which reduces the expected value of such inventions. O�shoring

penalty can be from coordination costs or knowledge leakage. As stated in Chapter 3, the

value of inventions is given by: lq , where q represents the quality of inventions andl is

a parameter of value extraction capability. The value of inventions arises from both the
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�rm's ability to capture value and the quality of those inventions.

The challenges of managing international R&D operations can introduce ine�ciencies

(Feinberg & Gupta, 2004), which may reduce the technical quality of inventions. The

proximity of R&D centers to corporate headquarters is a key determinant of a �rm's

innovation productivity (Carrincazeaux et al., 2001). Being near headquarters increases

information exchange by raising accidental interactions and reducing the cost of planned

meetings (Catalini, 2018). Additionally, Bahar et al., 2023 and Glaeser et al., 2023 �nd that

innovation output and patent values tend to be lower when inventors are located farther

from headquarters but improve when �ight times between locations are shorter. Managing

overseas operations in multinational �rms presents coordination challenges that may lead

to the loss of valuable information, ultimately reducing the realized value of overseas in-

novations (Kogut & Zander, 1993; Teece, 1977, 1986b). Firms that excel at transferring

and deploying tacit knowledge tend to have stronger new product development capabili-

ties (Subramaniam & Venkatraman, 2001). According to Subramaniam and Venkatraman,

2001, �rms with e�ective cross-national teams, overseas experience, and frequent communi-

cation between home and foreign project teams achieve more successful product launches.

The additional management burden required for frequent coordination between home and

overseas can negatively impact the technical quality of inventions. O�shoring penalties

related to coordination costs are likely to a�ect the technical quality of overseas inventions

but not necessarily the �rm's ability to capture value. Consequently, a lower overseas value

primarily re�ects a decline in the quality of overseas innovations rather than a inability of

�rms to capture value from them.

Hypothesis 1: when coordination costs predominate, technical quality and private value

move together

Conversely, if knowledge leakage is the more pressing issue, the technical quality of the

invention may remain una�ected, but the private value would diminish as �rms invest fewer

resources in commercialization e�orts or face imitation concerns. We argue that o�shoring

penalties stemming from knowledge leakage in weak IPR countries should a�ect only the
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�rm's value-capture abilities and not the quality of inventions. In countries with weak

IPR, �rms are reluctant to transfer sensitive knowledge from the parent to host country

inventors due to the threat of knowledge leakage. This knowledge is often more relevant to

commercializing inventions than to technological rivalry. L. G. Branstetter et al., 2006 show

that stronger IPRs are associated with more transfer of knowledge between the parents and

its foreign a�liates. They argue that strengthening IPRs makes �rms more con�dent in

transferring unpatented tacit knowledge that is strategically important to the �rm. They

argue that the skilled workers in the �rm will not take the idea to competitors. Thus,

stronger IPR is associated with greater investment in R&D (L. G. Branstetter et al., 2006;

Lai, 1998; Yang & Maskus, 2001). Moreover, to protect against leakage of knowledge

when conducting inventive activity in countries with weak IPR, �rms employ multiple

protection methods (De Faria & Sofka, 2010), including stronger internal linkages (Zhao,

2006), and assigning projects related to home to inventors in host countries (Nandkumar

& Srikanth, 2016). This additional e�ort by �rms can be inferred as the severity of the

threat of knowledge leakage. Moreover, Belderbos et al., 2021 shows that R&D investments

in weak IPR countries destroy market value. Knowledge related to product markets, as

opposed to knowledge related to technological rivals, is likely to be concerned with the

commercialization of products or the capture of more value from inventions. In contrast,

knowledge related to technological rivals may pertain to improving the quality of inventions.

Since �rms feel more threatened by competitors in a close product market than in a close

technological market (Zhao & Alcácer, 2007), stronger IPRs are likely to induce parents to

transfer more knowledge that is related to commercializing products. A loss of knowledge

pertaining to commercializing inventions in countries with weak IPR would translate to

observing lower private value of inventions in countries with weak IPR compared to countries

with strong IPR. However, there should be no di�erences in measures of technical quality

of inventions between these countries.

Hypothesis 2: When knowledge leakage is more important, technical quality reduces less

than private value
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Firms intending to commercialize inventions in the inventor's market may be able to

re-capture value lost. Such �rms are more likely to �le a companion patent in the inventor's

jurisdiction country. In this paper, a companion patent is de�ned as a patent �led in the

inventor's jurisdiction with the same priority date and DOCDB family ID as the focal

patent.

Hypothesis 3: Firms can create value locally to re-capture private value lost from o�-

shoring penalties

Table 4.1 summarizes the hypothesis developed in this section.

Table 4.1: Summary of predictions for quality and value in weak and strong IPR
countries

Source of Offshoring Penalty

Coordination Costs Knowledge Leakage Value Created

Quality Value Quality Value Quality Value

Weak IPR Negative Negative No Change Negative
Negative or
No change

Positive

Strong IPR Negative Negative No Change
Positive or
No change

Negative or
No change

Positive

Notes: This table summarizes of the direction of coef�cient on overseas inventions, whether developed in
countries with weak IPR (row 1) or countries with strong IPR (row 2), compared to inventions at home, on
the quality and value of inventions. These directions are based on the hypotheses developed in this section.

4.3 Data and variables

Our sample consists of 1,676,904 patents2. It includes 5,590 �rms and 108 countries,

and spans years 1980 through 2020. To construct the sample, we extract a list of patents

owned by US-headquartered public �rms from Duke Innovation & SCienti�c Enterprise

Research Network (DISCERN) (Arora, Belenzon, & Sheer, 2021b). Using the addresses

listed in patentsview.org inventor location �le, maintained by the USPTO, we determine

the country of location for each inventor on a patent. Then, for each patent, we add a

measure of invention value from Kogan et al., 2017 and a measure of invention quality (the

2 The sample excludes 131,427 coinvented patents. That is, patents that have at least one US- and at least
one overseas- located inventor
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number of forward citations normalized by mean citation count within each Cooperative

Patent Classi�cation (CPC) class-grant year pair) from PATSTAT maintained by the Eu-

ropean Patent O�ce. Furthermore, we add the grant year and primary CPC (Cooperative

Patent Classi�cation) code of each patent from patentsview.org. We also add the number of

employees, sales from Standard & Poor's CRSP/Compustat database. Table 4.2 provides

an overview of variables and their corresponding measures used in this paper.

4.3.1 Overseas inventions

A patent is classi�ed as an overseas patent if all inventors on the patent have addresses

outside the United States. A patent is classi�ed under a particular country if all the

inventors on a patent have an address in that country. The USPTO collects inventor

addresses when a patent is �led and makes it publicly available on patentsview.org. Note,

we drop patents that are coinvented by inventors located in the U.S. and overseas.

4.3.2 Private value of invention

Building on the approaches of Feng and Jaravel, 2020, Arora et al., 2023 and Kline

et al., 2019, we utilize patent value estimates from Kogan et al., 2017, henceforth referred

as KPSS. These estimates measure the private value of a patent based on an event study

that captures abnormal market returns within a three-day window following a patent grant.

We interpret these estimates as indicative of the patent's private value to the �rm.

Noting the limitations of using this measure of private value (Arora et al., 2024), we

use an alternate measure using patent renewals. We use an indicator variable for whether

a patent was renewed after its fourth year, obtained from the USPTO Maintenance Fees

dataset, which reveals consistent results.

4.3.3 Technical quality of invention

Similar to the assumption in Arora et al., 2023 that higher-quality patented inventions

are more likely to inspire related or subsequent innovations, we use the number of forward

citations received by a patent as a proxy for technical quality of inventions (Gambardella
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Table 4.2: Variable description
Variable Measure Description of measure

Overseas
Inven-
tions

Overseas
Patent

A patent is classi�ed as an overseas patent if all the inventors on the patent have addresses
outside the U.S.. We obtain the information on the location of an inventor from the inventor
addresses in patentsview.org, maintained by USPTO. We classify an overseas patent to a
country if all the inventors on the patent are located in that country.

Private
Value

Patent
Value
(KPSS)

Private value of patents to a �rm is obtained from the data set constructed by Kogan et
al., 2017 till 2010 and extended by Stoffman et al., 2022 to 2020. These patent values are
estimated by exploiting movements in stock prices following the days that patents are issued
to the �rm. The expected valuation of a patent is estimated by �ltering the idiosyncratic stock
return from normal stock market returns. This value is then divided by the number of patents
that a �rm was granted that day and multiplied by the market capitalization.

Patent
Re-
newals

This measure is de�ned as the share of inventions patented in multiple jurisdictions. We
construct this measure by identifying patent families of a �rm's patents for each year and
�nding the share of those families with patents in multiple jurisdictions.

Invention
Quality

Forward
Cita-
tions

Patent quality is measured using forward citations. Forward citations to patents are obtained
from PATSTAT. These are weighted by the average forward citation in the focal patent's three
digit CPC and grant year cohort. These weighted forward citations of patents is averaged
across patent applications of a �rm in a given year to get the average quality of innovation
to a �rm from its granted patents.

Home
Run

We use Home Run patents as an alternative measure of Invention Quality. A patent is classi-
�ed as a home run patent if the forward citations received by it is in the top 5% of all granted
USPTO patents, within a CPC class and grant year cohort.

Strength
of IPR

Weak
IPR

We classify overseas patents on the basis of the strength of intellectual property rights in the
inventor's country. Using the classi�cation framework in Zhao, 2006, we construct a dummy
variable for Weak Intellectual Property Rights - Weak IPR - that takes the value of 1 if the
overseas country has a standard deviation below 0.

Strong
IPR

We construct the dummy variable Strong Intellectual Property Rights - Strong IPR - that takes
the value of 1 if the overseas country has a standard deviation above 0.

Value
creation
in in-
ventor's
country

Compa-
nion
Patent

We measure value creation by a �rm in the inventor's country if there is a companion patent
of the focal patent in the inventors' country. A companion patent is de�ned as �ling a patent
in the jurisdiction of the inventor with the same priority date, or same DOCDB family ID. The
information on companion patents is obtained from PATSTAT. We split the measure of Strong
IPR into two measures: Strong IPR + Companion Patent and Strong IPR + No Companion,
depending on whether the focal patent has a companion patent in the inventor's country
or not. Similarly, we split the measure of Weak IPR into two measures: Weak IPR + No
Companion and Weak IPR + Companion Patent, depending on whether the focal patent has
a companion patent in the inventor's country.

Firm
size

Sales Firm size is measured using sales of the �rm from Compustat. We use the lagged value of
sales, lagged one year prior to the application year of the patent, as an empirical proxy for ex
ante �rm size.
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et al., 2008; Lanjouw & Schankerman, 2004; Trajtenberg, 1990). To control for systematic

variations in citation patterns across di�erent technological �elds and to mitigate truncation

concerns for patents issued in the later years of the sample, we normalize forward citations

by the average citation count within each CPC class-grant year pair.

4.3.4 Weak intellectual property rights

Following the approach of Nandkumar and Srikanth, 2016; Zhao, 2006 and other schol-

ars, we evaluate the strength of IPR by leveraging variations in the geographic distribution

of overseas patents. Using the classi�cation framework established by Zhao, 2006, we con-

struct a dummy variable, Weak IPR, which takes a value of 1 if the host country has a

standard deviation below 0, indicating weak IPR protection, and 0 otherwise. Similarly,

we de�ne a dummy variable, Strong IPR, which equals 1 if the host country has a standard

deviation above 0. Appendix Table D.4 reproduces Table 1 from Zhao, 2006 and classi�es

countries as weak IPR and strong IPR countries.

For both weak and strong IPR countries, we create additional dummy variables:Strong

IPR + Companion Patent and Weak IPR + Companion Patent. These variables take a

value of 1 if the patent has a companion patent �led in the inventor's country. A companion

patent is de�ned as a patent �led in the inventor's jurisdiction with the same priority date

and DOCDB family ID as the focal patent.

4.3.5 Firm size

Since larger �rms can extract more value from inventions of a given quality (Arora

et al., 2023), we use �rm size as a proxy for value capture capability. Chapter 2, using

a sample of publicly listed US-headquartered manufacturing �rms, found a positive rela-

tionship between �rm sales and average patent values but a positive relationship between

�rm sales and average invention quality. This suggests that larger �rms have superior value

extraction capabilities rather than superior inventive capabilities. The chapter also argues

that the source of superior value extraction capabilities is likely superior commercialization

capabilities (Teece, 1986a, see also). Assuming this superior commercialization capability
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will be highest when commercializing inventions at home, larger �rms should be able to

extract more value from all their inventions. We measure �rm size using sales data from

the Standard & Poor's CRSP/Compustat database, which we integrate with the patent

dataset. As an alternative measure, we also use employee count.

4.3.6 Descriptive statistics

Table 4.3 and Table 4.4 present the summary statistics for the main variables in our

analysis. The observations are at the patent level. Table 4.3 shows that the share of

overseas patents in the sample is 13%, with a standard deviation of 33%. The mean of

KPSS values is 15.4 million U.S. dollars, with a standard deviation of 34 million U.S.

dollars. Lower observations for KPSS arise out of missing KPSS values from discrepancies

between DISCERN and KPSS patent-�rm match. The mean forward citations received by

a patent, normalized by mean citation count within each grant year and CPC class pair,

is 1.29, with a standard deviation of 4.3. Consistent with prior �ndings, the distribution

of KPSS values (Kogan et al., 2017) and citations of patents are right-skewed. To account

for the highly skewed distributions, these variables are logarithmically transformed. Mean

market capitalization is 96 billion U.S. dollars with a standard deviation of 156 billion

U.S. dollars. Mean sales is 36 billion U.S. dollars, with a standard deviation of 48 billion

U.S. dollars. Note, �rms with more patents are over represented in the patent sample. At

the �rm year level, the mean sales is 3.3 billion U.S. dollars, with a standard deviation of

1.4 billion U.S. dollars. The high averages are driven by a few large �rms at the top of

the distributions. We also use the number of employees as an alternate measure of �rm

size. In Figure 4.2, we present �rm level results non-parametrically, to control for the

disproportionate representation in the patent dataset of a few large �rms.

Table 4.4 shows the distribution of patents by the location of the inventors. There

are 213,691 overseas patents �led by 1,993 U.S. headquartered publicly traded �rms with

inventor(s) located in 107 countries. The top countries where U.S. �rms have inventors are

Germany, Japan, UK, Canada and India. Of the overseas patents, 58,005 patents are in
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countries with weak IPR. The top weak IPR locations in the sample are India, Ireland,

China, Taiwan and Korea. Of those overseas patents �led in countries with weak IPR, 88%

do not have a companion patent in the inventor's country. The top weak IPR locations

with no companion patents are India and Ireland, whereas, top locations where a companion

patent is �led include China and Taiwan. Of the overseas patents, 147,488 patents are �led

in countries with strong IPR. The top strong IPR locations in the sample are Germany,

Japan, UK, Canada and France. Of those overseas patents �led in strong IPR countries,

69% do not have a companion patent in the inventor's country. The top strong IPR locations

with and without companion patents have considerable overlap, indicative of heterogeneity

of decision to �le companion patents within countries. On average, �rms in our sample are

more likely to have a companion patent in countries with strong IPR than countries with

weak IPR.

Table 4.3: Summary Statistics for main variables

Obs Mean SD 10% 50% 90%

Overseas Patent 1,676,904 0.13 0.33 0 0 1
KPSS (mil. USD) 1,363,583 15.41 34.18 1.25 6.51 34.15
Renewals (Fourth year) 1,539,279 0.81 0.39 0 1 1
Forward Citations 1,676,098 1.29 4.3 0 0.45 2.73
Home Run 1,676,904 0.07 0.25 0 0 0
Market Capitalization (mil. USD) 1,218,326 96,057 156,879 1,479 36,236 233,420
Sales (mil. USD) 1,621,615 36,069 48,841 666 14,524 99,751
Employees ('000's) 1,612,309 99 126 2.5 53 310
Notes:This table provides a summary of the main variables used in our study. The sample comprises 4,546
U.S. headquartered publicly traded �rms in the DISCERN dataset for the period 1980-2020.

4.4 Non parametric results

Figure 4.1 plots the distribution of value and quality of inventions by the location of

inventor. The top sub�gure illustrates that the distribution of quality at home (US) has

longer left and right tails, and lies above the distribution of overseas patents, regardless of

IPR classi�cation of the country. This distribution is consistent with strong coordination

challenges for overseas patents. The bottom sub�gure illustrates that home patents have

thicker right tails than weak IPR countries, indicating loss of value through knowledge
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Table 4.4: Patent distribution by IPR strength and companion patents
Number of Patents
(Share of sample %)

Number of
Firms

Number of
Countries

Top Countries (Share %)

Home
(Reference category
for all speci�cations)

1,463,213 (87.7%) 5477 1 U.S.

Overseas 213,691 (12.7%) 1993 107
Germany (14%), Japan (13%), UK (12%),

Canada (9.6%), India (8%)

Weak IPR 58,005 (3.5%) 776 29
India (29%), Ireland (29%), China (17%),

Taiwan (5%), Korea (3.6%)

Strong IPR 147,488 (8.8%) 1786 16
Germany (20%), Japan (27%), UK (17%),

Canada (14%), France (8%)

Weak IPR +
No Companion

51,473 (3.1%) 730 29
India (32%), Ireland (32%), China (13%),

Taiwan (3%), Spain (3%)

Weak IPR +
Companion Patent

6,532 (0.4%) 295 18
China (47%), Taiwan (25%), Korea (16%),

Spain (4.7%), Russia (1.8%)

Strong IPR +
No Companion

101780 (6.1%) 1596 16
UK (20%), Germany (19%), Canada (15%),

Japan (9%), France (8%)

Strong IPR +
Companion Patent

45,708 (2.7%) 1123 15
Japan (39%), Germany (22%), UK (12%),

Canada (10%), France (9%)

Notes:This table provides a summary of the main variables used in our study. The sample comprises 4,546
U.S. headquartered publicly traded �rms in the DISCERN dataset for the period 1980-2020. A companion
patent is de�ned as a patent that is also �led in the inventor's country, sharing the same DOCDB family ID
or priority �ling date, compiled from PATSTAT. The strength of a country's IPR is based on the classi�cation
from Zhao, 2006. Strong IPR + No Companionis a dummy variable that takes the value of 1 if an overseas
patent is from a strong IPR country and no companion patent is �led. Strong IPR + Companion Patentis a
dummy variable that takes the value of 1 if an overseas patent is from a strong IPR country and there is a
companion patent �led in the inventor's country. Weak IPR + No Companionis a dummy variable that takes
the value of 1 if an overseas patent is from a weak IPR country and no companion patent is �led. Weak IPR
+ Companion Patentis a dummy variable that takes the value of 1 if an overseas patent is from a weak IPR
country and there is a companion patent �led in the inventor's country.

leakage in these countries. Appendix Figure D.1 plots the distribution of technical quality

of patents by technology area and Appendix Figure D.2 plots the distribution of KPSS

values by technology area.

To control for the disproportionate representation in the patent dataset in the main

analysis, we plot the quality and value of inventions in Figure 4.2. The value and quality of

inventions aggregated at the �rm-year level are plotted on the vertical axes. The categorical

horizontal axis classi�es �rms according to their intensity of overseas activity across the

sample. Firms with only overseas patents account for less than 0.3% of all overseas patents,
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FIGURE 4.1: Distribution of quality and value of home and overseas patents by strength
of IPR

Notes:This �gure plots the distribution of quality and value on the y-axis as measured by log of forward
citations and log of KPSS values. Forward citations are normalized by the average citations in their cohort of
CPC class and grant year. KPSS values have 1 USD million added before log transformation to avoid
negative values for the purposes of this �gure.
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�rms with high overseas share account for 55% of all overseas patents and �rms with medium

share of overseas account for 41% of all overseas patents. Average forward citations and

KPSS are not logarithmically transformed for this graphical representation. The top-left

sub�gure shows that the quality of overseas inventions are lower than home, for most �rms,

and that the di�erence between is lower for �rms with high overseas share. The top-right

sub�gure shows that the value of overseas inventions are higher than home, and that this

di�erence attenuates for �rms with higher overseas share. The middle-left sub�gure presents

the quality of overseas inventions in countries with weak and strong IPR, and the middle-

left �gure shows that value of overseas inventions in these regions. These sub�gures indicate

that coordination costs, represented by lower quality, are key in both strong and weak IPR

regions, and across all �rms. In terms of KPSS, �rms with lower overseas patents tend to

have higher value from them compared to their home inventions, while for �rms with higher

share have comparable KPSS across home and overseas inventions.

4.5 Empirical results
4.5.1 Source of offshoring penalty: the quality and value of overseas
inventions in strong and weak IPR countries
4.5.1.1 Technical quality of overseas inventions

We use the following econometric speci�cation to test the di�erences in the quality of

overseas and home inventions

ln (Jp) = a0 + a1Overseasp + F + t + CPC3p + ep (4.1)

The dependent variableJ is the technical quality of patent p. Overseasp is an indicator

variable that takes the value of 1 if all the inventors on the patent are located outside of

the US, the variable takes the value 0 if all the inventors on the patent are located inside

the US.3 The dependent variable is in logarithmic terms. Therefore, the coe�cient a1 is

100� [exp(a) � 1] percentage di�erence in J at home and overseas.F , t and CPCp are

full sets of �rm, year and CPC class dummies.ep is an iid error term. Standard errors are

3 Note, coinvented patents are excluded from the analysis in this manuscript.
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FIGURE 4.2: Quality and value of home and overseas inventions by location of inventive
activity at the �rm-year level

Notes:The �gure illustrates the relationship between average quality and average value of inventions by the
location of inventive activity - home and overseas. The horizontal axis divides �rms into �ve different
categories of share of overseas inventive activity. The total number of patents that a �rm applies with
overseas inventors over the entire sample period (1980-2020) is divided by the total number of patents to
compute the measure of share of overseas inventions. Of the 5,590 �rms in the sample, 3,597 do not have
any overseas patents; 628 have low share (<5.5%); 653 have medium share (5.5-17%); 599 have high share
(>17%); and 113 �rms patent only overseas. Average forward citations for each location is calculated by
taking the total citations received by patents �led by inventors in that particular location within a �rm-year
and divided by the number of patents with inventors from that location in a �rm-year. Forward citations are
�rst normalized by dividing by the mean citations in a CPC class and year before taking averages at the
�rm-year. Similarly, average KPSS for each location is calculated by taking the total KPSS for patents �led by
inventors in that particular location within a �rm-year and divided by the number of patents with inventors
from that location in a �rm-year.
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clustered at the �rm level. The coe�cient of interest is a1. We expect a1   0 as overseas

inventions will be of lower quality due to o�shoring penalties from higher coordination costs.

Table 4.5 presents the estimation results for Equation(4.1). Columns 1 and 2 report

between- and within-�rm estimates, respectively. Both indicate that overseas patents have

a lower quality than patents generated by U.S. inventors. Comparing column 1 and 2

shows that inclusion of �rm �xed e�ects reduces the coe�cient size by 25%, suggesting

heterogeneity across �rms in the relationship between quality and location of inventive

activity. Column 3 adds CPC class �xed e�ects and �nds consistent results. Column 3

shows that overseas patents receive approximately 9.6% lower citations than home patents.

We use the following econometric speci�cation to test the di�erences in the quality of

overseas inventions from strong and weak IPR countries and home inventions

ln (Jp) = b0 + b1Strong IPRp + b2Weak IPRp + F + t + CPC3p + ep (4.2)

We expect b1, b2   0, if the source of reduction in overseas value is from lower tech-

nical quality arising from the challenges of managing international R&D operations across

distances and national borders.

Column 4 of Table 4.5 presents the estimation results of Equation(4.2).4 Coe�cients

on both Strong IPR and Weak IPR dummies are negative and signi�cant, indicating high

coordination costs. Invention quality of a patent with inventors in a strong IPR country

is 10% lower than home patents, and invention quality of a patent with inventors in a

weak IPR country is 8% lower than home.5 Column 5 presents results with an alternate

transformation of forward citations using the inverse hyperbolic sine to account for the

fact that some patents receive no citations. The results are consistent with lower invention

quality in both strong and weak IPR overseas patents than home. Column 6 presents results

using Home Run patents as the dependent variable and presents consistent results.

4 Note, the classi�cation of overseas patents to weak and strong IPR countries are limited to 48 countries
listed in Appendix Table D.4. However, these 48 countries account for 96% of overseas patents.

5 Appendix Table D.6 shows that the difference in coef�cients of Strong IPR and Weak IPR is statistically
signi�cant.
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The results presented in Table 4.5 indicate the importance of coordination costs in

reducing the technical quality of overseas inventions. The results are also indicative that

coordination costs in strong IPR countries might be signi�cantly higher than countries with

weak IPR.

Table 4.5: Relationship between location of inventive activity and invention quality

(1) (2) (3) (4) (5) (6)

VARIABLES ln(Fwd Cites +1) asinh(Fwd Cites) Home Run

Overseas -0.138*** -0.104*** -0.101***
(0.012) (0.011) (0.011)

Strong IPR -0.109*** -0.141*** -0.024***
(0.010) (0.012) (0.003)

Weak IPR -0.082*** -0.103*** -0.020***
(0.014) (0.018) (0.005)

Observations 1,676,098 1,675,466 1,673,370 1,665,194 1,665,194 1,665,200
R-squared 0.018 0.108 0.121 0.121 0.120 0.070
Firm FE No Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes
CPC3 FE No No Yes Yes Yes Yes
SE Clustered Firm Firm Firm Firm Firm Firm
Mean of DV 1.3 1.3 1.3 1.3 1.3 0.07
Notes: This table presents the relationship between quality of inventions and the location of its inventors.
The sample consists of utility patents of 4,546 public �rms (from Compustat) �led at the USPTO and covers
years 1980 through 2020. Forward citations are weighted by the average citations in their cohort (CPC class
and grant year). The dependent variable in columns 1-4 are log transformed. The dependent variable in
column 5 is inverse hyperbolic sine transformed. Home Runis a dummy variable that takes the value of 1
if the forward citations received by a patent is in the top 5% of forward citations in a CPC class-grant year
cohort. The independent variable in columns 1-3 is a dummy variable, Overseasthat takes the value of 1 if
all the inventors are located outside the US. The independent variable in columns 4-6, is multi-level dummy
variable that splits overseas patents into Strong IPRif if all inventors are from a Strong IPR country and Weak
IPR if all inventors are from a weak IPR country. The reference dummy is US, assigned to patents where
all inventors are located in US. Clustered standard errors at the �rm level are reported in parentheses. ***
p<0.01, ** p<0.05, * p<0.10

4.5.1.2 Private value of overseas inventions

We use the following econometric speci�cation to test the di�erences in the quality and

value of overseas inventions

ln c = g0 + g1Overseasp + F + t + CPC3p + ep (4.3)
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The dependent variablec is the patent value of the patent p. The coe�cient of interest

is g1. We expect g1   0 as overseas inventions will be of lower value either due to lower

quality from increased coordination challenges overseas, or due to loss of value due to a

threat of knowledge leakage.

Table 4.6 presents the estimation results for Equation(4.3). Columns 1 and 2 report

between- and within-�rm estimates, respectively. Both indicate that overseas patents have

a lower KPSS value than patents generated by U.S. inventors. The lower estimate when

adding �rm �xed e�ects in column 2 is likely due to the assumption in the construction

of KPSS values that patents of a �rm are drawn from the same distribution Arora et al.,

2024. Based on the analysis in Arora et al., 2024, the estimates in Column 2 are on the

conservative side. Column 3 adds CPC class �xed e�ects and �nds consistent results.

Column 3 shows that overseas patents have 5.5% lower KPSS values than home patents.

We use the following econometric speci�cation to test the di�erences in the value of

overseas inventions from strong and weak IPR countries and home inventions

ln (Jp) = d0 + d1Strong IPRp + d2Weak IPRp + F + t + CPC3p + ep (4.4)

Given the patterns of results supporting the importance of coordination costs in both

Strong IPR and Weak IPR countries re�ected in lower technical quality from Table 4.5,

we can expect bothd1   0 and d2   0. If only coordination costs matter, we should

expect d1   d2, re�ecting higher coordination costs in countries with strong IPR. If threat

of knowledge leakage mattered more than coordination costs, we would expectd2   d1, as

the threat of knowledge leakage should matter more in countries with weak IPR.

Column 4 of Table 4.6 presents the estimation results of Equation(4.4). The coe�cient

for Strong IPR dummy is negative but not signi�cant. The coe�cient for Weak IPR dummy

is negative and signi�cant.6 In column 5, as an alternate measure of private value, we use a

dummy variable that takes the value 1 if a patent is renewed four years after its grant date.

6 Appendix Table D.6 presents the results of a linear combination t-test of difference in the coef�cient of
Strong IPR and Weak IPR and shows that the difference is statistically signi�cant.
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The results indicate that overseas patents in weak IPR countries are 3.4 percentage points

less likely to be renewed than home patents and overseas patents in strong IPR countries

are 2.7% percentage points less likely to be renewed than home patents. The negative

relationship between invention value and conducting inventive activity in countries with

weak IPR is consistent with the �ndings of Belderbos et al., 2021.

The pattern of results presented in this section is consistent with the argument that

overseas patents are of lower value than home patents. The lower value of overseas patents

from o�shoring penalties can be through coordination costs or through knowledge leak-

age. Results presented in Section 4.5.1.1 indicate strong presence of coordination costs in

o�shored patents. Consistent with this pattern, private value of overseas patents in weak

IPR countries is lower, indicating loss of value through knowledge leakage from conducting

inventive activity in countries with weak IPR. The low private value in countries with weak

IPR can be from either high coordination costs or high knowledge leakage. However, in

countries with strong IPR, the loss in private value is lower than in weak IPR countries

and private value in these countries are comparable to that at home in some speci�cations.

Thus, in countries with strong IPR, �rms are able to make up any lower private value

coming from lower technical quality.

4.5.2 Mechanism of value creation in inventor's country

In this section, we explore the mechanism of whether �rms conducting inventive activity

in countries with strong IPR can compensate for the loss in private value due to high coordi-

nation costs by creating value in these countries. One way �rms may create value in strong

IPR countries is by commercializing the invention locally. We measure commercialization

as the presence of a companion patent in the inventor's country.

Table 4.7 presents the relationship between invention value, quality, and the presence of

a companion patent in strong IPR countries. Column 1 shows that the coe�cient onStrong

IPR + Companion Patent is negative and about half the magnitude of the coe�cient

on Strong IPR + No Companion; however, neither coe�cient is statistically signi�cant.
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Table 4.6: Relationship between location of inventive activity and private value of
inventions

(1) (2) (3) (4) (5)

VARIABLES ln(KPSS real) Renew4

Overseas -0.244*** -0.062*** -0.057***
(0.094) (0.017) (0.014)

Strong IPR -0.022 -0.027***
(0.018) (0.004)

Weak IPR -0.134*** -0.034***
(0.033) (0.006)

Observations 1,363,583 1,363,028 1,361,372 1,355,832 1,531,564
R-squared 0.054 0.653 0.654 0.654 0.463
Firm FE No Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes
CPC3 FE No No Yes Yes Yes
SE Clustered Firm Firm Firm Firm Firm
Mean of DV 15.4 15.4 15.4 15.4 0.8
Notes: This table presents the relationship between private value of inventions and the location of its in-
ventors. The sample consists of utility patents of 4,546 public �rms (from Compustat) �led at the USPTO
and covers years 1980 through 2020. KPSS values are from Kogan et al., 2017 and are based on abnormal
stock market returns in response to patent issuance. The independent variable in columns 1-3 is a dummy
variable, Overseasthat takes the value of 1 if all the inventors are located outside the US. The independent
variable in columns 4-5, is multi-level dummy variable that splits overseas patents into Strong IPR if all
inventors are from a Strong IPR country and Weak IPRif all inventors are from a weak IPR country. The
reference dummy is US, assigned to patents where all inventors are located in US. The dependent variable
in Column 5, Renew4 is a dummy variable that takes the value of 1 if a patent is renewed four years from its
grant date and a value of 0, otherwise. Clustered standard errors at the �rm level are reported in parentheses.
*** p<0.01, ** p<0.05, * p<0.10

Column 2 presents results using patent renewals in year four as an alternative measure of

private value. Patents �led in strong IPR countries without companion patents are 3.5%

less likely to be renewed than home patents, while those with a companion patent in the

inventor's country are 1% less likely to be renewed than home patents. These �ndings

provide weak evidence that �rms may partially o�set the value lost from high coordination

costs by �ling a patent in the inventor's country.

Columns 3�5 examine the relationship between patent quality and the presence of a
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companion patent in the inventor's country. The coe�cients for both strong IPR countries

with and without companion patents are negative and signi�cant, suggesting that high

coordination costs in these countries may lower patent quality.

Appendix Table D.6 con�rms that the di�erence between these coe�cients is statistically

signi�cant. Appendix Table D.5 further explores the relationship between invention value,

quality, and companion patents in both strong and weak IPR countries. The results indicate

that �rms operating in weak IPR countries cannot recover value lost due to coordination

costs and may su�er additional value loss due to the risk of knowledge leakage.

Overall, these �ndings suggest that while high coordination costs persist in strong IPR

countries�regardless of the presence of companion patents�there is only weak evidence

that �rms are able to recapture lost value by generating value locally.

4.6 Value extraction capabilities

This section comprises two parts. First, we extend the framework in Chapter 3 to

include di�erences in �rm's value extraction capabilities. Second, we show empirical results

of testing the predictions of the framework. We proxy the size of the �rm as having superior

value extraction capabilities by drawing on the �ndings of Chapter 2 that the source of

size premium in inventive activity comes from superior value extraction capabilities. We

then present the empirical relationship between value, quality and the location of inventive

activity by �rm size.

4.6.1 Framework of location choice with differences in value extraction
capabilities

The �rm chooses to invent in a location based on three dimensions 1) the potential value

of inventions to the �rm lq 2) an o�shoring penalty K and 3) a wage arbitrageD = w � wo,

wherew is the wage of an inventor at home andwo is the wage of an inventor overseas and

w ¡ wo. The potential value of this invention is lq , where l is a factor of value extraction

and q is a parameter representing the quality of inventions. Firms with a higher value ofl

can extract more value from inventions of given quality than �rms with a lower value of l .
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Table 4.7: Relationship between value, quality and the inventor's location: �ling a
companion patent in the inventor's country

(1) (2) (3) (4) (5)

VARIABLES ln(KPSS) Renew4 ln(Fwd Cites +1) asinh(Fwd Cites) Home Run

Strong IPR + No Companion -0.025 -0.035*** -0.095*** -0.122*** -0.021***
(0.022) (0.005) (0.011) (0.014) (0.003)

Strong IPR + Companion Patent -0.013 -0.010** -0.143*** -0.185*** -0.032***
(0.037) (0.005) (0.010) (0.013) (0.003)

Weak IPR -0.134*** -0.034*** -0.081*** -0.102*** -0.020***
(0.033) (0.006) (0.015) (0.018) (0.005)

Observations 1,355,832 1,531,564 1,665,194 1,665,194 1,665,200
R-squared 0.65 0.46 0.12 0.12 0.07
Firm FE Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes
CPC3 FE Yes Yes Yes Yes Yes
SE Clustered Firm Firm Firm Firm Firm
Mean of DV 15.4 0.81 1.3 1.3 0.07

Notes: This table presents the relationship between the value and quality of inventions and the location of
its inventors, exploring the role of companion patents. The sample consists of utility patents of 4,546 public
�rms (from Compustat) �led at the USPTO and covers years 1980 through 2020. KPSS values are from
Kogan et al., 2017 and are based on abnormal stock market returns in response to patent issuance. Renew4
is a dummy variable that takes the value of 1 if a patent is renewed 4 years after grant and a value of 0,
otherwise. Forward citations are weighted by the average citations in their cohort (CPC class and grant
year). The independent variable is a multi-level dummy variable that categorizes overseas patents based on
the strength of IPR in inventors' country and the presence of a companion patent. The strength of a country's
IPR is based on the classi�cation from Zhao, 2006. Companion patents are patents �led in the inventor's
country with the same DOCDB family ID. Strong IPR + No Companionis a dummy variable that takes the
value of 1 if an overseas patent is from a strong IPR country and no companion patent is �led. Strong IPR
+ Companion Patentis a dummy variable that takes the value of 1 if an overseas patent is from a strong IPR
country and there is a companion patent �led in the inventor's country. Weak IPRis a dummy variable that
takes the value of 1 if an overseas patent is from a weak IPR country. Clustered standard errors at the �rm
level are reported in parentheses. *** p<0.01, ** p<0.05, * p<0.10

We relax the assumption ofl = 1 in chapter 3.

If the invention is invented overseas, the realized value islq (1 � K). To simplify calcu-

lations, we assume0 ¤ q, K ¤ 1. For each invention of value,lq , the �rm choose between

inventing at home, inventing overseas or not inventing at all based on the highest payo�7.

The payo� rule is given by:

Payo� lq = maxt 0, lq � w, lq (1 � K) � wou

Figure 4.3 presents the solution to the analytical framework graphically. The Y-axis

7 Note, the cost of inventing ( w, wo are expressed as a fraction of potential quality, q.
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plots the o�shoring penalty K and X-axis plots the quality of inventions q. The thick

black line replicates the framework solution from Chapter 3 forl = 1. The thick gray line

represents the threshold level ofK for l = 0.7. Inventions below the thick lines are invented

overseas and above the thick line are invented at home if the potential value is greater than

the home wage,q ¡ w for high value capture, andq ¡ w/ l for low value-capture, and not

invented at all otherwise. The �rm's choice between inventing at home, overseas or not at

all are analyzed in di�erent zones. In the range of quality between the overseas and home

wage (wo and w), �rms with lower value capture o�shore fewer low-valued inventions, and

the ones that are o�shored have lower o�shoring penalties. In the range of quality between

the home wage and the highest invention quality (w and 1), �rms with lower value capture

are more likely to o�shore high value inventions, but these also incur higher o�shoring

penalties.

Figure 4.4 illustrates the relationship between expected value, quality, and the share

of overseas inventions as a function of value extraction capabilities (l ). The analytical

solutions for these expressions are provided in Appendix Section D.1, with a summary in

Appendix Table D.1.

Panel A shows that, unsurprisingly, expected value increases both at home and overseas

as value extraction capabilities rise. Panel B indicates that expected overseas quality de-

clines with increasing value extraction capabilities. Panel C demonstrates that the share of

overseas inventions decreases as �rms with higher value extraction capabilities invest more

domestically to mitigate o�shoring penalties. Panel D plots the di�erence between home

and overseas quality and value. The results indicate that as value extraction capabilities in-

crease, the quality gap between home and overseas inventions narrows, while the value gap

widens. Appendix Table D.1 presents the mathematical expressions for these di�erences:

Column 1 reports the di�erence in quality, which decreases withl , while Column 2 reports

the di�erence in value, which increases withl . Additionally, Appendix Table D.2 provides

simulation results for l = 0.8 and l = 0.5, further demonstrating that higher value extrac-

tion capabilities reduce the quality di�erence between home and overseas inventions while
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FIGURE 4.3: Framework of decision to offshore inventions

Notes:This �gure presents a framework for the decision to offshore inventive activity. The X-axis plots the
distribution of quality, q, drawn from a uniform distribution between 0 and 1. The Y-axis plots the
distribution of offshoring penalty, K, also drawn from a uniform distribution between 0 and 1. The graph is
drawn such that the overseas wage is wo = 0.1 and the home wage isw = 0.3. The thick line represents the
case where the value extraction is high, represented with l = 1 and the gray line represents the case where
the value extraction is relatively low, represented with l = .8.

increasing the di�erence in value.

In summary, the framework predicts the following:

1. Overseas and Home Value increase with value capture capabilities

2. Overseas and Home Quality decrease with value capture capabilities

3. Overseas share increases with value capture capabilities

4. The di�erence between home and overseas inventions increases with value and capture

capabilities

Following the empirical framework in Section 4.5, the coe�cients in Equations(4.1) and

(4.3) represent di�erences between home and overseas quality. Proxying for value extraction

capabilities with �rm size (Arora et al., 2023), the interaction between Overseasand Firm
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A. Value B. Quality

C. Share of Overseas D. Difference in Home and Overseas

FIGURE 4.4: Simulated results: expected value and quality at home, overseas and overall
�rm as a function of value extraction, l

Notes:This �gure presents the comparative statics result of an increase in value extraction capabilities on the
expected value and quality of inventions at home, overseas and for the �rm as a whole. The X-axis plots
selected values of the parameter of value extraction, lambda, l . The overseas wage is assumed to be 0.1 and
the home wage is assumed to be 0.3. The Y-axis plots the average value and quality of inventions, with
separate lines for inventions generated at home, overseas and for the �rm average. The data are simulated
from 1 million observations with quality and offshorability drawn from standard uniform distributions,
q � U [0, 1] and K � U [0, 1] and different values of l .

Size should be positive in the quality Equation(4.1)and negative in the value Equation(4.3).

Table 4.8 summarizes the empirical predictions for the relationship between the quality,

value, location of invenitive activity and �rm size. Row 1 replicates the relationship between

�rm size and quality (negative) and value (positive) when value extraction capabilities

are the source of large �rm advantage from Chapter 2, Table 1. Row 2 describes the

empirical relationship between quality and value and the location of inventive activity.

Row 3 summarizes the predicted coe�cient on the interaction between size and location
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of inventive activity, that is, how the relationship of quality and value of inventions with

location of inventive activity di�ers by �rm size.

Table 4.8: Empirical predictions for comparative statics with value capture capabilities
(proxied by �rm size)

Quality Value

Size Negative Positive
Overseas Negative Negative
Size * Overseas Positive Negative

Notes:This table summarizes the results from comparative statics of value and quality with respect to value
capture capability, l , proxied by �rm size.

4.6.2 Type of �rm and source of offshoring penalty

Table 4.9 presents the results of how the relationship between the location of inventive

activity and quality of inventions, changes with �rm size. Column 1 shows that the rela-

tionship between �rm sales and forward citations is negative and signi�cant. This result

is consistent with the �ndings of Chapter 2 when value extraction capabilities are more

important for a size premium in innovation. We once again observe a negative relationship

between invention quality and overseas patents. In column 2, the interaction between over-

seas and �rm sales is negative and not signi�cant. The evidence that the di�erence in home

and overseas quality shrinks or remains the same as value capture capabilities increase is

indicative that larger �rms have similar coordination costs at home and overseas.

Column 3 of the table shows that the interaction between �rms sales and conducting

inventive activity in weak IPR or strong IPR country remains insigni�cant, indicating

further that the di�erence between home and overseas invention quality for large �rms is

not signi�cantly di�erent. The interaction between �rm sales and having a companion

patent also remains insigni�cant in columns 3 and 4, indicating comparable coordination

costs for large �rms in these countries as at home.

Table 4.10 presents the results on how the relationship between the location of inventive

activity and the value of inventions changes with �rm size. Column 1 shows a positive and
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Table 4.9: Relationship between quality of inventions: inventor's location and �rm size

(1) (2) (3) (4) (5)

VARIABLES ln(Fwd Cites + 1)

ln(1+Sales)t� 1 -0.038*** -0.038*** -0.038*** -0.038*** -0.038***
(0.010) (0.010) (0.010) (0.010) (0.010)

Overseas -0.103*** -0.077**
(0.012) (0.037)

Overseas� ln(1+Sales)t� 1 -0.003
(0.005)

Strong IPR -0.083**
(0.034)

Strong IPR� ln(1+Sales)t� 1 -0.003
(0.004)

Strong IPR + No Companion -0.041 -0.041
(0.035) (0.035)

Strong IPR + Companion Patent -0.187*** -0.187***
(0.049) (0.049)

Strong IPR + No Companion -0.006 -0.006
� ln(1+Sales)t� 1 (0.004) (0.004)
Strong IPR + Companion Patent 0.005 0.005
� ln(1+Sales)t� 1 (0.006) (0.006)
Weak IPR -0.066 -0.065

(0.055) (0.055)
Weak IPR� ln(1+Sales)t� 1 -0.002 -0.002

(0.006) (0.006)
Weak IPR + No Companion -0.046

(0.058)
Weak IPR + Companion Patent -0.195***

(0.065)
Weak IPR + No Companion -0.003
� ln(1+Sales)t� 1 (0.007)
Weak IPR + Companion Patent 0.005
� ln(1+Sales)t� 1 (0.008)

Observations 1,577,399 1,577,399 1,569,454 1,569,454 1,569,454
R-squared 0.113 0.113 0.113 0.113 0.113
Firm FE Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes
CPC3 FE Yes Yes Yes Yes Yes
SE Clustered Firm Firm Firm Firm Firm
Mean of DV 1.3 1.3 1.3 1.3 1.3

Notes:This table presents the relationship between the quality of inventions and the location of its inventors,
and how this relationship changes with �rm size. The sample consists of utility patents of 4,546 public �rms
(from Compustat) �led at the USPTO and covers years 1980 through 2020. Firm sales are lagged by one
year. Forward citations are weighted by the average citations in their cohort (CPC class and grant year). The
independent variable is a multi-level dummy variable that categorizes overseas patents based on the strength
of IPR in inventors' country and the presence of a companion patent. The reference category is U.S. patent.
The strength of a country's IPR is based on the classi�cation from Zhao, 2006. Clustered standard errors at
the �rm level are reported in parentheses. *** p<0.01, ** p<0.05, * p<0.10
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signi�cant relationship between �rm sales and KPSS, consistent with the baseline �ndings

in Chapter 2, which indicate a size premium in conducting inventive activity. As observed

previously, the relationship between value and overseas patents remains negative.

In Column 2, the interaction between overseas patents and �rm sales is negative and

signi�cant, suggesting that the value of overseas inventions for larger �rms is lower than

that of domestic ones. This result is consistent with the framework predictions in Table 4.8.

Moreover, column 3 shows that this loss in value is signi�cant in both strong and weak IPR

countries. However, the decline is signi�cantly greater in weak IPR countries, indicating

potential knowledge leakage for larger �rms, as shown in Appendix Table D.6.

Column 4 further reveals that the interaction between �rm size and the absence of a

companion patent in a strong IPR country is negative and signi�cant, whereas the coe�cient

on having a companion patent is not signi�cant. This suggests that larger �rms can partially

recover the value of overseas inventions in strong IPR countries by �ling a companion patent

in the inventor's home country.

Similarly, Column 5 shows that �ling a companion patent in a weak IPR country also

mitigates some of the value loss compared to not having a companion patent. This provides

additional evidence that large �rms can recoup some value even in weak IPR countries by

strategically �ling companion patents.

The pattern of results in this section shows that larger �rms�despite facing similar

coordination costs�experience a greater gap between the value of home and overseas in-

ventions, consistent with their superior value-capture capabilities observed in Chapter 2.

4.7 Conclusion

This chapter set out to investigate the chief mechanism through which o�shoring can

reduce the value of inventions, focusing on two primary sources of �o�shoring penalties�:

coordination costs and knowledge leakage in weak IPR environments. We argue that coor-

dination costs reduce the technical quality of inventions and knowledge leakage retains the

technical quality of inventions but reduces private value. Drawing on patent-based mea-
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Table 4.10: Relationship between value of inventions: inventor's location and �rm size

(1) (2) (3) (4) (5)

VARIABLES ln(KPSS Real)

ln(1+Sales)t� 1 0.216** 0.217** 0.214** 0.214** 0.214**
(0.108) (0.108) (0.107) (0.107) (0.107)

Overseas -0.055*** 0.244***
(0.013) (0.088)

Overseas� ln(1+Sales)t� 1 -0.031***
(0.009)

Strong IPR 0.113
(0.078)

Strong IPR� ln(1+Sales)t� 1 -0.015*
(0.008)

Strong IPR + No Companion 0.178* 0.178*
(0.102) (0.102)

Strong IPR + Companion Patent -0.091 -0.091
(0.166) (0.166)

Strong IPR + No Companion -0.022** -0.022**
� ln(1+Sales)t� 1 (0.011) (0.011)
Strong IPR + Companion Patent 0.007 0.007
� ln(1+Sales)t� 1 (0.018) (0.018)
Weak IPR 0.513*** 0.514***

(0.167) (0.167)
Weak IPR� ln(1+Sales)t� 1 -0.063*** -0.063***

(0.016) (0.016)
Weak IPR + No Companion 0.524***

(0.176)
Weak IPR + Companion Patent 0.454***

(0.176)
Weak IPR + No Companion -0.065***
� ln(1+Sales)t� 1 (0.017)
Weak IPR + Companion Patent -0.049***
� ln(1+Sales)t� 1 (0.017)

Observations 1,297,303 1,297,303 1,291,901 1,291,901 1,291,901
R-squared 0.661 0.661 0.661 0.661 0.662
Firm FE Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes
CPC3 FE Yes Yes Yes Yes Yes
SE Clustered Firm Firm Firm Firm Firm
Mean of DV 15.7 15.7 15.7 15.7 15.7

Notes:This table presents the relationship between the value of inventions and the location of its inventors,
and how this relationship changes with �rm size. The sample consists of utility patents of 4,546 public �rms
(from Compustat) �led at the USPTO and covers years 1980 through 2020. Firm sales are lagged by one year.
KPSS Real values are from Kogan et al., 2017 and are based on abnormal stock market returns in response to
patent issuance. The independent variable is a multi-level dummy variable that categorizes overseas patents
based on the strength of IPR in inventors' country and the presence of a companion patent. The strength of a
country's IPR is based on the classi�cation from Zhao, 2006. The reference category is U.S. patent. Companion
patents are patents �led in the inventor's country with the same DOCDB family ID. Clustered standard errors
at the �rm level are reported in parentheses. *** p<0.01, ** p<0.05, * p<0.10
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sures of invention quality and private value, our analysis reveals that coordination costs

reduce the technical quality of inventions across all countries and likely also reduce the

associated private value. Reduction in overseas value due to threat of knowledge leakage is

primarily important in countries with weak IPR regimes. Additionally, companion patents

�led locally in the country of the inventor can help �rms create additional value, especially

in strong IPR regimes, compensating for loss of private value from high coordination costs

or knowledge leakage. Larger �rms�despite facing similar coordination costs�experience

a greater gap between the value of home and overseas inventions, consistent with their

superior value-capture capabilities observed in Chapter 2.

The practice of �ling companion patents locally can help �rms harness additional com-

mercial opportunities. Managers should consider including companion patents in their

global IP strategy, especially when operating in strong IPR countries where additional lo-

cal protections are e�ective. International policymakers�especially in economies looking

to attract U.S. R&D�should focus on stronger IPR regimes. More stringent IP enforce-

ment mechanisms and legal protections would reassure foreign investors, reduce knowledge

leakage threats, and ultimately increase the value of overseas inventions.

Despite these contributions, the study has certain limitations. First, it focuses on pub-

licly traded, U.S.-headquartered �rms, which may limit its applicability to private or non-

U.S. companies. Second, it relies on patent-based measures to capture invention outcomes,

a useful approach for comparing IPR protection but less representative of innovations that

remain unpatented or protected by trade secrets. Nonetheless, these �ndings shed light on

the importance of understanding how coordination challenges and knowledge leakage vary

across contexts, and they underscore the need for robust strategies and supportive policies

that preserve and enhance invention value in an increasingly global R&D landscape.
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5. Conclusions

This dissertation studies the capabilities that enable �rms to derive superior bene�ts

from innovation.

Chapter 2 examines the large �rm advantage in innovation, investigating whether it

arises from superior inventive capabilities or superior value extraction. The study, with

a sample of 2,786 U.S. public �rms, reveals that while larger �rms create more valuable

inventions, their quality declines with size, indicating that their advantage lies in superior

value extraction. Complementing prior research on superstar �rms (Autor, Dorn, Katz, et

al., 2020; Gutiérrez & Philippon, 2019), which argues that large �rms are awarded market

share due to their initial inventive capabilities, we show that large �rms do not have superior

inventive capabilities once they become large. Furthermore, building on Teece, 1986a,

we provide evidence that large �rms achieve this through better commercialization. The

�ndings have valuable implications for managers in large �rms, who can maximize the value

of inventions by sourcing them from technology markets, and for managers in small �rms,

who can maximize the value of their inventions by sourcing commercialization capabilities

from the market.

Chapter 3 explores the impact of wage di�erentials on the likelihood of R&D o�shoring

and innovation performance. Over the past forty years, U.S. �rms have doubled their re-

liance on overseas inventors from 8% to 19%, yet we know little about the nature and

direction of inventions due to location choice. This paper provides a framework for un-

derstanding how the relative cost of inventing can impact overseas inventive activity and

the realized value of inventions. Using rejections from the H-1B visa program, an impor-

tant source of sponsoring highly skilled talent, and a sample of patents from 4,000 publicly

listed US-headquartered �rms sponsoring H-1B visas, I show that U.S. �rms increase their

reliance on overseas inventions when costs increase at home. The evidence also suggests
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that realized value of overseas inventions decline when costs increase at home, possibly due

to higher o�shoring inventions with high penalties. Additionally, I explore how di�erent

organizational structures, such as large vs. small and centralized vs. decentralized �rms,

bene�t from international innovation. Firms with decentralized structures that derive more

value from external sources of innovation and larger �rms with superior value extraction

capabilities are more likely to overcome an o�shoring penalty.

Chapter 4 investigates the sources of the o�shoring penalties arising from conducting

R&D across distances and borders. The value of overseas inventions may be lower than

at home due to loss of information while coordinating across distances, which may reduce

the quality of inventions. Alternatively, the value of overseas inventions can be lower than

at home from conducting R&D in countries with weak intellectual property rights. In

countries with weak intellectual property rights, there is a threat of knowledge leakage that

diminishes the commercial value but not the quality of inventions. Using separate measures

of the private value and technical quality of inventions, this chapter explores the conditions

under which the two sources of the o�shoring penalty are more important.

This dissertation is subject to a number of limitations. First, the sample is limited

to publicly traded �rms headquartered in the US, which means that �small� �rms in our

sample are still relatively large. The question of whether �ndings of this research would

generalize to a more representative sample will be the subject of future research. Extending

the analysis in this dissertation to a more representative sample would be useful. Third, in

the contexts of chapters 3 and 4, only two choices on a limited set of choices for the location

of inventive activity are considered - to produce at home, overseas or not at all. The third

choice of coinventing between U.S. and overseas inventors is not considered. Fourth, the

framework of location choice developed in chapter 3 and extended in chapter 4 does not

consider alternative sources of inventive activity such as procuring overseas intellectual

property through licensing in a market for technology. Other means of using the relatively

cheaper global high-skilled talent include outsourcing inventive activity to foreign �rms,

universities, and startups that are beyond the scope of this dissertation, however, are a
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vital part of the global division of innovative labor.

Building on the foundation of the �ndings in this dissertation, future research can ex-

plore how di�erent ways of utilizing cheaper global talent a�ect the innovation performance

of U.S. companies. Additionally future research can explore the role of global high-skilled

talent in shaping �rm organization and innovation. This includes studying the movement

of talent across borders and within the boundary of the �rm. To support this line of in-

quiry, I have already begun collecting data from LinkedIn pro�les to match the background

information of high-skilled individuals with their patents, allowing for an in-depth analysis

of their mobility and its impact on �rm outcomes.

In summary, this dissertation contributes to a deeper understanding of the factors that

drive �rms' innovation performance and their ability to capture value from their inventive

activities.
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Appendix A. Appendix to Chapter 1
A.1 Additional Tables and Figures

FIGURE A.1: Number of foreign national students in masters and graduate enrollment in
science and engineering in the United States (1994-2021)

Notes:This �gure presents the number of foreign national students in masters and graduate enrollment in
science and engineering in the United States between the years 1994 and 2021. The data are from the
National Center for Science and Engineering Statistics, Graduate Students, and Post-doctorates in Science
and Engineering Survey, downloaded on June 18, 2023.
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FIGURE A.2: Number of doctoral graduates in science and engineering

Notes:This �gure presents the number of doctoral graduates in Science and Engineering in India and China.
The combined total of Indian and Chinese doctoral graduates in science and engineering was 14 thousand in
2000, and 67 thousand in 2018. Whereas, doctoral graduates in science and engineering in U.S. were 26
thousand, and in 2018 was 41 thousand. The data are sourced from the National Science Foundation.
Original data sources are Educational statistics of OECD; Eurostat; NBS and MOE (China); MHRD (India).
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FIGURE A.3: Number of students that receive �rst university degrees in science and
engineering

Notes:This �gure presents the number of �rst university degrees awarded in science and engineering.
Figures for India are available from 2004. Figures for India are available from 2011. Students are awarded
science and engineering degrees more than three times more in China and India (combined) than in the
United States in 2018. The data are sourced from Science & Engineering Indicators, National Science
Foundation. Original sources are Organization for Economic Co-operation and Development (OECD),
OECD.Stat; Eurostat, Education and training database; National Bureau of Statistics of China, China
Statistical Yearbook (various years); People's Republic of China, Ministry of Education data (various years);
Government of India, Ministry of Human Resource Development, Department of Higher Education, All
India Survey on Higher Education (various years).)
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Appendix B. Appendix to Chapter 2
B.1 Model Appendix
B.1.1 Setup

The �rm's optimization problem is to choose the number of inventions, n to maximize

pro�ts from inventions:

max
n

t p = v(An �
bn2

2
) �

dn2

2
u

where,v P (0, 1) is the share of value that the �rm i can appropriate from its inventions. We

assume that the �rm faces an increasing cost of commercialization function,dn2

2 . The pro�t

of the �rm not only depends on the value-captured and cost of commercialization, but also

the quality of inventions. The quality of the nth invention is given by A � bn, A ¡ 0,b ¡ 0,

so that overall value is simply Q(n; A) = An � bn2

2 . The �rst order and second order

conditions for an interior optimum are:

FOC: v(A � bn) � dn = 0

SOC: � (vb+ d)   0

The optimal number of inventions is given byn� =
A

d
v + b

. Note that Bn
BA =

1
d
v + b

¡ 0 and

Bn
Bv =

Ad
(bv+ d)2 ¡ 0. Also note that a decrease in costs (commercialization) has the same

e�ect on n� as an increase in the appropriability parameterv. That is, we can capture an

increase in appropriability as the decrease in the ratio
d
v

, and
Bn

Bd
v

= �
A

( d
v + b)2

  0

B.1.2 Comparative statics
B.1.2.1 Average quality

At n� , average quality (AQ) is:
An � � bn� 2

2

n� = A
bv+ 2d

2(bv+ d)
. Average quality increases

with A and decreases withv.
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BAQ
BA

=
bv+ 2d

2(bv+ d)
¡ 0

BAQ
Bv

= �
Abd

2(bv+ d)2   0

B.1.2.2 Average value

At n� , average value (AV) is:
v(An � � bn� 2

2 ) � dn2

2

n� =
vA
2

. Average value increases with

both A and v.

BAV
BA

=
v
2

¡ 0

BAV
Bv

=
A
2

¡ 0

A fall in d has qualitatively the same e�ect as an increase inv. An increase in v or a

decrease ind increases increases average value on one hand but decrease average quality on

the other. Henceforth we shall focus on only on changes inA or v.

B.1.3 Markets for technology (MFT)

Consider �rst the case of out-licensing. All potential licensees have an appropriability

parameter v̄. Clearly, �rms with v ¡ v̄ will not license because there are no gains from

trade. Suppose �rm i can capture a fraction g, 0   g ¤ 1 of the total value generated. Let

ṽ = v + lg ( v̄ � v), v   v̄, & ṽ = v, v ¡ v̄. The �rm's optimization problem is

max
n

t p = ṽ(A �
bn2

2
�

dn2

2
)u

The optimal number of inventions is: nMFT =
Aṽ

d + bṽ
. Note that n� increases withl ,

so MFT increases investment in invention for �rms that are likely to license.

B.1.3.1 Average quality

Average quality (AQ) is: A
bṽ + 2d

2(bṽ + d)
, v   v̄ and is A

bv+ 2d
2(bv+ d)

, v ¡ v̄
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BAQ
BA

=
bṽ + 2d

2(bṽ + d)
v   v̄

=
bv+ 2d

2(bv+ d)
v ¡ v̄

BAQ
Bv

= �
Abd(1 � gl )
2(bṽ + d)2 , v   v̄

= �
Abd

2(bv+ d)2 v ¡ v̄

Firms with v   v̄ will license their inventions, and �rms, with v ¥ v̄, will choose to

commercialize their inventions rather than licensing them out. For lowv �rms, BAQ
BA |nMFT  

BAQ
BA |n� from the previous section. Similarly, BAQ

Bv |nMFT   BAQ
Bv |n� for low v �rms. For �rms

with v ¥ v̄, there will be no change in BAQ
BA and BAQ

Bv . Empirically, we should expect the

relationship between average quality and �rm size to weaken in an active MFT.

B.1.3.2 Average value

Average value (AV) is:
ṽA
2

, where ṽ = v + lg ( v̄ � v), v   v̄, & ṽ = v, v ¡ v̄.

BAV
BA

=
ṽ
2

¡ 0, v   v̄

=
v
2

, v ¡ v̄

BAV
Bv

=
A(1 � lg )

2
, v   v̄

=
A
2

, v ¡ v̄

For low v �rms, BAV
BA |nMFT ¡ BAV

BA |n� from the previous section andBAV
Bv |nMFT   BAV

Bv |n� . For

high v �rms, with v ¥ v̄, there will be no change inBAV
BA and BAV

Bv in an MFT. Empirically,

we should expect the relationship between average value and �rm size to weaken in an

active MFT.
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B.1.4 In-licensing

Suppose a �rm can in-license inventions with an average quality of q. It follows that it

will not develop internal inventions with quality lower than q . De�ne n(q) =
A � q

b
. The

�rm will never develop more than n(q) projects internally. By de�nition, the quality of the

marginal invention produced is q.

The �rm will in-license if the value of the n(q) th internal project exceeds its marginal cost

of development � if vq ¥ dn(q). This is algebraically equivalent to q ¥
dA

bv+ d
=

A

1 + bv
d

.

That is, �rms with lower inventive capability A, lower development costd, and higher

appropriability v are more likely to in-license. When a �rm in-licenses, the optimal number

of projects, n� , is given by n� =
vq
d

.

When a �rm in-licenses, the average quality of its internally generated inventions is

A � n(q)
b
2

= 1
2(A + q). As long as the �rm does not in-license, its average quality falls

with size if size increases appropriability but once the number of inventions reachesn(q),

average quality will no longer fall with size. The average value of its internally generated

inventions is
v
2

(A + q). If the size premium is due to superior appropriability, average value

increases with size, and will increase linearly once size increases such that the number of

inventions reachesn(q).

B.1.4.1 Average quality

For n�   n(q), average quality (AQ) is A
bv+ 2d

2(bv+ d)
, and for n� ¡ n(q), it is

A + q
2

.
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BAQ
BA

=
1
2

bv+ 2d
(bv+ d)

n�   n(q)

=
1
2

n� ¡ n(q)

BAQ
Bv

= � A
2bd

(2bv+ 2d)2 n�   n(q)

= 0 n� ¡ n(q)

Once the �rm starts in-licensing, average quality will not fall with v. For �rms that do

not in-license, the change in average quality w.r.tv is as before. Averaging across �rms,

the relationship between v and average quality is smaller in absolute terms (i.e, is less

negative). On the other hand, once the �rm starts in-licensing, the average quality of the

internally produced inventions increases at a constant rate withA, which is smaller than

for �rms that do not in-license. On average, the relationship between average quality and

A is weaker.

B.1.4.2 Average value

For n�   n(q), average value (AV) of internally generated inventions is
Av
2

, for n� ¡

n(q), it is v
A + q

2
�

d
2

A � q
b

.

BAV
BA

=
v
2

n�   n(q)

=
v
2

�
d
2b

n� ¡ n(q)

BAV
Bv

=
A
2

n�   n(q)

=
A + q̄

2
n� ¡ n(q)

If n�   n(q), the �rm will not in-license and average value increases withA. Once the �rm

starts in-licensing, average value increases withA but at a slower rate becaused
2b ¡ 0. On
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average, the possibility of in-licensing weakens the relationship between average value and

size, when the size premium is due to inventive capability.

If n�   n(q), the �rm will not in-license and average value increases withv. Once the

�rm starts in-licensing, average value increases withv as well, but at a higher rate because

q̄ ¡ 0. On average, the possibility of in-licensing strengthens the relationship between

average value and size, when the size premium is due to appropriability.
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B.2 Data Appendix

B.2.1 Sample construction

We compile our dataset of 2,786 �rms and information on their patents by merging

several datasets. We begin with �rms in Duke Innovation & SCienti�c Enterprise Research

Network (DISCERN) (Arora, Belenzon, & Sheer, 2021a). DISCERN includes Standard &

Poor's CRSP/Compustat �rms with at least one patent assigned to it and with positive

R&D expenditures in at least one year between the period 1980 and 2015. DISCERN

extends and improves the historical NBER patent dataset to dynamically match Compustat

companies with patents, accounting for name changes and ownership changes. We restrict

the �rms in DISCERN to manufacturing �rms, in the Standard Industrial Classi�cation

(SIC) code range of 2000 to 3999. We merge this dataset with Compustat to obtain �rm

accounting information such as sales, assets, and employees as well as industry codes (i.e.,

SIC, NAICS).

B.2.2 Patent value and quality

For each patent, we add the measure of private value of invention from Kogan et al.,

2017. The authors estimate the value of a patent using an event study that captures

abnormal market returns in response to a patent issuance within a three-day window.

While the original paper provides data until 2010, we supplement it with recent data up

to 2015 from Sto�man et al., 2022. We add forward citations for each patent as a measure

of invention quality from PATSTAT, maintained by the European Patent O�ce. Forward

citations are normalized by the average forward citations in a three-digit Cooperative Patent

Classi�cation (CPC) and grant year. We compile information on grant year and CPC from

patentsview.org maintained by the USPTO.

To derive the average value of a �rm's inventions for a given year, we divide the total

value of the �rm's patents applied for in that year by the total number of patents applied
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for in the same year. Similarly, to derive the average quality of a �rm's inventions for a

given year, we divide the total number of citations received by the �rm's patents applied

for in that year by the total number of patents that the �rm applied for in the same year.

B.2.3 Markets for technology and commercialization capabilities

The ability to sell or license patents enable �rms to rely less on their own existing cus-

tomer base to commercialize their inventions. We patent assignment data from the USPTO

(https://www.uspto.gov/ip-policy/economic-research/research-datasets/patent-assignment-

dataset) to construct a measure of propensity to trade inventions. Using the USPTO's

patent assignment dataset, we count the number of patents traded within each CPC class

for a given year. We then derive the �rm-year level measure by computing, for each �rm

and year, the average number of patents traded across the CPC classes weighted by the

share of each �rm's patents in those CPC classes. We use an indicator variable that takes

the value of 1 for the top quartile of this measure and 0, otherwise to use for our analysis.

In addition to patent reassignment, we follow Arora et al., 2016 and identify industries with

a high potential for licensing.

We use a measure of use of capabilities to commercialize new inventions from the divi-

sion of innovative labor (DOIL) survey from W. M. Cohen et al., 2021 to test whether it

moderates the association of �rm size with patent value and quality. Question 9.2 of the

survey asks respondents if they used any new types of equipment or hired new employees to

commercialize their new or signi�cantly improved goods and services. We take the average

of the responses to this yes/no question in a six digit NAICS and supplement it to our �rm

sample. We construct the variable of interest, `Commercialization Assets' as an indicator

variable that takes the value 1 if the �rms are above the median of the distribution of the

industry average of this measure and 0 otherwise.
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B.2.4 Diversi�cation
B.2.4.1 Her�ndahl–Hirschman Index

We construct a measure of a �rm's diversi�cation using the number of di�erent three-

digit CPCs that a �rm patents in. Keeping �rm sales �xed, the more diversi�ed the �rm's

patent portfolio is, the more limited will the �rm be in each area of operation in terms

of scale, and hence, we would expect the relationship of �rm sales with patent value and

quality from value-capture to be moderated. This measure is constructed by multiplying

the number of CPC classes that a �rm patents by (1-HHICPC3), where HHICPC3 is the

Her�ndahl�Hirschman Index across the CPC classes that the �rm patents in. by multiplying

the number of CPC classes that a �rm patents by (1-HHICPC3), where HHICPC3 is the

Her�ndahl�Hirschman Index across the CPC classes that the �rm patents in. We construct

the variable of interest, �Diversi�cation� as an indicator variable that takes the value 1 if

the �rms are above the 30th percentile of the measure of diversi�cation this measure and 0

otherwise.

B.2.4.2 Stirling Index

We construct this measure using equation 9 in Stirling, 2007 reproduced here:

D =
¸

i j ( i � j)

di j � pi � pj

where the measure of diversi�cationD is the sum of over all CPC class pairs of a �rm

over the product of the distance between each pair of CPC class,di j , and the share of �rm's

patents in CPC classesi and j. The distance between each CPC class pair,di j , is calculated

as a range between 0 and 2, where 2 is the distance between two completely distinct CPC

classes, 1 is the distance between CPC classes whose CPC section is the same and 0 is for

�rms that patent only in one CPC class. The �nal �rm-year measure is log-transformed.
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B.2.5 Instrumental variable

We use tari�s charged by U.S. on imports from all other countries from the World

Integrated Solution's (WITS) UN TRAINS dataset to instrument for �rm sales. We use

the simple average of ad valorem tari� rates from all national tari� lines, within a four digit

SIC code for the years 1989 to 2015 from this dataset. To account for variations in tari�s

across di�erent industries, we demean each tari� rate by the average tari� in an SIC across

the sample period. This demeaned measure is weighted by each �rm's sales share in an

SIC using primary SIC codes from Standard & Poor's historical Compustat segment �les.

We clean the Compustat segments �le by removing all geographical segments and keeping

�rm-year segments where the source date is equal to the data date.

To illustrate, Abbott laboratories, a manufacturing �rm in SIC 3845 (Electromedical

and Electrotherapeutic Apparatus), has sales shares in three di�erent primary industries

based on historical Compustat segments �le. These are SIC 2834 (Pharmaceutical Prepara-

tions) with a 54% share, SIC 2835 (In Vitro and In Vivo Diagnostic Substances) with a 32%

share, and SIC 3842 (Orthopedic, Prosthetic, and Surgical Appliances and Supplies) with

14% share of the total U.S. 21,848 million dollars sales in the year 2013. Simple average of

tari�s (deviations from mean tari� across all sample years) for these three SICs in 2013 are

-.0475 for SIC 2834, -0.29 for SIC 2835, and -0.97 for SIC 3842. Thus, the instrument for

sales (US 20,247 million dollars) in 2014 for Abbott Laboratories is (0.54*-0.86 + 0.32*-0.29

+ 0.14*-0.97)/3 = -0.231.

Column 2 of Appendix Table B.4 reports the �rst-stage results from the 2SLS analysis -

i.e., the relationship between import tari�s and sales (�rm size). Prior studies have shown

that the relationship between sales and import tari�s is likely to be quite nuanced. While

higher import tari�s can protect domestic �rms from foreign competition, they can also

raise production costs for domestic �rms due to higher costs of intermediate inputs (D. Fan

et al., 2021; Flaaen & Pierce, 2019; Handley et al., 2020). Furthermore, the studies point

out that retaliatory tari�s can also impact the domestic �rms' competitiveness in foreign
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markets (Flaaen & Pierce, 2019). In a related stream of research examining the e�ect of the

�China shock� following its accession to the WTO, studies have shown that the impact of

increased import competition can have both �horizontal� and �vertical� components, having

di�erent e�ects on �nal goods and intermediate goods markets (Aghion et al., 2021; Autor,

Dorn, Hanson, et al., 2020). They also point out that the e�ect may vary across high- and

low-productivity �rms (Aghion et al., 2021; Autor, Dorn, Hanson, et al., 2020). In our

analysis, the �rst stage results show a negative relationship between import tari�s and �rm

sales, with an F-statistic of around 27.1

1 The low p-value of the Wu-Hausman test suggests the presence of endogenous regressors in the OLS
model.
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B.3 Additional Tables and Figures

FIGURE B.1: Firm size and inventive capability - technology areas

Notes:The �gure presents the average quality of the highest quality patents across all CPC classes by �rm
size (i.e., sales quartiles) while controlling for the number of patents each �rm produces in each CPC class.
The X-axis is sales quartiles proxying �rm size, and the Y-axis is the number of forward citations that highest
quality quality patents receive in a given �rm size bin, CPC class, and year.
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FIGURE B.2: CDF of top 1% cited patents for large and small �rms

Notes:The �gure reports the Cumulative Distribution Function of patent quality for large �rms (top 10% by
�rms size) and for small �rms (bottom 10% by �rm size). Firm size is average �rm sales across the sample
period. Size quartiles are constructed with equal number of patents rather than an equal number of �rms.
For example, the solid line represents 1,902 patents of 24 large �rms, while the dashed line represents 2,104
patents of 462 small �rms. Patent quality is the number of forward citations received by patents produced
by each �rm for each year. Patent citation is normalized by CPC class-year mean.
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FIGURE B.3: CDF of top 1% cited patents for large and small �rms by technology area

Notes:The �gure reports the Cumulative Distribution Function (CDF) of patent quality for large �rms (top
10% by average �rms sales) and for small �rms (bottom 10% by average �rm sales). Firm size is average
�rm sales across the sample period. Size quartiles are constructed with equal number of patents rather than
an equal number of �rms. Patent quality is the number of forward citations received by patent produced by
each �rm for each year. Patent citation is normalized by CPC class-year mean.
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Table B.1: Correlation matrix for �rm level variables

Avg. Avg. % multi-juris MFT MFC Diversi- Centered Firm Emp- Market Pat. Pub. # of

quality pvt value patents �cation U.S. tariffs sales loyees cap. stock stock patents

Average Quality 1

Average Private Value 0.01 1

Share of multi-juris. patents 0.03 0.12 1

MFT -0.02 0.01 0.05 1

MFC -0.02 -0.06 -0.06 0.09 1

Diversi�cation -0.03 0.14 0.21 -0.03 0 1

US Tariffs (simple average) 0.03 -0.06 -0.13 -0.22 0.02 -0.01 1

Firm Sales -0.01 0.35 0.09 0.01 -0.07 0.47 -0.03 1

Employees -0.03 0.25 0.12 -0.04 -0.01 0.64 -0.02 0.62 1

Market Capitalization 0.02 0.52 0.09 0.07 -0.02 0.34 -0.06 0.72 0.36 1

Patent Stock -0.02 0.15 0.11 0.15 0.04 0.59 -0.04 0.47 0.47 0.47 1

Publication Stock 0.02 0.39 0.09 0.03 -0.02 0.38 -0.04 0.4 0.35 0.56 0.53 1

# of Patents -0.01 0.12 0.12 0.12 0.04 0.62 -0.03 0.42 0.43 0.49 0.81 0.42 1

Notes:This table shows the Pearson pairwise correlation of key �rm level variables.
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Table B.2: Summary statistics by industries with potential for licensing
Pharmaceuticals Instruments Transport Medical Equipment Other Industries

Mean SD Mean SD Mean SD Mean SD Mean SD

Average Quality 1.42 2.45 1.43 1.89 1.30 1.03 1.66 2.04 1.24 1.21
Average Private Value ($ mn) 21.77 53.61 7.89 15.65 13.38 21.73 8.14 17.95 12.63 36.57
Share of multi-juris. patents 0.90 0.30 0.80 0.40 0.85 0.35 0.84 0.37 0.80 0.40
Firm Sales ($ mn) 1,443.70 5,973.83 1,128.89 3,480.36 10,733.39 28,108.30 545.15 1,194.84 3,344.66 14,451.30
Reassignments 341.10 225.30 415.44 588.08 157.86 305.40 355.46 279.26 357.73 774.90
Commercialization Assets 0.08 0.09 0.18 0.08 0.08 0.11 0.26 0.09 0.19 0.17
Diversi�cation 1.36 2.60 2.51 4.84 8.20 11.71 0.97 1.80 3.66 6.20
Market Capitalization ($ mn) 5,663.18 23,025.81 1,737.58 4,988.13 5,143.84 11,949.38 1,456.35 4,311.08 4,313.47 20,763.50
Patent Stock 90.71 287.33 95.48 278.09 289.55 665.21 46.84 100.06 179.30 662.11
Publication Stock 255.95 907.02 56.80 158.14 145.91 362.58 21.90 96.46 71.11 332.26
US Tariffs (simple average) -0.17 0.94 0.11 1.56 0.06 0.87 -0.02 2.19 0.12 1.00
# of Patents 18.32 47.39 19.19 47.29 59.47 146.31 10.79 19.69 39.33 142.65
No. of �rms 524 524 318 318 124 124 176 176 1,641 1,641
Sample Period 1980-2015 1980-2015 1980-2015 1980-2015 1980-2015 1980-2015 1980-2015 1980-2015 1980-2015 1980-2015
No. of Obs 4,202 4,202 2,970 2,970 1,583 1,583 1,561 1,561 16,599 16,599

Notes:This table presents summary statistics by industries with high potential for licensing.

133



Table B.3: Distribution of forward citations of top 1% patents of small and large �rms by technology area

Num. Patents
in top 1%

Num. patents
in top 1%

for small �rms

Num. patents
in top 1%

for large �rms

Mean for
small �rms

Mean for
large �rms

K-S Test: H0: Small=Large;
HA: CDF of citations for
Small �rms lies below
CDF for Large �rms

(1) (2) (3) (4) (5) (6)

All All 9261 926 885 21.9 14.0 Reject
Human Necessities A 922 92 68 21.3 14.5 Reject
Performing Operations;
Transporting

B 1200 120 81 19.1 11.7 Reject

Chemistry; Metallurgy C 1413 144 129 39.0 16.6 Reject
Textiles; Paper D 80 9 1 20.5 25.5 Do not Reject
Fixed Constructions E 108 11 8 11.8 18.9 Do not Reject
Mechanical Engineering; Lighting;
Heating; Weopons; Blasting

F 568 57 3 22.4 9.9 Reject

Physics G 2334 237 229 19.2 11.4 Reject
Electricity H 2631 263 247 16.3 20.3 Do not Reject

Notes:This table shows the number of patents, mean and test results of Kolmogorov-Smirnov tests of top 1% cited patents of small (bottom sales decile) and
large (top sales decile) �rms. The null hypothesis Kolmogorov-Smirnov tests is that of equality of CDFs of citations for small and large �rms. This null is
either rejected or not rejected in favor of the alternate hypothesis that the CDF of quality for small �rms lies below the CDF of quality for large �rms, speci�ed
in the last column.
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Table B.4: Additional test of the model - quality
Dependent variable log(1+Avg. cites) log(1+Sales)t� 1 log(1+Avg. cites)

(1) (2) (3)
VARIABLES OLS 1st Stage 2nd Stage
log(1+Sales)t� 1 -0.026 -0.239

(0.008) (0.102)
log(1+Patent stock)t� 1 -0.019 0.155 0.014

(0.009) (0.020) (0.019)
log(1+Publication stock) t� 1 -0.010 0.155 0.023

(0.010) (0.025) (0.019)
log(1+Market capitalization) t� 1 0.002 0.345 0.076

(0.006) (0.017) (0.035)
(Centered) tariffs t� 2 -0.073

(0.013)
Cragg-Donald F-stat 102.40
Kleibergen-Paap F-stat 29.80
Firm dummies Yes Yes Yes
Year dummies Yes Yes Yes
SE Clustered Firm Firm Firm
Mean of DV 1.29 1.29 1.29
Observations 14,242 14,242 14,242
R-squared 0.49 -0.11

Notes:This table presents 2SLS results on the relationship between invention quality and �rm size. Centered
U.S. tariffs is the average tariffs charged by U.S. on its imports from the rest of the world. This measure is
demeaned within each four digit SIC and weighted by the share of each �rm's sales across SIC's (based on
Compustat's segment data). Clustered standard errors are reported in parentheses.
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Table B.5: Relationship between �rm size and invention value - technology area level
Dependent variable ln(Average patent value)

(1) (2) (3) (4) (5)
VARIABLES Baseline Firm FEs Tech Area FEs Stock Market Cap
log(1+Sales)t� 1 0.406 0.169 0.170 0.247 0.056

(0.012) (0.024) (0.024) (0.024) (0.021)
log(1+Patent stock)t� 1 -0.172 -0.160

(0.023) (0.022)
log(1+Publication stock) t� 1 0.020 0.013

(0.023) (0.021)
log(1+Market capitalization) t� 1 0.292

(0.015)
Firm dummies No Yes Yes Yes Yes
Tech area dummies No No Yes Yes Yes
Year dummies Yes Yes Yes Yes Yes
SE Clustered Firm Firm Firm Firm Firm
Mean of DV 18.93 19.00 19.00 19.45 19.44
Observations 62,662 62,380 62,380 59,810 59,681
R-squared 0.52 0.85 0.85 0.85 0.86

Notes: This table presents the relationship between average private value of inventions and �rm size. The
sample consists of 2,786 public �rms (from Compustat) and covers years 1980 through 2015. Average private
value is from Kogan et al., 2017 and is based on abnormal stock market returns returns in response to patent
issuance. Firm sales is lagged by one year. Publication stock and Patent stock are from Arora, Belenzon, and
Sheer, 2021a. Clustered standard errors are reported in parentheses.
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Table B.6: Relationship between �rm size and invention quality - technology area level
Dependent variable log(1+Average forward citation)

(1) (2) (3) (4) (5)
VARIABLES Baseline Firm FEs Tech Area FEs Stock Market Cap
log(1+Sales)t� 1 -0.005 -0.034 -0.035 -0.021 -0.022

(0.002) (0.006) (0.006) (0.006) (0.006)
log(1+Patent stock)t� 1 -0.021 -0.021

(0.006) (0.006)
log(1+Publication stock) t� 1 -0.007 -0.007

(0.007) (0.007)
log(1+Market capitalization) t� 1 0.001

(0.005)
Firm dummies No Yes Yes Yes Yes
Tech area dummies No No Yes Yes Yes
Year dummies Yes Yes Yes Yes Yes
SE Clustered Firm Firm Firm Firm Firm
Mean of DV 1.32 1.32 1.32 1.31 1.31
Observations 62,662 62,380 62,380 59,810 59,681
R-squared 0.01 0.25 0.27 0.26 0.26

Notes: This table presents the relationship between invention quality (average forward citations) and �rm
size (�rm sales) at the �rm-year level. The sample consists of 2,786 public �rms (from Compustat) and covers
years 1980 through 2015. Forward citations are weighted by the average value in their cohort (CPC class and
grant year). Firm sales is lagged by one year. Publication stock and Patent stock are obtained from Arora,
Belenzon, and Sheer, 2021a. Clustered standard errors are reported in parentheses.
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Table B.7: Alternative measures of �rm size
Dependent variable ln(Avg. value) log(1+Avg. cites)
VARIABLES (1) (2) (3) (4)
ln(Employees)t� 1 0.008 -0.019

(0.021) (0.009)
Large �rm dummy t� 1 0.127 -0.015

(0.040) (0.017)
log(1+Patent stock)t� 1 -0.130 -0.135 -0.016 -0.019

(0.018) (0.018) (0.007) (0.006)
log(1+Publication stock) t� 1 0.004 0.002 -0.016 -0.018

(0.019) (0.019) (0.008) (0.007)
log(1+Market capitalization) t� 1 0.302 0.298 0.003 -0.002

(0.013) (0.013) (0.005) (0.005)
Firm dummies Yes Yes Yes Yes
Year dummies Yes Yes Yes Yes
SE Clustered Firm Firm Firm Firm
Mean of DV 14.11 14.11 1.30 1.30
Observations 24,340 24,340 24,338 24,340
R-squared 0.89 0.89 0.44 0.44

Notes:This table presents robustness checks using an alternative measure of �rm size (i.e., employee count).
Large �rm dummy takes a value of 1 if a �rm is in the top half of the employee count distribution. Clustered
standard errors are reported in parentheses.
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Table B.8: Alternative measure of diversi�cation - Stirling index
Dependent variable ln(Avg. value) log(1+Avg. cites)
VARIABLES (1) (2)
log(1+Sales)t� 1 0.057 -0.03

(0.018) (0.007)
log(1+Diversi�cation) -0.033 0.018

(0.009) (0.004)
log(1+Patent stock)t� 1 -0.131 -0.019

(0.017) (0.006)
log(1+Publication stock) t� 1 -0.003 -0.012

(0.018) (0.007)
log(1+Market Capitalization) t� 1 0.29 0.003

(0.012) (0.005)
Firm Dummies Yes Yes
Year Dummies Yes Yes
SE Clustered Firm Firm
Mean of DV 14.1 1.3
Observations 24,529 24,529
R-squared 0.89 0.44

Notes: This table presents the relationship between �rm diversi�cation (measured by Stirling index based
on Stirling, 2007) and both invention value and quality. This index is constructed by taking the sum over
the product of share of patents in each CPC class pair and the distance between each CPC pair of a �rm.
The distance between each CPC class pair is calculated as a range between 0 and 2, where 2 is the distance
between two completely distinct CPC classes, 1 is the distance between CPC classes whose CPC section is the
same and 0 is for �rms that patent only in one CPC class. The �nal measure is log-transformed. Clustered
standard errors are reported in parentheses.
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Table B.9: Core technology area
Dependent variable ln(Avg. value) log(1+Avg. cites)

(1) (2)
VARIABLES
log(1+Sales)t� 1 0.054 -0.028

(0.018) (0.008)
log(1+Patent stock)t� 1 -0.138 -0.011

(0.018) (0.007)
log(1+Publication stock) t� 1 -0.003 -0.016

(0.019) (0.008)
log(1+Market capitalization) t� 1 0.285 0.005

(0.012) (0.005)
Firm dummies Yes Yes
Year dummies Yes Yes
SE Clustered Firm Firm
Mean of DV 13.96 1.31
Observations 24,529 24,529
R-squared 0.88 0.40

Notes:This table presents the �rm size relationship with average value and quality of inventions in the core
technology area of each �rm. Core technology area is de�ned as one in which a �rm patents most frequently.
Clustered standard errors are reported in parentheses.
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Appendix C. Appendix to Chapter 3
C.1 Firms relying on overseas inventions

Firms with a positive share of overseas inventions in the sample period represent 96%

of all patents in the sample. The sample comprises 5,718 �rms (1980-2020), and only

2078 have a positive share of overseas patents. I also look closely at �rms that had a

higher than 8% share of overseas inventions after 2000. Table C.1 provides descriptive

di�erences between the �rms with high and low reliance on overseas patents after 2000.

These 1000 �rms account for 68.7% of all patents in the sample. They are typically larger

�rms accounting for 80% of the sample R&D. Appendix Figure C.1 shows that the share

of overseas inventions for these 1,000 �rms was 25% in 2020, compared to the share of all

�rms' overseas inventions at 19% in 2020, reproduced from Figure 3.1.

Table C.1: Descriptives for �rms with high and low reliance on overseas patents after
2000

1000 �rms w/
>8% overseas patents

after 2000

4676 �rms w/
<8% overseas patents

after 2000

Share of patents 69% 31%
Share of overseas patents 89% 11%
Avg Sales $M (median) 38,834 (19,540) 32,635 (6.308)
Avg Employees `000 (median) 117 (70) 62 (25)
Avg R&D $M (median) 2,769 (1,296) 1,668 (235)
Avg R&D intensity (median) 0.21 (0.06) 1.52 (0.05)
Share of sample R&D 80% 20%

C.2 Share of overseas patents by technology

Appendix Figure C.2 presents the share of overseas inventions for patents in di�erent

technology �elds. For fast-growing technology �elds such as Arti�cial intelligence (AI)

and Virtual Reality (VR), U.S. �rms have increased their reliance on overseas inventors.

However, for another fast-growing technology �eld, 5G, there has been a decline in overseas

patents (Note, coinvented patents have increased relatively in recent years for 5G patents).
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FIGURE C.1: Share of overseas patents for �rms with high reliance on overseas patents
after 2000

Notes:This �gure presents the share of patents with only overseas-located inventors as a share of all granted
patents to US-headquartered �rms plotted by patent �ling year. The sample consists of all Compustat �rms
with patent �ling years between 1980 and 2020 as the thick black line and all �rms with greater than 8% of
overseas inventions after 2000 as the dotted gray line. The denominator includes coinvented patents, that is,
patents with at least one co-inventor in the United States and at least one co-inventor overseas.

In another fast-growing �eld, such as Semiconductors, U.S. �rms are not relying on overseas

inventors. U.S.�rms have not changed their reliance on overseas inventors for more "mature"

technical �elds, such as Pharmaceuticals and Biotechnology.

C.3 Model Appendix
C.3.1 Share and probability mass of overseas inventions

The value of an invention is ql , where l is assumed to be 1. The value of inventions

overseas isq(1 � K), where K is a parameter of o�shoring penalty, that is, K is inversely

proportional to the o�shorability of the invention. Wage at home is denoted by w, and

wage overseas is denoted bywo. The di�erence in wages is denoted byD = w � wo. The

probability mass of overseas inventions is given by:
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FIGURE C.2: Share of overseas inventions for select patenting technologies

Notes:This �gure presents the share of patents with only overseas-located inventors as a share of all granted
patents to US-headquartered �rms plotted by patent �ling year by select technology �elds. The
denominator includes coinvented patents, that is, patents with at least one co-inventor in the United States
and at least one co-inventor overseas.

» q= w

q= wo

» K= 1� wo
q

K= 0
1.dKdq+

» q= 1

q= w

» K= D
q

K= 0
1.dKdq (C.1)

Second term

» q= 1

q= w

» K= D
q

K= 0
1.dKdq

=
» 1

q= w

D
q

dq

= � D ln w
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First term
» q= w

q= wo

» K= 1� wo
q

K= 0
1.dKdq

=
» q= w

q= wo

(1 �
wo

q
)dq

= w � wo � wo( ln w � ln wo)

Putting them together:

D[1 � ln w] � wo ln
w
wo

(C.2)

The probability mass of inventions at home is given by:

» q= 1

q= w

» K= 1

K= w� wo
q

1.dKdq

=
» q= 1

q= w
(1 �

D
q

)dq

= 1 � w + Dln w

(C.3)

The probability mass of never inventing is:

1 � wo +
» w

q= wo

» 1

K= 1� wo
q

1.dkdq

= wo +
» w

wo

wo

q
dq

= wo + wo( ln w � ln wo)

(C.4)

Note, the sum of probability mass of invented at home, invented overseas and not

invented equal one. Equation(C.5) shows the decrease in the probability mass of home

inventions when the cost of inventing at home increases.

B(1 � w + Dln(w))
Bw

= ln w �
wo

w
  0 (C.5)
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This decrease can be decomposed as the sum of increase in probablity mass of inventions

overseas and inventions that are not invented:

B( Overseas prob mass)
Bw

=

B(� D ln w + D � wo( ln w � ln wo))
Bw

= � ln w ¡ 0

B( Not Invented prob mass)
Bw

=

B(wo + wo( ln w � ln wo))
Bw

=
wo

w
¡ 0

(C.6)

Derivate of share of overseas inventions with respect to Home Wage

[w
�

� 1 + w + wo ln
w
wo

+ ( 1 � ln w)D � D ln w
�

ln w� (C.7)

(wo ln
w
wo

� (1 � ln w)D)(2w(1 � ln w) � 2w + 3wo)] (C.8)

�
1

w(� 1 + w + wo ln w
wo

� D( ln w � 1) � D ln w)2 (C.9)

The above expression is positive for allw ¡ wo.

C.3.2 Extension: value and offshoring penalty are correlated

Suppose that a �rm's most valuable projects are also more likely to incur high o�shoring

penalties. For example, o�shoring high-value inventions to countries with weak intellectual

property rights can reduce the private value of these inventions due to the threat of knowl-

edge leakage (L. G. Branstetter et al., 2006; Lee & Mans�eld, 1996). If the reduction in

overseas value is disproportionate, we assume that the quality of an invention,q, and the

o�shoring penalty, K, are positively correlated with a factor r , where r ¡ 0.

The middle panel in the �gure shows that overseas quality declines when the correlation

betweenq and K is negative, even for the baseline case of no correlation, however, asq and K

become more correlated, average overseas quality declines. Di�erences in the average quality
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at home when home wage increases is not a�ected as much as the correlation betweenq

and K increases.

Appendix Figure C.3 illustrates the relationship between the share of overseas inven-

tions, the average quality of overseas and home inventions, �rm-wide quality, and their

respective pro�ts, as a function of the correlation between invention quality,q, and the o�-

shoring penalty, K. The y-axis in each panel of Appendix Figure C.3 represents the change

in the variable of interest after the home wage increases from 0.3 to 0.35.

The �gure shows that as the positive correlation betweenq and K increases, the rise

in the share of overseas inventions becomes less pronounced. In contrast, as the negative

correlation betweenq and K increases, the rise in the share of overseas inventions becomes

more pronounced. In the baseline case where there is no correlation, the share of overseas

inventions increases by 8 percentage points when home wages rise from 0.3 to 0.35.

The middle panel in the �gure indicates that when q and K are negatively correlated,

overseas quality declines, even in the baseline case of no correlation. However, asq and K

become more positively correlated average overseas quality increases with home wage. In

contrast, changes in the average quality of home inventions following an increase in home

wages are relatively una�ected by the correlation betweenq and K.
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FIGURE C.3: Quality, pro�t and share of overseas Inventions

Notes:This �gure presents the share of patents with only overseas-located inventors as a share of all granted
patents to US-headquartered �rms plotted by patent �ling year by select technology �elds. The
denominator includes coinvented patents, that is, patents with at least one co-inventor in the United States
and at least one co-inventor overseas.

C.4 Classi�cation of Countries
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Table C.2: Country income type
High Income Middle Income Low Income

Andorra
Faroe
Islands

Latvia
Saint Martin
(French part)

Albania China* Guatemala
Marshall
Islands

Philippines* Tanzania Afghanistan Madagascar

Antigua
and Barbuda

Finland Liechtenstein San Marino Algeria Colombia* Guyana Mauritania
Republic of
North
Macedonia

Thailand* Burkina Faso Malawi

Aruba France Lithuania Saudi Arabia
American
Samoa

Comoros Haiti Mauritius Romania* Timor-Leste Burundi Mali

Australia
French
Polynesia

Luxembourg Seychelles Angola Congo Honduras Mexico* Russia* Tonga
Central
African
Republic

Mozambique

Austria Germany Macao Singapore Argentina* Costa Rica India* Micronesia Saint Lucia Tunisia Chad Niger

Bahamas Gibraltar Malta
Sint Maarten
(Dutch part)

Armenia Cuba Indonesia* Moldova
Saint Vincent
and the
Grenadines

Turkey* Congo Rwanda

Bahrain Greece Monaco Slovakia Azerbaijan Côte d'Ivoire Iran* Mongolia Samoa Turkmenistan Eritrea Sierra Leone

Barbados Greenland Nauru Slovenia Bangladesh* Djibouti Iraq Montenegro
Sao Tome
and Principe

Tuvalu Ethiopia Somalia

Belgium Guam Netherlands Spain Belarus Dominica Jamaica Morocco Senegal Ukraine Gambia South Sudan

Bermuda Hong Kong New Caledonia Sweden Belize
Dominican
Republic

Jordan Myanmar Serbia Uzbekistan Guinea Sudan

Brunei
Darussalam

Hungary New Zealand Switzerland Benin Ecuador Kazakhstan Namibia
Solomon
Islands

Vanuatu Guinea-Bissau
Syrian
Arab
Republic

Canada Iceland
Northern
Mariana
Islands

Trinidad
and Tobago

Bhutan Egypt* Kenya Nepal
South
Africa*

Viet Nam* North Korea Togo

Cayman
Islands

Ireland Norway
Turks and
Caicos
Islands

Bolivia El Salvador Kiribati Nicaragua Sri Lanka Zambia Liberia Uganda

Chile Isle of Man Oman
United Arab
Emirates

Bosnia and
Herzegovina

Equatorial
Guinea

Kyrgyzstan Nigeria* Suriname Zimbabwe Yemen

Croatia Israel Palau United Kingdom Botswana Eswatini Laos Pakistan* Tajikistan

Curaçao Italy Poland
United States
of America

Brazil* Fiji Lebanon
Palestine,
State of

Cyprus Japan Portugal Uruguay Bulgaria Gabon Lesotho Panama

Czechia Korea Puerto Rico
Virgin Islands
(British)

Cabo Verde Georgia Libya
Papua
New
Guinea

Denmark Kuwait Qatar
Virgin Islands
(U.S.)

Cambodia Ghana Malaysia* Paraguay

Estonia
Saint Kitts
and Nevis

Cameroon Grenada Maldives Peru

Notes:* Denotes countries that are Emerging Market Economies. With the exception of Chile, all emerging market economies are classi�ed as Middle-Income
Countries.
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Table C.3: Intellectual property regime (IPR) country type

Weak IPR Strong IPR

Country Std. Dev. Country Std. Dev. Country Std. Dev.

Argentina -0.902 Pakistan -1.661 Australia 0.335
Brazil -1.286 Peru -1.645 Austria 0.588
Bulgaria -0.932 Philippines -0.903 Belgium 0.364
Chile -0.363 Poland -0.641 Canada 0.064
China -1.682 Portugal -0.459 Denmark 0.545
Czech Republic -0.514 Romania -1.263 France 0.202
Egypt -0.846 Russia -1.841 Germany 0.49
Greece -0.745 Slovak Republic -0.819 Ireland 0.022
Hong Kong -0.201 South Africa -0.629 Italy 0.028
Hungary -0.418 Spain -0.315 Japan 0.291
India -1.494 Taiwan -0.326 Netherlands 0.569
Indonesia -2.164 Thailand -1.092 New Zealand 0.412
Israel -0.172 Turkey -1.226 Norway 0.348
Korea (Rep.) -0.152 Ukraine -1.691 Singapore 0.047
Malaysia -0.833 Venezuela -1.352 Sweden 0.397
Mexico -1.279 UK 0.468

US 0.77

Notes:This table is reproduced from Table 1 of Zhao, 2006. There are 1,341 �rms patenting in countries with
weak IPR, with 116,130 patents across the sample. There are 2,379 �rms patenting in countries with strong
IPR (except U.S.), with 244,097 patents across the sample.
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Table C.4: Alternate measures: relationship between average overseas value after 2004

VARIABLES Avg. KPSS Avg. Renewals Avg. Home Run Avg Non-geo. size

(1) (2) (3) (4)

Post 2004 -2.075 -0.875*** -0.013*** 0.408***
(1.881) (0.025) (0.004) (0.036)

Observations 10,222 14,406 14,889 14,281
R-squared 0.423 0.470 0.323 0.579
Firm FE Yes Yes Yes Yes
SE Clustered Firm Firm Firm Firm
Mean of DV 14.3 1.6 0.1 1.8
Notes:This table presents the difference in �rm's overseas value before and after 2004. The unit of analysis

is �rm-year. The analysis is based on patents �led by 4,853 US-headquartered publicly traded �rms at the
USPTO, with patent �ling year between 1980 and 2020. The dependent variable in column 1 are KPSS values
from Kogan et al., 2017. The dependent variable in column 2 are average number of renewals from USPTO
Maintenance data. The dependent variable in column 3 is based on average homerun patents. A patent is
considered to be homerun if the number of citations it received falls in the top 5% of its CPC class and grant
year cohort. The dependent variable in column 4 is non-geographical family size, obtained from PATSTAT.
Clustered standard errors at the �rm level are in parenthesis.
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Appendix D. Appendix to Chapter 4
D.1 Model Appendix

The �rm chooses to invent in a location based on three dimensions 1) the potential value

of inventions to the �rm lq 2) an o�shoring penalty K and 3) a wage arbitrageD = w � wo,

wherew is the wage of an inventor at home andwo is the wage of an inventor overseas and

w ¡ wo. The potential value of this invention is lq , where l is a factor of value extraction

and q is a parameter representing the quality of inventions. Firms with a higher value ofl

can extract more value from inventions of given quality than �rms with a lower value of l .

If the invention is invented overseas, the realized value islq (1 � K). To simplify calcu-

lations, we assume0 ¤ q, K ¤ 1. For each invention of value,lq , the �rm chooses between

inventing at home, inventing overseas or not inventing at all based on the highest payo�1.

The payo� rule is given by:

Payo� lq = maxt 0, lq � w, lq (1 � K) � wou

Probability mass of inventing overseas:

» q= w
l

q= wo
l

» K= 1� wo
lq

K= 0
1.dKdq+

» q= 1

q= w
l

» K= D
lq

K= 0
1.dKdq

Second term

» q= 1

q= w
l

» K= D
lq

K= 0
1.dKdq

=
» 1

q= w
l

D
lq

dq

= �
D
l

ln
w
l

1 Note, value is assumed to be same as the value of invention and the cost of inventing ( w, wo are expressed
as a fraction of potential value, q.
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First term
» q= w

l

q= wo
l

» K= 1� wo
lq

K= 0
1.dKdq

=
» q= w

q= wo
l

(1 �
wo

lq
)dq

=
w � wo

l
�

wo

l
( ln

w
l

� ln
wo

l
)

Putting them together:

D
l

[1 � ln
w
l

] �
wo

l
ln

w
wo

(D.1)

Probability mass of inventing at home:

» q= 1

q= w
l

» K= 1

K= w� wo
lq

1.dKdq

=
» q= 1

q= w
l

(1 �
D
lq

)dq

= 1 �
w
l

+
D
l

ln
w
l

(D.2)

Probability mass of never inventing:

1 �
wo

l
+

» w
l

q= wo
l

» 1

K= 1� wo
lq

1.dkdq

=
wo

l
+

» w
l

q= wo
l

wo

lq
dq

=
wo

l
+

wo

l
ln

w
wo

(D.3)

Note, the sum of probability mass of invented at home, invented overseas and not

invented equal one.
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s = % of overseas inventions= 1 �
prob mass overseas

prob mass home

=

D
l

[1 � ln
w
l

] �
wo

l
ln

w
wo

D
l

[1 � ln
w
l

] �
wo

l
ln

w
wo

+ 1 �
w
l

+
D
l

ln
w
l

(D.4)

Derivative of Share of overseas with respect tol

d
dl

s =

"

�

 

D( ln (w/ l ) � 1) + ln ((w/ wo)wo)

!

 

w � 2wo + D( ln (w/ l ) � 1) + ln ((w/ l )D(w/ wo) � wo)

!

+

 

l � w + D( ln (w/ l ) � 1) + ln ((w/ l )D(w/ wo) � wo)

!

 

D + D( ln (w/ l ) � 1) + ln ((w/ wo)wo)

!#

�
1

l ( l � w + D( ln (w/ l ) � 1) + ln ((w/ l )D(w/ wo) � wo)) 2

Upper bound solution: for l ¡ w, the derivative d
dl s will always be negative. That

is, �rms with value capture ability more than the home wage will o�shore less inventive

activity as their value capture ability increases.

For an upper-bound solution: Whenl ¡ w, the derivative d
dl s is always negative. This

means that �rms with a value capture ability greater than the home wage will engage in

less o�shoring of inventive activity as their value capture ability increases.

Expected Quality Overseas

The expected quality of inventions overseas is given by the expectation ofq(1� K) times

the inverse of the probability mass of overseas inventions and is as follows:
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[
» q= w

l

q= wo
l

» K= 1� wo
lq

K= 0
q(1 � K).dKdq+

» q= 1

q= w
l

» K= D
lq

K= 0
q(1 � K).dKdq]

�
1

D
l

[1 � ln
w
l

] �
wo

l
ln

w
wo

Second term

» q= 1

q= w
l

» K= D
lq

K= 0
q(1 � K).dKdq)

=
» q= 1

q= w
l

D
l

�
D2

2l 2q
dq

=
qD
l

�
D2ln(q)

2l 2 |1q= w
l

=
D
l

(1 �
w
l

) +
D2

2l 2 ln
w
l

First term
» q= w

l

q= wo
l

» K= 1� wo
lq

K= 0
q(1 � K).dKdq

=
» q= w

l

q= wo
l

(q �
q
2

�
w2

o

2l 2q
)dq

=
» q= w

l

q= wo
l

(
q
2

�
w2

o

2l 2q
)dq

=
q2

4
�

w2
o ln q
2l 2 |

w
l
q= wo

l

=
w2 � w2

o

4l 2 �
w2

o

2l 2 ln
w
wo

Putting the terms together, the expected quality of inventions overseas is given by:

[
w2 � w2

o

4l 2 �
w2

o

2l 2 ln
w
wo

+
D
l

(1 �
w
l

) +
D2

2l 2 ln
w
l

] �
1

D
l

[1 � ln
w
l

] �
wo

l
ln

w
wo

(D.5)

154



Di�erentiate expected quality at overseas with respect to l :

Expected Value Overseas

[
w2 � w2

o

4l 2 �
w2

o

2l 2 ln
w
wo

+
D
l

(1 �
w
l

) +
D2

2l 2 ln
w
l

] �
l

D
l

[1 � ln
w
l

] �
wo

l
ln

w
wo

(D.6)

Expected Quality at Home

The expected quality of inventions at home is given by:

» q= 1

q= w
l

» K= 1

K= w� wo
lq

qdKdq �
1

1 �
w
l

+
D
l

ln
w
l

» q= 1

q= w
l

(q �
D
l

)dq �
1

1 �
w
l

+
D
l

ln
w
l

(
(1 � w2

l 2 )
2

�
D
l

(1 �
w
l

)) �
1

1 �
w
l

+
D
l

ln
w
l

(D.7)

Di�erentiate expected quality at home with respect to l :

Expected Value at Home

» q= 1

q= w
l

» K= 1

K= w� wo
lq

lq dKdq �
1

1 �
w
l

+
D
l

ln
w
l

l (
(1 � w2

l 2 )
2

�
D
l

(1 �
w
l

)) �
1

1 �
w
l

+
D
l

ln
w
l

(D.8)
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Table D.1: Difference in home and overseas expected quality and expected value
(1) (2)

Quality Value

Home (
(1� w2

l 2 )
2 �

D
l

(1 �
w
l

)) �
1

1 �
w
l

+
D
l

ln
w
l

l (
(1� w2

l 2 )
2 �

D
l

(1 �
w
l

)) �
1

1 �
w
l

+
D
l

ln
w
l

Overseas [
w2 � w2

o

4l 2 �
w2

o

2l 2 ln
w
wo

+
D
l

(1 �
w
l

) +
D2

2l 2 ln w
l ] � 1

D
l

[1� ln
w
l

]�
wo

l
ln

w
wo

[
w2 � w2

o

4l 2 �
w2

o

2l 2 ln
w
wo

+
D
l

(1 �
w
l

) +
D2

2l 2 ln w
l ] � l

D
l

[1� ln
w
l

]�
wo

l
ln

w
wo

Ratio
2(wo ln w

wo
+ D( ln w

l � 1))( � l 2+ w2+ 2( l � w)D)
( l � w+ Dln w

l )(w2� 2w2
o ln w

wo
� w2

o+ 4( l � w)D+ 2D2 ln w
l )

2(wo ln w
wo

+ D( ln w
l � 1))( � l 2+ w2+ 2( l � w)D)

( l � w+ Dln w
l )(w2� 2w2

o ln w
wo

� w2
o+ 4( l � w)D+ 2D2 ln w

l )

Difference
2(wo ln w

wo
+ D( ln w

l � 1))( l 2� w2� 2( l � w)D)+( l � w+ Dln w
l )(w2� 2w2

o ln w
wo

� w2
o+ 4( l � w)D+ 2D2 ln w

l )
4l (wo ln w

wo
+ D( ln w

l � 1)) ( l � w+ Dln w
l )

l [
2(wo ln w

wo
+ D( ln w

l � 1))( l 2� w2� 2( l � w)D)+( l � w+ Dln w
l )(w2� 2w2

o ln w
wo

� w2
o+ 4( l � w)D+ 2D2 ln w

l )
4l (wo ln w

wo
+ D( ln w

l � 1)) ( l � w+ Dln w
l )

]

Notes:This table presents the analytical solutions for the Quality (column 1) and Value (column 2) of inventions at Home and Overseas. The table presents the
ratio of Home and Overseas inventions, which is the same for both Quality and Value. The table also presents the difference between the Home and Overseas
Quality (column 1) and Value (column 2). The difference in Quality between Home and Overseas decreases with l and the difference in Value between Home
and Overseas increases withl .
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Table D.2: Difference in home and overseas expected quality and expected value:
examples from simulations

Quality Value

Low l =0.5 High l = 0.8 Low l =0.5 High l = 0.8

Home 0.82 0.72 0.41 0.58
Overseas 0.46 0.41 0.23 0.33
Difference 0.36 0.31 0.18 0.24

Notes:The overseas wage is assumed to be 0.1 and the home wage is assumed to be 0.3. The data are simulated
from 1 million observations with quality and offshoring penalty drawn from standard uniform distributions,
q � U [0, 1] and K � U [0, 1].

D.2 Additional Tables and Figures

Table D.3: Distribution of patents by CPC section and strength of IPR in inventor's
country of location

CPC
Section

US
Strong IPR +

No Companion
Strong IPR +
Companion

Weak IPR +
No Companion

Weak IPR +
Companion

Total

A 139,397 9,593 3,365 2,039 316 154,710
B 153,323 10,872 6,631 2,579 393 173,798
C 164,574 10,119 3,843 934 292 179,762
D 9,654 387 273 50 29 10,393
E 27,523 2,257 1,410 217 64 31,471
F 87,737 5,941 3,629 1,188 312 98,807
G 458,860 35,347 15,407 26,084 2,425 538,123
H 419,700 27,006 11,143 18,218 2,700 478,767

Notes: CPC Section is based on the primary CPC classi�cation, updated to current CPC classi�cation from
patentsview.org.
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