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1 Introduction

Patent systems are widely used as a policy lever to encourage investments in research and

development (Ginarte & Park, 1997, Park, 2008). Patents confer the temporary right to

exclude others from making, using or selling the invention in a given geographic jurisdiction.

Exclusion rights provide stronger incentives to invest in research and development (R&D)

because innovators expect to appropriate a higher share of the bene�ts they generate. How-

ever, they also entail some e¢ ciency loss because they enable inventors to charge a higher

price mark-up and could result in slower di¤usion. The premise of a patent system is that the

bene�ts from increased innovation outweigh the costs. Whether this is the case is unclear,

which has led to considerable controversy over whether national patent systems should exist

in their current form or at all (Boldrin & Levine, 2013; Ja¤e & Lerner, 2011; Penrose, 1951).

Much of the skepticism around national patent systems originates from the scarcity of

evidence on whether stronger patent regimes serve their primary purpose of incentivizing

higher investments in R&D. Boldrin & Levine (2013) argue that �there is no empirical

evidence that they [patents] serve to increase innovation�. Bloom et al. (2019) consider

that the conclusiveness of evidence on the e¤ect of intellectual property rights (IPR) reforms

on R&D expenditures is low and their net bene�ts unknown. Williams (2017) states that

�we still have essentially no credible empirical evidence on the seemingly simple question

of whether stronger patent rights �either longer patent terms or broader patent rights�

encourage investments into developing new technologies�.

The main contribution of this paper is to propose a novel empirical strategy for identifying

the potential e¤ects of patent reforms on R&D investments. Our strategy builds on the

insight that there is great heterogeneity in the extent to which �rms rely on patents to

protect their inventions from imitators. According to the seminal innovation surveys by Levin

et al. (1987) and Cohen et al. (2000), most �rms do not rely on patents as a mechanism of

intellectual property (IP) appropriation. Consequently, empirical designs aimed at capturing

average e¤ects are unlikely to �nd traction because the average �rm does not rely on patents.

However, these surveys also indicate that certain �rms do rely heavily on patents, particularly

in industries specialized in the production of discrete products such as pharmaceuticals and
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other chemicals. Stronger patent rights could generate positive incentive e¤ects on the subset

of �rms that do rely on patents as the main protection mechanism. Empirical designs should

take such heterogeneity into account.

In order to capture variation in the use of patents as an appropriation mechanism we

use measures of �Industry Reliance on Patent Protection�(IRPP) from several innovation

surveys. We use Mans�eld (1986)�s survey as the baseline because it has two desirable

properties. First, it asks a unique counterfactual question on the e¤ect of patents at the

invention level (percent of developed inventions that would not have been developed if patent

protection could not have been obtained) that is particularly well suited to capture the

incentive e¤ect that we are interested in. Second, it is predetermined with respect to the

patent reform that we leverage in this study. We also use measures from the seminal surveys

of Levin et al. (1987), Cohen et al. (2000) and Arundel & Kabla (1998), which do not have

a counterfactual nature but o¤er more �ne-grained industry breakdowns.

Survey-based measures have two main advantages over other measures that can be cal-

culated from conventional �rm-level datasets such as the ratio of patents per dollar of R&D.

First, they explicitly capture incentive e¤ects over other possible bene�ts from patents such

as the enhancement of the �rm�s reputation or the strengthening of the �rm�s position in

negotiations with other �rms (Cohen et al. , 2000). Second, they measure the importance of

patent protection at the product level, which is necessary to correct for the fact that complex

products combining a large number of inventions will inevitably result in more patents than

discrete products building on just one invention.

We apply such insights using the establishment of the U.S. Court of Appeals for the

Federal Circuit (CAFC) in 1982 as the focal pro-patent policy shift of interest. The ability

to enforce a patent greatly depends on the patent law and its interpretation by the competent

courts. Prior to the establishment of the CAFC, appeals to patent infringement decisions

were heard by the regional U.S. Circuit Courts of Appeals, which varied widely in the

frequency with which they upheld �valid and infringed�decisions (Seamon, 2003). To the

extent that patent owners can only enforce patents that are �valid and infringed�, such

regional disparities generated substantial variation in the enforcement of patent rights across

circuits. The CAFC uni�ed patent law, shifting the interpretation in favor of patent holders.
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Consequently, patent protection increased considerably for �rms in circuits that were more

hostile to patents in the pre-CAFC period (�high-increase�group) and remained relatively

unchanged, or even declined, for �rms in circuits that were sympathetic to patents (�low-

increase�group).

We use a di¤erence-in-di¤erences approach to test whether R&D investments increased

relatively more for �rms operating in industries with high IRPP (�rst di¤erence) after the

establishment of the CAFC (second di¤erence). An attractive feature of this approach is its

ability to isolate the role of the change in policy. While �rms in industries with high and

low reliance on patents are not identical, comparing outcomes within �rms over time isolates

the di¤erential impact of the CAFC. We estimate the model on a panel dataset of publicly

traded �rms in the U.S. that have at least one patent and invest in R&D from �ve years

before to ten years after the establishment of the CAFC. We estimate separate regressions

for �high-increase� and �low-increase� groups. We expect incentive e¤ects to concentrate

among �rms in the former group for which the CAFC triggered the most signi�cant increases

in enforcement.

Regression results reveal a positive relationship between patent protection and R&D

investments. Such relationship only arises in the post-CAFC period for �rms located in geo-

graphical circuits that experienced high increases in patent protection. We cannot �nd pos-

itive e¤ects for �rms in geographical circuits that underwent low increases, or even declines,

in patent protection. Such �nding is highly suggestive that the estimated e¤ects are driven

by the CAFC and not by other confounding factor such as similarly timed policies. The

e¤ects are economically signi�cant. The estimated increase in R&D for �rms with IRPP

at the seventy-�fth percentile, relative to �rms in the twenty-�fth percentile, is of $21.48M

for Mans�eld�s measure. This represents a 15% increase with respect to an average R&D

expenditure of $143M in the pre-CAFC period. We also �nd a 15% in research e¤ort as

measured by R&D over employees. The estimates obtained with the IRPP measures from

the other three industry surveys point in the same direction.

Our empirical design builds on the assumption that IRPP is stable over time and rel-

atively una¤ected by the establishment of the CAFC. We believe this to be a plausible

assumption because IRPP is at least partly driven by industry demographics, market struc-
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ture and exogenous characteristics of inventions which are likely to remain stable. Indeed,

comparison across innovation surveys for di¤erent time periods indicates considerable sta-

bility in IRPP over time. If the CAFC had caused �rms to massively switch from informal

mechanisms of IP protection to patents, incentive e¤ects should also, or perhaps mostly, have

taken place in the group of �rms with low IRPP. If the CAFC did tilt some �rms to switch

their IP protection mechanism along these lines, our strategy would provide downward biased

estimates of the true e¤ect of stronger patent protection.

Our empirical strategy is particularly well suited to detect e¤ects localized in �rms that

rely on patents. However, such localized e¤ects could have di¤used through spillovers or

technology supply chains (Arqué-Castells & Spulber, Forthcoming). Several studies suggest

that the CAFC could have favored specialization and vertical separation in the organization

of innovation activities. Without establishing an explicit causal link with the CAFC, Png

(2019) �nds that �rms became increasingly specialized after 1980. Ma (2022) �nds that the

formation of the CAFC was associated with an increase in specialization in the knowledge

economy. Galasso & Schankerman (2010) �nd that the creation of the CAFC substantially

reduced settlement delays, and thus the speed of technology di¤usion through licensing.

The patent system generates net bene�ts if the dynamic e¢ ciency gains from increased

research outweigh the static e¢ ciency losses due to temporary supracompetitive pricing.

Measuring all the associated gains and losses is a daunting task. Focusing on the gains

side alone, Williams (2017) argues that the patent system could a¤ect research investments

through its disclosure function, potential blocking e¤ects on follow-on innovators, and incen-

tive e¤ects. This paper is �rst and foremost concerned with the latter question of whether

patents incentivize research investments. In particular, we emphasize that in order to detect

possible incentive e¤ects from patent laws, researchers should account for the great variation

in IP protection strategies across �rms. The more ambitious question of whether the patent

system generates net welfare gains is beyond the scope of this paper.

1.1 Related literature.

Our paper is most closely related to the empirical literature that aims to estimate the e¤ect of

stronger patent protection on research investments (see the recent reviews by Budish et al. ,
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2016; Williams, 2017). The main goal of this literature is to measure ex-ante incentive e¤ects

triggered by the promise of a stronger right to exclude others from using the invention in

the future. This literature can be divided into three major strands, including survey-based

evidence, evidence from responses to patent law changes, and evidence drawn from leveraging

exogenous variation in exclusivity length. Our empirical strategy combines fundamental

elements of the �rst two.

The early literature on the topic relies on survey-based evidence (see the comprehensive

review by Hall et al. , 2014). The most in�uential surveys are the ones by Mans�eld (1986),

the so-called Yale survey by Levin et al. (1987) and the so-called Carnegie Mellon survey

by Cohen et al. (2000), all of which we leverage in this study. The three surveys document

that, on average, �rms report that patents have a limited e¤ectiveness as an appropriation

mechanism. However, there is substantial variation across industries in the extent to which

�rms rely on patents with patents being of great importance in a few industries such as chem-

icals and pharmaceuticals. One limitation of innovation surveys is that they are not directly

informative on the responsiveness of research investments to changes in patent protection.

Would those �rms that rely on patents invest di¤erent amounts of R&D under alternative

patent protection regimes? We combine survey-based evidence with patent law changes to

tease out �rm �xed e¤ects from genuine responses to patent protection.

The strand of the literature that leverages patent law changes generally �nds no incentive

e¤ects. Sakakibara & Branstetter (1999) �nd no evidence that stronger Japanese patent

rights induced higher levels of research investments in Japanese �rms. Qian (2007) �nds

no statistically signi�cant e¤ects of patent protection on pharmaceutical innovations for

26 countries that established pharmaceutical patent laws during 1978�2002. Lerner (2009)

�nds a negative e¤ect of patent protection on patenting using data on 177 major patent

policy shifts across 60 countries over 150 years. Kortum & Lerner (1999) conclude that

the establishment of the CAFC was not responsible for the subsequent surge in patenting

in the U.S., comparing domestic and international patent applications. One exception is

Kyle & McGahan (2012), who �nd that stronger patent protection due to the adoption

of the TRIPS agreement was associated with increased R&D on the diseases that a¤ected

high-income countries. One possible explanation behind the lack of support for incentive
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e¤ects in this literature is that most of these studies search for average e¤ects, while patent

reforms are likely to trigger localized e¤ects in �rms that rely on patents as an appropriation

mechanism.

Recent studies that leverage exogenous variation in the period of exclusivity tend to �nd

positive incentive e¤ects. Budish et al. (2015) document that allowing �rms to conduct

shorter clinical trials would increase research investments, presumably because shorter clini-

cal trials increase the e¤ective patent protection term in pharmaceutical �rms, which tend to

�le for patents prior to starting the clinical trial. Gaessler & Wagner (2019) estimate that a

one-year reduction in expected market exclusivity due to patent invalidation lowers the like-

lihood of drug approval by 4.9 percentage points, using random variation in the participation

of the primary examiner in the opposition proceeding to instrument invalidations.

A related literature studies the ex-post e¤ect of the grant or removal of patents for

inventions that have already been created. Ex-post e¤ects are informative of the bene�ts

of exclusion rights for the patent holders and as such are also indicative of the reward

to ex-ante research e¤orts. Galasso & Schankerman (2018) �nd that patent invalidation

causes small and medium sized patent holders to reduce subsequent patenting, using the

random allocation of judges at the CAFC to identify causal e¤ects. Gaule (2018) �nds

that patent protection has a positive e¤ect on the success of venture-capital backed �rms in

life sciences, using patent examiner leniency to instrument patent grants. Building on the

same instrument, Farre-Mensa et al. (2020) �nd that patent grants have a positive e¤ect

on employment and sales growth, follow-on innovation by the patentee and funding from

venture capitalists. Balasubramanian & Sivadasan (2011) �nd that changes in patenting are

positively correlated with changes in total factor productivity using longitudinal variation

from matched patent data and U.S. Census microdata.

The remaining of the paper is organized as follows. Section 2 reviews evidence from inno-

vation surveys and describes the main measures of patent protection used in the empirical

analysis. Section 3 describes how the formation of the CAFC translated into changes in

patent protection. Section 4 describes the data. Section 5 discusses the empirical strategy.

Section 6 presents the econometric results. Section 7 concludes.
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2 Survey-based measures of industry reliance on patents

Companies have the choice between a range of mechanisms to protect their innovative out-

comes. Firms can choose patenting but they can also rely on informal appropriation mech-

anisms such as secrecy, con�dentiality agreements, lead time, or complexity (Cohen et al. ,

2000; Levin et al. , 1987). Patents are a viable option when the subject matter is patentable

and the invention meets the novelty and non-obviousness requirements for patentability (Hall

et al. , 2014). Patents are also particularly �tting for appropriating the returns from �dis-

crete�products that are inherently easier to describe in the claims of a single patent, which

in turn facilitates enforcement. A case in point is the chemicals sector, where patents protect

a speci�c compound that can be described in a precise chemical formula.

Empirical evidence from innovation surveys suggests that the average �rm relies on infor-

mal mechanisms of appropriation such as secrecy or lead time much more than on patents.

However, there is substantial heterogeneity across industries with patents being found to be

the favorite tool to secure the returns to innovation in industries characterized by discrete

products like pharmaceuticals and other chemicals (Cohen et al. , 2000; Levin et al. , 1987;

Hall et al. , 2014). Such insights imply that empirical designs aimed at estimating aver-

age e¤ects of patent reforms will �nd little traction because the average �rm does not rely

on patents. Empirical designs aimed at detecting responses to shifts in patent protection

should search for e¤ects within the group of �rms that rely on patents as an appropriation

mechanism.

In order to measure variation in industry reliance on patent protection (IRPP) as an

appropriation mechanism, we use information reported in the innovation survey by Mans�eld

(1986). Such survey has two distinctive features. First, it asks for the percent of developed

inventions that would not have been developed if patent protection could not have been

obtained. This type of counterfactual question on the e¤ect of patents at the invention

level is unique and particularly appropriate to measure incentive e¤ects. Second, it covers

the period 1981-1983 so it is unlikely to capture strategic responses to the CAFC, which

was established in April 1982. Mans�eld found that in two industries, pharmaceuticals and

chemicals, patent protection was essential for thirty percent or more of the inventions. In
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another three industries (petroleum, machinery, and fabricated metals), patent protection

was essential for about 10�20 percent of the inventions. The remaining seven industries

showed little or no reliance on patents.

In robustness checks we also use information from Levin et al. (1987), Cohen et al.

(2000) and Arundel & Kabla (1998). These surveys use slightly di¤erent de�nitions of the

importance of patent protection, industry aggregations and cover di¤erent sample periods.

The survey by Levin et al. (1987) covers U.S. manufacturing �rms during the period 1981-

1983. The survey by Cohen et al. (2000) covers U.S. �rms in 1994 and could capture

strategic responses to the CAFC. Arundel & Kabla (1998) also cover the post-CAFC period

but focus on European �rms, which are less likely to have reacted to the CAFC. The main

advantage of these surveys is that they provide information for a �ner break down of industry

groups, which allows us to exploit richer variation in the extent to which �rms rely on patent

protection. Also, unlike Mans�eld (1986), these surveys distinguish between product and

process innovations. Table 2 describes the main features of each survey.

Figure 1 graphs the measures of industry reliance on patent protection reported in the

four surveys. The most important insight is that there is great variation in the extent to

which �rms in di¤erent industries rely on patent protection. The di¤erent surveys are con-

sistent in identifying Pharmaceuticals and Chemicals as the industries that more heavily

rely on patents. Similarly, they are fairly consistent in identifying a few industries such as

Basic Metals, Textiles, Food or Motors as having the lowest rates of reliance on patents. The

industries commonly reporting intermediate levels of reliance on patents include Medical In-

struments, Electrical Equipment, Fabricated Metal Products, Semiconductors or Machinery.

Another consistent pattern is that the reliance on patents is greater for product innovations

than for process innovations in almost every industry.

Importantly, direct survey-based measures of the reliance on patents as an appropriation

mechanism are more informative than indirect metrics that can be constructed with �rm-

level data such as the ratio of patents per dollar of R&D. The latter are likely to embed

substantial measurement error for two main reasons. First, �rm level data does not include

information on the nature of the underlying innovations that are protected with patents.

Discrete products that can be safely protected with just one or two patents will inevitably
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result in a lower number of patents per dollar of R&D. Yet, these are precisely the products for

which patents are particularly e¤ective according to the innovation surveys. Therefore, the

number of patents per R&D could happen to be inversely correlated with the actual reliance

of patents as an appropriation mechanism for �rms with at least one patent. Second, patents

could generate pro�ts but not directly through the commercialization or sale of patented

inventions. For instance, patents could generate pro�ts through the enhancement of the

�rm�s reputation, the prevention of infringement suits, or the strengthening of the �rm�s

position in negotiations with other �rms (Cohen et al. , 2000). In such cases, the number

of patents per dollar of R&D would be a poor measure of the incentive mechanism that we

intend to capture.

3 The CAFC and patent enforcement

Until 1982, appeals over patents were tried by two di¤erent courts. The Court of Customs

and Patent Appeals tried appeals against decisions of the USPTO such as ex parte patent

cases, interference proceedings and trademark cases. The regional U.S. Circuit Courts of

Appeals heard appeals to patent infringement decisions by the federal district courts (Sea-

mon, 2003). Decisions on patent infringement suits are consequential for the enforcement

of patents because a patent owner cannot e¤ectively enforce the exclusion rights conferred

by the patent title unless it is found or there is an expectation that it will be found to be

�valid and infringed�. Owners of valid and infringed patents are entitled to compensatory

damages. They are also entitled royalty payments if the infringer is allowed to keep using

the invention under certain terms or to injunctive relief otherwise. Therefore, decisions by

the circuit courts of appeals carried a great weight for enforcement purposes.

Prior to the establishment of the CAFC, the regional Circuit Courts were notoriously

inconsistent in the administration of the law and varied widely in the frequency with which

they upheld �valid and infringed�decisions (Harmon, 1991; Seamon, 2003). According to

Henry & Turner (2006), the percentage of �valid and infringed�decisions in district courts

that were a¢ rmed on appeal varied from a high of 82.9 percent in the Tenth Circuit to a low

of 43.4 percent in the Second Circuit. Decisions by the courts of appeals have a great impact
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on �rst district-court decisions because judges do not want to have their decisions overturned

by higher instance courts. Consequently, the rates of �valid and infringed�decisions by �rst

district-courts also varied greatly across circuits from a high of 57.4 percent in the Tenth

Circuit to a low of 16.7 percent in the Third Circuit.

In April 1982, the U.S. Congress passed the Federal Courts Improvement Act which

established the Court of Appeal for the Federal Circuit (CAFC). The CAFC merged the

Court of Customs and Patent Appeals and the appellate division of the Court of Claims. It

assumed exclusive jurisdiction over all appeals against USPTO and district court decisions

involving patents and claims against the federal government in a variety of subject matter.

One of the primary objectives pursued with the establishment of the CAFC was to bring

greater uniformity in patent enforcement (Seamon, 2003). In its �rst decision, the CAFC

adopted the previous holdings of the Court of Customs and Patent Appeals and the appellate

division of the Court of Claims as binding precedents, circumventing the disparate precedents

from the circuit courts. Such decision uni�ed patent law at the national level (Dreyfuss,

1989).

Early jurisprudence by the CAFC shifted the interpretation of patent law in favor of

patent holders. A series of decisions between 1982 and 1986 strengthened the statutory

presumption of patent validity (Quillen, 1993), lowered the standards required to grant pre-

liminary injunctive relief (Merges & Du¤y, 1997) and increased the availability of monetary

remedies for patent infringement (Chisum, 1985; Dreyfuss, 1989; Quillen Jr, 1993). A de-

tailed overview of such decisions can be found in Galasso & Schankerman (2010). There is

considerable evidence that such early decisions by the CAFC strengthened patent enforce-

ment (Henry & Turner, 2006; Lanjouw & Lerner, 2001). Importantly, the intensity of such

changes in patent enforcement varied greatly across regional circuit courts because the uni�-

cation in patent law essentially eliminated pre-CAFC di¤erences in enforcement rates across

circuits.

Patent protection increased considerably in circuits that were more hostile to patents

in the pre-CAFC period and remained relatively unchanged, or even declined, in circuits

that were sympathetic to patents. Figure 2 graphs the increase in the rate of �valid and

infringed�decisions made by �rst district courts in the di¤erent circuits based on information
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from Table 1 in Henry & Turner (2006). According to such measure, the greatest increases in

patent protection are found in the Third, Eighth, Second, First and Sixth circuits. Hou et al.

(2020) develop an index of the increase in patent protection based on a more systematic

regression-based analysis, using microdata on patent decisions from Henry et al. (2013).

The advantage of their approach is that it allows them to tease out pure CAFC e¤ects from

a host of patent characteristics, litigation characteristics and year �xed e¤ects. Their index

identi�es statistically signi�cant increases in patent protection in the same �ve circuits.

In the remaining of the paper we split �rms into two groups based on whether they

were located in one of the �ve geographical circuits that underwent high increases in patent

protection (i.e. the Third, Eighth, Second, First and Sixth circuits) or one of the remaining

circuits that did not experience signi�cant increases in patent protection (i.e. the Fourth,

Fifth, Seventh, Ninth, Tenth and other). We refer to the �rst group as �High increase�and

to the second group as �Low increase�. It is mostly �rms in the �rst group that experienced

an improvement in their ability to enforce patents and for which we should expect to observe

a positive response.

As Hou et al. (2020) point out, such divide is imperfect because parties to patent

disputes might move their cases to more favorable jurisdictions. For the most part of the

sample period in this study, patent owners had to sue infringers in the district where the

infringer was incorporated or where the infringer had committed infringement and had a

regular and established place of business (Adams, 1984). If a patent owner was located

in the �High increase� circuits but the infringing �rms were in the �Low increase�group,

its ability to enforce would have remained low. Or alternatively, if a patent owner was in

the �Low increase�group but the infringer was in the �High increase�group, its ability to

enforce would have increased. To the extent that infringers had good reason to be located in

circuits with a reputation for being hostile to patents during the pre-CAFC period, we would

expect patent owners in �High increase�group to have experienced substantial increases in

their ability to enforce against infringers. At the same time, patent owners in �Low increase�

group could have experienced positive increases in their ability to enforce.
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4 Data

We combine �ve di¤erent data sources. First, we rely on Compustat data to measure our

dependent variables and a series of �rm-level control variables. Second, we use information

from the NBER Patent Data Project (Bessen, 2009; Hall et al. , 2001) to measure patent

counts per �rm, which we use as controls. Third, we use industry measures of the importance

of patent protection from the innovation surveys of Mans�eld (1986), Levin et al. (1987),

Cohen et al. (2000) and Arundel & Kabla (1998). Such information is matched to Compustat

by mapping the industry de�nitions used in the di¤erent surveys to two, three or four digit

historical SIC codes in Compustat. Fourth, we use information on CAFC-induced increases in

patent protection across circuits, and hence U.S. states belonging to the di¤erent geographical

circuits, from Henry & Turner (2006) and Hou et al. (2020). In order to de�ne �rm states

we do not rely on Compustat locations, which are based on cover information from the latest

updates (2020 in our case). Instead, we de�ne a �rm�s state from the assignee location of

patents matched to the �rm with application date prior to the establishment of the CAFC.

This means that we only retain �rms with at least one patent application in the pre-CAFC

era in our analysis. Finally, we use de�ators from the BEA Satellite Account.

We use two dependent variables in our analysis, the natural logarithm of real R&D

expenditures and a measure of R&D e¤ort de�ned as the natural logarithm of real R&D

investment over the number of employees. The main explanatory variable is the interaction

of a post-CAFC binary indicator with the survey-based measures of industry reliance on

patent protection (IRPP). We also use as controls a series of interactions of the post-CAFC

indicator with �xed �rm level characteristics de�ned as pre-sample means (for the years

1975-1977) of de�ated physical capital, the number of employees, de�ated revenue, de�ated

R&D investments and counts of eventually granted patent applications.

In the regressions we restrict to the years 1977-1993, that is �ve years prior to roughly

ten years after the establishment of the CAFC. We drop �rms in heavily regulated sec-

tors, including "Agriculture, forestry and �shing (SIC codes starting with 0)", "Mining and

construction (SIC codes starting with 1)", "Electric, Gas and Sanitary services (SIC codes

starting with 49)", "Finance, insurance and real estate (SIC codes starting with 6)", and
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"Public administration (SIC codes starting with 9)". For the remaining observations we

retain a balanced panel of �rms that invest in R&D in every single year during the sample

period, with non-missing information for the explanatory variables or controls.

Table 2 reports descriptive statistics. The number of �rms in the �nal sample varies

somewhat depending on the IRPP measure of interest because not all the innovation surveys

provide information on patent protection for the same industry groups. On average, �rms

located in circuits with higher increases in patent protection have higher R&D expenditure

and are larger across multiple dimensions during the pre-CAFC period. Industry groups

with higher values of IRPP have higher mean values of R&D and patents per employee.

However, the same is not true for the average number of patents per dollar of R&D, which

is negatively correlated with IRPP. This is reasonable because the higher values of IRPP

are found in discrete industries where fewer patents are needed to protect each product.

Therefore, conditional on �rms having at least one patent, the average number of patents

per �rm seems a rather noisy measure of the importance of patent protection relative to

survey-based measures.

5 Empirical strategy

We study the link between stronger patent protection and R&D investments using a di¤erence-

in-di¤erences (DID) speci�cation that examines whether the R&D investments of �rms oper-

ating in industries with higher reliance on patent protection (�rst di¤erence) are larger after

the establishment of the CAFC (second di¤erence). In particular, we estimate the following

equation:

ln(R&Dit) = �PostCAFCt � IRPPi + PostCAFCt �X
0

i
 + �t + �i + "it; (1)

where the dependent variable is the log of R&D or the log of R&D e¤ort, measured as R&D

over the number of employees, of �rm i in year t. The �rst term on the right-hand side is the

DID term of interest, an interaction of IRPP and an indicator for the post-CAFC period,

i.e., years from 1983 forward. The second term of the right hand side is an interaction of the
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post-CAFC dummy variable and pre-sample means of several �rm characteristics. Finally,

we control for a full set of time and �rm �xed e¤ects. The DID coe¢ cient of interest is �. A

positive and statistically signi�cant point estimate would mean that the CAFC stimulated

investments disproportionately more in �rms operating in industries where patents are a

more important mechanism of protection.

The CAFC triggered increases in the strength of patent protection for �rms located

in the �ve geographical circuits that we have labeled as "High increase" (i.e. the Third,

Eighth, Second, First and Sixth circuits), but not so much in the remaining ones that we

have labeled as "Low increase" (i.e. the Fourth, Fifth, Seventh, Ninth, Tenth and other).

Accordingly, we estimate separate regressions of equation (1) for �rms in "High increase"

and "Low increase" circuits. We expect positive and statistically signi�cant e¤ects mostly for

�rms in the "High increase" sample. This strategy is useful to rule out possible confounding

e¤ects from similarly timed policies that might have favored R&D investments in industries

where the importance of patent protection is also higher.1 Any similarly timed policy that

we are aware of was country-wide and should have a¤ected �rms in both subsamples to a

similar degree. Therefore, positive e¤ects in the sample of "High increase" but not in the

sample of "Low increase" would be highly suggestive of CAFC-driven e¤ects.

6 Results

Table 3 reports baseline estimates using the IRPP measure from Mans�eld (1986). All the

columns include �rm �xed e¤ects as well as circuit by year �xed e¤ects. Estimates of �

are positive and statistically signi�cant (albeit only at a ten percent for the R&D equation)

for �rms located in the "High increase" group, and negative but statistically signi�cant for

�rms in the "Low increase" group. Such results indicate that �rms in industries with greater

reliance on patent protection reacted to the establishment of the CAFC by increasing their

R&D expenditures. Such e¤ect can only be detected for �rms located in geographical circuits

1For example, the Research and Experimentation Tax Credit, was introduced as part of the Economic
Recovery Tax Act of 1981. At about the same time, the Bayh�Dole Act (the Patent and Trademark Laws
Amendment of 1980) allowed universities and other non-pro�t institutions automatically to retain title to
patents derived from federally funded R&D. Bayh�Dole explicitly recognized technology transfer to the
private sector as a desirable outcome of federally �nanced research.
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that experienced high increases in patent protection.

For the increase in R&D to be attributable to the CAFC, the IRPP measure should be

correlated with employment in the post-CAFC period, but not before. To determine whether

there is a relationship between IRPP and R&D in the years before 1982, we replace the

PostCAFC indicator with interactions of IRPP and a full set of year dummies, using

1982 as the base category. Similarly, we also interact all the pre-sample mean controls with

the full set of year dummies. Results for the yearly di¤erence-in-di¤erences coe¢ cients,

are displayed visually along with their 95 percent con�dence intervals in Figure 3. Point

estimates are statistically insigni�cant at conventional levels until after 1982 for �rms in the

"High increase" group and remain �at for �rms in the "Low increase" group. The estimates

turn positive and statistically signi�cant in the post-CAFC period, with the e¤ects becoming

more pronounced over time.

The estimated e¤ects are economically signi�cant. The point estimate in column 1 indi-

cates that, relative to �rms with an IRPP at the twenty-�fth percentile (0.01), �rms with

an IRPP at the seventy-�fth percentile (0.15) increased their R&D investments by 0.12 log

points (0:824 � (0:15 � 0:01)). It is also possible to calculate the implied change in R&D

in levels for �rms with an IRPP at the seventy-�fth percentile, relative to �rms in the 25th

percentile, as exp(b�(IRPP75th � IRPP25th) + � + �2

2
) � exp(� + �2

2
), where � and � are

the mean and standard deviation of ln(R&D) in the pre-CAFC period.2 According to this

expression, the implied relative increase in R&D due to the CAFC was of $21.48M. This

represents a 15% increase with respect to an average R&D expenditure of $143M in the

pre-CAFC period. Using the point estimate in column 3, the implied relative increase in

R&D e¤ort obtained with the same expressions is of 0.13 log points and $0.66M, which again

represents a 15% increase with respect to an average R&D e¤ort of $4.5M per employee in

the pre-CAFC period.

Tables 4, 5 and 6 report estimates using the IRPP measures from Levin et al. (1987),

Cohen et al. (2000) and Arundel & Kabla (1998) respectively. The results in these tables

are consistent with the baseline results obtained with Mans�eld�s measure. An interesting

aspect of these other surveys is that they report IRPP measures for product and process

2Note that we are using properties of the lognormal distribution.
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innovations. For the IRPP measure in Levin et al. (1987) we can only detect positive e¤ects

for product innovations. For Cohen et al. (2000) and Arundel & Kabla (1998) we detect

positive responses to the CAFC when using both the product and process based measures

of IRPP. However, both measures are strongly correlated as shown in Figure 2. When both

measures are simultaneously included in the regressions, only the product measure enters

with a statistically signi�cant sign (such results are not shown in the tables). Therefore, it

seems that �rms are responsive to stronger patent protection when they operate in industries

with high reliance on patent protection for product innovations.

7 Conclusion

The main contribution of our study is to showcase that in order to detect incentive e¤ects

from patent laws, researchers should account for di¤erences in IP protection strategies across

�rms. Empirical designs aimed at estimating average e¤ects seem inappropriate given that,

as indicated by seminal innovation surveys, the average �rm does not rely on patents as an

appropriation mechanism. We use survey-based measures of reliance on patent protection

to study if responses to stronger patent protection can be found where they are to be ex-

pected, that is in �rms that rely on patents as a protection mechanism. We leverage the

formation of the CAFC, one of the most signi�cant pro-patent shifts in the U.S. over the last

decades, as the focal reform of interest. Using a di¤erence-in-di¤erences approach we �nd

that the establishment of the CAFC did encourage research investments disproportionately

more in �rms operating in industries that rely on patents. Such e¤ects are economically

signi�cant and only arise in the post-CAFC period for �rms located in geographical circuits

that experienced high increases in patent protection.

16



References

Adams, Charles W. 1984. The Court of Appeals for the Federal Circuit: More than a

National Patent Court. Mo. L. Rev., 49, 43.

Arqué-Castells, Pere, & Spulber, Daniel F. Forthcoming. Measuring the Private

and Social Returns to R&D: Unintended Spillovers versus Technology Markets. Journal

of Political Economy.

Arundel, Anthony, & Kabla, Isabelle. 1998. What percentage of innovations are

patented? Empirical estimates for European �rms. Research Policy, 27(2), 127�141.

Balasubramanian, Natarajan, & Sivadasan, Jagadeesh. 2011. What happens when

�rms patent? New evidence from US economic census data. The Review of Economics

and Statistics, 93(1), 126�146.

Bessen, James. 2009. NBER PDP project user documentation. Data available at:

https://sites. google. com/site/patentdataproject/Home/downloads.

Bloom, Nicholas, Van Reenen, John, & Williams, Heidi. 2019. A toolkit of policies

to promote innovation. Journal of Economic Perspectives, 33(3), 163�84.

Boldrin, Michele, & Levine, David K. 2013. The case against patents. Journal of

Economic Perspectives, 27(1), 3�22.

Budish, Eric, Roin, Benjamin N, & Williams, Heidi. 2015. Do �rms underinvest

in long-term research? Evidence from cancer clinical trials. American Economic Review,

105(7), 2044�85.

Budish, Eric, Roin, Benjamin N, & Williams, Heidi. 2016. Patents and research

investments: Assessing the empirical evidence. American Economic Review, 106(5), 183�
87.

Chisum, Donald S. 1985. Remedies for Patent Infringement. AIPLA QJ, 13, 380.

Cohen, Wesley M, Nelson, Richard, & Walsh, John P. 2000. Protecting their

intellectual assets: Appropriability conditions and why US manufacturing �rms patent (or

not).

Dreyfuss, Rochelle Cooper. 1989. The federal circuit: a case study in specialized

courts. NYUL Rev., 64, 1.

17



Farre-Mensa, Joan, Hegde, Deepak, & Ljungqvist, Alexander. 2020. What is

a patent worth? Evidence from the US patent â¼AIJlotteryâ¼A·I. The Journal of Finance,

75(2), 639�682.

Gaessler, Fabian, & Wagner, Stefan. 2019. Patents, data exclusivity, and the devel-

opment of new drugs. The Review of Economics and Statistics, 1�49.

Galasso, Alberto, & Schankerman, Mark. 2010. Patent thickets, courts, and the

market for innovation. The RAND Journal of Economics, 41(3), 472�503.

Galasso, Alberto, & Schankerman, Mark. 2018. Patent rights, innovation, and �rm

exit. The RAND Journal of Economics, 49(1), 64�86.

Gaule, Patrick. 2018. Patents and the success of venture-capital backed startups: Using

examiner assignment to estimate causal e¤ects. The Journal of Industrial Economics,

66(2), 350�376.

Ginarte, Juan C, & Park, Walter G. 1997. Determinants of patent rights: A cross-

national study. Research Policy, 26(3), 283�301.

Hall, Bronwyn, Helmers, Christian, Rogers, Mark, & Sena, Vania. 2014. The

choice between formal and informal intellectual property: a review. Journal of Economic

Literature, 52(2), 375�423.

Hall, Bronwyn H, Jaffe, Adam B, & Trajtenberg, Manuel. 2001. The NBER

patent citation data �le: Lessons, insights and methodological tools.

Harmon, Robert L. 1991. Seven New Rules of Thumb: How the Federal Circuit Has

Changed the Way Patent Lawyers Advise Clients. Geo. Mason UL Rev., 14, 573.

Henry, Matthew D, & Turner, John L. 2006. The Court of Appeals for the Federal
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Figures and tables

Figure 1. Industry reliance on patents protection

Notes: This �gure graphs the measure of industry reliance on patent protection (IRPP) as an
appropriation mechanism as reported in several innovation surveys. Dark bars refer to product
innovations while light bars refer to process innovations. Mans�eld (1986) does not distinguish
between product and process innovations.
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Figure 2. CAFC-driven changes in strength of patent protection

Notes: This �gure graphs the increase in patent protection (probability that a patent is found valid
and infringed as reported in Table 1 of Henry and Turner, 2006) after the establishment of the
CAFC, by regional circuit.
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Figure 3. Interaction terms - Mans�eld (1986)

Notes: This �gure reports coe¢ cients and 95 percent con�dence intervals for the estimated coe¢ -
cients of the interaction terms version of the DID equation reported in Table 3. The base category
is the year 1982 in which the CAFC was established.
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Table 3. Di¤erence in di¤erences results - Mans�eld (1986)

A. ln(R&Dit) B. ln(R&D/empit)

High Low High Low

(1) (2) (3) (4)

Post � IRPPi 0.824� -0.790 0.910��� -0.107
(0.398) (0.850) (0.168) (0.351)

Post � ln(Capitali;1977) 0.002 -0.014 0.005 -0.118
(0.164) (0.127) (0.099) (0.089)

Post � ln(Employeesi;1977) 0.092 -0.215 0.333��� 0.012
(0.100) (0.233) (0.081) (0.146)

Post � ln(Salesi;1977) -0.243 0.081 -0.223� 0.141
(0.194) (0.229) (0.119) (0.172)

Post � ln(R&Di;1977) -0.005 0.069 -0.161�� -0.034
(0.042) (0.141) (0.053) (0.066)

Post � ln(Patentsi;1977) 0.103�� 0.017 0.084��� 0.032
(0.044) (0.096) (0.025) (0.077)

Firm and circuit�year FE Yes Yes Yes Yes
Impact in ln points .12 -.11 .13 -.01
Impact in millions 21.48 -12.53 .66 -.09
R2 0.96 0.94 0.87 0.86
Firms 186 126 186 126
Observations 3,162 2,142 3,162 2,142

NOTE. This table reports OLS coe¢ cients for the estimated di¤erence-in-di¤erences (DID) regres-
sions. The dependent variable is the log of R&D (Panel A) or the log of R&D over employment
(Panel B) as indicated at the top of the table. The explanatory variable of interest is the interac-
tion of IRPP and the post-CAFC indicator. The controls include post-CAFC indicator interacted
with the log of the average pre-sample value (between the years 1977 and 1975) of several �rm
characteristics (captial, employment, sales, R&D and number of patents). ***, ** and * indicate
signi�cance at a 1%, 5% and 10% level respectively. Standard errors are clustered at the industry
level used to measure IRPP.
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