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Introduction

This Ph.D. thesis is a collection of three self-contained chapters. These three
chapters share a common theme, the empirical analysis of the patent system,
and they address a fundamental question in the economics of innovation: How
does the patent system affect innovation?

Each chapter focuses on a unique aspect of this complex question. Chap-
ter 1 explores empirically how patent protection on existing technologies af-
fects “follow-on” innovation, that is, innovation that spurs from existing tech-
nologies or research. Chapter 2 offers an empirical analysis of the relationship
between features of the patent examination process and the granting of invalid
patents, which create a climate of uncertainty for innovators and may impede
future innovation. Finally, Chapter 3 examines empirically how inventors re-
spond to an increase in the term of patent protection for industrial designs in
the U.S.

The three chapters are now briefly summarised. More detailed overviews
can be found in the chapters’ introductions.

Patents and Follow-On Innovation: Evidence From Patent Renewal
Decisions

Patents motivate innovation by rewarding inventors with exclusivity rights
over their inventions. But scholars have argued that this reward theory of
patents is not sufficient to justify the patent system. When innovation is cu-
mulative — that is, when existing innovations are used as inputs to the develop-
ment of future innovations — patents can either promote or block follow-on
innovation and knowing the conditions under which these effects prevail is key
to understanding whether patents are, overall, desirable or not.

In this chapter, I study how patent protection on existing technologies af-
fect follow-on innovation using data on patent renewal decisions in the U.S. To
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address the endogeneity of renewal decisions, I construct an instrument using
the large increases in maintenance fees that took place in 2013 following the
enactment of the America Invents Act.

My findings show that, on average, patents have a strong blocking effect on
follow-on innovation. But this average effect masks considerable heterogene-
ity. First, I explore variation across the three stages at which patents must be re-
newed over their lifetime and find that the blocking effect is entirely driven by
patents in the first and second stages. At the third maintenance stage, patents
appear, instead, to promote follow-on innovation. Second, I assess potential
heteregeneity across different technology areas and find that patents block follow-
on innovation more in discrete technology areas and when patent ownership
is highly fragmented.

These findings suggest that patents harm follow-on innovation only in spe-
cific contexts. Targeted policies aimed at facilitating the licensing of certain
patents, such as those at early stages of their lifespans, may thus be more suit-
able than policies which aim at removing patent rights all together.

The Examination of Continuation Applications and the Problem of
Invalid Patents in the U.S.

It has long been recognised that the U.S. patent office routinely grants a
large number of invalid patents. Scholars have recently started shedding light
on the root causes of this issue and have emphasised the key role played by the
patent examination process itself.

In this chapter, I study how features of the examination process affect ex-
aminer behaviour and the problem of invalid patents in the context of contin-
uation applications. These applications emanate from earlier patent applica-
tions filed at the patent office and allow applicants to submit new claims for a
given invention. In the U.S., continuations are generally examined by the same
examiner who was assigned to the earlier application. Using application-level
data, I explore how this feature, which I call “relatedness,” affects examiners’
grant decisions and other examination practices.

I find that relatedness increases the grant rate, decreases examiners’ efforts
to narrow down the scope of protection claimed by patent applicants and de-
creases the examiners’ search efforts for “prior art,” which constitutes any evi-
dence that the claimed invention was already known to the public. I also show
that the effects of relatedness do not seem to be driven by a “wearing down”
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effect on examiners and differ only slightly across different technology areas.
Finally, I find evidence that relatedness leads to the granting of patents of more
dubious validity.

A key implication of these results is that the way the U.S. continuation
application system is designed causes examiners to adopt softer examination
practices, which in turn contributes to the problem of invalid patents.

Patent Length and Innovation Incentives for Industrial Designs

An optimal patent system balances the costs and benefits of patents at the
margin. A key parameter needed to achieve optimality is the sensitivity of
innovation to the length of patent protection.

In this paper, I study the impact of patent length on innovation incentives
in the context of design patents. I exploit the exogenous increase in the term
of design patents, from fourteen to fifteen years, that came into effect in 2015
when the U.S. implemented the Hague Agreement Concerning the Interna-
tional Registration of Industrial Designs.

The term extension increased patent filings by 1.5-8%, though not in a sta-
tistically significant way. In addition, there is little evidence of variation in the
term extension’s effect across different industries or types of patent applicants.

These findings add to the existing body of empirical studies that document
inventors’ low sensitivity to the strengthening of patent protection.
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1.1 Introduction

A common justification for patents is that they reward inventors and, thereby,
boost innovative activity. But researchers have questioned this view, noting
that because innovation is a cumulative process, with new technologies often
building on earlier ones, the incentive effects of patent protection on follow-
on innovation must also be factored in.2 And while some scholars argue that
patents can promote follow-on innovation by solving coordination issues among
downstream innovators and facilitating the commercialisation of ideas (Spul-
ber, 2015; Kitch, 1977), others contend that patents may block follow-on in-
novation if bargaining failures prevent the efficient licensing of patented tech-
nologies between upstream and downstream innovators (Bessen and Maskin,
2009; Bessen, 2004). Hence, theory alone cannot rule out that, overall, patents
deter rather than motivate innovation.

A growing body of research investigates empirically the effects of patent
protection on follow-on innovation. The major challenge for empirical stud-
ies is to identify credible sources of variation in patent protection. First, patent
laws have been in force for decades in most countries, leaving little variation
in patent protection at the aggregate level that can be exploited by researchers.
Second, simple comparisons of patented and unpatented technologies are hard
to make as unpatented technologies are typically not observable, one of the
main alternatives to patenting being secrecy (Hall et al., 2014). In addition,
assuming such comparisons could be made, they would likely be misleading
due to selection into patenting (Sampat and Williams, 2019). Existing studies
have thus focused on specific technology areas or patents in the tail of the value
distribution for which clear natural experiments exist. As a result, while we
now know a lot about the effect of patents on follow-on innovation in those
specific contexts, still very little is known about this effect for more represen-
tative patents.

In this paper, I investigate how patent protection on existing technologies
affects follow-on innovation, as measured by citations made by later patents,
using U.S. data on patent renewal decisions. In the U.S., patents have to be
renewed three times to make it to the full legal term of twenty years: at years

2This paper follows the literature on cumulative innovation and focuses on follow-on inno-

vation by other inventors than the inventor of the earlier innovation.
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3.5, 7.5 and 11.5 counted from the date of issue. As maintenance fees must
be paid at each renewal stage, some patent holders choose to let their patents
lapse, in which case the underlying technology enters the public domain and
can be used without needing a license at first. Renewal decisions thus induce
variation in patent protection that can potentially be used to estimate the ef-
fects of patents on follow-on innovation. Importantly, because every patent
must be renewed, the renewal decision allows me to discuss these effects for
patents across all major technology areas and whose values are not limited to
the tail of the value distribution.

The main concern with this empirical approach is that renewal decisions
are endogenous. Patent holders are more inclined to renew valuable patents,
which are more likely to generate more follow-on innovation. Due to the influ-
ence of unobservable characteristics, such as patent value, a simple comparison
of renewed and lapsed patents would certainly not give a credible estimate of
the true causal effect of patent protection on follow-on innovation.

To address this endogeneity issue, I construct an instrument for renewal
decisions using the maintenance fee increases that took place in 2013 when,
following the enactement of the America Invent Act in 2011, the U.S. Patent
and Trademark Office (PTO) gained fee-setting authority. Patent holders that
had to renew their patents after March 19, 2013, faced maintenance fees that
were, on average, 39% higher across the three maintenance stages. The basic
idea behind my identification strategy is that, while higher fees should lower
renewal rates, there is no apparent connection between whether a patent had
to be renewed before or after the fee increases and its value or potential to
generate more or less follow-on innovation. The fee increases can then be used
to generate quasi-experimental variation in renewal decisions.

To execute this empirical strategy, I first rely on the fact that a patent’s
maintenance fee payments are scheduled on the basis of its date of issue to sep-
arate patents into two groups, a “low-fee” group and a “high-fee” group. I then
use a two-step Instrumental Variables (IV) method in which I first estimate
how the belonging to the low-fee and high-fee groups affects renewal decisions
using a Probit model and then use the predicted probabilities from that model
to instrument for the renewal decisions. This estimation method, which is dis-
cussed in more detail in Wooldridge (2010) in Section 21.4, has been commonly
used in the literature and has good efficiency properties.

In addition to estimating the average effect of patents on follow-on inno-
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vation, this paper explores the heterogeneity of this effect along some key di-
mensions. First, it assesses potential variation across the different maintenance
stages. Although patentees tend to be initally uncertain about the potential re-
turns to their patents (possibly in the form of licensing agreements with down-
stream innovators), they quickly learn over time about these returns and can
then form a better judgement of the value of their patents (Lanjouw et al.,
1998). As a result, upstream and downstream innovators’ ability to negotiate
mutually beneficial licensing agreements improves over time and the blocking
effect of patents that might initially prevail due to bargaining failures should
dissipate progressively. Second, it studies how the effect of patents on follow-on
innovation varies across different types of technologies and focuses, in particu-
lar, on the roles played by technological complexity and the fragmentation of
patent ownership, which have received a lot of attention in the literature but
for which mixed evidence is currently available.

My findings show that, on average, patents have a strong blocking effect
on follow-on innovation. But this average effect masks considerable variation
across the three maintenance stages and is entirely driven by patents in the first
and second stages. I find that the lapse of a patent at the first maintenance
stage results in about 35% more citations by later patents. This figure drops to
about 15% for patents at the second maintenance stage. For patents at the third
maintenance stage, the lapse of patent protection results in about 20% fewer ci-
tations by later patents. Thus, patents appear to block follow-on innovation
at early stages, but the blocking effect dissipates and gives place to a facilitating
effect at later stages. This result is consistent with the learning mechanism dis-
cussed earlier and also supports the presence of coordination failures between
downstream innovators, as I later clarify. Finally, I find that patents block
follow-on innovation more in discrete technology areas and when patent own-
ership is highly fragmented.

This paper is mainly related to the growing empirical literature that inves-
tigates how patents affect follow-on innovation. Most closely related to this
paper are the studies by Galasso and Schankerman (2015) and Gaessler et al.
(2017), which both use patent invalidations as a source of variation in patent
protection. Galasso and Schankerman (2015) focus on patent invalidation cases
brought in front of the U.S. Court of Appeals for the Federal Circuit and ex-
ploit the random allocation of judges, along with their varying propensities to
invalidate patents, to instrument for the invalidation decisions. Gaessler et al.
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(2017) focus on post-grant oppositions at the European Patent Office and use
the participation of an opposed patent’s examiner in the opposition division
as an instrument for patent invalidation. Both papers find that, on average,
patents have a strong and significant blocking effect on follow-on innovation.
However, whereas Galasso and Schankerman (2015) find that the effect is more
pronounced in complex technology fields and when patent rights are highly
fragmented, Gaessler et al. (2017) find that the effect is driven primarily by
patents in discrete technologies and when patent fences and thickets are ab-
sent. As these papers focus on litigation and opposition cases, they are natu-
rally based on selected samples of highly valuable patents. My paper comple-
ment these studies by providing evidence on the effect of patents on follow-on
innovation for patents of more representative values. In addition, my paper
shows that neither study’s results on the drivers of the effect of patents can be
fully replicated.

Another strand of the literature uses patent grants as a source of variation in
patent protection. Sampat and Williams (2019) consider human genes patent-
ing and show that patents do not seem to affect follow-on innovation in that
particular market. An earlier study by Murray and Stern (2007) uses patent-
paper pairs in human genetics and shows that the grant of a patent decreases
the number of citations made to the paired scientific paper. Scholars have also
considered exogenous events of compulsory licensing as a source of variation
in patent protection. With compulsory licensing of a given upstream technol-
ogy, downstream innovators can use the technology without needing a license
from the owner of the upstream technology. Moser and Voena (2012) study the
effect of an exogenous episode of compulsory licensing induced by World War
I on domestic innovation in the U.S. in the chemical technology area and find
that compulsory licensing increased domestic innovation in that area by 20%.
In a similar study, Watzinger et al. (2017) study the effect of the compulsory
licensing of Bell’s existing patents in 1956 and show that it had a significant
effect on follow-on innovation, but only in technology areas where Bell could
not foreclose competition.

This paper is structured as follows. In Section 1.2, I explain how patents
are renewed in the U.S., how follow-on innovation can be measured and what
existing theories tell us about the potential effects of patents on follow-on in-
novation. Section 1.3 describes the data and reports summary statistics. In
Section 1.4, I introduce my empirical model and, in Section 1.5, I present its
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results. Section 1.6 concludes the paper.

1.2 Empirical Setting

1.2.1 Patent Renewal

The current U.S. renewal system was introduced in the early 1980s and has
since then consisted in three maintenance stages at which patent holders must
pay fees. Figure 1.1 illustrates the renewal process. The first, second and third
maintenance fees are due, respectively, 3.5, 7.5 and 11.5 years after the patent’s
date of issue. The PTO allows patentees to pay during a one-year window
around the due date. For instance, U.S. patent 6,161,220, which issued on De-
cember 19, 2000, had its third maintenance fee due on June 19, 2012, but could
be paid during the period that started on December 19, 2011, and ended on
December 19, 2012.3 Only patents that have been renewed three times stay in
force until the full legal term, which equals 20 years from the patent’s date of
filing. For a typical patent application, the patent issues about three years after
being filed, hence patent protection typically expires about 17 years as counted
from the date of issue if all three maintenance fees have been paid.4

Figure 1.1: The Patent Renewal Process

Filing Date

≈ −3 years

Issue Date

0

First Maintenance

3.5 years

Second Maintenance

7.5 years

Third Maintenance

11.5 years

Expiration

≈ 17 years

Notes: This figure depicts the patent renewal process for a typical patent.

The renewal decision by patentees has been the focus of an extensive lit-
erature, which poses the problem as a comparison between the costs of re-

3The second half of the payment window is known as the “grace period.” During this period,

the payment of additional surcharge fees by the patentee are required to maintain the patent

in force.
4The PTO applies patent term adjustments for any delays in the examination process that it

is responsible for. As a result, individual patents have different lengths.



PATENTS AND FOLLOW-ON INNOVATION 11

newal (i.e. the maintenance fees)with the current and potential future returns
from patent protection. In its simplest form, the model of patent renewal as-
sumes that the costs and benefits are known to patentees and are deterministic
(Pakes and Schankerman, 1984). In a more intricate “option value” version
of the model, patentees are allowed to learn about their patents’ stochastic re-
turns over time (Pakes, 1986). The learning process shapes renewal decisions,
as patentees may decide to hold on to patents with low current value if they
believe these patents will yield greater returns in the future. A consistent find-
ing about the learning process is that most learning occurs early in a patent’s
life, within the first five to seven years (Lanjouw et al., 1998). In other words,
by the time a patent reaches the second maintenance stage, its owner should
be quite confident as to whether it will generate low or high future returns.
This learning, together with the fact that maintenance fees increase from one
stage to the next, can be used to explain the observed decrease in the fraction of
patents renewed across the various maintenance stages. In recent years, respec-
tively 85%, 70% and 50% of all first maintenance stage, second maintenance
stage and third maintenance stage patents were renewed.

The U.S. has kept its maintenance fees relatively low over the years. From
the early nineties, maintenance fees were actually adjusted annually only to
reflect changes in the consumer price index. But the America Invents Act, a
substantial patent reform signed into law in 2011, gave the PTO temporary fee-
setting authority, which later resulted in a number of important adjustements
made to patent fees.5 Maintenance fees were increased significantly as a result
of these changes, which came into force on March 19, 2013. Figure 1.2 shows
the fee schedules before and after March 19, 2013. The first maintenance fee
increased by 39%, from $1,150 to $1,600. The second fee increased by 24%,
from $2,900 to $3,600. Finally, the third fee increased by 54%, from $4,810 to
$7,400.

1.2.2 Follow-On Innovation

In theory, the idea of follow-on innovation is clear and is typically understood
as one or several new technologies that build upon an existing technology. Ab-
sent the earlier technology, later technological advances would not have taken
place. But measuring follow-on innovation has proved to be challenging in

5The fee-setting authority was recently renewed and the PTO will retain it until 2026.
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Figure 1.2: Maintenance Fees Before and After the 2013 Fee Increases
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increases, see United States Patent and Trademark Office (2013).

practice. The reason is that there is no ultimate way to trace back all techno-
logical advances to the innovations that they spurred from.

While a few measures have been proposed in the literature, as argued by
Galasso and Schankerman (2015) the only one that can be used in empirical
studies that cover all major technology areas are citations made by later patents,
commonly called “forward citations.” There are more direct measures, like sub-
sequent product developments, but they are only available for specific markets.
Sampat and Williams (2019), for instance, measure follow-on innovation in the
context of human genes by linking individual genes to the number of related
pharmaceutical clinical trials and diagnostic tests. But even if we could measure
follow-on innovation across a large number of markets using product develop-
ments, it is unclear how we would interpret empirical results based on this
measure, as there would not be a single unit for comparison across the vari-
ous markets. Citations, on the other hand, are both readily interpretable and
available across a wide range of technologies.

Forward citations are by no means a perfect measure of follow-on innova-
tion. As Galasso and Schankerman (2015) explain, they can both overestimate
and underestimate the amount of follow-on innovation. They will underesti-
mate it when subsequent developments are not patented (for instance, when
they are kept secret instead) and they will overestimate it when the earlier
patented innovation did not actually spur the subsequent patented develop-
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ment but must still be cited as it is part of the “prior art.”6

Nonetheless, I follow the common practice found in previous studies that
cover patents in a broad range of different technology fields and measure follow-
on innovation using forward citations. Importantly, when a patent lapses, al-
though it enters the public domain, the obligation to cite it in future patents
that rely on the underlying technology remains in place. This ensures that I can
equally measure follow-on innovation for both renewed and lapsed patents.

1.2.3 Theoretical Framework

The interest of economists in the effect of patents on follow-on innovation is
not new. In an early contribution, Kitch (1977) noted that patents on upstream
technologies may prevent inefficient races between downstream innovators,
resulting in increased social welfare. However, scholars have also argued that
bargaining failures imply that patents on existing technologies may prevent
the development of follow-on technologies if licensing agreements cannot be
reached. Building on the different ideas proposed in the literature, Galasso and
Schankerman (2015) develop a unified framework to study the effect of patents
on follow-on innovation. The key mechanism in their model is a trade-off
between coordination failures between downstream innovators and bargaining
failures between upstream and downstream innovators that are caused by the
presence of asymmetric information.

Their model assumes that there is one upstream technology from which
one downstream technology can be developed by two identical potential down-
stream innovators. The downstream technology’s value can be either high or
low, but its cost of development is fixed. Asymmetric information is intro-
duced in the model by assuming that downstream innovators know the value of
the potential follow-on technology, while the upstream innovator only knows
that it is of high value with some positive probability. Asymmetric informa-
tion drives bargaining failures as it prevents the upstream and downstream in-
novators to agree on mutually beneficial licensing terms. Coordination issues
are introduced in the model by assuming that the development of the follow-
on innovation is profitable only when a single downstream innovator develops

6The prior art constitutes the public information that cannot be claimed in a given patent as

it existed before the patent application was filed. It generally consists of prior patents and

scientific publications.
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it.
The main result of the model is that patents on existing upstream tech-

nologies can either block or promote follow-on innovation depending on the
relative intensities of coordination and bargaining failures. Holding coordi-
nation failures constant, when information is strongly asymmetric, patents
block follow-on innovation, whereas when it is weakly asymmetric, patents
promote follow-on innovation. The intuition behind this result is the follow-
ing. Patent protection on the upstream innovation allows the patentee to ex-
clude one of the two downstream innovators, solving coordination issues in
the downstream market. But a patent will only increase follow-on innovation
if the upstream and downstream innovators ultimately reach a licensing agree-
ment. This is more likely to be the case when uncertainty on the follow-on
innovation’s value is low, as then the upstream innovator is more informed on
this value and better able to offer licensing terms that the downstream innova-
tor will accept.

An implication of this result is that, other things constant, higher uncer-
tainty results in a stronger blocking effect. When patentees learn about their
patents’ returns, effectively they learn about the value of potential follow-on
developments of their technologies. This learning lowers uncertainty and, in
turn, the blocking effect of patent protection. The conclusion that emerges is
that patent protection should have a stronger blocking effect for patents in the
early maintenance stages. As noted previously, most learning occurs within
the first seven years of a patent’s life and, thus, we expect patents to have a
noticeable effect on follow-on innovation mainly at the first two maintenance
stages.

1.3 Data

This paper uses two types of data: (1) data on maintenance fee events, col-
lected from Reed Tech, and (2) data on a range of patent and owner charac-
teristics, collected from PatentsView.7 Every time a patent is renewed or is
allowed to lapse by its owner, this information is recorded internally by the

7The Reed Tech data is available at https://patents.reedtech.com/maintfee.php. This paper

makes use of the May 28, 2018, release of the PatentsView data. Bulk downloads can be

made at http://www.patentsview.org/download/.
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PTO as a maintenance fee event. The data made available by Reed Tech con-
tains all recorded events for patents granted since September 1, 1981, and is
updated weekly. I match this data with the information on patent and owner
characteristics collected from PatentsView using the unique patent number as-
signed by the PTO when the patent issues. PatentsView allows researchers to
download bulk data organised in separate “themes.” One can then easily access
information on granted patent applications, the number of citations a given
patent made or received, information on assignees and inventors, among other
things.8

My empirical strategy, detailed in Section 1.4, uses the large increases in
maintenance fees that came into effect on March 19, 2013, to generate quasi-
experimental variation in renewal decisions. For this strategy to work, two
conditions must be met and this places certain restrictions on the sample. First,
patent holders should not be able to manipulate the applicable maintenance
fees. Because the PTO allows patentees to pay their maintenance fees over a
one-year window around the due date, any patent whose payment window
includes March 19, 2013, must be excluded.9 My sample thus contains only
two types of patents: (1) patents whose latest possible dates of maintenance fee
payment were before March 19, 2013 and (2) patents whose earliest possible
dates of maintenance fee payment were on or after March 19, 2013.

Second, the impact that the increase in maintenance fees has had on renewal
decisions should be estimated as precisely as possible. In particular, we must
capture the effect of the shock itself rather than the influence of alternative
factors. We can avoid potential confounders by restricting the sample over a
relatively narrow window around March 19, 2013. I restrict my sample to all
patents whose latest dates of payment fall within a thirteen weeks period prior
to March 19, 2013 and to all patents whose earliest dates of payment fall within
a thirteen weeks period on or after March 19, 2013. This particular choice of

8This paper makes use of the following files: application.tsv, assignee.tsv, foreign priority.tsv,

ipcr.tsv, nber.tsv, patent.tsv, patent assignee.tsv, uspatentcitation.tsv and uspc.tsv. All these

files can be linked together through an internal identification system.
9Suppose we did not exclude patents whose payment window includes March 19, 2013. Then

our sample would likely include many cases in which the patent holder paid the maintenance

fees early in order to avoid paying the higher fees. This would introduce a sorting issue and

a bias in the estimates.
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window being somewhat arbitrary, I verify in a robustness check in Section 1.5
that the main findings are unaltered by the choice of a larger window of twenty-
six weeks.

My main dependent variable, PostCites, is the number of forward citations
made by patents that have different assignees (i.e. owners) than the focal patent
in the three years that followed the maintenance event.10 My choice of a three-
year window is motivated by the time intervals between the various mainte-
nance events. It is shorter than in previous studies, which have typically re-
lied on five-year windows, because a longer window than three years would
risk confounding the effects of a given maintenance fee event by a subsequent
one.11

The construction of my outcome variable raised a couple of issues. First, a
small number of citing and cited patents could not be matched to any assignee.
As the distinction between citations made by other assignees and the same as-
signees as focal patents is needed to construct my outcome variable, citations
for which assignee information was missing were discarded.12 Second, the ci-
tations made by a given patent to earlier patents are only revealed once that
patent has been granted. Due to the significant time gap between the time of
filing and of grant (three years on average), many citations are not recorded for
several years until the citing patents are granted, leading to truncation of the
data. Truncation may be an issue in my sample because forward citations are
counted over the three-year period that follows maintenance fee events, some
of which occur as late as June 2014. To correct for truncation, I adjust forward
citations using the fixed-effects method proposed by Hall et al. (2001). This
approach works as follows: for each patent, divide its number of forward cita-
tions by the average number of forward citations received by all patents granted
in a given pre-defined cohort to which it belongs (for instance, technology ar-
eas). I apply a conservative adjustment by defining a cohort as a given year of

10For many of my variables, I follow the notation in Galasso and Schankerman (2015) as my

empirical model is very close in spirit to theirs.
11Exactly four years separate any two maintenance fee due dates. However, since patent hold-

ers can pay maintenance fees up to six months in advance or with delay, the shortest possible

time between any two payments will be three years.
12About 2% of all citing patents could not be matched to an assignee and about 4% of cited

patents could not be matched to an assignee.
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issue and one of the six NBER technological categories defined in Hall et al.
(2001).13 This corrects for truncation by removing all year, technology field
and year-field effects and improves comparability of forward citations across
patents.

My main independent variable of interest is Lapsed, an indicator variable
that takes the value 1 if a patent was allowed to lapse by its owner and 0 if it
was renewed. A number of additional independent variables play an impor-
tant role in my empirical model. PreCites is the number of forward citations
made by patents that have different assignees than the focal patent, counted
from the date of issue of the focal patent and until the maintenance fee event.
PreSelfCites is the number of forward citations made by patents that have
the same assignee as the focal patent, counted from the date of issue of the fo-
cal patent and until the maintenance fee event. Claims is the total number of
claims in the given patent. Finally, I always include technology effects based on
the 37 NBER subcategories defined in Hall et al. (2001), as well as maintenance
effects indicating whether a patent had to be renewed for the first, second or
third time.

My sample contains 221,077 patents, each of which is associated with a
single maintenance fee event.14 Among these, 91,677 (41%) had a first mainte-
nance fee to be paid, 69,888 (32%) had a second maintenance fee to be paid and
the remaining 59,512 (27%) had a third maintenance fee to be paid. The dates
of recorded maintenance events range between December 21, 2011 and June 11,
2014. Sample patents were issued between 2000 and 2002 (third maintenance
stage patents), 2004 and 2006 (second maintenance stage patents), and 2008
and 2010 (first maintenance stage patents). The average patent in the sample is
10 years old as counted from its filing date. Of the 221,077 patents, 30% are in
the Computers and Communications category (NBER category 2), 24% are in
the Electrical and Electronic category (NBER category 4), 14% are in the Me-
chanical category (NBER category 5), 12% are in the Other category (NBER

13The NBER categories are: (1) Chemical (NBER category 1); (2) Computers and Commu-

nications (NBER category 2); (3)Drugs and Medical (NBER category 3); (4) Electrical and

Electronics (NBER category 4); (5)Mechanical (NBER category 5) and (6)Other (NBER

category 6).
14Some additional cleaning was necessary before the sample was ready to be used for my

empirical analysis. Details are given in Appendix 1.B.
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category 6), 11% are in the Chemical category (NBER category 1) and, finally,
9% are in the Drugs and Medical category (NBER category 3).

Table 1.1 reports summary statistics for the key variables used in the em-
pirical analysis. About one patent in five in the sample lapsed, but there is
variation in renewal rates across the three maintenance stages. Among patents
that had a first maintenance fee to be paid, only 13% lapsed. This figure jumps
to 21% for patents at the second maintenance stage and to 27% for patents at
the third maintenance stage. A little more than half of the sample patents faced
the higher maintenance fees. The average patent received about 2.5 forward ci-
tations by other assignees within three years after the maintenance event and
about 9.5 forward citations made by other assignees prior to the maintenance
event. The average patent in my sample contains about 18 claims.

Table 1.1: Summary Statistics

Variable Mean Std. dev. Min Max

PostCites 2.44 9.91 0 1316
Lapsed 0.20 0.40 0 1
PreCites 9.55 25.4 0 1386
PreSelfCites 1.46 7.53 0 1397
Claims 17.9 13.9 1 520

Notes: The sample contains 221,077 individual patents. PostCites is the number of forward

citations made by different assignees than the given patent’s assignee in the three years that fol-

lowed the patent’s maintenance event. Lapsed is a binary variable indicating if the given patent

was allowed to lapse by the patentee or not. PreCites is the number of forward citations made

by other assignees than the given patent’s assignee before the maintenance event. PreSelfCites

are the forward citations made by the same assignee as the given patent’s assignee before the

maintenance event. Claims is the number of claims in the given patent.



PATENTS AND FOLLOW-ON INNOVATION 19

1.4 Empirical Model

To investigate how patent protection affects follow-on innovation, I estimate
the following baseline specification:

log(PostCitesi + 1) = βLapsedi + λ1 log(PreCitesi + 1)

+ λ2 log(PreSelfCitesi + 1) + λ3 log(Claimsi)

+ Techi +Maintenancei + x′iζ + εi, (1.1)

where the unit of observation is a given patent i. The dummy Lapsedi = {0, 1}
indicates whether patent i was allowed to lapse by its owner. The outcome
variable is defined as the log of one plus PostCites. This log transformation
is commonly employed in the literature to tackle the high degree of skewness
and the large number of zeros in patent citations data. Technology and mainte-
nance stage effects are included in all specifications, as well as the log of one plus
PreCites, the log of one plus PreSelfCites and the log of Claims.15 The addi-
tional controls that are included in xi in separate specifications are described in
Appendix 1.A. These controls include, for instance, dummies for filing years
and entity size dummies.

The coefficient of interest, β, captures the effect of the lapse of patent pro-
tection on forward citations made by other inventors. A positive β would show
that lapsed patents have received more forward citations than renewed patents,
which would suggest that patents have a blocking effect on follow-on innova-
tion. A negative β, to the contrary, would suggest that the lapse of patents de-
creases follow-on innovation. Finally, if β equals zero, we should conclude that
patents do not seem to have any quantitatively important effects on follow-on
innovation.

The main empirical challenge is that the renewal decision is endogenous.
Patents that protect more valuable technologies are more likely to both be re-
newed and generate high levels of follow-on innovation. Indeed, the prospects
of large future revenues, possibly in the form of licensing agreements with
downstream innovators, is necessarily taken into account when the decision
to renew is made. Without a variable that can accurately capture patent value,
Ordinary Least Square (OLS) estimates of regression (1.1) may be biased. Al-

15The distribution of claims is also highly skewed in the data, which is why I also use the log

transformation.
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though some patent value indicators can be included as controls, it is unlikely
that they would alone suffice to eliminate the bias.16 We can form a guess on
the sign of the bias using the omitted variable bias formula discussed in Angrist
and Pischke (2008). If more valuable patents are more likely to be renewed,
the correlation between Lapsed and patent value is negative.17 As a result, β
would be downward-biased if more valuable patents also tend to generate more
follow-on innovation.

To identify β, we need renewed and lapsed patents to be comparable. The
basic idea behind my identification stragegy is to use the 2013 maintenance
fee increases to generate quasi-experimental variation in Lapsed and solve the
endogeneity issue. Intuitively, while higher fees should lower renewal rates,
there is no apparent connection between whether a patent had to be renewed
before or after the fee increases and its value or potential to generate more or
less follow-on innovation. I show in Section 1.5.1 that the fee increases did
affect patentees’ renewal decisions, so that this natural experiment generates
meaningful variation in Lapsed that can be exploited to estimate an unbiased
β. But for this empirical stragegy to work, patents that had to be renewed
before or after the fee increases must, in turn, be comparable.

My sample was restricted to and separated into two groups of patents —
those whose latest possible dates of payment fall before March 19, 2013 (the
low-fee group) and those whose earliest possible dates of payment falls after
March 19, 2013 (the high-fee group) — and the belonging to either group is
a function of the patent’s date of issue only. The only way patentees could
have sorted into either group is thus by strategically timing the issuance of
their patents. However, since the youngest patents in my sample were issued
in 2010, before the America Invents Act was even signed into law, there are no
patents in my sample for which the owners could have reasonably timed the
issue date on the basis of an expected fee increase.

The remaining threat to identification is the non-random assignment of
patents to the low-fee and high-fee groups. This kind of sorting will bias my
estimates if patents’ issue dates are correlated with their potential to generate

16Patent valuation has proved to be a difficult problem and is itself the topic of a large litera-

ture in economics and management.
17Evidence supporting a negative correlation between patent value and the probability of

lapse is discussed in Section 1.5.1.
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more or less follow-on innovation. Patents are issued weekly, every Thursday,
in the official journal of the PTO (the “Official Gazette”) and the issuance of a
patent is the culmination of a long process that begins with an application, con-
tinues with a substantive examination and, ultimately, results in an allowance
by the examiner. Often, this process is disrupted by random events, such as the
loss of documents, which affect the patent’s issue date. Moreover, comparable
patent applications can undergo very different examinations merely because
they have been assigned to different examiners (Cockburn et al., 2002). Some
examiners appear to be tougher than others, resulting in longer examinations
and delayed issuance, and the assignment of applications to examiners follows
a “first-in-first-out” principle based on filing dates and examiner availabilities
(Sampat and Williams, 2019; Farre-Mensa et al., 2017). It should be clear from
this discussion that there is no compelling reason to believe that there is a rela-
tionship between a patent’s intrinsic potential to generate follow-on innovation
and its issue date. As a result, the belonging to either the low- or high-fee group
and a patent’s ability to generate more or less follow-on innovation are, at least
in principle, orthogonal.

To implement my empirical strategy, I use a two-step IV method with a
Probit model in the first step and a two-stage least-square regression in the
second step that uses the fitted probabilities from the Probit model to instru-
ment for the endogenous variable. Wooldridge (2010) shows that this estima-
tor, which is described in his Procedure 21.1 on page 939, has good efficiency
and robustness properties. Moreover, both Galasso and Schankerman (2015)
and Gaessler et al. (2017) use this procedure in their own empirical analyses of
the effect of patents on follow-on innovation. In my context, the estimation
procedure is the following:

Step 1: Estimate the following Probit model by maximum likelihood

Pr(Lapsed = 1|HighFees,X) = Φ(γHighFees+ ΓX), (1.2)

where the dummy HighFees = {0, 1} indicates whether the focal patent
is in the high-fee group, Φ is the cumulative distribution of the standard
normal distribution and X contains control variables. From this model, I
obtain the fitted probabilities P̂i.
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Step 2: Estimate the following two-stage model

Lapsedi = αP̂i + θXi + ui

log(PostCitesi + 1) = βL̂apsedi + ηXi + εi,

where Xi is the same set of controls in both stages.

1.5 Results

This section presents my empirical results. I first show how the 2013 increases
in maintenance fees affected renewal decisions. I then report the estimated
average effect of patents on follow-on innovation and, finally, I explore hetero-
geneity in this effect.

1.5.1 The Effect of the 2013 Maintenance Fee Increases on Re-
newal Decisions

In theory, higher maintenance fees should decrease the probability of renewal.
The models of patent renewal behaviour discussed in Lanjouw et al. (1998) all
incorporate this idea. In addition, existing empirical evidence consistently re-
veal a negative relationship between maintenance fees and renewal rates (de Rassen-
fosse and van Pottelsberghe de la Potterie, 2012). To investigate this relation-
ship in my data, I estimate the Probit model (1.2) presented in Section 1.4.
Given the theory and existing empirical evidence, the coefficient onHighFees,
γ, should be positive.

Table 1.2 presents the results. In column (1), the Probit model is estimated
without any other independent variables than HighFees. The estimated γ

equals 0.064 and is highly significant. When the baseline set of independent
variables is included, in column (2), the estimated coefficient for HighFees
equals 0.106 and is highly significant as well. This coefficient implies a marginal
increase of about three percentage points in the rate at which patents are al-
lowed to lapse due to the higher maintenance fees. The results from the spec-
ification in column (3), which includes additional patent and owner charac-
teristics as controls, show that adding these additional controls has barely any
impact on the estimated effect of HighFees, which now equals 0.118. A back-
of-the-envelope calculation gives an estimated implied elasticity of patent re-
newals to maintenance fees of about -0.1, on par with estimates found in the
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literature and reported in de Rassenfosse and van Pottelsberghe de la Potterie
(2012).18 The other reported coefficients in Table 1.2 show that patents that
are cited more and contain more claims are less likely to lapse. This suggests
that more valuable patents are less likely to lapse, as we would expect.

Overall, these results show that the 2013 maintenance fee increases affected
renewal decisions in a way that is consistent with both theory and evidence,
and that they can be used to construct a meaningful instrument for Lapsed.

1.5.2 The Average Effect of Patents on Follow-On Innovation

This section presents the results of three separate regressions. The first and
second are, respectively, an OLS regression and a two-step IV regression of
the baseline model (1.1). The third is a two-step IV regression that includes
additional controls as a robustness check.

Table 1.3 reports the results of these regressions. Column (1) shows that
the OLS estimate of the effect of Lapsed is significant and slightly negative.
However, this estimate does not have a causal interpretation, as the renewal
decision is endogenous. Column (2) reports the result of the estimation of the
two-step IV method, in which Lapsed is instrumented by the predicted proba-
bilities obtained from the Probit model. The effect of Lapsed is now positive
and strongly significant. The difference between the IV and OLS estimates of
β is consistent with the idea that more valuable patents are more likely to both
be renewed and generate more follow-on innovation, which would explain
the downward bias in the OLS estimate. Moreover, a formal endogeneity test
strongly rejects the exogeneity of Lapsed.19 Column (3) shows that including
additional patent and owner characteristics in the regression has a very small
impact on the IV estimates. Finally, as shown by the under-identification and
weak identification tests reported in Table 1.3, the instrument does not seem
to suffer from a weak instrument critique.

18The implied elasticity was calculated in the following way. First, I divided the three percent-

age points decrease in the renewal rate by the sample average renewal rate of 80%, giving an

overall percentage decrease in the renewal rate of 3.75%. This figure was then divided by the

average percentage increase in maintenance fees equal to 39%. The result of this calculation

is the estimated implied elasticity, equal to -0.09.
19The endogeneity test is performed via Stata’s ivreg2 command with the endog() option

and returns a p-value of ≈ 0.0000.
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Table 1.2: The Effect of the 2013 Maintenance Fee Increases on Renewal De-
cisions

(1) (2) (3)
Dependent Variable Lapsed
Estimation Method Probit

HighFees 0.064*** 0.106*** 0.118***
(0.006) (0.006) (0.008)

log(PreCites+1) -0.279*** -0.203***
(0.009) (0.009)

log(PreSelfCites+1) -0.537*** -0.407***
(0.025) (0.025)

log(Claims) -0.118*** -0.087***
(0.004) (0.005)

Technology and
Maintenance Effects No Yes Yes
Additional Controls No No Yes
Observations 221077 221077 183699

Notes: Robust standard errors reported in parentheses. Lapsed is a binary variable indicating

if the given patent was allowed to lapse by the patentee or not. HighFees equals 1 if the given

patent was in the high-fee group and 0 if it was in the low-fee group. PreCites is the number

of forward citations made by other assignees than the given patent’s assignee before the main-

tenance event. PreSelfCites are the forward citations made by the same assignee as the given

patent’s assignee before the maintenance event. Claims is the number of claims in the given

patent. Technology effects are the 37 technological subcategories defined in Hall et al. (2001).
Maintenance effects are dummies indicating whether the given patent had to be renewed for

the first, second or third time. For the list of variables included as additional controls, see

Appendix 1.A. Significance levels: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01.

The estimated marginal effect ofLapsed, computed as exp(0.750)−1 = 1.12,
is 112%. This implies that the count of forward citations made by other as-
signees doubles within the next three years for patents that have lapsed, as
compared to renewed patents. The magnitude of this finding is surprising.
Forward citations might over-estimate the true amount of follow-on innova-
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Table 1.3: The Average Effect of Patents on Follow-On Innovation

(1) (2) (3)
Dependent Variable log(PostCites+1)
Estimation Method OLS IV IV

Lapsed -0.018*** 0.750*** 0.726***
(0.001) (0.038) (0.048)

log(PreCites+1) 0.389*** 0.439*** 0.422***
(0.002) (0.004) (0.004)

log(PreSelfCites+1) 0.044*** 0.117*** 0.097***
(0.004) (0.007) (0.007)

log(Claims) 0.001** 0.026*** 0.015***
(0.001) (0.002) (0.002)

Technology and
Maintenance Effects Yes Yes Yes
Additional Controls No No Yes
Observations 221077 221077 183699
Weak Identification Test 997.3 554.0
Underidentification Test 956.6 545.3

Notes: Robust standard errors reported in parentheses. PostCites is the number of forward ci-

tations made by different assignees than the given patent’s assignee within three years following

the the patent’s maintenance event. Lapsed is a binary variable indicating if the given patent

was allowed to lapse by the patentee or not. PreCites is the number of forward citations made

by other assignees than the given patent’s assignee before the maintenance event. PreSelfCites

are the forward citations made by the same assignee as the given patent’s assignee before the

maintenance event. Claims is the number of claims in the given patent. Technology effects

are the 37 technological subcategories defined in Hall et al. (2001). Maintenance effects are

dummies indicating whether the given patent had to be renewed for the first, second or third

time. For the list of variables included as additional controls, see Appendix 1.A. The weak

identification test is the Kleibergen-Paap rk Wald F statistic and the underidentification test is

the Kleibergen-Paap rk LM statistic reported by the ivreg2 command in Stata. Significance

levels: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01.
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tion that is taking place, as would be the case when a patent is cited although
it has not contributed to the creation of the new invention. To investigate this
potential issue, I run IV regressions using two alternative outcome variables:
(1) the log of one plus PostTotCites, the total number of forward citations
(made by different assignees and the same assignee as the focal patent within
the three years following the patent’s maintenance event) and (2) the log of
one plus PostSelfCites, the number of forward citations made by the same
assignee as the focal patent within the three years following the patent’s main-
tenance event.

Table 1.4 shows that the effect of Lapsed is larger than the baseline result
when total citations are considered and positive when citations by the same
assignee only are considered. However, the point estimate for total citations in
column (2) is relatively close to the baseline estimate reported in column (1),
and the point estimate for citations by the same assignee, in column (3), is only
about half the size of the baseline estimate. This suggests that while some of the
baseline effect might be driven by over-estimation, my estimates still capture
an effect on true follow-on innovation.

I further check the robustness of the main results by running four differ-
ent tests. In the first test, I cluster my standard errors at the assignee level to
account for possible correlation in the model errors within assignees, some of
whom own several patents in my sample. In my second test, I remove from
my sample any patent that has been transferred to a different assignee, which
allows me to control for possible mismeasurement in the number of forward
citations due to re-assignments.20 In the third test, I add dummies to my base-
line specification that indicate whether a given patent received no citation in
the period that either preceded or followed its maintenance event. Finally, in
the fourth test I use the sample that contains all patents whose latest dates of
payment fall within a twenty-six weeks period prior to March 19, 2013 and to

20To see how re-assignments may introduce measurement error, consider the following sim-

ple example. Assignee A owns a patent that is later cited by assignee B. We will record this

as one forward citation by a different assignee for patent A. But assume that, in fact, the

patent owned by assignee A was bought by assignee B before the later patent cited the ear-

lier one. Then, really, the forward citation is a self-citation and should not be counted as

a citation made by a different assignee. Focusing on patents that have not been re-assigned

prevents this kind of measurement error.
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Table 1.4: Testing for Potential Overestimation of Follow-On Innovation

(1) (2) (3)
Dep. Var. Based on PostCites PostTotCites PostSelfCites
Estimation Method Instrumental Variable

Lapsed 0.750*** 0.853*** 0.336***
(0.038) (0.043) (0.028)

log(PreCites+1) 0.439*** 0.435*** 0.019***
(0.004) (0.004) (0.002)

log(PreSelfCites+1) 0.117*** 0.340*** 0.312***
(0.007) (0.008) (0.007)

log(Claims) 0.026*** 0.030*** 0.010***
(0.002) (0.002) (0.001)

Technology and
Maintenance Effects Yes Yes Yes
Additional Controls No No No
Observations 221077 221077 221077
Weak Identification Test 997.3 997.3 997.3
Underidentification Test 956.6 956.6 956.6

Notes: Robust standard errors reported in parentheses. PostCites is the number of forward

citations made by different assignees than the given patent’s assignee within three years fol-

lowing the patent’s maintenance event. PostTotCites is the total number of forward citations

made by different assignees and by the same assignee as the given patent’s assignee within three

years following the patent’s maintenance event. PostSelfCites is the number of forward cita-

tions made by the same assignee as the given patent’s assignee within three years following the

patent’s maintenance event. In all three columns the dependent variable is the log of one plus

the given measure it is based on. Lapsed is a binary variable indicating if the given patent was

allowed to lapse by the patentee or not. PreCites is the number of forward citations made

by other assignees than the given patent’s assignee before the maintenance event. PreSelfCites

are the forward citations made by the same assignee as the given patent’s assignee before the

maintenance event. Claims is the number of claims in the given patent. Technology effects

are the 37 technological subcategories defined in Hall et al. (2001). Maintenance effects are

dummies indicating whether the given patent had to be renewed for the first, second or third

time. For the list of variables included as additional controls, see Appendix 1.A. The weak

identification test is the Kleibergen-Paap rk Wald F statistic and the underidentification test is

the Kleibergen-Paap rk LM statistic reported by the ivreg2 command in Stata. Significance

levels: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01.
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all patents whose earliest dates of payment fall within a twenty-six weeks pe-
riod on or after March 19, 2013, thus doubling my window size. Overall, the
results are very robust and more detail on the tests and estimation results can
be found in Appendix 1.C.

1.5.3 Variation Across Maintenance Stages

In the previous section, I assumed that the relationship in my baseline speci-
fication holds across all patents, as different as they might be. But the theory
described in Section 1.2.3 indicates that the effect of patents might be different
across the three maintenance stages due to the learning that occurs during the
renewal process. I now assess this potential source of variation by splitting my
sample into three groups, one for each of the three maintenance stages, and
then running my two-step IV regressions over the three subsamples.

I start by investigating the relationship between the fee increases and re-
newal behaviour across the three maintenance stages by estimating the Probit
model for the three relevant subsamples. The results are presented in Table 1.5
and show that the effect of HighFees increases over the three maintenance
stages. Thus, patentees seem to be more sensitive to fee increases when they
face renewal decisions for older patents. This finding is consistent with the
idea that patentees place an option value on their patents, especially at early
stages (Pakes, 1986). Patentees are willing to keep young patents in force de-
spite fee increases as they still know little about their potential value. But as
their patents age, they are more informed on the potential value of maintain-
ing the patent in force and hence more sensitive to increases in renewal costs.
The associated marginal increases in the probability of lapse for the first, sec-
ond and third maintenance stages are, respectively, approximately one, three
and five percentage points. The implied elasticities are then -0.026 at the first
maintenance stage, -0.17 at the second maintenance stage and -0.13 at the third
maintenance stage.21

21The figure for the first maintenance stage is found by dividing the overall percentage change

of −(.01/.87) ≈ −1% by the increase in the first maintenance fee of 39%. The fig-

ure for the second maintenance stage is found by dividing the overall percentage change

of −(.03/.79) ≈ −4% by the increase in the first maintenance fee of 24%. The fig-

ure for the third maintenance stage is found by dividing the overall percentage change of

−(.05/.73) ≈ −7% by the increase in the first maintenance fee of 54%.
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Table 1.5: Variation in the Effect of the 2013 Maintenance Fees on Renewal
Decisions Across Maintenance Stages

(1) (2) (3)
Dependent Variable Lapsed
Estimation Method Probit
Maintenance Stage First Second Third

HighFees 0.066*** 0.103*** 0.157***
(0.011) (0.011) (0.011)

log(PreCites+1) -0.216*** -0.310*** -0.314***
(0.016) (0.015) (0.014)

log(PreSelfCites+1) -0.623*** -0.654*** -0.369***
(0.042) (0.050) (0.040)

log(Claims) -0.181*** -0.096*** -0.072***
(0.007) (0.007) (0.007)

Technology and
Maintenance Effects Yes Yes Yes
Additional Controls No No No
Observations 91677 69888 59512

Notes: Robust standard errors reported in parentheses. Lapsed is a binary variable indicating

if the given patent was allowed to lapse by the patentee or not. HighFees equals 1 if the given

patent was in the high-fee group and 0 if it was in the low-fee group. PreCites is the number

of forward citations made by other assignees than the given patent’s assignee before the main-

tenance event. PreSelfCites are the forward citations made by the same assignee as the given

patent’s assignee before the maintenance event. Claims is the number of claims in the given

patent. Technology effects are the 37 technological subcategories defined in Hall et al. (2001).
Maintenance effects are absorbed. Significance levels: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01.

Table 1.6 reports the results of the two-step IV regression for each of the
three maintenance stages. In column (1), the model is estimated over the sub-
sample that consists of all first maintenance stage patents. The estimated co-
efficient for the effect of Lapsed is 0.360 and significant. In column (2), the
sample consists of all second maintenance stage patents. For this subsample,
the estimate for the effect ofLapsed is 0.171 and significant. Finally, column (3)
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shows the results for third maintenance stage patents. The estimate for Lapsed
now equals -0.157 and is significant again. These findings suggest that young
patents have a blocking effect on follow-on innovation, that this blocking ef-
fect dissipates over time and that it gives place to a facilitating effect for older
patents. Tables 1.8 and 1.9 in Appendix 1.D show that the results are, overall,
robust to the inclusion of additional controls.

These findings can be understood in light of the theory discussed in Sec-
tion 1.2.3. First, at the first and second maintenance stages, when upstream
innovators are still uncertain of the value of potential downstream develop-
ments, bargaining failures between upstream and downstream innovators re-
sult in a blocking effect of patents on follow-on innovation. The learning that
occurs during the renewal process decreases uncertainty and enables more ef-
ficient bargaining, resulting in less follow-on innovation being blocked over
time. Second, since at the third maintenance stage bargaining frictions are no
longer binding, the finding that patents promote follow-on innovation support
the existence of coordination failures between downstream innovators.

1.5.4 Variation Across Technology Areas

Previous studies have shown that the effect of patents on follow-on innovation
varies greatly across technology areas, but they disagree on the areas that are
affected more than others. A major point of contention between these studies
is the impact of technological complexity. Whereas Galasso and Schankerman
(2015) find that patents in complex technology areas, where a given technol-
ogy builds on many previous technologies, have a stronger blocking effect,
Gaessler et al. (2017) find instead that patents block follow-on innovation more
in discrete technologies. I revisit the heterogeneity across technology fields by
splitting my sample according to the six NBER technology categories and then
running IV regressions over the six corresponding subsamples. I then discuss
the impact of technological complexity.

Figure 1.3 illustrates the results from the split sample analysis. The plot
shows the two-step IV point estimate of Lapsed for the relevant subsample,
along with 95% confidence intervals. There is a lot of variation across the six
NBER categories and, in contrast to Galasso and Schankerman (2015), but in
line with Gaessler et al. (2017), I find that patents have a stronger blocking
effect in technologies that are more commonly understood as being discrete.
More specifically, the Mechanical, Drugs and Medical, and Chemical fields all
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Table 1.6: Variation in the Effect of Patents on Follow-On Innovation Across
Maintenance Stages

(1) (2) (3)
Dependent Variable log(PostCites+1)
Estimation Method Instrumental Variable
Maintenance Stage First Second Third

Lapsed 0.360*** 0.171*** -0.157***
(0.082) (0.046) (0.027)

log(PreCites+1) 0.523*** 0.374*** 0.272***
(0.006) (0.006) (0.004)

log(PreSelfCites+1) 0.099*** 0.050*** -0.014*
(0.012) (0.010) (0.008)

log(Claims) 0.020*** 0.007*** -0.004***
(0.004) (0.002) (0.001)

Technology and
Maintenance Effects Yes Yes Yes
Additional Controls No No No
Observations 91677 69888 59512
Weak Identification Test 248.9 346.8 257.0
Underidentification Test 237.0 323.9 254.0

Notes: Robust standard errors reported in parentheses. PostCites is the number of forward ci-

tations made by different assignees than the given patent’s assignee within three years following

the patent’s maintenance event. Lapsed is a binary variable indicating if the given patent was

allowed to lapse by the patentee or not. PreCites is the number of forward citations made by

other assignees than the given patent’s assignee before the maintenance event. PreSelfCites are

the forward citations made by the same assignee as the given patent’s assignee before the main-

tenance event. Claims is the number of claims in the given patent. Technology effects are the

37 technological subcategories defined in Hall et al. (2001). Maintenance effects are absorbed.

The weak identification test is the Kleibergen-Paap rk Wald F statistic and the underidentifi-

cation test is the Kleibergen-Paap rk LM statistic reported by the ivreg2 command in Stata.

Significance levels: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01.
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seem to have stronger blocking effects than the other areas. In the Electrical
and Electronics field, for instance, patents seem to have almost no impact on
follow-on innovation. Figure 1.6 in Appendix 1.D shows that these findings
are not affected by the inclusion of additional controls.

Figure 1.3: Variation in the Effect of Patents on Follow-On Innovation Across
Technology Areas
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Notes: This figure shows how the effect of Lapsed varies across the six NBER categories de-

fined in Hall et al. (2001). Each point on the plot corresponds to the point estimate from the

two-step IV regression taken over the relevant subsample or over the full sample. The plot also

reports 95% confidence intervals for each point estimate. The vertical dotted line marks the

point estimate from the IV regression taken over the full sample. All regressions include the

variables in the baseline specification.

I then investigate variation across technology areas within maintenance
stages along two dimensions, the complexity of technologies and the concen-
tration of patent ownership. As in Galasso and Schankerman (2015), I consider
that a patent belongs to a complex technology area if it is in either the Comput-
ers and Communications area (NBER category 2), the Electrical and Electron-
ics area (NBER category 4) or the Medical Instruments and the Biotechnology
areas (NBER subcategories 32 and 33). Patents in the Chemical area (NBER
category 1), the Mechanical area (NBER category 5), Others area (NBER cat-
egory 6) and Drugs area (NBER subcategory 31) are defined as being in a dis-
crete technology field. I also use a similar measure as Galasso and Schanker-
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man (2015) for patent ownership concentration, which I define as the share of
patents owned by the four largest assignees in the given patent’s International
Patent Classification (IPC) class during the five years that preceded the patent’s
maintenance event.22 Using this concentration measure, I divide the sample
into two groups, the “Low” group that contains patents whose concentration
levels lie below the first quartile of the concentration measure’s sample distri-
bution and the “Medium/High” group that contains the remaining patents.

Figure 1.4 shows that patents in discrete technologies have a strong and
significant blocking effect at the first two maintenance stages and a small but
statistically insignificant positive impact on follow-on innovation at the third
stage. Patents in complex technologies, on the other hand, have no statistically
significant effects on follow-on innovation at the two first maintenance stages,
but a significant facilitating effect at the third maintenance stage.

Figure 1.5 shows that patents in technology fields with low concentration
levels exert a strong and significant blocking effect at the first two maintenance
stages and does not have a statistically significant effect on follow-on innova-
tion at the third maintenance stage. On the other hand, patents in fields with
medium and high concentration levels do not appear to have significant block-
ing effects at the first and second maintenance stages, but have a statistically
significant facilitating effect at the third maintenance stage.

To sum up, the blocking effect of patents, which is present at the first
two maintenance stages, appears to be driven by patents in discrete technol-
ogy fields and in which patent ownership is highly fragmented. We can in-
terpret these findings in the following way. In complex technology areas, a
new downstream innovation is more likely to be based on many existing up-
stream patents. When ownership is fragmented, licensing agreements with sev-
eral patent holders are necessary to produce the downstream innovation. As a
result, the lapse of one of the upstream patents is likely to have a low impact on
follow-on innovation, given that many other patents can still exert a blocking
effect on the production of the downstream innovation. In discrete technology
fields, on the other hand, existing patents are more likely to be used alone or in
combination with only a few other patents as inputs to a downstream innova-

22The IPC system places patents in relatively narrow technological groups and, therefore,

allows me to measure ownership concentration at a finer level than the NBER categories

and subcategories.
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Figure 1.4: Variation in the Effect of Patents on Follow-On Innovation Across
Levels of Technological Complexity Within Maintenance Stages
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Notes: This figure shows how the effect of Lapsed varies across levels of technological com-

plexity at the three maintenance stages. Each bar on the plot corresponds to the point estimate

from the two-step IV regression taken over the relevant subsample or over the full sample. The

plot also reports 95% confidence intervals for each point estimate. All regressions include the

variables in the baseline specification. A patent is defined as being in a complex technology

area if it belongs to either the Computers and Communications area (NBER category 2), the

Electrical and Electronic area (NBER category 4), the Medical Instruments or the Biotech-

nology areas (NBER subcategories 32 and 33). Patents in the Chemical area (NBER category

1), the Mechanical area (NBER category 5), Others area (NBER category 6) and Drugs area

(NBER subcategory 31) are defined as being in a discrete technology area.

tion. In these fields, the lapse of existing upstream patents is then more likely
to result in large amounts of follow-on innovation. Thus, we should indeed ex-
pect the blocking effect of patents to be strong in discrete technology areas and
when ownership is fragmented. At the third maintenance stage, patents have a
facilitating effect on follow-on innovation, which suggests that bargaining fric-
tions are not binding. As expected then, complexity and patent ownership,
which both are characteristics of the bargaining environment, have no or very
little impact on the (facilitating) effect of patents.
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Figure 1.5: Variation in the Effect of Patents on Follow-On Innovation Across
Levels of Patent Ownership Concentration Within Maintenance Stages
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Notes: This figure shows how the effect of Lapsed varies across levels of patent ownership

concentration at the three maintenance stages. Each bar on the plot corresponds to the point

estimate from the two-step IV regression taken over the relevant subsample or over the full

sample. The plot also reports 95% confidence intervals for each point estimate. All regressions

include the variables in the baseline specification. Ownership concentration is defined as the

share of patents owned by the four largest assignees in the given patent’s IPC class during the

five years that preceded the patent’s maintenance event. Patents whose measure is below the

first quartile of the measure’s sample distribution are classified as “Low” and remaining patents

are classified as “Medium/High.”

1.6 Conclusion

This paper investigates the empirical effects of patents on follow-on innovation
using U.S. data on patent renewals. I generate quasi-experimental variation in
renewal decisions using the maintenance fee increases that came into effect in
2013 after the PTO gained fee-setting authority. I find that, on average, patents
have a strong blocking effect on follow-on innovation. This effect, which is
driven by patents in the first and second maintenance stages, dissipates over
time and gives place to a facilitating effect at the third maintenance stage. I also
find that the blocking effect is stronger in discrete technology areas and when
patent ownership is fragmented.
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My findings show that, in a world where technological advances are spurred
mostly by existing technologies, the incentive effects of patent protection on
follow-on innovation cannot be ignored. But they also indicate that adequate
policy reforms should aim primarily at facilitating licensing agreements early
on in patents’ lives and for patents in specific technology fields, as it is in these
cases that patent protection appears to have particularly detrimental effects on
follow-on innovation.
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Appendix

1.A Additional Control Variables

The set of additional patent and owner characteristics consists of the following
variables:

• The log of the total number of IPC classes listed in the given patent, which
is often used as an indicator of patent value;

• The log of the total number of U.S. Patent Classification classes listed in
the patent, also used at times as an indicator of patent value;

• A dummy variable indicating whether the given patent has a foreign pri-
ority date, meaning it has been filed at a foreign patent office as well as at
the PTO. Also a measure that is sometimes used as an indicator of patent
value;

• A set of dummy variables for filing years of sample patents;

• A set of entity size dummies, indicating whether the assignee was recorded
as a small entity at the PTO. Small entities are either individual inventors,
universities, non-profit organisations or small companies (fewer than 500
employees) and they pay lower fees than large entities. Because the addi-
tional micro entity status was only added on March 19, 2013, I record it as
small entity status in my data (this corresponds to an almost negligeable
number of cases).

• A set of dummy variables indicating the assignee’s type, which can be a
U.S. company, a foreign company, a U.S. individual, a foreign individual,
the U.S. government, a foreign government, a country government or a
state government.

1.B Cleaning of the Data

The data had to be cleaned in the following way before being ready to be
used in my empirical analysis. First, any patent for which a petition for re-
instatement had been filed was removed from my sample. These are patents
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whose holders had unintentionally forgotten to pay the maintenance fee on
time and wished to reinstate their patents. Such petitions are rare, represent-
ing about 0.3% of all occurences in the maintenance fee events dataset. Second,
my sample contained a number of duplicate entries. More specifically, there
were 84 duplicates in total, 83 of which were duplicated records of expiration
due to failure to pay the maintenance fee. The other duplicate was due to a
company who paid the wrong fee. These duplicates, but not their originals,
are removed from the sample. Third, a negligible amount of patents, on the
order of 0.1% of the sample, were removed from the sample because the date
at which their maintenance event was recorded was inconsistent. More specif-
ically, given the way the sample was selected, all sample patents should have
event dates between December 18, 2011 and June 11, 2014, but these inconsis-
tent patents had event dates outside of that time period. Another insignificant
amount of patents were discarded because they either had an event date that
preceeded their earliest possible dates of payment or had an event date that
succeeded their latest possible dates of payment. Finally, two patents were dis-
carded because they lacked information on their technology area and one ad-
ditional patent was deleted because it had an incorrect technology area (it was
recorded as in the NBER category 7, but only six NBER categories exist).

1.C Robustness Checks

Table 1.7 presents the results of a series of tests that I conduct to investi-
gate the robustness of the main findings. In Column (1), the standard errors are
clustered at the patent assignee level to account for the fact that some assignees
own more than one patent in the sample. Whereas errors are plausibly inde-
pendent across assignees, they could be correlated within assignees. Cameron
and Miller (2015) explain that when there is correlation betwee model errors
within clusters, the precision of estimators could be greatly overstimated if
default standard errors are used. The results based on cluster-robust standard
errors in column (1), however, show that the effect remains significant even
when correcting for this potential issue. In Column (2), I verify that the esti-
mates are not affected by the re-assignment of patents to new assignees. The
assignee information recorded in the data dates back to when the patent was
issued and patents might have been transferred to other assignees by the time
the maintenance event takes place. This could introduce measurement error
in forward citations made by the same versus different assignees. To control
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for this potential problem, I focus on the subsample of patents for which no
post-issuance assignments were recorded at the PTO. More specifically, using
the patent assignment research dataset provided by the PTO, I discard from
my sample any patent for which an assignment was recorded. Note that I do
not exclude employee-employer assignments as these are not real transfers be-
tween different entities, but I do count in assignments resulting from mergers.
A limitation of this data is that assignees are not obligated to notify the PTO
of an assignment. However, it is the only widely and publicly available data
on re-assignments. Column (2) shows that there are only minor changes in the
estimates when using this subsample instead of the full sample. In Column (3),
I include dummies for patents that have received no forward citations before
their maintenance event and after their maintenance event. The estimate for
Lapsed is larger and still highly significant. Finally, in Column (4), I focus on
the sample that contains all patents whose latest dates of payment fall within a
twenty-six weeks period prior to March 19, 2013 and to all patents whose ear-
liest dates of payment fall within a twenty-six weeks period on or after March
19, 2013. The results are very similar to those based on the thirteen weeks
window considered in the baseline analysis.
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Table 1.7: Robustness Checks for the Average Effect of Patents on Follow-On
Innovation

(1) (2) (3) (4)
Dependent Variable log(PostCites+1)
Estimation Method Instrumental Variable

Lapsed 0.680*** 0.690*** 1.152*** 0.604***
(0.108) (0.044) (0.049) (0.025)

log(PreCites+1) 0.428*** 0.423*** 0.347*** 0.425***
(0.009) (0.005) (0.004) (0.003)

log(PreSelfCites+1) 0.106*** 0.131*** 0.097*** 0.104***
(0.021) (0.009) (0.007) (0.005)

log(Claims) 0.022*** 0.025*** 0.031*** 0.020***
(0.005) (0.002) (0.002) (0.001)

Technology and
Maintenance Effects Yes Yes Yes Yes
Additional Controls No No No No
Observations 203391 150242 221077 449180
Weak Identification Test 103.4 782.3 724.4 2050.3
Underidentification Test 87.5 709.2 716.7 1969.0

Notes: Robust standard errors reported in parentheses, except in column (1) where standard

errors are clustered at the assignee level. Column (2) excludes patents that have been reas-

signed. Column (3) adds dummies for patents that have received no citations either prior to or

after the maintenance event. In Column (4), the sample contains all patents whose latest dates

of payment fall within a twenty-six weeks period prior to March 19, 2013 and to all patents

whose earliest dates of payment fall within a twenty-six weeks period on or after March 19,

2013. PostCites is the number of forward citations made by different assignees than the given

patent’s assignee within three years following the patent’s maintenance event. Lapsed is a bi-

nary variable indicating if the given patent was allowed to lapse by the patentee or not. PreCites

is the number of forward citations made by other assignees than the given patent’s assignee be-

fore the maintenance event. PreSelfCites are the forward citations made by the same assignee

as the given patent’s assignee before the maintenance event. Claims is the number of claims

in the given patent. Technology effects are the 37 technological subcategories defined in Hall

et al. (2001). Maintenance effects are dummies indicating whether the given patent had to be

renewed for the first, second or third time. The weak identification test is the Kleibergen-Paap

rk Wald F statistic and the underidentification test is the Kleibergen-Paap rk LM statistic re-

ported by the ivreg2 command in Stata. Significance levels: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01.
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1.D Additional Figures and Tables

Figure 1.6: Variation in the Effect of Patents on Follow-On Innovation Across
Technology Areas — Robustness to the Inclusion of Additional Controls

●

●

●

●

●

●

●

Others

Chemical

Computers &
 Communications

Drugs &
 Medical

Electrical &
 Electronic

Mechanical

Full Sample

0.0 0.5 1.0 1.5 2.0

Estimated Coefficient of Lapsed

Notes: This figure shows how the effect of Lapsed varies across the six NBER categories de-

fined in Hall et al. (2001). Each point on the plot corresponds to the point estimate from the

two-step IV regression taken over the relevant subsample or over the full sample. The plot also

reports 95% confidence intervals for each point estimate. The vertical dotted line marks the

point estimate from the IV regression taken over the full sample. All regressions include the

variables in the baseline specification and the set of additional controls.
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Table 1.8: Variation in the Effect of the 2013 Maintenance Fees on Renewal De-
cisions Across Maintenance Stages — Robustness to the Inclusion of Additional
Controls

(1) (2) (3)
Dependent Variable Lapsed
Estimation Method Probit
Maintenance Stage First Second Third

HighFees 0.057*** 0.133*** 0.217***
(0.013) (0.014) (0.016)

log(PreCites+1) -0.148*** -0.221*** -0.248***
(0.017) (0.016) (0.015)

log(PreSelfCites+1) -0.508*** -0.484*** -0.272***
(0.042) (0.048) (0.040)

log(Claims) -0.152*** -0.060*** -0.047***
(0.008) (0.008) (0.008)

Technology and
Maintenance Effects Yes Yes Yes
Additional Controls Yes Yes Yes
Observations 74760 58067 50839

Notes: Robust standard errors reported in parentheses. Lapsed is a binary variable indicating

if the given patent was allowed to lapse by the patentee or not. HighFees equals 1 if the given

patent was in the high-fee group and 0 if it was in the low-fee group. PreCites is the number

of forward citations made by other assignees than the given patent’s assignee before the main-

tenance event. PreSelfCites are the forward citations made by the same assignee as the given

patent’s assignee before the maintenance event. Claims is the number of claims in the given

patent. Technology effects are the 37 technological subcategories defined in Hall et al. (2001).
Maintenance effects are absorbed. For the list of variables included as additional controls, see

Appendix 1.A. Significance levels: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01.
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Table 1.9: Variation in the Effect of Patents on Follow-On Innovation Across
Maintenance Stages — Robustness to the Inclusion of Additional Controls

(1) (2) (3)
Dependent Variable log(PostCites+1)
Estimation Method Instrumental Variable
Maintenance Stage First Second Third

Lapsed 0.642*** -0.012 -0.245***
(0.157) (0.066) (0.039)

log(PreCites+1) 0.520*** 0.360*** 0.274***
(0.007) (0.006) (0.005)

log(PreSelfCites+1) 0.108*** 0.028*** -0.012
(0.015) (0.011) (0.008)

log(Claims) 0.022*** -0.001 -0.004***
(0.005) (0.002) (0.001)

Technology and
Maintenance Effects Yes Yes Yes
Additional Controls Yes Yes Yes
Observations 74760 58067 50839
Weak Identification Test 74.8 106.5 136.6
Underidentification Test 73.3 105.2 135.8

Notes: Robust standard errors reported in parentheses. PostCites is the number of forward ci-

tations made by different assignees than the given patent’s assignee within three years following

the patent’s maintenance event. Lapsed is a binary variable indicating if the given patent was

allowed to lapse by the patentee or not. PreCites is the number of forward citations made

by other assignees than the given patent’s assignee before the maintenance event. PreSelfCites

are the forward citations made by the same assignee as the given patent’s assignee before the

maintenance event. Claims is the number of claims in the given patent. Technology effects

are the 37 technological subcategories defined in Hall et al. (2001). Maintenance effects are ab-

sorbed. For the list of variables included as additional controls, see Appendix 1.A. The weak

identification test is the Kleibergen-Paap rk Wald F statistic and the underidentification test is

the Kleibergen-Paap rk LM statistic reported by the ivreg2 command in Stata. Significance

levels: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01.
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2.1 Introduction

Many scholars believe that the U.S. Patent and Trademark Office (PTO) grants
a large number of invalid patents. These patents cover either existing technolo-
gies or obvious technological advances and may stall innovation by creating a
climate of uncertainty for innovators. Litigation is one way patent invalidity
can be addressed. But it is often lengthy and prohibitively expensive and hence
not necessarily the appropriate way of weeding out bad patents. Alternative
measures have thus been taken to tackle the issue of invalid patents more ef-
ficiently. For instance, the America Invent Act, which was signed into law
in 2011, instituted post-grant reviews allowing third parties to challenge the
validity of patents within nine months after their issuance.

But scholars have argued that these measures do not tackle the root causes
of invalid patents, which are ultimately linked to the patent system itself and,
in particular, to the examination process (Frakes and Wasserman, 2017a). If
examiners would not allow invalid patents in the first place, there would be
no need for post-grant procedures or litigation. A growing body of research
investigates causal relationships between features of the patent system and the
granting of invalid patents using rich datasets and econometric methods. The
main insight that is gained from these studies is that the problem of invalid
patents can be addressed by changing some key administrative features of the
PTO that bias examiners towards granting rather than rejecting patents.

However, because this body of research advocates large-scale changes to
the patent system, it faces a limitation that can be traced back to an earlier
idea promoted by Lemley (2001) on “rational ignorance” at the PTO. Lemley
(2001) argued that, since few patents are of any value and are ever litigated,
the costs that must be incurred to achieve across-the-board improvements of
the patent system and examination process would far exceed the benefits from
granting fewer invalid patents. Under this view, if anything, changes to patent
examination should be implemented only for patents that present a significant
risk of being invalid and later litigated.

In this paper, I study empirically the relationship between features of the
examination process at PTO and examiners’ practices in the context of con-
tinuation applications. A continuation application is a patent application that
emanates from an existing application that is still pending at the PTO. It may
contain new claims as long as it presents the same underlying invention as the
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earlier application. Thus, even if the earlier application ultimately results in a
grant, a continuation application might not be granted if the new claims make
it unpatentable. Lemley and Moore (2004)warn that continuation applications
are used by patent applicants largely to abuse the patent system and obtain in-
valid patents. Several studies have shown that patent families that contain a
large number of continuation applications are more likely to be involved in
litigation (Lemley and Moore, 2004; Allison et al., 2009; United States Patent
and Trademark Office, 2015).2 In addition, continuation applications are com-
mon. In the fiscal year 2015, for instance, they accounted for about 20% of all
filings at the PTO (Rantanen, 2015). The high risk of litigation and invalidity
associated with continuation applications make them an ideal empirical setting
to study the issue of patent invalidity at the PTO.3

A continuation application is automatically assigned to the examiner who
examined the earlier application that it emanated from. I refer to this insti-
tutional feature of the U.S. continuation system as “relatedness,” as in such
circumstances the examiner and the continuation application are related via
the earlier application. Lemley and Moore (2004) argue that relatedness leads
to the wearing down of examiners and, ultimately, to the granting of invalid
patents. Although this idea is well-known, to the best of my knowledge it
has never been empirically tested. To study the implications of relatedness,
I exploit the fact that, occasionally, examiners are assigned to continuation
applications emanating from applications that they have not reviewed them-
selves. Because examiners and applicants exert no control over the assignment
of applications, coupled with the fact that applications are randomly assigned
within well-defined examiner working groups (“art units”), these occasional
re-assignments are plausibly exogenous and can then be used to evaluate the
causal effects of relatedness.

My identification strategy is thus based on a comparison of examination
practices as examiners come across “related” versus “unrelated” continuations.
I implement this strategy by estimating regressions with examiner fixed effects,
which allow me to keep constant all unobserved examiner characteristics that

2A patent family is a group of patents that protect a single invention. It can consist of patents

that contain new claims, or patents filed abroad, among other things.
3In particular, concerns such as those emerging from the rationale ignorance view are min-

imised in the present context.
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might influence examination practices. As previous research has shown that
there is a great deal of variation in leniency and examination efforts across ex-
aminers (Lemley and Sampat, 2012; Cockburn et al., 2002), controlling for ex-
aminer fixed effects is essential to prevent estimation bias due to unobservable
examiner characteristics.

My paper has four different aims. The first aim is to obtain reduced-form
estimates of the effects of relatedness on examination practices. I focus on the
examiners’ grant decisions, their efforts to limit the scope of protection sought
by applicants in their applications and, finally, their efforts to search for rele-
vant “prior art” during the examination process.4 The second aim is to investi-
gate whether the wearing down hypothesis formulated by Lemley and Moore
(2004) is a plausible channel for the effect of relatedness. The third aim is to
assess whether some technology areas, and especially those that rely more on
continuation applications than others, are more exposed to the effects of relat-
edness. The fourth aim is to evaluate whether relatedness ultimately leads to
the granting of invalid patents.

My findings show that relatedness increases grant rates, decreases examin-
ers’ efforts to narrow down the scope of protection claimed by patent appli-
cants and decreases the examiners’ search efforts for prior art. These findings
suggest that examiners are more lenient towards related continuations or, at
the very least, adopt “softer” examination practices when reviewing contin-
uations of earlier applications that they were also assigned to. The estimates
are economically meaningful, with magnitudes in the order of -30% to 6% de-
pending on the outcome variable. However, I do not find evidence of a wearing
down effect. If anything, continuations that are more likely to be “repeat” fil-
ings (replica of the earlier applications) are less likely to be granted when the
examiner was also assigned to the earlier application, which is at odds with
the wearing down hypothesis. Relatedness also does not appear to uniformly
impact certain technology fields more than others. Finally, when I focus on
continuations granted by the PTO and for which protection was also sought
at the European Patent Office (EPO) and the Japan Patent Office (JPO), I find
that relatedness makes a grant at the two foreign offices less likely. Although
the three patent offices have similar patentability standards, the two foreign

4Prior art consists in any evidence that a given invention is already known by the public,

such as previous patents or scientific publications.
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offices invest more resources in patent examination (Picard and van Pottels-
berghe de la Potterie, 2013; Lei and Wright, 2017). These findings suggest that
relatedness results in a larger number of granted patents that are likely to be of
more dubious validity.

This paper is mainly related to the growing body of studies that investi-
gate the relationship between features of the PTO and examination practices
and outcomes. Frakes and Wasserman (2017b) show that, as examiners get
promoted, they face tighter time constraints to review patent applications and
that makes them grant more applications of questionable validity. Frakes and
Wasserman (2013) focus on the PTO’s fee schedule and demonstrate that, since
the PTO relies mostly on post-grant fees to fund itself, it has a natural tendency
to over-grant. Finally, Frakes and Wasserman (2015a) propose to limit the num-
ber of repeat filings that applicants can make to decrease the PTO’s backlog,
which is another possible cause of over-granting at the patent office. This pa-
per is also related to the study of Lemley and Sampat (2012), who showed that
examiners become more lenient as they gain more experience within the PTO,
a finding that was later backed by Frakes and Wasserman (2017b).

The paper is structured as follows. In Section 2.2, I discuss my empirical
setting. Section 2.3 describes the data and reports summary statistics for the
main variables used in the empirical analysis. In Sections 2.4 and 2.5, I intro-
duce my empirical model and present its results. Section 2.6 concludes the
paper.

2.2 Empirical Setting

In this section, I give all the necessary information on the institutional context.
I start with a description of the patent examination process, I then move on
to a discussion of continuation applications and, finally, I discuss the idea of
relatedness and its potential effects on examiner behaviour.

2.2.1 The Patent Examination Process

When a new patent application is filed at the PTO, it is first checked by the
Office of Patent Application Processing for completeness. An application is
considered complete if it contains a specification, all necessary drawings and at
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least one claim.5 Claims delineate the scope of protection conferred by a patent
and, thus, constitute one of the most important parts of the application. If an
application is complete, it is given a filing date and a technological class, which
is then used to assign the application to an art unit.6 Art units are work groups
of examiners specialising in the examination of certain technologies.

Once the application reaches its art unit, it is assigned to an examiner. Sev-
eral studies have documented the random nature of this assignment, which fol-
lows a “first-in-first-out” principle based on filing dates and examiner availabil-
ities (Sampat and Williams, 2019; Farre-Mensa et al., 2017; Frakes and Wasser-
man, 2017b; Lemley and Sampat, 2012). The examination phase is then open
and the assigned examiner checks for the patentability of the application. This
involves a search for “prior art,” which consists in all previous patents and
non-patent publications relevant to the given application and against which
the applications’ claims are evaluated for novelty and non-obviousness. It also
involves an evaluation of the specification. The written description contained
in the specification and the claims should describe the claimed invention ap-
propriately. If all these requirements are met, the examination results in an
allowance and, eventually, in the grant of a patent if issue fees are duly paid by
the applicant. If the examiner allows the application without at first rejecting
it on the grounds of invalidating prior art or a misspecified application, the
examination outcome is called a “first action allowance.”

Typically, however, an examiner will first issue a non-final rejection, which
generally consists in a written, formal, objection to one or more of the claims
in the application. After receiving a non-final rejection, an applicant can either
abandon the application, try to convince the examiner that the objected claims

5The specification must contain specific items, such as a title, an abstract and a detailed de-

scription of the invention. These are known as the written descriptions in a patent appli-

cation. Also, a distinction is made at the PTO between provisional and non-provisional

applications. The former do not have to contain claims and, unlike the latter, are never

examined. This paper investigates examination practices and, therefore, focuses on non-

provisional applications only.
6The PTO has its own classification system, the U.S. Patent Classification system (USPC),
used to organise applications into relatively narrow technology groups (see United States

Patent and Trademark Office (2012) for more information on the classification system used

at the PTO).
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are valid or amend the claims to satisfy the examiner’s requests. Following the
applicant’s response, the examiner may decide to either allow the application
if the response is deemed satisfactory or to issue a final rejection if some issues
remain. As clarified by Lemley and Moore (2004), however, the term “final re-
jection” is a misnomer. In practice, examiners cannot finally reject applications
because applicants have several options to re-open the examination process af-
ter final rejections. These include Requests for Continued Application (RCE),
appeals filed at the Patent Trial and Appeal Board, and the filing of continua-
tion applications. For a patent application to be finally rejected, it must thus be
abandoned by the applicant, who can do so at any time during the examination
process.

Most applicants seek broad claims and examiners often attempt to narrow
them down during the examination process by issuing rejections. Thus, in a
nutshell, the patent examination process is a back-and-forth negotiation over
the breadth of the application’s claims. To narrow down the breadth, exam-
iners may simply ask the removal of some of the claims. More often, though,
examiners will allow claims they initially objected to, on the condition that
these claims are amended in a way that makes the application patentable.7 As
longer claims are generally more specific and, thus, less broad, claims narrow-
ing often involves the addition of words to some key claims in the application.
Scholars have thus considered the number of words added to claims during the
examination process as a measure of the extent of claims narrowing. Marco
et al. (2016b), for instance, consider the word-length difference in the shortest
independent claim, while Kuhn and Thompson (2017) look at the first inde-
pendent claim.8 In practice, however, these two measures may be very similar,
as for many patent applications the first independent claim is also the shortest
one. Once the examiner and the applicant agree on the claims, the examiner
allows the application, which then later issues as a patent.

7Typically, this will involve modifying the claims so as to not overlap with prior art.
8There are two types of claims: dependent and independent. Dependent claims always refer

back to one or more independent claims, whereas independent claims do not refer to any

other claims. Dependent claims are therefore, by definition, narrower than the independent

claims they refer to, as they add specificity.
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2.2.2 Continuation Applications

A continuation application is a patent application that emanates from a previ-
ously filed application that is still pending at the PTO. It always inherits the
filing date of the application from which it emanates. If this latter application
is itself a continuation of a previously filed application, then the date of the
earlier application is the inherited filing date. More generally, the inherited fil-
ing date of any given continuation application is the filing date of the earliest
filed application in the series of applications from which it emanates. The first
application in that series is often called the “parent” application, and its filing
date, which applies to all subsequent continuation applications, is referred to
as the “priority” date.

Continuation applications may contain new claims, relative to their par-
ent applications, as long as these new claims can be supported by their parents’
specifications. Thus, information in a continuation application’s specification
that is used to make new claims (“new matter”), along with those additional
claims, is not allowed and would be rejected during the examination of the
continuation. In short, the underlying invention must be the same in a contin-
uation application and its parent, but claims to that invention can differ across
the applications. There is no requirement, however, that a continuation ap-
plication should differ from its parent. In other words, applicants can file for
exactly the same application over and over again in a string of continuations.9

Continuation applications allow applicants to keep the examination pro-
cess on existing applications open. As long as the parent application is still
pending, the applicant can try to obtain old or new claims by filing a continu-
ation application that includes those claims. Because the continuation applica-
tion inherits the filing date of its parent application, the newer claims are evalu-

9A popular alternative to continuation applications are Continuations-in-Parts (CIPs), which

allow applicants to include new matter along with new claims in their applications. Because

CIPs allow the inclusion of new matter, the content of a CIP might be significantly different

than that of the parent application. Also, the rules for priority dates are a lot more intricate

and depend on whether the new claims depend on old or new matter in the CIP. This, nat-

urally, changes the way the examiner will assess the patentability of the claimed invention.

Because continuation applications do not allow new matter and have simple rules for prior-

ity dates, they offer a much cleaner empirical setting to study relatedness and its effects on

examination practices. CIPs are therefore not considered in the empirical analysis.
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ated by the examiner in view of the existing prior art at the priority date. Thus,
continuation applications allow inventors to protect new discoveries made af-
ter an initial patent application was filed for. But since continuation applica-
tions cannot include new matter, effectively limiting the scope of new claims,
one of the more popular uses for continuation applications it to keep fighting
for claims that were originally submitted but could not be obtained during the
examination of the parent application.10

2.2.3 Relatedness and Its Effects

In the U.S., a continuation application is assigned to the same examiner who ex-
amined the parent application. In this paper, I refer to this institutional feature
of the U.S. patent system as “relatedness.” I also often talk about “related” con-
tinuation applications, which are defined as continuations that are examined
by the same examiner who was assigned to their parent applications. Similarly,
I say of an examiner that she is a “related” examiner of a given continuation ap-
plication when she has also examined its parent application. In situations that
are not characterised by relatedness, I refer to examiners and continuations as
“unrelated.”

Given that continuation applications are automatically assigned to related
examiners, some scholars have postulated that applicants strategically file con-
tinuation applications to wear examiners down (Lemley and Moore, 2004).
Under this “wearing down” hypothesis, applicants who are unsatisfied with
the progress or expected outcome of their applications’ examination file for
continuations to obtain the claims that they were seeking in the parent appli-
cations. For instance, if an applicant feels that the examiner will not allow any
of her claims, she might abandon that existing application after having filed
an exact copy of it as a continuation. Similarly, if an applicant feels that the
examiner is willing to allow some claims, but not others, she might settle for
those claims in the initial application and file for a continuation to try and ob-
tain the remaining claims. Either way, the wearing down hypothesis says that
examiners will grant claims in continuations that they were unwilling to grant

10In practice, applicants can also continue the prosecution of their applications by filing

requests for continued examination. RCEs are not “serialised” applications and, in turn,

are not recorded as separate applications from the parent applications in the PTO records.

Thus, they cannot be used to study the effects of relatedness on examiner practices.



58 THE IMPACT OF THE PATENT SYSTEM ON INNOVATION

in parent applications. This is why, according to Lemley and Moore (2004),
continuation applications may play a role in the problem of invalid patents.

The wearing down hypothesis presupposes that unrelated examiners, for
whom by definition no wearing down can operate, will not allow invalid claims.
Another presumption of the wearing down hypothesis is that examiners will
eventually allow claims that they previously deemed unallowable provided an
applicant shows enough persistence. This is not an unreasonable assumption
given the strong time pressures that examiners face and the fact that the only
way an examiner can be sure to dispose an application is by allowing it. With
applications accumulating, it might be in the examiner’s interest to “give in”
and allow claims in a continuation that she previously deemed unallowable.

Although the wearing down hypothesis is compelling, it is not clear that
relatedness necessarily leads to too many patents or claims being granted. Re-
latedness can also plausibly lead to efficiencies if examiners become better at
determining the patentability of continuations if they have also examined the
parent applications. Indeed, an examiner who has already searched for relevant
prior art and studied the technology underlying a given claimed invention may
have a head start in assessing the patentability of a continuation application, as
compared to a newly assigned examiner.

Whether relatedness has positive or negative consequences appears to be,
ultimately, an empirical question. In this paper, I study its effects not only on
the grant decision, but more generally on examination practices, such as claims
narrowing and prior art search efforts. I describe in the following section the
various outcomes studied in the empirical analysis.

2.3 Data

My objective is to construct a dataset of continuation applications that I can
use to estimate an empirical model of the effects of relatedness with exam-
iner fixed effects. To create such a dataset, I use a number of data files con-
tained in the Patent Examination Research Dataset, PatentsView and the Patent
Claims Research Dataset, all three released by the PTO. This section outlines
the construction of my dataset. A more detailed discussion is provided in Ap-
pendix 2.A.

I first create families of continuation applications and their parents. A par-
ent is any first-time application that has at least one continuation application. I
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focus on families that contain exactly one parent and one continuation, which
account for about 80% of all continuation families. This choice is motivated by
the desire to have, in the present paper, a manageable empirical setup to con-
duct the analysis, postponing a more general treatment to future work on the
topic. The inclusion of families with three members or more would introduce
complications in the estimation of the effect of relatedness, as in those cases
this effect is likely to vary and spillover from one continuation to the next.
Focusing on families with a single continuation allows for a cleaner interpreta-
tion of the effect of relatedness without great loss of generality in the empirical
results.

For each family in my dataset, I can determine whether a given contin-
uation and its parent have been examined by the same examiner by looking
directly at the unique identification number assigned by the PTO to its exam-
iners in its data. If the identification number matches for the continuation and
its parent, then the examiner and the continuation application are defined as
being related.

In terms of outcomes, I consider several variables that are related to three
main aspects of examination practices: the grant decision, the extent of claims
narrowing for granted applications and the intensity of search efforts to iden-
tify prior art for granted applications. The grant decision variable is available
directly in the PTO data, which tells us whether an application was granted or
not. However, using this outcome variable forces me to consider only applica-
tions filed after 2001, as prior to that year the PTO did not publish abandoned
applications, meaning that only granted applications appear in the PTO’s files
for all years prior to 2001. Additionally, I narrow down my sample of ap-
plications to non-pending regular utility patent applications. Essentially, this
removes all “special” types of applications, such as design or plant patents, re-
issues and applications destined to foreign filing (e.g. applications for which
protection under the Patent Cooperation Treaty is sought). Applications that
were still pending at the time the data was released are discarded, as for these
applications, by definition, the grant decision variable does not exist yet.

Measures of claims narrowing should be based on a comparison of the
claims desired by the applicant with the claims ultimately obtained, i.e. the
granted claims. Only such measures may reflect the impact of examination on
an application’s claims. Note, however, that by definition such measures are
only defined for applications that were ultimately granted, a subset of all appli-
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cations in my sample. I measure efforts made by examiners to narrow down
granted applications’ claims during examination in two ways. First, I consider
the incidence of first action allowances. The absence of rejections implies that
the examiner did not require any narrowing of an application’s claims before
allowing it. Keeping the patentability of an application’s claims constant, the
absence of any rejection suggests that the examiner has put in lower efforts to
narrow down the application’s claims.11 Second, I use the number of words
added to the shortest independent claim. To construct this measure, I follow
existing studies and compute the difference between the word-length of the
shortest independent claim at the time of grant and at the time of publication.
As argued by Marco et al. (2016b), although applications are published only 18
months after their filing date, due to backlogs and pendency times at the PTO,
amendments required by examiners typically occur later than these initial 18
months. The claims in published applications can therefore be used to proxy
the claims that were initially desired and submitted by applicants (which are
unfortunately not available in the data).12

Finally, to measure examiners’ search efforts to detect relevant prior art,
I use both the number and share of citations made by examiners to prior art
in the sample continuations. My main results are based on citations made to
prior patents, mainly to preserve larger sample sizes as data on citations to the
non-patent literature is not widely available. However, robustness checks con-
firm the results when using citations to the non-patent literature instead. As
citations are not made available until a patent issues, the analysis of the search
efforts by examiners is also based on the sample of continuation applications
that were ultimately granted.

The final sample contains 98,483 continuation applications examined by
a total of 7,858 individual examiners and filed over the 2001-2017 period. Ta-

11First action allowances can occur simply because the claims were fine as proposed by the

applicant. But for two equally patentable applications, if one received rejections and the

second did not, it reveals that the examiner of the second application exerted lower efforts

towards narrowing down this application’s claims.
12For a number of applications this measure is missing because the original data source used

to construct the measure, the PTO’s Patent Claims Research Dataset, ends in 2014, whereas

my sample period ends in 2017. This explains the lower sample sizes used when estimating

the effects on relatedness on these outcomes.
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ble 2.1 gives summary statistics. Note that the sample sizes vary depending
on the outcome considered. As about 80% of all continuation applications are
eventually granted, the sample of granted continuations contains 78,141 obser-
vations. The incidence of relatedness is pretty high, with 84% of all continua-
tions being examined by a related examiner, reflecting the established practice
at the PTO of assigning continuations to the same examiner who examined the
parent application. About 15% of granted continuations correspond to first ac-
tion allowances, i.e. are granted with no rejections from their examiners. The
average granted continuation application incurs an addition of 33 words to its
shortest independent claim during its examination. Finally, examiners account
for 37% of all citations made to prior patents and cite about three and a half
prior patents.

Table 2.1: Summary Statistics

Variable Mean Standad Dev. min max

Related 0.84 0.37 0 1
Granted 0.79 0.40 0 1
First action allowance 0.15 0.35 0 1
Difference in word length of
shortest independent claim 33.1 63.9 -2062 942
Share of examiner patent cites 0.37 0.37 0 1
Number of examiner patent cites 3.46 5.78 0 389

Notes: Statistics for Related and Granted are for the full sample of continuation applications

(N=98,483). Statistics for first action allowances are for the sample of continuation applica-

tions that were granted (N=78,141). Statistics for the difference in word-length of the shortest

independent claim is for the sample of continuations that were granted and for which claims

data was available in the Patent Claims Research Dataset (N=45,293). Statistics for the share

and count of examiner patent cites are for the sample of continuations that were granted and

for which citation data was available in the PatentsView data (N=74,592).
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2.4 Empirical Model

To investigate the effects of relatedness on examination practices, I estimate the
following baseline specification:

yait = α + β × rai + θi + λt + x′aitγ + εait, (2.1)

where a, i and t index continuation applications, examiners and years of dis-
posal, respectively.13 The dummy rai = {0, 1} indicates whether examiner i
and continuation application a are related. yait is either one of the five outcome
variables that are considered in the analysis (the grant decision, the incidence of
first action allowances, the difference in the word-length of the shortest inde-
pendent claim between the granted and the published versions of the applica-
tion, the number of examiner cites to patent prior art and the share of examiner
cites to patent prior art). Examiner fixed effects θi and year-of-disposal fixed ef-
fects λt are included in all specifications. Additional controls are included in
xait in a number of alternative specifications, to be discussed below, and model
errors are denoted εait.

The inclusion of examiner fixed effects is motivated by existing empiri-
cal work that shows that examination practices vary greatly across examiners.
Lemley and Sampat (2012), for instance, show that examiner fixed effects ex-
plain a large share of the variation in examiner citations to patent prior art.
Whereas a model with only art unit fixed effects explains about 20% of this
variation, a model that, in addition to art unit effects, includes also examiner
fixed effects, can explain 70% of this variation. They find similar results when
looking at citations to non-patent prior art. Earlier work by Cockburn et al.
(2002) had already revealed substantial heterogeneity across examiners in their
leniency during the examination process. Including examiner fixed effects al-
lows me to control for such unobserved examiner heterogeneity when study-
ing the effect of relatedness on examination practices.

With examiner fixed effects, the coefficient of interest in the main specifica-
tion, β, is identified using variation in relatedness within examiners. Although
examiners typically examine related continuations, occasionally they are as-
signed to unrelated continuations, generating the within examiners variation

13The word “disposal” is commonly used to refer to the grant or abandon of an application.

The year of disposal is thus the year of either the abandon or grant of a given application.
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needed to estimate β. As examiners and applicants do not have any control
over the assignment of applications, shocks to Related are most likely driven
by the notably high turn-over of examiners at the PTO or transfers of examin-
ers from one art unit to another.14

The examiner fixed effects control for all time-invariant unobserved examiner-
specific heterogeneity that might be correlated with relatedness. For instance,
more lenient examiners might be assigned to continuations more often if they
examine and dispose examinations faster. This could result in a higher number
of assignments of unrelated continuations to lenient examiners, which would
bias β in a simple OLS regression without examiner fixed effects.

Since identification is obtained by comparing the examination outcomes
of related and unrelated continuation applications within examiners, it hinges
on examiners who eventually are assigned to both related and unrelated con-
tinuation applications. These “switchers” account for approximately 75% of
the 7,858 individual examiners in my sample.15 Thus, although a minority of
continuations are examined by unrelated examiners, only about one examiner
in four in my sample never comes across an unrelated continuation application
during the sample time period.

One potential threat to identification is that within-examiner shocks to re-
latedness could be correlated with time-varying examiner characteristics. Be-
cause the odds of being assigned to an unrelated application increases with an
examiner’s tenure, examiner experience might confound the results if it is left
uncontrolled for.16 Unfortunately, I do not observe experience directly for
the examiners in my sample. One possible proxy variable for experience is
examiner spell length, defined as the number of years separating the year of
disposal of a given sample continuation and the first year of disposal observed
in my sample for the examiner assigned to that continuation. For instance, if a
continuation is granted in 2015 by an examiner who, within my sample, first

14The random assignment of applications within art units was first documented by Lemley

and Sampat (2012) who conducted interviews with a number of examiners at the PTO.
15The term switchers should not be seen as meaning that examiners get to choose which

applications they examine. Application assignment is determined by their supervisor and

is out of their control, as clarified earlier. The term switchers simply refer to examiners

who have examined both unrelated and related continuation applications in my sample.
16Lemley and Sampat (2012) show that examiners with more experience are more lenient.
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disposed a continuation in 2012, experience equals three. But given that exam-
iner fixed effects are included, this proxy variable would be perfectly collinear
with year-of-disposal effects. In other words, the inclusion of year-of-disposal
effects already accounts for some of the effects of experience, along with all
unobserved temporal shocks that are common to all examiners.

I nonetheless consider an additional specification that includes, on top of
year-of-disposal effects, a set of experience dummies specified into two-year
blocks, in the spirit Frakes and Wasserman (2017b).17 As these dummies are
no longer perfectly collinear with year-of-disposal effects within examiners,
they allow the effects of experience to be estimated separately. Finally, I also
confirm in a robustness check in Section 2.5.1 that the main results are un-
changed if I consider the subset of my sample for which examiner experience
can be measured directly using the examiner rosters data used by Frakes and
Wasserman (2017b).

A remaining concern is the potential sorting of continuations within ex-
aminers. If related and unrelated continuations differ in systematic ways, then
β might capture the effect of these intrinsic differences on examination out-
comes, rather than the true effect of relatedness itself on examination prac-
tices. Since applicants and examiners have no control over the assignment of
continuations, it is unlikely that related continuations are systematically more
or less patentable. Nonetheless, to mitigate potential non-random sorting, in a
separate specification I add a set of detailed continuation application character-
istics that are fixed at the time of publication to control for differences between
applications.18

Finally, to account for possible serial correlation in model errors within
examiners, I cluster my standard errors at the examiner level in all my regres-
sions.

17The dummies are defined by group of experience levels between 0-1 year, 2-3 years, 4-5

years, 6-7 years and for 8 years and more.
18The set of application controls include: the size of the applicant (small or large), the total

number and total word-length of dependent claims, the total number and total word-length

of independent claims, the length of the shortest independent claim, the average word-

length among dependent claims and the average word-length among independent claims.
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2.5 Results

In this section, I first present estimates of the effects of relatedness on exami-
nation practices. I then evaluate the wearing down hypothesis. Next, I study
variation in the effect of relatedness across various technology areas. Finally, I
investigate whether relatedness results in over-granting of continuation appli-
cations.

2.5.1 The Effects of Relatedness on Examination Practices

For each of my outcome variables, I estimate the following four versions of
specification 2.1. The first only includes examiner and year-of-disposal fixed
effects. The second adds art unit fixed effects to control for any potential het-
erogeneity across art units that might be correlated with relatedness. The third
adds a set of dummies for examiner experience to control for possible experi-
ence effects over time and within examiners that might correlate with related-
ness. Finally, the fourth version adds a set of application controls to account for
potential non-random sorting of continuation applications. While the fourth
specification offers the advantage of having more controls, the third specifica-
tion is based on a larger sample. I focus my discussions of the results on these
two last specifications.

Table 2.2 presents the results for the relationship between relatedness and
examiners’ grant decisions. Related continuations are more likely to be granted.
In other words, examiners are more likely to grant continuations of parent ap-
plications that they have themselves examined. The coefficient for Related is
positive, strongly significant and ranges between 4.8 and 5.8 percentage points
across the four specifications. The estimates from my two preferred specifica-
tions, in columns (3) and (4), both imply that relatedness makes an allowance
about 6% more likely relative to the sample mean of the dependent variable.

In Table 2.3, I investigate the relationship between relatedness and examin-
ers’ claims narrowing efforts. Panel A. presents the results when these efforts
are measured by the incidence of first action allowances for granted applica-
tions. First action allowances are more likely for related continuations. That
is, examiners tend to allow related continuations without first rejecting them
more than unrelated applications. The estimates across the four specifications
are all positive, strongly significant and vary between 3.9 and 4.8 percentage
points. The estimates from my preferred specifications, in columns (3) and
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Table 2.2: Relationship Between the Grant Decision and Relatedness

(1) (2) (3) (4)
Dependent Variable Granted

Related 0.058*** 0.055*** 0.051*** 0.048***
(0.004) (0.004) (0.004) (0.004)

Mean of Dependent Variable 0.793 0.793 0.793 0.767
Observations 98483 98483 98483 73964

Examiner and Year Fixed Effects Yes Yes Yes Yes
Art Unit Fixed Effects No Yes Yes Yes
Experience Dummies No No Yes Yes
Application Controls No No No Yes

Notes: Standard errors reported in parentheses are clustered at the examiner level. The depen-

dent variable, Granted, is a binary variable indicating if the given application was granted by

the examiner or not. Related equals 1 if the examiner also examined the given application’s

parent application and 0 otherwise. Experience dummies are dummies for the number of years

an examiner has been active in the sample period, specified into two-year blocks. Application

controls include a number of application metrics at the time of publication (see footnote 18 for

the list of variables included as application controls). Significance levels: ∗p<0.1; ∗∗p<0.05;
∗∗∗p<0.01.

(4), both imply that relatedness makes a first action allowance about 30% more
likely relative to the sample mean of the dependent variable. Panel B. presents
the results when claims narrowing is measured by the difference in word-length
of the shortest independent claim. The mean of the dependent variable is pos-
itive across the various specifications and reveal that about 33 words are added
to the shortest independent claim for the average continuation. Fewer words
are, however, being added to related applications, as the point estimate for
Related is negative in all four specifications. The estimates are strongly sig-
nificant and range between -8.871 and -7.553. For my preferred specifications,
in columns (3) and (4), the point estimates imply that relatedness decreases the
extent of claims narrowing by about 25% relative to the sample mean of the
dependent variable when it is measured by the word-length difference of the
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shortest independent claim.
Lastly, I investigate the relationship between the intensity of examiners’

prior art searches and relatedness. Table 2.4 presents the results for examiner
citations to prior patents. In Panel A. of Table 2.4, the dependent variable is the
number of examiner citations made to prior patents. In Panel B., the depen-
dent variable is the share of examiner citations made to prior patents out of all
citations (i.e. those made by both the applicant and the examiner). Examiners
cite less prior art and account for a lower share of all citations for related con-
tinuation applications. The point estimates in Panel A. are all strongly signifi-
cant and range between -1.079 and -1.066. For my two preferred specifications,
in columns (3) and (4), the point estimates imply that relatedness reduces the
number of examiner citations made to patent prior art by about 30% relative
to the sample mean of the dependent variable. The point estimates in Panel B.
are also all strongly significant and range between -0.034 and -0.029. The point
estimates in columns (3) and (4) imply that relatedness decreases the share of ex-
aminer citations among all citations by about 10% relative to the sample mean
of the dependent variable. Finally, Table 2.7 in Appendix 2.C shows that sim-
ilar conclusions are reached when examiner citations to the non-patent litera-
ture, such as scientific publications, are considered instead of citations to prior
patents.

To sum up, the results presented in this section show that related contin-
uations are more likely to be granted, are more likely to receive first action
allowances, have fewer words added to their shortest independent claims and
contain fewer and lower shares of examiner citations to patent prior art.19

2.5.2 Testing the Wearing Down Hypothesis

The findings paint a consistent picture of the effects of relatedness, which ap-
pear to result in more favourable and more lenient examination practices. At
first sight, these results suggest that a wearing down effect might be at play. To
test the wearing down hypothesis, I compare the effects of relatedness for con-
tinuations that emanate from granted versus abandoned parent applications. If

19An additional robustness check, presented in Table 2.8, shows that the results are similar

if a more precise measure of examiner experience, based on the examiner rosters data used

by Frakes and Wasserman (2017b), is considered instead of within-sample examiner length

spells.
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Table 2.3: Relationship Between Examiners’ Claims Narrowing Efforts and Relat-
edness

(1) (2) (3) (4)
Panel A.: First Action Allowance

Related 0.046*** 0.047*** 0.048*** 0.039***
(0.004) (0.004) (0.004) (0.004)

Mean of Dependent Variable 0.148 0.148 0.148 0.130
Observations 78141 78141 78141 56732

Panel B.: Difference in Word-Length of Shortest Independent Claim

Related -8.792*** -8.871*** -8.822*** -7.553***
(0.948) (0.950) (0.952) (0.848)

Mean of Dependent Variable 33.14 33.14 33.14 33.79
Observations 45293 45293 45293 42697

Examiner and
Year Fixed Effects Yes Yes Yes Yes
Art Unit Fixed Effects No Yes Yes Yes
Experience Dummies No No Yes Yes
Application Controls No No No Yes

Notes: Standard errors reported in parentheses are clustered at the examiner level. In Panel A.

the dependent variable is a binary variable indicating a first action allowance (the given appli-

cation was granted by the examiner without first being rejected). In Panel B., the dependent

variable is the difference in the word-length of the shortest independent claim in a given appli-

cation between its published and issued versions. Related is 1 if the examiner also examined the

given application’s parent application and 0 otherwise. Experience dummies are dummies for

the number of years an examiner has been active in the sample period, specified into two-year

blocks. Application controls include a number of application metrics at the time of publica-

tion (see footnote 18 for the list of variables included as application controls). Significance

levels: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01.
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Table 2.4: Relationship Between Examiners’ Prior Art Search Efforts and Relat-
edness

(1) (2) (3) (4)
Panel A.: Number of Examiner Citations to Patents

Related -1.073*** -1.079*** -1.070*** -1.066***
(0.065) (0.065) (0.065) (0.075)

Mean of Dependent Variable 3.465 3.465 3.465 3.603
Observations 74592 74592 74592 54708

Panel B.: Share of Examiner Citations to Patents

Related -0.030*** -0.030*** -0.029*** -0.034***
(0.004) (0.004) (0.004) (0.005)

Mean of Dependent Variable 0.368 0.368 0.368 0.363
Observations 74592 74592 74592 54708

Examiner and
Year Fixed Effects Yes Yes Yes Yes
Art Unit Fixed Effects No Yes Yes Yes
Experience Dummies No No Yes Yes
Application Controls No No No Yes

Notes: Standard errors reported in parentheses are clustered at the examiner level. Panel A.

dependent variable is the number of citations to existing patents in a given continuation appli-

cation. Panel B. dependent variable is the share of all patent citations made by the examiner for

a given continuation. Related is 1 if the examiner also examined the given application’s parent

application and 0 otherwise. Experience dummies are dummies for the number of years an

examiner is active in the sample period, specified into two-year blocks. Application controls

include a number of application metrics at the time of publication (see footnote 18 for the

list of variables included as application controls). Significance levels are defined as: ∗p<0.1;
∗∗p<0.05; ∗∗∗p<0.01.
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a wearing down effect exists, one channel through which it should definitely
operate are repeat filings. Suppose that an applicant wishes to obtain a given
set of claims, but the examiner will not allow those claims. The applicant can
then file for the same patent application as a continuation and abandon the
existing application, which will restart the prosecution of the given patent.
The wearing down hypothesis predicts that a related examiner is more likely
to grant the continuation application than an unrelated examiner, for whom
no wearing down can be at play.

I thus define a dummy that equals 1 if a continuation’s parent application
was granted and 0 otherwise and I then run fixed effects regressions that allow
the impact of relatedness to vary depending on whether or not a continuation’s
parent application was granted. If the wearing down of examiners is driving
the effect of relatedness, this effect should be particularly pronounced for the
set of continuations that emanate from abandoned parent applications, which
is the set of continuations for which the wearing down effect is more likely to
be at play.

Table 2.5 presents the results of this test. In columns (1) and (2), split sam-
ple regressions of the specification that includes examiner, year-of-disposal and
art unit fixed effects along with experience dummies show that relatedness has
a strong negative effect on the likelihood of grant when the parent application
has not been granted and a strong positive effect when the parent application
was granted. Column (3) reports the results of a regression that uses the full
sample and allows the effect of relatedness to vary depending on the grant sta-
tus of the parent applications by including interaction terms. The results are
similar to those obtained in the split sample analysis and show that, whereas
relatedness increases the likelihood that a continuation is granted by about 6
percentage points when its parent application was granted, for continuations
of parent applications that were not granted the likelihood of grant decreases
by 4 percentage points. A Wald test for the equality of the two coefficients
strongly rejects their equality. Table 2.9 in Appendix 2.C shows that the inclu-
sion of application controls slightly attenuates the estimates but does not alter
the conclusions.

This test presumes that the wearing down effect operates through all con-
tinuations emanating from abandoned parent applications and operates mostly
through that channel. There are two limitations to this approach. First, some
continuations that emanate from abandoned parent applications might have



CONTINUATIONS AND PATENT INVALIDITY 71

Table 2.5: Test of the Wearing Down Hypothesis Based on the Grant Status of
Parent Applications

(1) (2) (3)
Dependent Variable Granted

Sample Parent Not Parent Granted Full
Granted

Related -0.043*** 0.065***
(0.013) (0.004)

Related × Parent Not Granted -0.041***
(0.010)

Related × Parent Granted 0.061***
(0.004)

Equality test: p-value < .001

Examiner and Year Fixed Effects Yes Yes Yes
Art Unit Fixed Effects Yes Yes Yes
Experience Dummies Yes Yes Yes
Application Controls No No No
Observations 13471 85012 98483

Notes: Standard errors reported in parentheses are clustered at the examiner level. The depen-

dent variable is the grant decision, a binary variable indicating if the given application was

granted by the examiner or not. Related is 1 if the examiner also examined the given applica-

tion’s parent application and 0 otherwise. Experience dummies are dummies for the number

of years an examiner is active in the sample period, specified into two-year blocks. Column (3)
also controls for the direct effect of the grant status of the parent application. The p-value of

the equality test is obtained from testing equality between Related× Parent Not Granted and

Related× Parent Granted with a Wald test. Significance levels: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01.

been filed for a different purpose than wearing examiners down. A more ap-
propriate test would isolate the “true” repeat filings, i.e. those continuations
that emanate from rejected parents and that are identical or nearly identical
to their parent applications. Second, there might be other channels through
which the wearing down of examiners takes place than repeat filings. In par-
ticular, applicants might settle over fewer, narrower, claims that the examiner



72 THE IMPACT OF THE PATENT SYSTEM ON INNOVATION

is willing to allow in an initial application and subsequently file for a contin-
uation to obtain the remaining, broader, claims. In Appendix 2.B, I provide
additional tests that address, as much as possible, these limitations by isolating
better the channels through which the wearing down of examiners might oc-
cur. The results from these additional tests are also hard to reconcile with the
wearing down hypothesis.

In conclusion, I do not find empirical support for a wearing down effect. It
appears that relatedness increases the odds of an allowance only for the contin-
uations of granted parent applications. For abandoned parents’ continuations,
relatedness makes an allowance less likely. One possible explanation for these
findings is an anchoring effect. Examiners might form opinions on the valid-
ity of applications the first time they assess them and then carry these opinions
over to the continuations without considering or searching for new informa-
tion, such as newly discovered prior art or claim amendments by applicants.

2.5.3 Variation Across Technology Areas

Previous studies have shown that inventors do not rely on continuation appli-
cations in the same way across different technology areas (Hegde et al., 2009;
Frakes and Wasserman, 2015a). Strategic filings of continuation applications
might then be more prevalent in some areas than in others and, as a result,
the effects of relatedness could vary across technology fields. I assess this po-
tential variation by splitting my sample according to the six NBER categories
defined in Hall et al. (2001) and then running fixed effects regressions for my
five outcome variables over the six subsamples. The NBER categories are the
following: (1) Chemical, (2) Computers and Communications, (3) Drugs and
Medical, (4) Electrical and Electronic, (5)Mechanical and (6)Others.20

Figure 2.1 illustrates the results from the split sample analysis. Each plot
shows the point estimate of Related for each of the five outcome variables and
the relevant subsample along with 95% confidence intervals. The main con-
clusion emerging from these plots is that the effects of relatedness do not vary
much across the six technology areas. Not only do the differences between
the point estimates tend to be minor, but most confidence intervals actually

20I run these regressions with examiner, year-of-disposal, art unit and examiner experience

effects. I do not include application controls as this would reduce sample size substantially

and thus the precision of the estimates over the subsamples.
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overlap with the point estimates for the full sample. There are a few notable
differences, though. First, relatedness affects the grant decision of examiners
less in the Electrical and Electronic technology area, with a point estimate for
the coefficient of Related of around half the size of the full sample estimate.
Second, the effect of relatedness on the incidence of first action allowances is
smaller in the Chemical category, by about 75% relative to the estimate for the
full sample. Finally, relatedness reduces the number of examiner cites to patent
prior art more in the Mechanical technology field and less in the Computers
and Communications field, relative to the full sample.

Overall, these findings show that, although there are a few noticeable dif-
ferences in the effects of relatedness on examination practices across technology
areas, no clear pattern emerges from the data.

2.5.4 Over-granting

Relatedness is associated with more lenient and more favourable examination
practices for continuation applications. However, this does not necessarily im-
ply that it results in the granting of invalid patents. Examiners could be making
the right decisions when facing related applications, despite putting less effort
in searching for prior art and narrowing down these applications’ claims. In-
deed, an examiner might be better able to assess the validity of a related contin-
uation application because she understands the underlying technology better
the second time she comes across it, relative to a newly assigned examiner.

To understand whether relatedness results in over-granting or not, we need
a benchmark for comparison. I follow the strategy used by Lemley and Sam-
pat (2012), Lei and Wright (2017) and Frakes and Wasserman (2017b) in using
outcomes at the EPO and the JPO as benchmarks. Applicants often seek pro-
tection for the same invention at different patent offices. So-called “triadic”
patents are sets of patents filed at the PTO, the EPO and the JPO. While con-
tinuations filed at the PTO may be examined by related and unrelated examin-
ers, their counterparts filed at the EPO and JPO will necessarily be reviewed
be a new, unrelated, examiner. The EPO and JPO have similar patentability
standards as the PTO, but spend more resources on patent examination (Pi-
card and van Pottelsberghe de la Potterie, 2013; Lei and Wright, 2017), so we
can use the outcomes at the two foreign patent offices to judge the validity of
the continuations issued by examiners at the PTO. I thus consider the subset
of continuations in my sample that were granted by the PTO and for which



74 THE IMPACT OF THE PATENT SYSTEM ON INNOVATION

Figure 2.1: Variation in the Effects of Relatedness Across Technology Areas
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Notes: This figure shows how the effect of relatedness on my five outcome variables varies

across the six NBER categories defined in Hall et al. (2001). Each plot shows the point es-

timates from fixed effect regressions taken over the relevant subsample and for the relevant

outcome variable, along with 95% confidence intervals. All regressions include examiner, year-

of-disposal, art unit and examiner experience effects. The vertical dashed lines mark the point

estimates of the effect of relatedness coming from the regressions over the full sample.
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a corresponding application was filed at the EPO and the JPO. I then investi-
gate the relationship between relatedness and the likelihood of grant at those
foreign patent offices.

Table 2.6 presents the results of fixed effects regressions with three differ-
ent outcome variables. The first variable is the grant of the corresponding
application at both the EPO and the JPO. The second variable is the grant of
the corresponding application at the EPO, but not at the JPO. The third vari-
able is the grant of the corresponding application at the JPO, but not at the
EPO. Continuations that were granted by related examiners are less likely to
be granted by the two foreign patent offices. The negative point estimates in
the three columns of Table 2.6 consistently show that relatedness makes an al-
lowance in both or one of the two offices less likely by about 4-5 percentage
points. Focusing on column (1), one can see that continuations granted by re-
lated examiners at the PTO were 5.1 percentage points less likely to be granted
at both the EPO and JPO, equivalent to a drop of about 14% relative to the
sample mean of the dependent variable.

The finding that relatedness results in patents that are less likely to be
granted by foreign patent offices, taken together with the fact that related-
ness results in a larger number of granted patents, less claims narrowing and
shallower search efforts by examiners together suggest that relatedness leads to
over-granting of continuation applications.

2.6 Conclusion

The PTO has been accused for a number of years of granting invalid patents,
which tax consumers and put innovation at risk. Although there are ex-post
means of checking the validity of patents, scholars believe that the root causes
of the problem remain unaddressed. The key culprit is the examination pro-
cess itself, which might bias examiners towards granting rather than rejecting
patents if their incentives are inadequate.

In this paper, I have studied the relationship between patent office features
and examination practices in the context of continuation applications. My
analysis was focused on relatedness — the idea that continuation applications
are typically assigned to the same examiner as the one who examined their par-
ent applications — and its effects on examiner behaviour. My empirical analysis
reveals that examiners are more likely to grant related continuations, they nar-
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Table 2.6: Relationship Between Incidence of Grant at the EPO and JPO for
Triadic Patents Granted at the PTO and Relatedness

(1) (2) (3)
Dependent Variable: Granted at both Granted at Granted at

EPO and JPO EPO JPO

Related -0.051** -0.042* -0.045**
(0.021) (0.022) (0.021)

Mean of Dependent Variable 0.362 0.483 0.642
Observations 7540 7540 7540

Examiner and
Year Fixed Effects Yes Yes Yes
Art Unit Fixed Effects Yes Yes Yes
Experience Dummies Yes Yes Yes
Application Controls Yes Yes Yes

Notes: Standard errors reported in parentheses are clustered at the examiner level. In col-

umn (1), the dependent variable is the incidence of grant at both the EPO and the JPO. In

column (2), the dependent variable is the incidence of grant at the EPO. In column (3), the de-

pendent variable is the incidence of grant at the JPO. Related is 1 if the examiner also examined

the given application’s parent application and 0 otherwise. Experience dummies are dummies

for the number of years an examiner is active in the sample period, specified into two-year

blocks. Application controls include a number of application metrics at the time of publica-

tion (see footnote 18 for the list of variables included as application controls). Significance

levels are defined as: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01.

row down the scope of related continuations less (by allowing them on first
action more often and by adding fewer words to their shortest independent
claims) and they search less for prior art when examining related continuation
applications (as measured by their citations to prior art). Moreover, continu-
ation applications granted by related examiners appear to be of more dubious
validity. These findings together suggest that relatedness leads to softer exami-
nation practices and the granting of invalid patents.

The role played by continuation applications in the problem of patent in-
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validity has been emphasised for over a decade. In 2007, the PTO attempted
to address this issue by limiting the amount of continuations that an applicant
could file. Later, the PTO was ordered by the District Court for the Eastern
District of Virginia to abandon this initiative. My findings suggest that, even
if a single continuation could be filed, the continuation system might still fail
at weeding out bad patents. An appropriate policy reform should tackle the
issue at its root, which relates more to examiners’ incentives than applicant
behaviour. In the context of continuation applications, having an unrelated
examiner review continuation applications, or a “second pair of eyes” check-
ing the granting decisions of related examiners appear to be more adequate
solutions.
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Appendix

2.A Construction of the Dataset

This section provides more detail on the construction of the dataset used in the
empirical analysis of the paper.

• Step 1: Creating the continuation families.

To construct the continuation families, I use three data sources from the
PTO’s Patent Examination Research Dataset: the application data file, the
child’s continuity data file and the parent’s continuity data file. From the
child’s continuity file, I keep only continuations, and therefore discard
all divisionals and continuations-in-parts. From the application data file I
keep only regular non-pending utility applications filed on and after 2001.
I first identify all applications that have no parents, or “first time appli-
cations.” Among these, I identify the subset that have continuations by
looking through the child’s continuity file. I then merge these continua-
tions with the parents to form a dataset of continuation families, where a
given family contains a parent and all its children (continuations).

• Step 2: Cleaning the continuation family dataset.

The following cleaning operations were applied to the family dataset to
prepare it for analysis:

– A small number of duplicate entries of children were removed.

– A small number of applications for which information on the exam-
iner who was assigned to the application was missing were removed.

• Step 3: Focus on families with one parent and one continuation.

I focus on the families that have only two members: one parent and one
child. These families represent about 80% of all families. This results in a
sample of about 100,000 continuation applications and the same number
of parent applications.

• Step 4: Preparing the data for an examiner fixed effects specification.

My baseline empirical specification is a regression with examiner fixed ef-
fects, where the observations are continuation applications. Thus, I first
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prepare a dataset of all continuation applications, making sure to keep cer-
tain pieces of information on their parent applications (e.g. whether they
were granted or not). A small number of continuations (about 1%) are
examined by examiners that do not examine any other application in my
dataset. These continuations are thus not informative in my fixed effects
regression and are discarded.

• Step 5: Creating experience variables.

The analysis sometimes uses examiner experience as a control variable. I
describe now how experience was defined.

– Experience: I define examiner experience as examiner spell length
within my sample. Thus, for each application, examiner experience
is the number of years an examiner has been active within my sample
period at the time the given application is disposed (that is, granted or
abandoned).

– Alternative measure of experience: For a subset of sample continua-
tions, I am able to match the examiners in my sample to the examiner
rosters data collected by Frakes and Wasserman (2017b). The rosters
data contain examiners’ years of entry at the PTO. I construct the
alternative experience measure by taking the difference in years be-
tween the year of disposal of a given continuation application and the
year of entry at the PTO of the examiner assigned to that given con-
tinuation.

• Step 6: Matching with rejection data to construct first action allowance
outcome variable.

To construct the first action allowance variable, I use the transactions file
from the PTO Patent Examination Research Dataset. Using this file, I can
compute, for all applications filed at the PTO, the number of rejections
during the examination process. The absence of any rejection for a granted
application is then recorded as a first action allowance in my dataset.

• Step 7: Matching with patent and publication claims dataset to construct
the claims narrowing and the similarity measures.
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To compute the total number of words added to the shortest independent
claim between the published and granted versions of continuation appli-
cations, I use the patent and publication documents statistics datasets in
the Patent Claims Research Dataset released by the PTO. To construct the
measure of similarity between a continuation and its parent’s claims (see
Appendix 2.B for the use of this measure), I use a Jaccard index method,
which compares the similarity of any two vectors. The vectors being com-
pared in my case are 4-tuples, containing the total number of dependent
claims, the total number of independent claims, the total number of words
contained in all dependent claims and the total number of words contained
in all independent claims.

• Step 8: Matching with patent citations data to construct the examiner ci-
tations measures.

To compute the number of citations made by examiners to patent prior
art during the examination and the share examiners account for in the to-
tal number of citations made to patent prior art, I use the patent citations
data file available on PatentsView (May 28, 2018 version). In this file, ev-
ery citation made within a given patent to prior patents can be traced back
to either the examiner or the applicant. It is then straightforward to com-
pute the desired measures for patent prior art using this file. For citations
made to non-patent prior art, I rely on the data collected by Frakes and
Wasserman (2017b). This data also contains information on the origin of
the citations (applicants or examiners) and can therefore be used to con-
struct the desired variables.

• Step 9: Matching with triadic patent family data

When assessing whether there is over-granting of continuations at the PTO,
I consider the set of continuation applications that were issued at the PTO,
and also filed for patent protection at both the EPO and the JPO. I then
look at the outcomes, whether the applications were granted or not, at
those two foreign patent offices. To obtain this information, I follow
Frakes and Wasserman (2017b) and use the OECD Triadic Patent Family
database. The code to construct the Triadic Patent Families is borrowed
from Frakes and Wasserman (2017b) (their replication code is available
on Dataverse, see Frakes and Wasserman (2015b)) and the resulting data is
then matched to my sample of continuation applications.
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2.B Additional Tests of the Wearing Down Hypoth-
esis

I conduct two additional tests of the wearing down hypothesis that try to
capture more realistically the channels through which the wearing down of ex-
amienrs is likely to occur. I focus on two potential channels. First, wearing
down is more likely to be at play for continuations that emanate from rejected
parents and that are very similar to their parents, as these types of continu-
ations are more likely to be repeat filings. Second, applicants may decide to
settle over fewer, narrower, claims that the examiner is willing to allow in an
initial application and subsequently file for a continuation to obtain the re-
maining, broader, claims. This second channel therefore operates via granted
parent applications that have experienced high levels of claims narrowing.

The first test is based on a measure of similarity between a continuation
application and its parent. The measure is constructed by comparing the total
number of independent and dependent claims, as well as the total number of
words contained in them, across parents and their continuations. The simi-
larity measure is then computed as the Jaccard similarity index (for real-valued
vectors), where any given vector contains the number of dependent claims, the
number of independent claims, the total number of words contained in the de-
pendent claims and the total number of words contained in the independent
claims. I then define a dummy, Similar, that equals 1 if the continuation em-
anated from a rejected parent application and scores a similarity index larger
than the median for all continuations that emanate from rejected parent appli-
cations. Finally, I run regressions that allow the effect of relatedness to vary
depending on whether continuations emanate from a similar rejected parent
or not.

The second test is based on a measure of claims narrowing incurred by
parent applications. For each continuation that emanates from a granted par-
ent application, I measure the extent of claims narrowing incurred in the par-
ent application by computing the difference in the word-length of the parent’s
shortest independent claim. I then flag continuations that emanate from parent
applications that incurred above-median narrowing and those that emanate, in-
stead, from below-median parents. Finally, I run regressions allowing the effect
of relatedness to vary depending on the extent of claims narrowing incurred by
the parent applications.
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Table 2.10 presents the results of these two additional tests. Columns (1)
and (2) show the results of the first test without and with application controls.
The estimated coefficients in these two columns on the interaction terms shows
that continuation applications that emanate from rejected parents and are very
similar to those parent applications are less likely to be granted by related exam-
iners, whereas relatedness has a positive impact on the likelihood of grant for
other applications (those either having dissimilar rejected parents or granted
parents). In both columns, equality tests strongly reject the hypothesis that
the two interaction terms have equal coefficients. Columns (3) and (4) present
the results from the second test. The estimated effects seem unaffected by the
extent of narrowing incurred by the parent applications. Equality tests show
that, indeed, one cannot reject the null of equality of the two coefficients.

Overall, these two tests suggest that even when we pin down the channels
through which wearing down is more likely to occur, the data does not lend
support to the wearing down hypothesis.
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2.C Additional Tables

Table 2.7: Relationship Between Examiners’ Prior Art Search Efforts and Relat-
edness (Non-Patent Literature)

(1) (2) (3) (4)
Panel A.: Number of Examiner Cites to Non-Patent Literature
Related -0.060*** -0.060*** -0.059*** -0.059***

(0.013) (0.013) (0.013) (0.013)

Mean of Dependent Variable 0.178 0.178 0.178 0.172
Observations 39913 39913 39913 34567

Panel B.: Share of Examiner Cites to Non-Patent Literature
Related -0.027*** -0.027*** -0.026*** -0.027***

(0.005) (0.005) (0.005) (0.006)

Mean of Dependent Variable 0.076 0.076 0.076 0.074
Observations 21784 21784 21784 18965

Examiner and
Year Fixed Effects Yes Yes Yes Yes
Art Unit Fixed Effects No Yes Yes Yes
Experience Dummies No No Yes Yes
Application Controls No No No Yes

Notes: Standard errors reported in parentheses are clustered at the examiner level. Panel A.

dependent variable is the number of citations to non-patent publications in a given continua-

tion application. Panel B. dependent variable is the share of all non-patent citations made by

the examiner for a given continuation. Related is 1 if the examiner also examined the given

application’s parent application and 0 otherwise. Experience dummies are dummies for the

number of years an examiner is active in the sample period, specified into two-year blocks.

Application controls include a number of application metrics at the time of publication (see

footnote 18 for the list of variables included as application controls). Significance levels are

defined as: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01.
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Table 2.8: Robustness of the Main Results to an Alternative Measure of Examiner
Experience

(1) (2)
Panel A.: Granted
Related 0.042*** 0.039***

(0.005) (0.005)
Observations 73564 56856

Panel B.: First Action Allowance
Related 0.036*** 0.031***

(0.004) (0.005)
Observations 58799 44097

Panel C.: Difference in Word-Length of Shortest Independent Claim
Related -7.464*** -6.667***

(1.025) (0.899)
Observations 37782 35522

Panel D.: Number of Examiner Cites to Patents
Related -1.080*** -1.091***

(0.077) (0.090)
Observations 56584 42730

Panel E.: Share of Examiner Cites to Patents
Related -0.031*** -0.035***

(0.005) (0.005)
Observations 56584 42730

Examiner and Year Fixed Effects Yes Yes
Art Unit Fixed Effects Yes Yes
Experience Dummies Yes Yes
Application Controls No Yes

Notes: Standard errors reported in parentheses are clustered at the examiner level. Experience

dummies are dummies for the number of years of experience of an examiner when examining

any given continuation application, based on their date of entry at the PTO and specified into

two-year blocks (using the Frakes and Wasserman (2017b) rosters data). Significance levels are

defined as: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01.
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Table 2.9: Test of the Wearing Down Hypothesis Based on the Grant Status of
Parent Applications — Robustness to the Inclusion of Application Controls

(1) (2) (3)
Dependent Variable Granted

Sample Parent Not Parent Granted Full
Granted

Related -0.039*** 0.061***
(0.014) (0.005)

Related × Parent Not Granted -0.030***
(0.011)

Related × Parent Granted 0.057***
(0.005)

Equality test: p-value < .001

Examiner and Year Fixed Effects Yes Yes Yes
Art Unit Fixed Effects Yes Yes Yes
Experience Dummies Yes Yes Yes
Application Controls Yes Yes Yes
Observations 11334 62630 73964

Notes: Standard errors reported in parentheses are clustered at the examiner level. The depen-

dent variable is the grant decision, a binary variable indicating if the given application was

granted by the examiner or not. Related is 1 if the examiner also examined the given applica-

tion’s parent application and 0 otherwise. Experience dummies are dummies for the number

of years an examiner is active in the sample period, specified into two-year blocks. Application

controls include a number of application metrics at the time of publication (see footnote 18

for the list of variables included as application controls). Columns (3) also controls for the

direct effect of the grant status of the parent application (granted or not). The p-value of the

equality test is obtained from testing equality between Related× Parent Not Granted and Re-

lated× Parent Granted with a Wald test. Significance levels are defined as: ∗p<0.1; ∗∗p<0.05;
∗∗∗p<0.01.
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Table 2.10: The Impact of Similarity to Rejected Parents and Extent of Claims
Narrowing of Granted Parents on the Effect of Relatedness

(1) (2) (3) (4)
Dependent Variable Granted

Related × Similar -0.033** -0.030*
(0.016) (0.015)

Related ×Other 0.061*** 0.054***
(0.005) (0.005)

Related ×Highly-Narrowed 0.064*** 0.057***
(0.007) (0.007)

Related × Slightly-Narrowed 0.069*** 0.064***
(0.007) (0.007)

Equality test: p-value < .001 < .001 0.59 0.52

Examiner and Year Fixed Effects Yes Yes Yes Yes
Art Unit Fixed Effects Yes Yes Yes Yes
Experience Dummies Yes Yes Yes Yes
Application Controls No Yes No Yes
Observations 72914 68705 62232 55911

Notes: Standard errors reported in parentheses are clustered at the examiner level. The depen-

dent variable is the grant decision, a binary variable indicating if the given application was

granted by the examiner or not. Related is 1 if the examiner also examined the given applica-

tion’s parent application and 0 otherwise. Experience dummies are dummies for the number

of years an examiner is active in the sample period, specified into two-year blocks. Similar is a

dummy variable that indicates whether the given continuation application was highly similar

to its parent application, where the parent was not granted. Other is a dummy that equals 1

whenever Similar equals 0. Highly- and Slightly-Narrowed are dummies that indicate whether

the continuation emanates from parent applications that has, respectively, above and below

median levels of claims narrowing as measured by the word-length difference in their shortest

independent claims. Direct effects of the dummies are included in all specifications. The p-

values of the equality tests are obtained from testing equality between Related × Similar and

Related × Other, on the one hand, and Related × Highly-Narrowed and Related × Slightly-

Narrowed with a Wald tests. Significance levels are defined as: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01.
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3.1 Introduction

Patents reward inventors by granting them exclusivity rights over their inven-
tions during a set period of time. But, as a result of these exclusivity rights,
patents also increase prices above competitive levels during their lifespan. Since
at least the work of Nordhaus (1969), scholars have understood how patent
length can be used to achieve an optimal patent system.2 Longer patents in-
centivise the development of more inventions, but they also increase the length
of time during which supra-competitive pricing is applied over all inventions.
Optimal patent length simply balances these benefits and costs at the margin.3

A key parameter needed to determine the optimal patent length is the sensi-
tivity of innovation to the patent term (Budish et al., 2016). If inventors do not
react to increases in the patent term, longer patents increase price distortions
without generating new inventions, resulting in lower social welfare. Theo-
retical studies typically assume that inventors readily respond to increases in
the patent term. Yet, empiricists agree that there is still a dearth of empirical
evidence supporting that assumption.

In this paper, I explore how a longer patent term affects innovation in the
context of design patents in the U.S. Design patents protect the way inventions
look and, despite being relatively cheap and easy to obtain, they can in some
cases provide strong protection, as illustrated by recent litigation cases, such as
the Apple versus Samsung lawsuit.

In 2015, the Geneva Act of the Hague Agreement Concerning the Inter-
national Registration of Industrial Designs came into force in the U.S. This
treaty, whose purpose is to facilitate the process of obtaining patent protection
for designs internationally, also increased the term of protection, from four-
teen to fifteen years, for all design patents filed at the United States Patent and
Trademark Office (PTO) after May 13, 2015. I study the response of inventors
to the term increase, focusing on the number of PTO filings as a measure of

2The Nordhaus model is introduced in Chapter 5 of Nordhaus (1969) and further discussed

in Scherer (1972).
3This argument abstracts from the effect of patent protection on follow-on innovation, which

affects the optimal design of patents too. See Williams (2017) for a review of the literature

that explores how patents affect follow-on innovation.
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innovative output.4

I find that the term extension increased filings by 1.5-8% depending on the
specification employed, though these estimated impacts are not statistically
significant. There is no evidence that the impact is unambiguously stronger
in patent classes, or industries, that rely more intensively on design patents.
There is also no sign of variation across different types of applicants, such as
individual inventors or companies, for whom design patents might be differ-
entially valuable. Taken together, these findings suggest that inventors do not
appear to be very sensitive to the term of design patents.

This paper is most closely related to the body of empirical studies that in-
vestigate the effects of stronger patent rights on innovation incentives using
patent law changes as a source of variation.5 Sakakibara and Branstetter (2001)
explore how the Japanese patent reforms of 1988, which increased the scope of
patent protection, have impacted innovators by looking at firms’ R&D spend-
ings and patenting activities. They find no evidence that stronger patents lead
to more innovation. Qian (2007) studies the effects of introducing patent pro-
tection for pharmaceuticals in 26 countries over the 1978-2002 period and finds
that national patent protection alone does not stimulate domestic innovation.
Lerner (2009) explores the impact of major patent reforms in 60 countries
over a period of 150 years and finds that reforms that increased the strength
of patent protection did not have any positive effects on domestic innovation
either. Another finding that emerges from Qian (2007) and Lerner (2009) is
that, in countries that already have a strong intellectual property regime, addi-
tional strengthening of patent protection may lead to less, not more, innova-
tion.6 An exception to these negative results comes from Abrams (2009), who
exploits variation in patent term adjustements across different patent classes

4Measures of innovative input, such as innovative investments into the creation of new de-

signs, would have been desirable as well, but unfortunately are not readily available.
5Another line of research has used survey evidence to explore the relationship between

patents and innovation (Mansfield, 1986; Levin et al., 1987; Cohen et al., 2000). More re-

cently, scholars have also used variation in patent length induced by differences in clinical

trial length to study the relationship between innovative investments and patent length (Bud-

ish et al., 2015).
6This finding also emerges from the economic history literature on patents and innovation

(Moser, 2016).
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following the implementation of the Agreement on Trade Related Aspects of
Intellectual Property Rights (TRIPS) in the U.S.7 He finds that patent classes
that benefited from longer term adjustements experienced larger increases in
patent filings, which suggests a positive relationship between patent term and
innovation.

The paper is structured as follows. Section 3.2 describes my empirical set-
ting and data. Section 3.3 and Section 3.4 provide, respectively, descriptive
and regression analyses of the effect of the term extension for design patents.
Section 3.5 discusses extensions and robustness checks. Section 3.6 provides a
discussion of the results and Section 3.7 concludes.

3.2 Empirical Setting and Data

This section gives more detail on design patents and the accession of the U.S. to
the Hague Agreement. It then discusses the data used in the empirical analysis.

3.2.1 Design Patents

Design patents protect the appearance of products, which differentiates them
from the more popular form of patents, utility patents, that protect the way
products work. They are simpler than utility patents, as they contain only one
claim, which is visually depicted as the claimed design in a series of illustra-
tions. They are also a lot cheaper and are generally faster to obtain than utility
patents. Design and utility patents can be filed simultaneously for a given in-
vention to protect both its appearance and its workings. Design patents are
valid for a period of fifteen years counted from the date of grant, unlike utility
patents, which have a term of twenty years counted from the date of issue.

Despite its simplicity, the design patent can be a strong form of intellectual
property. A case in point is the recent legal battle between Apple and Samsung
over some of Apple’s design patents. Apple owns many design patents over the

7Before TRIPS, the patent term in the U.S. was of 17 years from the date of grant. After

TRIPS, it became 20 years from the date of issue. To compensate applicants for delays caused

by the PTO during the patent examination process, which would reduce the effective patent

term, the PTO applies patent term adjustments to each patent. Abrams (2009) exploits the

fact that, as patent application pendency differs greatly across patent classes, TRIPS gener-

ated variation in the effective patent term across different patent classes.
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iPhone and iPad and, in 2011, sued Samsung for infringement of a number of
these patents. Prior to an ultimate undisclosed settlement, the case was leaning
in favour of Apple, as Samsung was ordered by U.S. courts to pay Apple $539
million in damages for infringing its patents. This example shows that, when
design patents cover the ornemental features of an innovative and marketable
product, such as the iPhone, they can be extremely valuable to their owners.

Another aspect of design patents that make them useful to inventors is
that they can cover only sub-elements of a given design. Coming back to the
Apple versus Samsung case, Apple left the back of the iPhone out of one of
its claimed designs, which meant that Samsung would infringe Apple’s design
patents if it changed just the back and not the front of its own smartphones. By
only claiming key parts of a single design, inventors can effectively appropriate
a large part of the product space.

3.2.2 Accession to the Hague Agreement

On December 18, 2012, the U.S. signed the Geneva Act of the Hague Agree-
ment into law, which came into force on May 13, 2015. This treaty allows ap-
plicants to obtain international protection for their designs under a single um-
brella, by applying through either the PTO or the World Intellectual Property
Organisation. Prior to the accession to the Hague Agreement, U.S. inventors
seeking protection for their designs internationally had to file individual ap-
plications at each of the patent offices where protection was sought. With the
Hague Agreement, they can obtain protection in all other member countries
with a single application, resulting in cheaper and faster obtention of global
protection of industrial designs.

The term of protection of international registrations under the Hague Agree-
ment is five years with the option to be renewed up to expiry of the maxi-
mum term of protection in the relevant countries (i.e. where protection has
been obtained). The maximum term of protection in member countries must
therefore be a multiple of five. As a result, the U.S. had to extend its term for
design patents from fourteen to fifteen years as a side-effect from its accession
to the Hague Agreement. This term extension was implemented not only for
international registrations, but also for domestic filings (for which protection
abroad is not necessarily sought). More specifically, any design patent filed at
the PTO after May 13, 2015, enjoyed a term of fifteen instead of fourteen years.
The incidental nature of this term extension, which I often refer to as the “in-
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tervention” in the remaining of this paper, makes it an ideal event to study the
response of inventors to an increase in patent length (I return to my empirical
strategy in Section 3.4).

3.2.3 Data

I collected data on design patents using PatentsView, an online bulk download
service provided by the PTO and the Patent Examination Research Dataset,
also made available by the PTO.8 My data contains information on filing and
grant dates, patent classes and applicants.

My sample contains all design patents filed at most two years prior to and at
most one year following the date of the intervention, May 13, 2015. In addition
to switching from a first-to-invent to a first-to-file system in early 2013, the U.S.
introduced new patent fees, which had noticeable impacts on patent filings.9

I choose to restrict my pre-intervention window to a two-year period so that
my data is not directly affected by those previous changes to the patent system.

The post-intervention period is chosen to limit the influence of truncation
on patent counts. In the U.S., all design patents go through a substantive exam-
ination before being granted (or not), which results in delays between the dates
of filing and of grant. Because design patents are never published before being
granted, many applications filed in recent years are still pending at the PTO
and are therefore missing from the data (which includes only design patents
that have been granted). The severity of truncation in my sample can be eval-
uated by looking at recent pendency levels for design patents at the PTO. For
all granted design patents filed within the five years that preceded the inter-
vention, median pendency was 483 days, minimum pendency was 60 days and
maximum pendency was 2,600 days. The 928 days that separate the last day
covered by the PatentsView data (November 27, 2018) and the first anniver-
sary of the intervention (May 13, 2016) coincides with the 94th percentile of
the pendency distribution. This means that, at the upper limit of my sample

8This paper makes use of the November 27, 2018 release of the PatentsView data and the

December, 2018 release of the Patent Examination dataset.
9In a first-to-file system, the applicant who files an application first is considered the rightful

owner of the patent rights. This is not necessarily the case under a first-to-invent system,

which is based on the date of conception of the invention, rather than the date of filing of

the corresponding patent.
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period, at most 6% of all applications are missing if pendency is assumed to
have remained constant. At the time of the intervention, this figure equals a
mere 1%. Thus, while truncation is an issue in the present study, it is limited,
with few missing data mostly at the end of the sample period.

I compute counts of daily filings and aggregate them into monthly counts
for my descriptive analysis in Section 3.3 and into weekly counts for my re-
gression analysis in Section 3.4. The aggregation is performed with the date
of the intervention as a starting point. In other words, all daily counts that
take place in the month that immediately follows (and includes)May 13, 2015,
are aggregated into one single count for month ‘0’. All daily counts that take
place in the subsequent month are aggregated into a single count for month
‘1’, all daily counts that took place the month that immediately precedes (and
excludes)May 13, 2015, are aggregated into a single count for month ‘-1’, and
so forth until aggregate counts for the full window of 36 months are obtained.
The same procedure is implemented to obtain weekly counts over the full win-
dow of 156 weeks. This procedure results in a neat separation of monthly and
weekly counts during the pre- and post-intervention periods. Monthly counts
are used for the descriptive analysis because daily counts are too volatile to
depict insightful visual trends. Weekly counts are used for the regression anal-
ysis to avoid unnecessary volatility, such as weekend versus weekday effects,
while maintaining a sample size that is large enough to achieve enough statis-
tical precision and power. I confirm in Section 3.5 that the main results from
the regression analysis hold when daily data is used instead.

3.3 Descriptive Analysis

I first explore visually the effect of the intervention on the creation of new
designs by plotting design patent filings at the PTO around the date of the
intervention. Figure 3.1 plots monthly filings during the three-year period
considered. Filings show no sign of strong upward or downward trend and,
instead, fluctuate around an average of 2,400 filings over the sample period.
Filing behaviour does not seem to have been strongly affected by the patent
term extension, except during the first month immediately following the in-
tervention (month ‘0’), which shows a clear increase in filings. The plot also
shows that the pre- and post-intervention means are almost identical.

The aggregate counts presented in Figure 3.1 could mask variation in the
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Figure 3.1: Monthly Design Patent Filings Before and After the Intervention
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Notes: This plot shows monthly filings at the PTO before and after the term extension (which

took place in month ‘0’). The shaded area represents the post-intervention period. The two

dashed line segments show pre- and post-intervention means.

effect of the intervention. In particular, industries that rely more heavily on
design patents to protect their intellectual property might be affected by a term
extension more than others. Figure 3.2 explores this potential heterogeneity
across the six most popular design classes in my sample. These classes are de-
fined as the six United States Patent Classification (USPC) classes that had the
largest number of filings in the five years that preceded the intervention. They
accounted alone for about 45% of all filings among the 42 classes represented in
the data within those five years. For these six classes, there is no visual evidence
of strong effects from the intervention. The series seem to mostly follow their
pre-intervention paths in the post-intervention period and a simple compari-
son of pre- and post-intervention means show that, in fact, the mean generally
has decreased after the intervention.10 Visual inspection of unreported plots
confirms that there is no sign of strong responses from inventors to the inter-
vention in the ten subsequent most popular classes either.

Different types of applicants might also have been affected differently by
the intervention. First, a longer patent term might be more valuable to small

10Note that this decrease could be explained by the truncation issue discussed in Section 3.2.
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Figure 3.2: Monthly Filings Across the Six Most Popular Design Patent Classes
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(a) Recording, communication, or in-
formation retrieval equipment (D14)
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(b) Transportation (D12)
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(c) Furnishings (D06)
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(d) Medical and laboratory equipment
(D24)
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(e) Equipment for preparing or serv-
ing food or drink not elsewhere spec-
ified (D07)
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(f) Packages and containers for goods
(D09)

Notes: These plots show monthly filings in the six most popular USPC classes before and

after the intervention (which took place in month ‘0’). The shaded area represents the post-

intervention period. The two dashed line segments show pre- and post-intervention means.
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companies and individual inventors than to large corporations who can more
easily benefit from their intellectual property via other channels than design
patents. I explore this potential source of variation in Figure 3.3. Plots (a)
and (b) show that firms and individual inventors seem equally unaffected by
the intervention. For both types of applicants, the pre- and post-intervention
means are nearly identical and the series does not show any sign of strong
changes around the time of the intervention. Second, foreign and domestic
firms might have reacted differently to the term extension. Plots (c) and (d)
show, however, that this does not seem to be the case. Although foreign firms’
filings increase steadily during the first few months right after the intervention,
they abruptly fall down and stay low thereafter. In fact, the post-intervention
mean is even slightly smaller than the pre-intervention mean for foreign firms,
but slightly larger for domestic firms. Finally, plots (e) and (f) show that ap-
plicant size, as reported to the PTO during the application process, does not
matter either. Neither small nor large applicants seem to have been greatly
affected by the intervention.

3.4 Regression Analysis

I now explore the effect of the intervention on the creation of new designs
more formally by estimating the following baseline linear specification:

yt = α + βPostt + γt+ εt, (3.1)

where t = {1, · · · , 156} indexes the given week since the start of the sample
period and is included as a linear time trend in the regression, yt is the count of
design patents filed in week t, Postt is a dummy variable that indicates the pre-
intervention period (Postt = 0) and the post-intervention period (Postt = 1)
and εt denotes model errors.11 The coefficient of interest, β, should be positive
if there is an incentive effect resulting from the term extension.

The use of a linear specification presents two potential issues. First, a linear
model allows the conditional mean function to take negative values, while the
outcome is a count variable, which is greater than 0 by definition. Second, it

11The time index starts at the beginning of the sample period, two years prior to the inter-

vention, and daily counts are aggregated into weekly counts starting from the date of the

intervention, as explained in Section 3.2.
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Figure 3.3: Monthly Filings Across Different Types of Applicants
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(a) U.S. and foreign firms
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(b) U.S. and foreign individuals
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(c) U.S. firms
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(d) Foreign firms
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(e) Large entities
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(f) Small entities

Notes: These plots show monthly filings for different types of patent applicants before and after

the intervention (which took place in month ‘0’). Entity sizes are based on sizes reported to the

PTO. Large entities consist of large firms (with more than 500 employees), while small entities

consist of small firms, individual inventors and non-profit organisations, such as universities.

The shaded area represents the post-intervention period. The two dashed line segments show

pre- and post-intervention means.
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assumes that the outcome is continuous, while counts are necessarily discrete.
Though the linear model is generally a good starting point to get a sense of
the relationship of interest in the data, special regression methods designed to
accomodate the count nature of the data are available and should be used.12

The most basic regression model for count data is the Poisson regression
model, which specifies the conditional distribution of the outcome variable as
a Poisson distribution and an exponential conditional mean function.13 In my
context, this leads to the following non-linear specification of the conditional
mean:

E [yt|Postt, t] = exp (α + βPostt + γt) , (3.2)

whose parameters are typically estimated by maximum likelihood.
An important feature of the Poisson regression model is equidispersion,

or the equality of the conditional variance and mean. When the data is not
equidispersed, the standard errors of the Poisson maximum likelihood estima-
tor are wrong, which leads to incorrect inference on the parameters. A typical
solution is to consider the Poisson model with robust standard errors, known
as the quasi-Poisson model, which yields corrected standard errors without
having to model the dispersion in the data. Another typical solution for overdis-
persed data, that is when the variance is larger than the mean, is to use the Neg-
ative Binomial model, which specifies a Negative Binomial distribution for the
outcome variable with conditional mean µ of the exponential form and the
conditional variance equal to µ+ σµ2.14

A simple comparison of the sample mean and variance of my outcome vari-
able suggests that my data is overdispersed. The mean equals approximately 550

and the variance equals about 5, 560, and so is a little more than ten times larger
than the mean. To accomodate for this overdispersion in my data, I present re-
sults based on the quasi-Poisson and Negative Binomial models instead of the
standard Poisson model.

12Unless there are severe endogeneity concerns, which create a lot of complications for re-

gressionX methods for count data.
13A popular alternative is to log-transform the dependent variable and then use a linear model.

Given the wide availability of software for count regression models and the simplicity of

the present empirical model, it is preferable to use count regression methods that take the

count nature of the data into account.
14A formal treatment of these models can be found in Cameron and Trivedi (2013).
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In addition, because the data consists of a time series, the possible presence
of serial correlation in model errors may also lead to complications. If there is
serial correlation, the parameters are consistently estimated but the standard
errors are not. To address this issue, a quasi-Poisson model with heteroskedas-
ticity and auto-correlation consistent standard errors may be used, but gener-
ally it is better to model the time dependency directly. I return to the issue of
serial correlation in Section 3.5.

The identifying assumption that allows me to obtain unbiased estimates
of β is that the pre-intervention trend can be used as a counterfactual for the
post-intervention trend. In principle, there are a number of potential issues
with this identification strategy. First, the existence of other policies on or
around the same date as the intervention under study would confound the
results. However, the last major patent reforms took place early 2013, be-
fore the sample period, and PTO sources list no other policies affecting de-
sign patents around the intervention, mitigating concerns related to confound-
ing policies. Second, the existence of lobbies fighting for stronger intellectual
property rights might reverse the direction of causality between the number of
filings and policy reforms. However, since the term extension was a by-product
of the U.S.’s entry into the Hague Agreement, whose purpose is to facilitate
international filings rather than to strengthen patent rights in the U.S. per se,
reverse causality is unlikely to be a major concern in my empirical setting. Fi-
nally, applicants might have sorted around the date of the intervention if those
who had a new design ready before the intervention waited to file for their
design patents to obtain the longer term. Since the U.S. patent system is a first-
to-file system and designs are relatively easy and costless to imitate, waiting
before filing would probably have seemed worthy only relatively close in time
to the date of the intervention. To address the possibility of sorting around the
date of the intervention, in Section 3.5 I present results based on a sample that
excludes filings in time windows of four and eight weeks centered around the
date of the intervention.

Table 3.1 presents the main results from the regression analysis. Column (1)
shows the results from the linear model (3.1) with robust standard errors. Al-
though the intervention appears to have increased the number of weekly filings
by 8.5 units, this estimate is not statistically significant. Column (2) reports the
results from the quasi-Poisson model. The exponentiated coefficients, shown
in square brackets, suggest that the number of weekly filings post-intervention
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were about 1.6% larger than pre-intervention weekly filings.15 The average
marginal effect is estimated at 8.484, close to the Ordinary Least Square (OLS)
estimate from the linear model in column (1). Again, however, the estimate
is not statistically different from zero. The conclusions emerging from the
Negative Binomial model, presented in column (3), are essentially the same as
those emerging from the quasi-Poisson model. The estimated σ in the variance
function is positive and strongly significant, which confirms the presence of
overdispersion in the data.

Overall, these results reinforce the visual evidence presented in the previ-
ous section and show that the term extention for design patents has only had
a limited impact on inventors’ incentives to create new designs. In the next
section, I extend the empirical model in various directions and check the ro-
bustness of these results.

3.5 Extensions and Robustness Checks

3.5.1 Cross-Industry Variation

The descriptive analysis in Section 3.3 showed that there is little variation in
the effect of the intervention across the most popular patent classes. I revisit
this question formally by conducting separate regression analyses for groups
of patent classes with different levels of patenting intensity. It is reasonable to
expect that inventors in patent classes that use design patents more intensively
would react more to a term extension. To test this hypothesis, I measure a
class’s patenting intensity as the total number of filings in that given class dur-
ing the five years that preceded the intervention and subsequently separate the
counts of weekly filings into four groups based on the quartiles of the distri-
bution of patenting intensity. I then conduct the regression analysis separately
on each of the four resulting samples.

The results of this analysis are presented in Table 3.2. The intervention
has had a bigger impact in the highly intensive patent classes, as we would ex-

15To see this, note the following relationship:

E [yt|Postt = 1, t]

E [yt|Postt = 0, t]
= exp(β)

E [yt|Postt = 0, t]

E [yt|Postt = 0, t]
= exp(β).
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Table 3.1: The Impact of the Patent Term Extension on the Number of Weekly
Design Patent Filings

(1) (2) (3)
Dependent Variable Number of Weekly Design Patent Filings
Model OLS Quasi-Poisson Negative Binomial

t -0.177 -0.000 -0.000
(0.227) (0.000) (0.000)

[1.000] [1.000]
Post 8.503 0.015 0.015

(22.832) (0.042) (0.039)
[1.016] [1.015]

Constant 562.289*** 6.332*** 6.332***
(13.598) (0.024) (0.026)

[562.352] [562.450]

σ 0.016***
Observations 156 156 156

Notes: Robust standard errors reported in parentheses in columns (1) and (2) and usual standard

errors in column (3). Exponentiated coefficients reported in square brackets in columns (2)
and (3). In all columns, the dependent variable is the total number of design patents filed in

a given week. t is a time variable that represents the given week since the start of the sample

period. Post is a dummy variable that equals one for all weeks including and following the

intervention. Significance levels: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01.

pect. But the estimated impact declines at the next level of patenting intensity
and then goes up again in less patent-intensive classes. This finding is at odds
with the negative monotonic relationship we expect between patenting inten-
sity and the magnitude of the intervention’s impact. Finally, the overall lack
of statistical significance once more suggest that across the various groups in-
ventors have not been strongly affected by the intervention.
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Table 3.2: The Impact of the Patent Term Extension on the Number of Weekly
Design Patent Filings Across Patent Classes With Different Levels of Patenting
Intensity

(1) (2) (3)
Dependent Variable Number of Weekly Design Patent Filings
Model OLS Quasi-Poisson Negative Binomial

High Patenting Intensity
Post 10.835 0.082 0.081

(8.684) (0.067) (0.069)
[1.086] [1.085]

Medium-High Patenting Intensity
Post -7.264 -0.063 -0.061

(7.310) (0.060) (0.056)
[0.939] [0.941]

Medium-Low Patenting Intensity
Post 1.201 0.007 0.007

(8.751) (0.059) (0.056)
[1.007] [1.007]

Low Patenting Intensity
Post 3.732 0.025 0.024

(8.333) (0.055) (0.054)
[1.025] [1.024]

Observations 156 156 156

Notes: Robust standard errors reported in parentheses in columns (1) and (2) and usual standard

errors in column (3). Exponentiated coefficients reported in square brackets in columns (2)
and (3). In all columns, the dependent variable is the total number of design patents filed in a

given week. All regressions include a linear time trend t and a constant term (coefficients not

reported). Post is a dummy variable that equals one for all weeks including and following the

intervention. Significance levels: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01.
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3.5.2 Serial Correlation

I start by investigating whether serial correlation affects the main results. Serial
correlation can be detected by inspecting the auto-correlation function of the
regression residuals. I base my discussion on the residuals from the Negative
Binomial model, as the two other models provide similar fits. Figure 3.4 plots
the auto-correlation function of these residuals over 104 lags (each lag being
a week). The auto-correlation is only statistically significant for one lag, the
fifty-second one.

Figure 3.4: Auto-Correlation Function of the Residuals from the Negative Bino-
mial Regression
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Notes: Dashed lines represent 95% confidence intervals computed using Bartlett’s formula.

To capture this yearly seasonal effect, I implement an Autoregressive Nega-
tive Binomial count model with a fifty-second order term, along with the linear
time trend t and the post-intervention indicator variable Postt.16 The results,
presented in Table 3.3, confirm a strong correlation between the outcome in
time t and in time t−52, with an estimated coefficient on the fifty-second lag of
0.54 (with standard error equal to 0.09). The effect of the intervention is now
estimated at about 3% in exponentiated terms, but is still not statistically sig-
nificant. To check that the Autoregressive Negative Binomial model takes care

16This model is implemented in R using the tscount package described in Liboschik et al.

(2017).
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of the seasonality in the data, I plot the auto-correlation function of the resid-
uals from this model in Figure 3.5, which shows no sign of serial correlation
this time.

Table 3.3: The Impact of the Patent Term Extension on the Number of Weekly
Design Patent Filings Using an Auto-Regressive Negative Binomial Model

Dependent Variable Number of Weekly Design Patent Filings
Model Auto-Regressive Negative Binomial

t -0.000
(0.000)

Post 0.028
(0.036)

ρ52 0.538
(0.091)

Constant 2.925
(0.227)

Observations 156

Notes: Standard errors obtained by normal approximation (via tscount statistical package in

R). The dependent variable is the total number of design patents filed in a given week. t is

a time variable that represents the given week since the start of the sample period. Post is a

dummy variable that equals one for all weeks including and following the intervention. ρ52 is

a fifty-second order auto-regressive term. Significance levels: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01.

3.5.3 Polynomial Time Trend

The linear trend assumption made in Section 3.4 might be not capture accu-
rately how filings evolve over time. As the particular choice of a linear trend
can have an impact on the estimated effect of the intervention, it is a good idea
to re-estimate models with polynomial time trends of various orders to check
the robustness of the results based on a linear trend.

I thus run quasi-Poisson regressions containing gradually higher-order poly-
nomials of t as regressors. Table 3.4 shows the exponentiated coefficients from
polynomial regressions up to the eight order. In most cases, the estimated im-
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Figure 3.5: Auto-Correlation Function of the Residuals from the Autoregressive
Negative Binomial Regression
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Notes: Dashed lines represent 95% confidence intervals computed using Bartlett’s formula.

pact of the intervention increases but never enough to become statistically sig-
nificant. In most cases, the exponentiated coefficient now lies in the 4-8% re-
gion.

3.5.4 Inner Window of Exclusion

If there was sorting of the type described in Section 3.4, with inventors waiting
to file for patents for their new designs to obtain the longer patent term, the
effect of the intervention would be overestimated. The spike in monthly filings
that directly follows the intervention in Figure 3.1, along with the immediate
return to prior levels of monthly filings thereafter, suggest that such sorting
might have been at play.

A simple way to correct for this potential sorting is to exclude from the
analysis all filings that took place within a window around the date of the in-
tervention. Table 3.5 compares the results of quasi-Poisson regressions with no
inner window, in column (1), and those with inner windows of four and eight
weeks in, respectively, columns (2) and (3). As expected, the point estimate for
the coefficient of Post decreases when an inner window of exclusion is consid-
ered. In particular, the point estimate is close to zero when the eight-week
window is used.
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Table 3.4: The Impact of the Patent Term Extension on the Number of Weekly
Design Patent Filings With Various Polynomial Time Trends

Dependent Variable Number of Weekly Design Patent Filings
Model Quasi-Poisson

Polynomial Order First Second Third Fourth
Post 1.016 1.078 1.061 1.067

(0.042) (0.055) (0.057) (0.070)
Constant 562.352*** 540.027*** 557.289*** 559.975***

(13.729) (16.895) (23.169) (31.004)

Polynomial Order Fifth Sixth Seventh Eigth
Post 1.063 0.994 1.045 1.037

(0.073) (0.072) (0.079) (0.077)
Constant 566.728*** 625.945*** 671.837*** 642.732***

(37.213) (45.570) (59.568) (63.676)

Observations 156 156 156 156

Notes: Exponentiated coefficients reported in all columns with corresponding robust standard

errors reported in parentheses. The dependent variable is the total number of design patents

filed in a given week. Post is a dummy variable that equals one for all weeks including and fol-

lowing the intervention. Time variables are omitted from the table for readability. Significance

levels: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01.

3.5.5 Daily Counts

Weekly counts have been used in the baseline analysis for convenience as they
clean the data from unnecessary volatility. But a regression analysis based on
daily data with appropriate controls for weekday effects would have worked
as well. Table 3.6 presents the results of the OLS, quasi-Poisson and Negative
Binomial models when daily data is used. Again, although the intervention
seemed to have increased filings, the effect is not statistically significant. The
exponentiated coefficients from the quasi-Poisson and Negative Binomial mod-
els are similar to those based on weekly data and suggest that post-intervention
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Table 3.5: The Impact of the Patent Term Extension on the Number of Weekly
Design Patent Filings With an Inner Window of Exclusion

(1) (2) (3)
Dependent Variable Number of Weekly Design Patent Filings
Model Quasi-Poisson
Inner Window of Exclusion None 4 Weeks 8 Weeks

t 1.000 1.000 1.000
(0.000) (0.000) (0.000)

Post 1.016 1.012 1.001
(0.042) (0.044) (0.044)

Constant 562.352*** 561.872*** 560.125***
(13.729) (14.007) (14.238)

Observations 156 152 148

Notes: Exponentiated coefficients reported in all columns with corresponding robust standard

errors reported in parentheses. The dependent variable is the total number of design patents

filed in a given week. t is a time variable that represents the given week since the start of the

sample period. Post is a dummy variable that equals one for all weeks including and following

the intervention. Significance levels: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01.

filings were 1.5-4% percent higher than pre-intervention filings.

3.6 Discussion

The results presented in Sections 3.4 and 3.5 show that the increase in the term
of design patents had a positive, though not statistically significant, effect on
the creation of new (patented) designs. The lack of statistical significance does
not necessarily translate into effects that are not economically meaningful. Ig-
noring the possibility of sorting or bunching by applicants, the results imply
that a one-year increase in the patent term leads to 1.5-8% more patented de-
signs depending on the chosen specification. In the context of cancer drug de-
velopment, Budish et al. (2015) estimate that a one-year increase in the patent
term leads to a 7-23% increase in R&D investment. We would expect their
estimates to be larger for at least two reasons. First, they focus on the phar-
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Table 3.6: The Impact of the Patent Term Extension on the Number of Daily
Design Patent Filings

(1) (2) (3)
Dependent Variable Number of Daily Design Patent Filings
Model OLS Quasi-Poisson Negative Binomial

t -0.003 -0.000 -0.000
(0.004) (0.000) (0.000)

[1.000] [1.000]
Post 1.148 0.014 0.040

(2.784) (0.035) (0.045)
[1.014] [1.041]

Constant 124.185*** 4.828*** 4.840***
(3.537) (0.033) (0.039)

[124.938] [126.509]

σ 0.13***
Observations 1082 1082 1082

Notes: Robust standard errors reported in parentheses in columns (1) and (2) and usual standard

errors in column (3). Exponentiated coefficients reported in square brackets in columns (2)
and (3). In all columns, the dependent variable is the total number of design patents filed on a

given day. t is a time variable that represents the given day since the start of the sample period.

Post is a dummy variable that equals one for all days including and following the intervention.

All regressions also include a full set of dummies for the different days of the week. Significance

levels: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01.

maceutical industry, which is highly dependent on patents. Inventors in that
industry value patents greatly and are thus expected to be quite sensitive to
patent length. Second, they study the sensitivity of R&D investment, a mea-
sure of innovative input, whereas I look at the sensitivity of patent filings, a
measure of innovative output. As not all additional R&D translates into new
patents, we should not be surprised if the latter is less sensitive to the patent
term than the former.

The transition from a fourteen to a fifteen-year patent term represents a
7% increase in patent length. This implies an estimated elasticity of innovative
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output to the patent term equal to about 0.2 if we use the point estimates in
columns (2) and (3) of Table 3.1.17 Though we expect the term extension to
increase innovative output, as longer patents confer stronger patent protection
to inventors and results in the development of marginal inventions, one might
wonder why it would do so less than proportionally. One possible explanation
is that patented designs may in practice act as partial substitutes for each other,
at least within given patent classes. Longer patents attracts new entrants and,
as the number of competing designs increases, profit margins are compressed.
In turn, the number of new entrants is dampened as the lower profit margins
counter-act with the increase in revenues induced by the longer patent term. I
illustrate this simple mechanism in the circular model of product differentia-
tion of Salop (1979) in Appendix 3.A. With linear transportation costs and no
discounting of future revenues, the model predicts an elasticity of innovation
to the patent term equal to 0.5, not too far off from the elasticity implied by
my estimates.18

Another possible explanation for the low elasticity lies in the timespan
chosen for the empirical analysis. With a post-intervention period of one year,
we can only hope to estimate the short-term impact of the intervention. The
long-term effect could differ, as innovative investments might take time to
translate into new patentable inventions. Though this issue might not be too
serious in the context of design patents, for which probably less technical re-
search is needed than for utility patents, the estimates obtained in this paper
are nonetheless best understood as a lower bound for the overall effects of the
intervention, which are likely to be larger.

3.7 Conclusion

In this paper, I study the relationship between patent length and innovation
incentives in the context of design patents. I exploit an increase in the term of
design patents that came into effect in 2015 as a result of the implementation of
the Hague Agreement in the U.S. I find that the term extension increased the

17This figure was obtained by dividing the semi-elasticities 0.015 and 0.016 by the percent

term increase 0.071.
18The same conceptual framework is used by Dubois et al. (2015) to explain the low elasticity

of innovation to market size in the pharmaceutical sector.
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number of design patent filings, though not in a statistically significant way.
There is no apparent variation in this effect across different industries or types
of applicants and patent classes that patent more intensively do not seem to be
unambiguously more affected by the term increase than less patent-intensive
classes. These results support existing empirical evidence that shows that in-
ventors tend to not respond strongly to increases in the strength of patent pro-
tection.
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Appendix

3.A Theoretical Model

I present a circular model of product differentiation based on the discussion
in Tirole (1988), chapter 7, of the Salop (1979) model and show how it can
generate an elasticity of innovation to the patent term of similar magnitude to
the one obtained in my empirical analysis.

A unit mass of consumers is uniformly distributed around a circle of perime-
ter equal to 1. Innovators are located around the circle (and can locate to only
one location) and consumers travel to them to purchase a single unit of their
products. Each innovator sells a single patented design. The unit transporta-
tion cost incurred by consumers is equal to t and can be viewed as an index
of differentiation. The higher t is, the more expensive it is for consumers to
reach farther innovators, so they are more easily drawn to nearby innovators.
Consumers wish to purchase at the lowest total cost, which equals the price
of the purchased design plus the transportation cost. For simplicity, I assume
that consumers will always obtain a sufficient surplus from the purchased de-
signs and so will always proceed with their purchases. There is a fixed cost f
incurred by the innovator for bringing a patented design to the market. The
marginal cost of production of the design is assumed to be zero, for simplicity.
Innovators have an outside option equal to zero if they decide not to enter the
market. The length of the patent is l and innovators who have entered the mar-
ket receive for the full patent term the per-period revenue piDi where Di is the
demand for innovator i’s design. After the expiration of the patent, imitation
drives the price to marginal cost so there is no more per-period profit to be
made. Assuming that innovators do not discount future revenues, the profit
from bringing a new patented design to the market is given by lpiDi − f .19

In the first stage of the model, innovators choose to enter or not. The n en-
tering innovators are exogenously placed at equi-distant locations, applying the
principle of maximum differentiation. In the second stage, innovators choose
their prices given their locations.

We start by solving the second stage for any given number of entering inno-

19If we assume that innovators discount future revenues, we can interpret l as discounted

patent length instead of true patent length.
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vators n and we assume that entrants play a symmetric equilibrium and set the
same price p for their designs. Any innovator i faces two competitors, one on
each of her sides. Consider a consumer located at point x between i and either
one of her two surrounding competitors. This consumer will be indifferent
between buying i’s design and the design of the nearest competitor provided

pi + tx = p+ t(1/n− x),

where pi is the price chosen by innovator i. Solving for x gives

x =
p+ t/n− pi

2t
.

Note that any consumer located closer to i than consumer x will chose to buy
from i. Thus, the demand for i’s design given her price pi is given by

Di = 2x =
p+ t/n− pi

t
,

reflecting the fact that innovator i has consumers on either of her sides. Inno-
vator i choses a price pi that maximises profits, which are given by

lpi
p+ t/n− pi

t
− f.

Solving for pi and then setting pi = p, as we are considering a symmetric equilib-
rium, gives the following expression for the unique equilibrium price p chosen
by all innovators

p = t/n.

This expression shows that the price, which is also the profit margin in this
simple model, decreases as the number of entrants gets larger. This is because
a larger number of innovators share a constant mass of consumers, which puts
a downward pressure on the price as competition between patented designs
increases.

With the equilibrium price determined for every possible number of en-
trants n, we can solve the entry game that occurs in the first stage of the model.
Free entry is assumed, which means that entry occurs until the profits are equal
to zero. Thus, the equilibrium number of entering innovators solves

lpD − f = 0.
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Substituting p and D with the expressions we derived above and solving for n
gives

n =

√
lt

f
.

As expected, a longer patent term will increase the equilibrium number of en-
tering innovators and of patented designs. Taking the derivative of n with re-
spect to l gives

dn

dl
=

1

2

√
l

f l
=
n

2l
,

which implies that the elasticity of the number of innovators, or equivalently
patented designs, to the patent term equals 0.5. If prices were regulated, such
that p = p̄, the elasticity of innovation to the patent term would instead be
equal to 1, as the dampening effect of entry occurs via changes to innovators’
profit margins.
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