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Abstract To learn the patentability of an innovation, both applicant and examiner

search through the set of related inventions. The applicant searches first and chooses to

reveal his findings to the examiner, who performs a complementary search and decides

whether to grant a patent. We analyze this process with a model of bilateral search for

information.We show that the applicant may strategically conceal information, and the

examiner makes her search contingent upon the revealed information. To remedy

information concealment, we focus on two mechanisms: a double-review policy and a

commitment mechanism. Both mechanisms induce more revelation of information.
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1 Introduction

The issuance of patents of questionable validity is a major concern for patent policy.

In an effort to improve the quality of the patent prosecution process, the U.S. Patent

and Trademark Office (PTO) has launched several initiatives.1 To contribute to this
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discussion, we present a theoretical model of the application and granting of a

patent. A key aspect of our modeling approach focuses on the actions of the

applicant and the examiner as they search through the set of related inventions,

which is referred to as prior art in the patent jargon.2

This search for prior art is crucial as it permits an assessment of the patentability

of an innovation. The examiner’s own search of prior art may reveal previous

similar innovations or an existing piece of knowledge that shows that the innovation

under scrutiny is not novel and, hence, should not be granted a patent. Search is

important also because it defines the key tension in our model. By letting the

applicant withhold information on quality-relevant prior art, we allow the applicant

to influence the examiner’s search effort. This strategic concealment of prior art

impedes the examiner’s inference process, and potentially leads to the granting of a

patent to a non-patentable innovation.3

Formally, the patent granting process is modeled as a sequential bilateral

information gathering game. At the outset, the patentability of the innovation is

unknown; consequently, both applicant and examiner must search to identify it. The

ease with which the examiner conducts her search depends on the prior art that is

disclosed by the applicant. Upon discovering abundant prior art, the applicant may

indeed conceal some of the prior art that he discovered after he learned that his

innovation is not patentable—knowing that strategic withholding increases exam-

iner’s screening costs. Then, relying on her own search but also on what the

applicant has chosen to reveal, the examiner processes the application and

eventually determines the patentability of the innovation.

We show that the examiner’s screening intensity is contingent on the amount of

prior art that the applicant reports, and that applicants with non-patentable innova-

tions tend to conceal some prior art. Applicants do search for prior art: essentially,

because they fear that forgotten prior art might be a cause for future costly

prosecution or even invalidation.

Since concealing information is associated with non-patentable innovations, we

then focus on mechanisms that enhance the flow of information that is provided by

applicants. The first mechanism is a second-review process that is contingent on the

amount of prior art that is disclosed. We show that a second review influences the

applicant’s decision to reveal prior art, but its overall implication is unclear. A

reduction of strategic concealment of information in one well scrutinized field might

increase the fraction of ‘‘bad’’ innovators who apply for patents in other less-

scrutinized fields.

In response to these ambiguous results, we introduce a second mechanism that

requires the examiner to commit ex ante to pre-defined levels of scrutiny. We show

that the optimal scrutiny of the examiner is uniform across all applications, which

induces full revelation of prior art.

2 From the early decision to file for a patent to its final granting, most of the patenting process involves

finding, reporting, and checking prior art. Ultimately, the quality of the application combined with the

examiner’s search efforts determines the outcome of the patenting process.
3 In practice, examiners spend an average of only 8–25 h on each application (Federal Trade

Commission 2003), which suggests that patent screening may be inadequate in identifying the

patentability of the innovation.
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The paper is organized as follows: in Sect. 2, we present the related literature and

the details of the patent filing and prosecution process. The model is presented in

Sect. 3. In Sect. 4, we describe the technologies of examination and prior art search.

In Sect. 5, we analyze the non-commitment case. We analyze the second-review

policy in Sect. 6, and the commitment policy in Sect. 7. We conclude and derive

policy implications in Sect. 8.

2 Related Literature, Patent Filing, and the Prosecution Process

Although there is an abundant patent literature,4 only a few contributions study the

process by which patents are granted (Farrell and Merges 2004; Kesan 2002;

Merges 1999).5

The patent-granting process is standard: When filing a patent, an applicant

provides information that contains references to previous innovations and patents

upon which the innovation improves or from which it diverges. The nature of this

information is usually diverse, and any relevant piece of evidence (theses or

scientific articles) constitutes prior art. In the U.S. applicants are not legally required

to search for prior art; but if they do, they must disclose it (a ‘‘duty of candor’’).

In addition, according to the ‘‘doctrine of inequitable conduct’’, applicants should

not disclose false information. However, the PTO has made it clear that applications

will not be investigated and rejected based solely on a violation of the duty to

disclose prior art (Kesan 2002).

To assess the patentability of an innovation, an examiner relies on the content of

the application and her own prior art search.6 The returns to search effort for the

applicant and for the examiner are a function of the amount of prior art, which can

vary across technological fields.

In more mature fields (e.g., pharmaceuticals) prior art is abundant and easy to

find. In emerging fields, prior art is less accessible as it is more likely to be

disseminated across scientific publications or other sources.7 Overall, the informa-

tion that is revealed by applicants should be a function of their search efforts and of

the amount of existing prior art.

Innovators’ incentives to search for prior art before and after undertaking any

R&D investments have been studied by Atal and Bar (2010). In their model, an

applicant who did not find invalidating prior art at the initial research stage will be

4 The patent literature focuses on litigation and settlement (Lanjouw and Schankerman 2001; Crampes

and Langinier 2002), or on the impact of rules on patent value (Chang 1995; Scotchmer 1996;

O’Donoghue 1998).
5 A few contributions investigate the patent examination process, but they do not consider the applicant’s

search for prior art (Chiou 2008; Langinier and Marcoul 2014). By modeling the patenting process, Picard

et al. (2013) consider that the quality of granted patents depends on the PTO’s examination effort.

However, they do not model the applicant’s incentives to distort the examination process.
6 An innovation is patentable if it is novel, non-obvious, and useful.
7 In these fields, prior art is usually not in the form of a patent (Allison and Hunter 2006, and Sampat

2010). For instance, an unpublished thesis can represent prior art that may be used to invalidate a patent.

However, finding this information might prove difficult for the examiner. On a similar note, Jaffe and

Lerner write ‘‘examiners are not very good at finding non-patented prior art’’ (Jaffe and Lerner 2004).
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optimistic regarding the quality of his innovation at the patenting stage. Thus, he

will be reluctant to search further. However, they do not analyze the strategic

revelation of information or the examiner’s behavior.

Although an applicant’s not searching for prior art (and concealing it) will hinder

the examiner’s ability to reject the application, it is also costly as patents with

missing prior art tend to be invalidated in court (Allison and Lemley 1998). Hence,

when deciding to search, an applicant must strike a balance between strengthening

his (potentially good) patents and obtaining (ultimately bad) patents. In some fields,

patents tend to have more prior art cited, which is an indication that search has taken

place.

Due to the lack of accessible data, only recently has empirical attention been

focused on prior art problems and on opening the ‘‘black box’’ of the patent-granting

process (Cockburn et al. 2003). The findings of Sampat (2010), and Alcácer et al.

(2009) suggest that applicants and examiners do not necessarily have the same

information, or the same incentives to search and reveal information. Examiners

seem to be less informed than are applicants about prior art, and may face particular

challenges in searching for it (Jaffe and Lerner 2004).

Prior art that is provided by applicants can be sparse,8 even though the relevant

information exists and can be accessed (albeit at substantial cost).9 Lampe (2012)

finds empirical evidence that applicants conceal prior art, which validates our main

finding that they have an incentive not to reveal all of it.

Patent reforms have been suggested to improve the U.S. patent system, such as an

opposition system10 (Merges 1999) or a two-tiered system in which applicants can

choose between a regular patent or a more expensive ‘gold plated’ patent with a

more rigorous examination and an enhanced presumption of validity (Lemley et al.

2005; Atal and Bar 2014). Even if it is important to provide better incentives for

applicants to find and disclose prior art (Farrell and Merges 2004), so far none of

these proposals are concerned with such incentives.

Our paper also relates to the auditing and monitoring literature: Contracts must

sometimes reward agents for announcing bad news (Levitt and Snyder 1997); the

principal commits ex ante to an inefficient ex post outcome. In our setting, the

examiner may structure her commitment to induce applicants to search and fully

reveal prior art. It is similar to a delegation model where the principal commits to

not interfere in the agent’s activities to encourage initiative (Aghion and Tirole

1997). Without a credible mechanism for committing to an audit, there is no

equilibrium in which only good applicants apply for patents.11

8 Alcácer and Gittelman (2006) show that, during 2001–2003, 40 % of patents had all citations listed by

examiners. Examiners tend to cite patents that are owned by the applicants themselves (Sampat 2010). As

it is unlikely that applicants are unable to find their own patents, this suggests that many applicants do not

search for, or fail to disclose, prior art. Some financial patents seem to have clearly incomplete prior art

(Lerner 2002).
9 There exist websites where prior art can be added to a patent (e.g., PatentFizz). For instance, on

Bountyquest.com, one can post a request for prior art for a reward from $10,000 to $30,000.
10 For details on the European opposition system, see Graham et al. (2002) and Friebel et al. (2006).
11 This is related to the literature on optimal contracts with no commitment to an audit policy (Khalil

1997; Strausz 2005; Mitusch 2006).
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3 The Model

We consider a sequential game in which a patent applicant is endowed with an

innovation and an examiner must handle a patent application. The applicant

searches for prior art and, depending on his effort and the scarcity of prior art, he

discovers one of two exogenous levels of prior art: either xh � 1, or xl\1. Given

what he has discovered, he then decides the amount of prior art ex to reveal in the

application (either ex ¼ 1 or ex ¼ xlÞ. When she receives the application, the

examiner processes it, checks the application’s references and performs her own

prior art search that may (or may not) reveal similar existing innovations. Based on

the information that she discovers, she then decides whether to grant a patent.

Below, we describe each of these stages in detail.

At the outset, neither the applicant nor the examiner knows the patentability and

how much prior art exists. With probability p, it is a patentable (or ‘‘good’’)

innovation, and with probability ð1� pÞ it is a non-patentable (or ‘‘bad’’)

innovation.12 The unconditional probability that the prior art is abundant (resp.,

scarce) is c (resp., 1� c). Ex ante, c and p are common knowledge to the applicant

and the examiner.13

Before filing for a patent, the applicant chooses his prior art search effort. By

exerting an effort e 2 ½0; 1�, which has a disutility c(e) , he finds x 2 X ¼ xl; 1f g.
We assume that c0ðeÞ[ 0, c00ðeÞ[ 0, cð0Þ ¼ c0ð0Þ ¼ 0, lim

e!1
cðeÞ ¼ lim

e!1
c0ðeÞ ¼ 1;

and c000ðeÞ[ 0.14

His effort generates a probability of finding prior art conditional upon it being

abundant or scarce. We assume that this conditional distribution is uniform. The

prior art found by the applicant can take two values: xl or xh, where 0\xl\xh � 1,

which is known ex ante by both the examiner and the applicant. To simplify, we rule

out the possibility of revealing no prior art. We implicitly assume that the examiner

does not grant patents to applications that have empty prior art content.

When the prior art is abundant, the applicant finds 1 with probability

probðx ¼ 1 jprior art is abundantÞ ¼ e. When it is scarce, he never finds 1 as

probðx ¼ 1 jprior art is scarceÞ ¼ 0 but he finds xl with probability

probðx ¼ xl jprior art is scarceÞ ¼ 1. If e[ 0, the applicant learns whether his

innovation is patentable (or not) when he finds the whole existing prior (i.e., when

x ¼ 1 and the prior art is abundant, and when x ¼ xl and the prior art is scarce).15;16

The discovery of the patentability is soft information, and its content might be

12 All parameters and variables of the game are summarized in Table 1.
13 By abundant, we mean that, in certain technological areas, there are numerous patented prior art

references that are easily accessible in patent data sets. Conversely, in other technological areas, prior art

is scarce and searches in existing patent data sets will reveal very few references to existing innovations.
14 This last assumption is not necessary for our results, but it simplifies the calculations.
15 We assume perfect learning by innovators but we could allow this learning to be interpreted as a

‘‘hint’’ that some innovations are better than others. We would obtain similar qualitative results by

assuming that a fraction of applicants learn their type. This aspect underlies the fact that a fair amount of

learning about novelty takes place when applicants prepare their applications (Trajtenberg et al. 2000).
16 Whether the applicant learns that the prior art comes from an abundant field or not is irrelevant.
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omitted without altering the amount submitted, even though this is against the law.17

If e ¼ 0, he does not learn the patentability of his innovation.

After having searched for prior art, the applicant applies for a patent and reveals

ex.18 He can conceal some prior art (reveal xl instead of 1), but can never forge an

application that would contain more prior art than he actually found. This aspect

captures the possibility that applicants can withhold citations to relevant prior art.

From the examiner’s perspective, an applicant’s revelation of xl can arise from

four possible circumstances: a) The applicant has chosen not to search (i.e., e ¼ 0);

b) The innovation is in a sparse prior art field; c) The innovation is in an abundant

area, but the applicant only found xl; or d) The applicant found 1, but he also learned

that his innovation is not patentable and strategically decided to withhold some of

the prior art.

The examiner does not observe the applicant’s effort, nor does she observe

what he actually found. She has prior beliefs about the patentability of the

innovation and the field to which it belongs, and she must exert an effort to

establish its patentability. In practice, this effort involves a mix of both checking

the prior art that the applicant has reported and performing her own search of

prior art. Arguably, searching for prior art tends to be costlier than merely

checking prior art references.

We therefore assume that the marginal cost of this (composite) effort is higher

when the patenting process involves more ‘pure’ search and fewer prior art

references are transmitted to the examiner. More precisely, the examiner receives an

application with prior art ex, updates her beliefs about patentability accordingly,19

and exerts a search effort E 2 ½0; 1� at cost

C E; exð Þ ¼ 1

2ex
E2: ð1Þ

Her effort generates a probability E to discover whether the innovation is

patentable. With probability ð1� EÞ, she does not discover invalidating informa-

tion.20 Specification (1) implies that the examiner’s search cost is higher when the

prior art reported ex is small. Our goal is to model the ‘‘complementarity’’ between

17 If an applicant finds a citation that might invalidate his patent, he may remove it and pretend he never

encountered it, even though this is illegal. Alternatively, we could think about the quality of disclosure:

The applicant might disclose prior art in a way that is not very helpful to the examiner.
18 For simplicity, we assume that the examiner always applies for a patent, since it is costless. Patenting

decisions have already been studied by Atal and Bar (2010).
19 She does not update her beliefs about the field, since what matters is to grant a patent to a

patentable innovation.
20 Admittedly, our search process is simple to allow for an overall tractable model. In a less parsimonious

model, the examiner’s search and learning process could happen in several stages where current

discoveries about prior art influence future search effort (and, hence, future discoveries), which would

create many possible search pathways and give rise to stopping rules. In this setting, the examiner would

stop searching when she discovers sufficiently similar innovations since it would essentially show that the

innovation does not meet the patentability requirements. For other search pathways and for convex

sampling costs, the examiner would abandon search when the sampling of prior art sources keeps giving

her anything but prior art close to the innovation described in the application.
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the information that is provided by the applicant and the examiner’s efficiency.21

The functional form (1) captures this aspect of the patenting process.22

Based on the information that is provided by the applicant and the prior art she

has discovered, the examiner grants a patent or not. Establishing the patentability

depends on the quality of the information cues (e.g., innovation attributes, prior art)

that have been provided by the applicant, the sources that are used by the examiner

(e.g., the database), and her ability to perform the examination.23 When receiving an

application containing 1, the examiner will check the prior art cited and evaluate

claims against the existing prior art that ‘surrounds’ the innovation. Thus, in this

case, the prior art search is likely to be minimal. If ‘‘xl’’ has been reported to her, she

will have to search for additional prior art (that may have been concealed); and, if

additional prior art is found, she will assess whether what she uncovered is

sufficiently similar to the applicant’s innovation to justify a rejection of the patent

application.

In general, two types of errors can be made: refusing a patent to a good

innovation (type I error), or wrongly granting a patent to a non-patentable innovation

(type II error). As a rejected patent can be re-applied for and will be scrutinized by

another examiner, type II error is more common than type I error. Even though there

is no consensus about the overall grant rate, many applications are eventually

patented.24 For this reason, we focus only on type II error.

The applicant gets a private benefit from his innovation whereas the examiner has

social value in mind. Let VG (resp., WG) be the private (resp., social) value of a

good innovation that is granted a patent and VR (resp., WR) when it is refused a

patent, with VG [VR � 0 (WG [WR). The applicant derives higher benefit from a

good patented innovation; but he can still get a positive benefit from his non-

patented good innovation since it is new.

On the other hand, the private (resp., social) value of a bad innovation that is

granted a patent is VG (resp., WG) and 0 (resp., WR) if a patent is refused, with

VG [ 0 (WR [WG).
25 The applicant benefits from being granted a bad patent, as

the probability of it being invalidated in court is relatively low, or a trial may

invalidate only part of the claims.

The granting of a good patent has a higher (or potentially equal) social value than

refusing a bad patent, which, in turn, has a higher value than refusing a good patent,

21 In a survey of 4,269 examiners of the EPO reported by Friebel et al. (2006), 85.3 % of the respondents

explained that high-quality work of applicants saved them a large amount of time in their work.
22 Applications that contain a large amount of prior art might be more costly to process, and a different

cost function could be used to capture this aspect of the process. Our findings depend on the functional

form (1).
23 Because examiners are different among themselves, they will interpret differently the information that

they have. There is no objective criterion; and, as stated by Cockburn et al. (2003), there are ‘‘as many

patent offices as patent examiners.’’
24 By considering rejected applications that have been resubmitted, Quillen and Webster (2001, 2006)

find that 87–95 % of U.S. applications are granted a patent, whereas Sampat and Lemley (2010) find a

range of grant rates of 72–76 % for 2008.
25 The upper (respectively, lower) bar indicates a good (respectively, bad) innovation, and the subscript

G (respectively, R) indicates that the innovation is granted (respectively, refused) a patent.
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which is also better than granting a bad patent: WG �WR [WR [WG. We define

DW � WR �WG [ 0, and we assume that DW\1, so as to obtain interior solutions

for the optimal efforts.26

Private innovation values will likely be affected by cited prior art. The strength of

a patent depends on whether prior art has been concealed to obtain the patent

(Allison and Lemley 1998). The difference in value of two otherwise identical

patents stems from the fact that it is easier for competitors to invalidate a patent on

missing prior art than on cited prior art.

Uncited prior art can be due to a strategic concealment of information or to a lack

of knowledge of it. In the former case, we explicitly introduce the cost associated

with concealing prior art. To model ex post punishment for non-compliance, we

assume that the private value of the patented innovation is negatively affected by

strategic concealment. When prior art is concealed, the value of the patented

innovation is ð1� aÞV , with V ¼ fVG;VGg and a 2 ½0; 1�. The higher is a, the
higher is the non-compliance punishment and, thus, the lower is the value of a

patented innovation. We call the parameter a the ‘‘non-compliance punishment

cost’’.

Prior art may also be missing because the applicant did not find it, and additional

prior art might be revealed during a legal dispute. In the case of a good innovation,

this additional prior art will not necessarily invalidate the patent; it will just make

more costly a defense of a patent with less prior art. In the case of a bad patent, it

will more likely be invalidated, since the missing prior art might be invalidating. We

thus assume that an innovation that belongs to an abundant prior art field but

patented with sparse prior art will be more costly to defend; it has a value V 0
G\VG

for VG ¼ fVG;VGg. We denote DV ¼ VG � V
0
G [ 0 and DV ¼ VG � V 0

G [ 0.

We summarize the values in the following matrix when a patent is granted with

all prior art, with concealed prior art, or simply with missing prior art, and when a

patent is refused.

Grant a patent with

all prior art

Grant a patent with

concealed prior art

Grant a patent with

missing prior art

Refuse a patent

Good

innovation

(p)

VG; WG ð1� aÞVG;WG V
0
G;WG

Not applicable

No type I error

Bad

innovation

(1� p)

VG, WG ð1� aÞVG, WG V 0
G, WG 0, WR

As applications differ in their informational content, so should the examiner’s

behavior. The PTO often claims that every application should receive identical

scrutiny to guarantee that applicants are equally treated. Nevertheless, it seems

26 The PTO is a ‘‘forward looking and long term’’ player that internalizes ex ante research incentives in

the social value of a good innovation.
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rational to treat two applications differently when both have the same social value

but one is costlier to process than is the other.

We emphasize this issue by considering three different patenting processes:

(i) the non-commitment case: the examiner only responds to the information

transmitted; (ii) the second review process case: the examiner puts more emphasis

on patents with little prior art content, as is the case, for instance, in emerging fields;

and (iii) the commitment case: the examiner commits ex ante to specific levels of

scrutiny depending on the prior art received.

To summarize, the timing of the game is as follows: In cases (i) and (ii).

• on date 1, the applicant decides how much effort e 2 ½0; 1� to put into a prior art

search. He finds prior art x and learns whether his innovation is patentable or not.

He then files an application with announced prior art ex;

• on date 2, the examiner observes the applicant’s announcement ex, and decides to

undertake search effort E 2 ½0; 1�; and
• on date 3, depending on the examination outcome, the examiner grants a patent

or not.

In case (iii).

• on date 1, the examiner commits ex ante to specific levels of scrutiny;

• on date 2, knowing these effort levels, the applicant chooses his search effort

e 2 ½0; 1�. He finds x and learns whether his innovation is patentable or not. He

files an application with announced prior art ex; and

• on date 3, the examiner grants or refuses a patent based on the announced

information, and the outcome of her own examination.

In the next two sections, we focus on the non-commitment case (case i). The

second review process (case ii) and the commitment case (case iii) will be

introduced in later sections. For future reference, we gather all of the parameters and

variables that have been defined so far, and also those that will be introduced later in

Table 1.

4 Technologies of Patent Examination and the Prior Art Report

We present the structure of the examination technology, and the applicant’s prior art

search technology when the examiner does not commit to any level of scrutiny

efforts ex ante (case i).

4.1 Patent Examination Technology

After receiving an application with ex, the examiner first updates her beliefs about its

patentability, and chooses an effort level. Her updated beliefs depend crucially on

her anticipation of the applicant’s behavior. She draws some inference about

patentability by considering the prior art that he has reported. If the applicant has an
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incentive to withhold some prior art, a (rational) examiner has no reason to believe

that a given application has a probability p of being patentable.

Formally, lj for j ¼ l; h denotes the examiner’s updated belief that the innovation

is good, given that ex ¼ xj has been revealed.
27 For any ex 2 X received, the examiner

solves

max
E

½BðEÞ � C E; exð Þ�; ð2Þ

where C E;exð Þ is defined by (1) and

Table 1 Definition of parameters and variables (ex; e;E;l and h are endogenous variables)

Parameter Definition

p Unconditional probability that an innovation is patentable or ‘‘good’’

c Unconditional probability that the prior art is abundant

a Non-compliance punishment cost

b Second review screening

x Prior art found by the applicant in his search x 2 xl; 1f g
WG Social value that accrues from the grant of a patent to a good innovation

WR Social value that accrues from the rejection of a good innovation

WG Social value that accrues from the grant of a patent to a bad innovation

WR Social value that accrues from the rejection of a bad innovation

DW � WR �WG Incremental social value of the rejection of a bad innovation

VG (V
0
G)

Private value of the grant of a patent to a good innovation (with missing prior art)

VR Private value of the denial of a patent to a good innovation

VG (V 0
G) Private value of the denial of a patent to a bad innovation (with missing prior art)

DV � VG � V
0
G

Incremental private value of a good patent (without missing prior art)

DV � VG � V 0
G Incremental private value of a bad patent (without missing prior art)

ex Prior art that is released by the applicant in his application; ex 2 xl; 1f g
lh (ll) Examiner’s updated belief that the innovation is good when ex ¼ 1( ex ¼ xl)

e Generic search effort of the applicant

et Search effort of the applicant in a truthful revelation equilibrium

ec Search effort of the applicant in the commitment case

eSR Search effort of the applicant when the PTO implements a second review

E Generic search effort of the examiner

Eh (El) Search effort of the examiner when ex ¼ 1(ex ¼ xl)

Et
h (Et

l ) Search effort of the examiner in a truthful revelation equation when ex ¼ 1 (ex ¼ xl)

Ec
h (Ec

l ) Committed search effort of the examiner when ex ¼ 1(ex ¼ xl)

ESR
h (ESR

l ) Search effort of the examiner with a second review and when ex ¼ 1 (ex ¼ xl)

h (hSR) Probability that a bad applicant doesn’t conceal some prior art (with a second review)

27 The updating mechanism will be described later in Sect. 5.1., where lj is derived by using Bayes’ rule.
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BðEÞ ¼ ljWG þ 1� lj
� �

½EWR þ 1� Eð ÞWG�: ð3Þ

The first part of (3) represents the expected social value of a good innovation that

generates a social value WG. The second part of (3) represents the expected social

value of a bad innovation. With probability 1� lj
� �

the innovation is not paten-

table; the examiner finds it with probability E and refuses a patent, which generates

a social value WR. With probability 1� Eð Þ, she wrongly grants a patent to a bad

innovation, which is worth WG to society. As lj depends on ex; so does the gross

benefit function (3).

The examiner’s effort is Eh after receiving ex ¼ xh � 1 or El after receiving

ex ¼ xl. When the innovation is patentable, she can never prove otherwise. When it

is not patentable, she can find invalidating prior art by exerting effort and refuse a

patent. However, if she does not search enough, she may not find any evidence

against patenting and will grant a patent to a bad innovation.

4.2 The Applicant’s Prior Art Search and Report

The first applicant’s decision is to search for prior art. As this is not our main focus,

we analyze this decision in Sect. 5.2. We assume that e[ 0, and we focus on the

report of prior art, given that the applicant has already undertaken a search, found

either xl or 1, and learned whether his innovation is patentable. For expositional

purposes, we call a ‘‘good’’ (resp., ‘‘bad’’) applicant an applicant who has learned

that he has a patentable (resp., non-patentable) innovation.

If the applicant finds 1, he reports either xl or 1. A good applicant always reports

1 as his expected gain from reporting 1 is VG whereas it is ð1� aÞVG\VG from

reporting xl. A bad applicant reports 1 only if ð1� EhÞVG �ð1� ElÞð1� aÞVG or,

equivalently, if

ð1� EhÞ� ð1� ElÞð1� aÞ: ð4Þ

Inequality (4) represents the condition under which a bad applicant fully reports his

prior art.

5 Non-commitment Case

We now characterize the applicant’s optimal prior art revelation, and we derive the

Perfect Bayesian equilibrium. Then, we determine the applicant’s prior art search

strategy.

5.1 Prior Art Revelation and Examination

We first consider that the applicant reports what he found, no matter what he learned

in the search process. The examiner’s updated beliefs, consistent with this behavior,

are lh ¼ ll ¼ p. Therefore, conditional on receiving ex; the examiner’s optimal

efforts solution of (2) are
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Et
j ¼ exð1� pÞDW ; ð5Þ

for j ¼ h; l, ex ¼ fxl; 1g and t stands for truthful. Note that ‘truthful’ here refers to

truthful revelation of information: The applicant reveals all the prior art that he

found. Even if he reports truthfully, he still might have a bad innovation, but did not

find invalidating prior art.

We now define the equilibrium revelation strategy: A good applicant who finds 1

has no incentives to transmit less prior art than he found. A bad applicant who finds

1 reports ex ¼ 1 if inequality (4) is satisfied or, by using (5), if a� a1 where

a1 � ð1� pÞð1� xlÞDW
1� xlð1� pÞDW : ð6Þ

The threshold level a1 is affected by changes in the parameters, as stated in the

following Lemma (the proof of Lemma 1, as well as all the other proofs, is provided

in the ‘‘Appendix’’):

Lemma 1 The threshold a1 is decreasing with p and xl and increasing with DW .

As it is more likely that the innovation is good, the examiner has less incentives

to search for invalidating information (from (5), Et
l and Et

h decrease), and it is more

likely that applicants report truthfully. An increase in xl increases Et
l but has no

effect on Et
h: It follows that applicants report truthfully more often as a1 is reduced.

As the social value of rejecting a bad patent increases or the social value of wrongly

granting a patent is reduced (i.e., DW increases), both efforts increase, which

reduces the likelihood to report truthfully.

For high non-compliance punishment costs28 (a� a1), a bad applicant has too

much to lose by concealing prior art; thus, an equilibrium exists in which applicants

reveal truthfully. In fact, in a system where it is possible to enforce the doctrine of

inequitable conduct, applicants would always report all the prior art. We summarize

these findings in the following proposition:

Proposition 1 For high non-compliance costs (a� a1), an equilibrium exists in

which the applicant always reveals the prior art that he found (xl or 1). The

examiner exerts a higher scrutiny effort when she receives more prior art (Et
h [Et

l).

In an equilibrium in which bad applicants report truthfully, the examiner

intensifies her scrutiny effort when she receives more prior art (Et
h [Et

l), as it is less

costly to do so. This result holds when a� a1. However, the non-compliance cost a
is likely to be quite small as it is difficult for the PTO to establish that some prior art

has been concealed, and the PTO does not enforce the doctrine of inequitable con-

duct (Kesan 2002).

For a 2 ½0; a1½, a bad applicant realizes that concealing prior art is best for him;

inequality (4) is violated, and full disclosure cannot be an equilibrium. However, if

full concealment is adopted, all applications with 1 are patentable. A rational

examiner adjusts her behavior by exerting no effort on these applications and

focusing solely on applications with xl. But then, a bad applicant realizes that he can

28 In terms of reputation, or direct penalties in the case of a lawsuit.
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obtain a patent for sure by submitting 1. Hence, full concealment cannot be an

equilibrium either. We summarize these findings in the following Lemma:29

Lemma 2 For low non-compliance costs (0� a\a1), no equilibrium in pure

strategies exists.

When it is not costly to conceal prior art, applicants have incentives sometimes to

not report all of the prior art, but they may sometimes report truthfully. Therefore,

we consider a Perfect Bayesian Equilibrium in which a bad applicant randomizes his

report decision. Let h be the probability that a bad applicant who finds 1 reports

ex ¼ 1, and ð1� hÞ the probability that he conceals some prior art and reports

ex ¼ xl.

When the examiner receives an application containing ex ¼ 1, it can originate

from a good or a bad applicant. When the application contains ex ¼ xl, it can come

from a (good or bad) applicant who has discovered xl, but also from a bad applicant

who has found 1 but revealed ex ¼ xl. The examiner’s updated beliefs consistent

with randomization are30

lhðhÞ ¼ probðgood j ex ¼ 1Þ ¼ p

pþ hð1� pÞ [ p;

llðhÞ ¼ probðgood j ex ¼ xlÞ ¼
pð1� ecÞ

1� ceðpþ hð1� pÞÞ\p:
ð7Þ

In this equilibrium, a bad applicant is indifferent between revealing ex ¼ 1 and

getting ð1� EhðhÞÞVG, and revealing ex ¼ xl and getting ð1� ElðhÞÞð1� aÞVG. The

efforts EjðhÞ for j ¼ l; h are the solution of (2) with updated beliefs (7). A unique

value of h 2 ½0; 1� exists that satisfies

1� EhðhÞ ¼ ð1� ElðhÞÞð1� aÞ: ð8Þ

We posit the following result:

Lemma 3 For low non-compliance costs (0� a\a1), there exists a unique

probability h� with which a bad applicant who finds 1 discloses it. This probability

increases with a, c, and e.

This result is graphically illustrated in Fig. 1, where EhðhÞ and ElðhÞ are

functions of h. We represent h� as the solution of (8) for the optimal values E�
h and

E�
l .

The probability h� measures the applicant’s level of candor. An increase in a has

a direct effect on h: Fewer bad applicants report ex ¼ xl when they find 1. When it

becomes too costly to report strategically, then h� ¼ 1, which corresponds to an

equilibrium of truthful revelation.

29 The non-existence of an equilibrium in pure strategies is akin to an audit without commitment (Khalil

1997).
30 These beliefs are calculated for any given e. However, e denotes the anticipated search effort of the

applicant which (in equilibrium) will be the equilibrium search effort.
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As it is more likely that the innovation belongs to a rich prior art field, for a given

h, the function EhðhÞ is not affected (as lhðhÞ does not depend on c) while ElðhÞ
increases. However, anticipating that there will be more scrutiny when he reveals xl,

a bad applicant who found 1 reveals more often 1 and thus h� increases.

As e increases, the applicant is more likely to find 1; thus, the examiner’s updated

belief to have a good innovation with 1 decreases. This pushes the examiner to

increase El : which (in turn) pushes a bad applicant to report 1 when he finds 1 and

thus h� increases.

We present the equilibrium in the following proposition:

Proposition 2 For low non-compliance costs (0� a\a1), a semi-separating

equilibrium exists in which a bad applicant randomizes his prior art revelation with

probability h�, whereas a good applicant always reports all his prior art. The

examiner exerts a higher search effort when she receives more prior art: E�
h �E�

l .

This finding emphasizes the main strategic tension that faces an applicant who

has discovered that his innovation is non-patentable.31 It is consistent with empirical

findings by Lampe (2012): Applicants do withhold citations to relevant prior art.32

We compare the efforts and perform some comparative statics as reported in the

following corollary:

Fig. 1 Optimal level of h�

31 To simplify, we restrict reports to be either ex ¼ 1 or ex ¼ xl. Thus, an applicant who found 1 can report

either ex ¼ 1 or ex ¼ xl, while an applicant who found xl can only report ex ¼ xl. In a relaxed framework

where an applicant who found 1 can report any value ex� 1, a good applicant will report ex ¼ 1 as under-

reporting prior art (when an innovation is good) hurts the innovator in subsequent litigation. Unlike the

good applicant, a bad applicant who found 1 will still have an incentive to withhold prior art to have a

better chance to obtain a patent. However, reporting a different level than xl cannot be an equilibrium

since it then fully reveals his type. Hence, mimicking the applicant who reports ex ¼ xl would still be an

equilibrium.
32 We can also interpret a1 as a measure of the likelihood of strategic behavior, where xl could represent

the importance of missing prior art in helping to determine the innovation’s novelty (information cues). A

smaller xl indicates that missing prior art is becoming more useful to the examiner in assessing the

patentability, and applicants take advantage of this by withholding prior art more often (Lemma 1). When

concealing prior art can strongly impact an examiner’s screening, applicants are more likely to withhold it

for strategic reasons.
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Corollary 1 The optimal effort levels of the examiner are such that

Et
h �E�

h �E�
l �Et

l and

• when the probability of having a good innovation p increases, E�
h and E�

l

decrease;

• when the probability of having an innovation in a rich prior art field c increases,
E�
h and E�

l increase;

• when the non-compliance cost a increases, E�
h increases while E

�
l decreases; and

• when the effort of the applicant e increases, E�
h and E�

l increase.

These findings illustrate the mechanism of the examiner’s effort allocation. She

still exerts a higher effort when receiving 1 rather than xl (E
�
h �E�

l ), as it is less

costly to do so; but now she intensifies her effort when receiving xl compared to the

truthful revelation equilibrium effort (E�
l �Et

l) as more bad applicants are likely to

report xl. At the same time, she also exerts less effort when she receives 1 (Et
h �E�

h)

as these applications are more likely to be good.

The probability of having a patentable innovation p plays a central role in the

examiner’s provision of effort. When p increases, less bad applicants will apply for

a patent; thus, the examiner finds it less attractive to exert effort irrespective of the

amount of prior art that has been submitted.33

When c increases, there are fewer applications with xl. While good applications

contain abundant prior art, only a fraction h of the bad ones have abundant prior art.

As such, the probability of a good application with sparse prior art, ll; decreases,
and E�

l increases. Furthermore, c influences E�
h through h, which increases when c

increases; E�
h increases as well.

When the non-compliance cost a increases, strategic behavior is naturally

deterred (h� increases). The probability of having a good application with abundant

prior art, lh, decreases. The examiner, thus, increases her effort E�
h to screen these

applications. Conversely, the probability of having a good application with xl
increases; thus, her effort E�

l decreases.

Finally, as the applicant’s effort e increases, the updated belief of having a good

innovation when receiving xl decreases; thus, the examiner intensifies her search El.

However, h� increases as well; thus, less strategic concealment occurs. This pushes

the examiner to intensify her search when receiving 1 as well.

5.2 Applicant’s Search of Prior Art

The scarcity of prior art reported should not be taken as evidence that applicants do

not search for it. We now determine the applicant’s effort to search for prior art by

focusing only on the case of strategic report of prior art (i.e., 0� a\a1). The
applicant’s benefit function is

33 In a previous version of the paper (available upon request), we allow the examiner to reject good

applications. When type I errors are permitted, the examiner’s screening effort could increase with the

quality of applications.
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PðeÞ ¼ ec½pVG þ ð1� pÞðð1� EhÞhþ 1� hð Þð1� ElÞ 1� að ÞÞVG� þ ð1
� eÞc½pV 0

G þ ð1� pÞð1� ElÞV 0
G� þ ð1� cÞ½pVG þ ð1� pÞð1� ElÞVG�

� cðeÞ:

His effort e generates a probability of finding prior art conditional on its existence.

Thus, after making an effort e, with probability e the applicant finds 1 (resp., xl) if

the prior art is abundant (resp., scarce) with probability c (resp., 1� c).34 He then

files for a patent with some prior art.

In the case of abundant prior art, if he discovers that his innovation is good (with

probability p), he will apply for a patent with 1, and the patent will be granted. If his

innovation is bad (with probability 1� p), he will randomize his prior art report to

increase his chances of being granted a patent: with probability h (resp., 1� h) he
reports 1 (resp., xl). The examiner can wrongly grant a bad patent. In equilibrium,

this behavior is anticipated by the examiner, who adjusts her beliefs such that (8)

holds.

In the second part of the benefit function, the applicant finds xl with probability

ð1� eÞ in an abundant prior art field (with probability c). He is granted a deserving

patent with probability p or is wrongly granted a patent with probability

ð1� pÞð1� ElÞ. In the third part of the benefit function, the innovation belongs to a

scarce prior art field (with probability 1� c), and the applicant can be rightly (resp.,

wrongly) granted a patent with probability p (resp., ð1� pÞð1� ElÞ). Whenever there

is (unintentional) missing prior art, the private value of the patent is V 0
G.

By using (8), and given the examiner’s rational anticipations, the applicant’s

maximization program simplifies to

max
e

Pðe; e�Þ ¼ ec p �VG þ ð1� pÞð1� Ehðe�ÞÞVG½ � þ ð1� eÞc

	 p �V 0
G þ 1� p

1� a
ð1� Ehðe�ÞÞV 0

G

� �

ð1� cÞ p �VG þ 1� p

1� a
ð1� Ehðe�ÞÞVG

� �

� cðeÞ;

ð9Þ

and the first order condition is

cpDV þ ð1� pÞcð1� Ehðe�ÞÞðVG � V 0
G

1� a
Þ ¼ c0 eð Þ: ð10Þ

We assume that the examiner has rational anticipations regarding h� and the

updated beliefs (7). The applicant cannot influence Eh, which depends on the

equilibrium effort’s level e�, which is anticipated by the examiner. Nevertheless,

through his effort e, he can influence the probability to find more prior art. He is

inclined to search if it uncovers (good) patent applicationswith abundant prior art (first

term of (10)). But, he also has an anti-social goal in mind, since a bad innovation can

still be granted a patent with abundant prior art (second term of (10)).35

34 In particular, note that if e ¼ 0, the applicant will always find xl [ 0. This assumption seems realistic

since the applicant must have some prior art knowledge regarding what his innovation is improving upon.
35 However, when a is large, the incentive to search in order to patent bad innovations will disappear.

414 C. Langinier, P. Marcoul

123



Proposition 3 For low non-compliance costs (0� a\a1), a unique strictly

positive equilibrium effort e� (decreasing with a) exists, if

pDV þ 1� pð Þ½DV � 1� pð ÞDW VG � xlV
0
G

� �

�[ 0: ð11Þ
The applicant exerts a positive effort if the gain from being granted a bad patent

while reporting 1 is much higher than the gain from being granted a bad patent with

missing prior art (i.e., if VG is much higher than V 0
G). Ex ante, the applicant has an

incentive to search if he gets some benefit even in the case of a bad innovation.

When the cost of concealing prior art a increases, the incentive to search is weaker.

If (11) is violated (if xl or DV is small), a threshold ea exists, with 0\ea\a1 such
that a positive effort will still be induced if a\ea. On the other hand, if a� ea, the
examiner will choose to reduce her search effort when receiving xl (as the cost of

effort becomes very large). In turn, this provides incentives to the applicant not to

search and report xl. In other words, the applicant stops concealing prior art simply

because he does not search for it in the first place.

In the next two sections, we study two mechanisms that are designed to promote

the flow of information from applicants to the examiner.

6 A Second-Review Process

In March 2000, in reaction to numerous quality-related criticisms about the granting

of business-method patents (main class 705), the PTO began a quality patent

improvement initiative, called the ‘‘Second Pair of Eyes Review’’ (SPER). It

involves several measures, such as the hiring of better-trained examiners, an

obligation to consult non-patent prior art sources and, more importantly, a second-

level of examination of patents that were granted within the main 705 classification.

To study the effects of this initiative empirically, Allison and Hunter (2006)

analyze the composition of applications before and after the SPER initiative. They

argue that an applicant endowed with a business-method innovation can choose to

submit his application in the main class 705 or in other main classes that are related

to business methods (with a secondary 705 classification).

In a variant of our model that incorporates a second review process similar to the

SPER, we investigate its impact on the patenting process and the behavior of

applicants. We model this initiative with a second review of awarded patents when

xl has been revealed. While the PTO could, at a very substantial cost, subject all

awarded patents to a second review, this mechanism allows her to ‘target’

applications with sparse prior art.

Innovations can belong to two technologically related fields: In one of them,

there is less prior art to be found. By strategically drafting their applications,

applicants can ‘‘opt out’’ of the field where there is abundant prior art. We assume

that when patents are granted to bad innovations the second review eliminates a

fraction b 2 ½0; 1� of them. If a patent is granted to a good innovation, the second

review will not invalidate it. We call b the second-review screening.
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Similarly to the non-commitment case, an equilibrium in which the applicant

reports truthfully exists, so long as 1� Ehð Þ� 1� Elð Þ 1� bð Þð1� aÞ is satisfied

[(inequality similar to (4)] or, equivalently, for a� a1ðbÞ with

a1ðbÞ � ð1� pÞð1� 1� bð ÞxlÞDW � b
1� bð Þð1� xlð1� pÞDWÞ � a1:

For a\a1ðbÞ; the probability h is the solution of

1� EhðhÞ ¼ 1� ElðhÞð Þ 1� bð Þð1� aÞ: ð12Þ

We show that there exists a unique h�SR such that (12) is satisfied. The optimal

efforts ESR
h and ESR

l are the solution of the program (2). We illustrate graphically

these results by representing EhðhÞ and ElðhÞ as a function of h in Fig. 2, and we

plot the optimal efforts ESR
h and ESR

l .

Although b can take any value between 0 and 1, any b� b where b ¼
ðEh � El � að1� ElÞÞ=ð1� ElÞð1� aÞ induces h�SR ¼ 1 (no strategic concealment),

whereas for b 2 0; b
� �

, h�SR 2 h�; 1½ �. As h�SR � h�; in the presence of a second

review, the applicant behaves strategically less often. Furthermore, h�SR increases

with b, so that an increase in the precision in the second review reduces the strategic

concealment of information.

A comparison of the efforts with and without a second review leads to the

following findings:

Proposition 4 For low non-compliance costs (0� a\a1ðbÞ), the introduction of a

second review reduces the strategic concealment of prior art (h�SR � h�). The

examiner increases her scrutiny effort when she receives 1 (ESR
h [E�

h), and reduces

it when she receives xl (E
SR
l \E�

l ).

With a second review, applications with xl get more scrutiny; thus, the applicant

has less incentive to conceal prior art, and he will reveal it more often (h�SR � h�).
Interestingly, it changes the examiner’s behavior as well. As she is more likely to

receive bad applications with 1, the examiner intensifies her scrutiny of these

Fig. 2 SPER
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applications (ESR
h [E�

h), while she reduces her scrutiny of applications with xl that

are now more likely to be good (ESR
l \E�

l ).

Less concealment occurs when a second-review is implemented. Indeed, for

a 2 ½a1ðbÞ; a1½, an equilibrium exists in which the applicant reveals truthfully under

a second-review regime but would conceal information in absence of a second

review. For a 2 ½0; a1ðbÞ½ the applicant conceals prior art under both regimes; but

compared to the non-commitment case, his level of candor h�SR is increased when the

second review is implemented.

For the sake of simplicity, we ignore the cost of implementing the second review

policy. It is clear that the introduction of a second examination is costly for the PTO.

The introduction of such a cost would make our model intractable without changing

the flavor of the results. Our findings would be more dramatic, as it would make the

screening of patents with abundant prior art costly and, therefore, would reduce the

examiner’s efforts when prior art is abundant.

While this policy reduces strategic concealment, it also induces the applicant to

provide less effort, as is stated in the following proposition:

Proposition 5 Assume that a ¼ 0. The introduction of a second review reduces the

effort of the applicant (e�SR\e�).

With a second review, the applicant has less incentives to search for prior art. No

matter what he reports, a bad applicant who finds 1 is more likely to be refused a

patent. This is because, compared to a single review, a second review of

applications with xl also increases scrutiny when 1 is reported; the applicant has less

incentives to search. Thus, by reducing his search effort, he is less likely to find 1,

and he reports xl more often. He might be granted a patent by mistake, as the

examiner search intensity is reduced (even if there is a second review).

To analyze the effects of a second review, we compare the number of

applications and granted patents, as well as a proxy of their quality before and after

its implementation (calculations are provided in the ‘‘Appendix’’). Our findings are

summarized in the following lemma:

Lemma 4 For low non-compliance costs (0� a\a1ðbÞ), for any b[ 0, the

implementation of the second-review initiative has the following effects:

• Fewer (resp., more) applications with low (resp., high) prior art content are

scrutinized;

• Fewer patents with abundant prior art are granted; and

• The ratio of good patented innovations over all patented innovations decreases

(resp., increases) for applications with abundant prior art (resp., scarce prior

art).

As less concealment of information occurs with a second review, more (bad)

applications are filed with abundant prior art. Even though there is more scrutiny,

overall since there are more bad applications, fewer good patents are granted in an

abundant field. This lower ratio of good patents over all patents with prior art 1 is
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clearly one unintended effect of the higher scrutiny of applications that report xl. As

such, one contribution of our analysis is to show that the merit of such a reform

should not be judged only by its (positive) direct impact on patents with scarce prior

art, but also by its impact on the quality of awarded patents with abundant prior art.

7 An Ex Ante Commitment by the PTO

In the previous sections, we have assumed that the examiner’s scrutiny level is an

optimal response to every application that she receives. While this may be realistic

in many cases, it is also interesting to investigate the case where the examiner

commits to specific scrutiny levels, potentially contingent on the prior art reported.

We analyze an ex ante commitment policy in which the applicants’ search effort and

concealment strategies become responses to this commitment.

Let Ec
h and Ec

l be the examiner’s effort levels when, respectively, ex ¼ 1 and

ex ¼ xl are reported by the applicant; and, to simplify, we assume that concealment

is costless (a ¼ 0Þ. Two qualitatively different cases must be considered: either

Ec
l �Ec

h or Ec
l\Ec

h.

We first consider that Ec
l\Ec

h. If the applicant finds 1, he learns whether his

innovation is patentable or not. A good applicant will report all of the prior art,

whereas a bad applicant may decide to transmit only xl. The next result is the first

step in finding the optimal policy:

Lemma 5 Consider a policy Ec
l ;E

c
h

� �

such that Ec
l\Ec

h, then it is always possible

to find a policy with strictly lower search costs.

A policy involving Ec
l\Ec

h is cost-dominated by another policy with a smaller

gap between Ec
h and Ec

l (see ‘‘Appendix’’). Intuitively, reducing Ec
h does not change

the optimal reporting strategy (all bad applicants conceal prior art), but it reduces

scrutiny costs.36

The commitment policy that involves Ec
l �Ec

h induces truthful revelation of

information and the underlying commitment problem is less intense. Indeed, in a

truthtelling equilibrium, Ec
l ;E

c
h

� �

are ex post inefficient; but the gains from reneging

(switching to Et
h and Et

l) are lower. Thus, compared to Ec
l\Ec

h, the examiner faces a

low-intensity commitment problem when Ec
l �Ec

h.

When Ec
h ¼ Ec

l , the applicant is indifferent between reporting truthfully ex ¼ 1

and strategically ex ¼ xl. When he is indifferent, he reports truthfully and the

examiner’s gross benefit BðEc
j Þ for j ¼ h; l is defined by Eq. (3) for lj ¼ p.

The commitment policy that induces search and truthful revelation is the solution

of

max
Ec
h
;Ec

l

e Ec
h;E

c
l

� �

c B Ec
h

� �

� C Ec
h; xh

� �� �

þ ð1� eðEc
h;E

c
l ÞcÞ B Ec

l

� �

� C Ec
l ; xl

� �� �

subject to Ec
h �Ec

l ; where C E; xj
� �

for j ¼ h; l is defined by (1).

36 Another drawback is that the examiner’s commitment problem is very intense. Indeed, the examiner

would gain CðEc
hÞ by reneging on her commitment, without altering the screening intensity.
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The next result simplifies the analysis of the examiner’s program:

Proposition 6 If the examiner wants to induce truthful reports, the unique optimal

commitment policy is such that Ec
h ¼ Ec

l � Ec.

For an applicant who has discovered x ¼ 1 but has learned that his innovation is

not patentable, Ec
l and Ec

h represent, respectively, the probabilities with which the

non-patentability of his innovation will be discovered if he conceals prior art and if

he reports truthfully. If Ec
l\Ec

h, the applicant is naturally inclined to withhold prior

art and to report xl as it results in a lower probability of patent rejection. However,

when Ec
l approaches Ec

h, the incentives to conceal prior art are reduced; and, if

Ec
l ¼ Ec

h he will be indifferent between revealing prior art or not (for definiteness we

assume he reveals).

It is intuitive that committing to levels such that Ec
l [Ec

h will continue to elicit

truthful reports. However these levels are at odds with the ex post efficient ones

(determined in Proposition 2) that are such that E�
l \E�

h. Combining these two

inequalities, in the commitment case, effort levels that elicit truthful reports and that

involve the least ex post inefficiencies must thus verify Ec
l ¼ Ec

h. By using this

result, the program of the examiner becomes

max
Ec

B Ecð Þ � Ecð Þ2

2xl
þ e Ecð Þc1� xl

xl

Ecð Þ2

2

� �

: ð13Þ

The first term represents the (gross) social benefit of screening an application.

The second term is the baseline cost that is incurred when an application with xl is

submitted. The last term represents the cost savings for the PTO when an applicant

searches and discloses all of the prior art.

Unlike in the non-commitment case, the applicant’s search effort depends on Ec.

He chooses eðEcÞ as the solution of the maximization of PcðeÞ (defined in the

‘‘Appendix’’), which is

cpDV þ ð1� EcÞð1� pÞcDV ¼ c0ðeÞ: ð14Þ

We denote ec the solution of (14), and we differentiate it with respect to Ec which

yields

dec

dEc
¼ � 1� pð Þc DV

c00 ecð Þ\0: ð15Þ

Expression (15) shows the impact of a variation in the examiner’s scrutiny on the

applicant’s search effort: A stronger commitment to decrease her scrutiny increases

the applicant’s incentives to search for prior art. Computing the first-order condition

of (13) and using (14) we obtain

1� pð ÞxlDW ¼ Ec � c 1� xlð ÞEc ec � 1� pð Þ DV
c00 ecð Þ

Ec

2

� 	

: ð16Þ

A comparison of (16) and (5) shows that, unlike in the non-commitment case, the

examiner has incentive motives when she chooses her scrutiny level. As evidenced
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by (15), by committing to reduce her effort, the examiner boosts the applicant’s

incentive to search for prior art and reduces her search cost. However, it also results

in a larger number of bad patents. The following result characterizes the examiner

equilibrium scrutiny:

Proposition 7 The examiner’s program (13) has a unique interior solution.

Moreover, the equilibrium scrutiny level Ec is increasing in DW and DV .

When the social value of an innovation (DW) increases, the examiner increases

her scrutiny because there is a direct benefit to do so. This is similar to the non-

commitment case. While in the non-commitment case, an increase in c increases

scrutiny effort levels, such an increase has an ambiguous effect in the commitment

case where prior art concealment no longer arises.

The applicant’s incentives to search for prior art mostly depend on the increment

in value that is brought by patents with abundant prior art: DV . The following

proposition summarizes the equilibrium efforts and compares them to those

obtained in the non-commitment case:

Proposition 8 In the commitment case, for a ¼ 0 (non-compliance cost is null),

there exists two distinct levels of DV , denoted by D and D, such that

• for DV [D, the examiner reduces her effort, E�
h [E�

l [Ec, and the applicant

intensifies his effort, ec [ e�; and
• for DV\D, the examiner increases her effort, Ec [E�

h [E�
l , and the applicant

reduces his effort, ec\e�:

The main trade-off of the PTO is between intense prior art searching and

committing to strong audit standards. Whether the PTO chooses to favor a particular

strategy depends on the incremental private value of finding prior art for a non-

patentable innovation. When this value is very high (DV [D), the applicant has

strong incentives to discover prior art; and, as is shown by Eq. (15), by lowering her

effort Ec the examiner induces the applicant to increase his search effort ec. This

type of commitment is akin to a delegation model where the principal commits to

interfere less in order to boost subordinate initiative (Aghion and Tirole 1997).37

When DV\D, (15) shows that reducing Ec will have a modest effect on the

applicant’s search effort. As such, unlike in the previous case, the examiner prefers

to commit to a strong level of patent screening. In this case, Ec [E�
h [E�

l ; and the

objective of the PTO is to screen out bad applications.

The PTO’s optimal commitment can be discussed along other parameters as well.

For instance, if the applicant’s marginal cost of prior art search c00 ecð Þ is small, the

examiner will be more likely to delegate search to the applicant by lowering her

audit effort level Ec.

Whether DV is small or large remains an empirical question, and it depends on

the likelihood of patent invalidation when prior art is missing.

37 However Aghion and Tirole (1997)’s model does not feature information concealment.
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8 Conclusion

A patent examiner must assess an innovation’s patentability by studying related

information that is already in the public domain, which is termed ‘‘prior art’’. When

the application contains little prior art and when the prior art is sparse or is not easily

accessible, it may be difficult to judge the novel content of the innovation.

Prior art may be difficult to gather for examiners. In particular, if most of it is

non-patent information, examiners may have difficulty in assessing the patentability

of the innovation. This will lead to a reduction in patent quality, as more

questionable patents are issued. There needs to be incentives for applicants to

provide relevant information to help examiners make accurate decisions.

We analyze issues that are related to the gathering and revelation of prior art. The

applicant’s decision to reveal prior art depends on the information that is gathered

and the patent screening policy that is adopted by the PTO. After receiving an

application, the examiner undertakes a costly search effort that depends on her

beliefs with regard to patentability, and decides whether to grant a patent.

We consider different mechanisms: one in which the PTO cannot commit to any

search effort; one in which there is a second review for some applications; and one

in which the examiner commits ex ante to a screening intensity.

In the first case, a bad applicant might conceal prior art to increase his chances of

obtaining a patent. The examiner intensifies her search when she receives more prior

art. Thus, she devotes more effort to applications that, more likely, come from good

applicants.

In the second case, the introduction of a more thorough screening when little

prior art is revealed reduces information concealment, but its overall success

remains unclear. Indeed, the imposition of stricter screening when prior art is scarce

may improve the quality of patents in this field, but could negatively affect the

quality in another field.

In the third case, by committing ex ante to the same screening effort, the

examiner induces the truthful revelation of information. A commitment to a lower

level of screening may increase the amount of prior art that is transmitted to the

PTO.

We make the simplifying assumption that the PTO and examiners have the same

objective functions and, thus, that they represent the same decision maker.

However, this is unlikely as the PTO is a federal agency that employs about 9,300

patent examiners (as of 2014) who get rewards for reaching predetermined goals.

Therefore, examiners’ search efforts are probably influenced by their incentive

schemes. They may also have alternative objectives, such as career prospects. These

issues are the focus of future research.
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Appendix

Proof of Lemma 1 If the applicant reports truthfully, from (5), Et
h
[Et

l as xl\1.

Inequality (4) can be rewritten as a� a1 ¼ ðEt
h � Et

lÞ=ð1� Et
lÞ. By replacing Et

h
and

Et
l , a1 becomes (6). The derivatives of a1 with respect to the different parameters are

oa1=op\0, oa1=oxl\0, and oa1=oDW [ 0.

Proof of Proposition 1 Following the proof of Lemma 1, as long as a� a1;
Et

h
[Et

l . Furthermore, oEt
j=op\0, oEt

j=oDW[ 0 for j ¼ h; l and oEt
l=oxl [ 0.

Proof of Lemma 2 No equilibrium in pure strategies for a\a1 Another possible

equilibrium is one in which the applicant always conceals the prior art. The updated

beliefs of an examiner who believes that a bad applicant who finds 1 always con-

ceals it are lh ¼ pc=pc ¼ 1 and ll ¼ pð1� cÞ=ð1� cpÞ\p: If she receives 1, the

examiner prefers not to search, as only a good applicant will reveal 1. If she receives

xl, El ¼ xlð1� llÞDW\1:
A good applicant has no incentive to deviate while a bad applicant is always

expected to conceal prior art. Thus, we should have ð1� ElÞð1� aÞ[ ð1� EhÞ.
However, as E�

h ¼ 0, it is never satisfied. Therefore, the applicant may decide to

report 1 to fool the examiner who believes that only good applicants report 1. If he

reports 1, he gets a patent as the examiner believes he has a good innovation and

reports truthfully. This confirms that this is not an equilibrium.

By using the same argument, we show that the examiner will not make any effort

when she observes 1, but she also will not award a patent. When she observes xl, she

makes a positive effort. A good applicant will not deviate, whereas a bad one will

deviate, as he can get a patent by fooling the examiner. This is not an equilibrium.

The examiner may also believe that no applicants will report truthfully. By using

the same argument we show that this cannot be an equilibrium.

Proof of Lemma 3 and Proposition 2: Subgame Perfect Bayesian Equilibrium We

prove the existence of a semi-separating equilibrium in which a bad applicant

randomizes his revelation decision. In this case (7) and (8) must be satisfied,

EhðhÞ ¼ ð1� lhðhÞÞDW ; and ElðhÞ ¼ xlð1� llðhÞÞDW ; where lhðhÞ and llðhÞ are
defined by (7).

We calculate that olhðhÞ=oh\0, o2lhðhÞ=oh2 [ 0, ollðhÞ=oh[ 0, and

o2llðhÞ=oh2 [ 0. Therefore, oEhðhÞ=oh[ 0, o2EhðhÞ=oh2\0, oElðhÞ=oh\0; and

o2ElðhÞ=oh2\0:
When h ¼ 0, Ehð0Þ ¼ 0\Elð0Þ ¼ xlð1� llð0ÞÞDW; and when h ¼ 1;

Ehð1Þ ¼ Et
h
[Elð1Þ ¼ Et

l
. From equality (8), h must satisfy EhðhÞ ¼ aþ ð1� aÞ

ElðhÞ. As EhðhÞ is strictly increasing and convex, and ElðhÞ is strictly decreasing and
convex, there exists a unique h�. We illustrate this finding in Fig. 1. We verify that

when h ¼ h�, Ehðh�Þ ¼ aþ ð1� aÞElðh�Þ[Elðh�Þ.

Proof of Corollary 1 It is deduced from the previous proof, as Ehð0Þ ¼
0\Ehð1Þ ¼ Et

h
and Elð0Þ[Elð1Þ ¼ Et

l
. Therefore, for any h; EhðhÞ�Et

h
and

ElðhÞ�Et
l
. Thus Et

h
�E�

h �E�
l �Et

l
. Static comparatives are summarized in Table 2.
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Proof of Proposition 3 The applicant’s benefit, P eð Þ, is a function of e and of the

examiner’s (rational) expectation e�. P eð Þ is a strictly concave function of e since

c eð Þ is strictly convex. Given the iñada conditions on P eð Þ (through c eð Þ), the
applicant’s program has an interior solution. Thus, given e�, the solution is uniquely

determined by the first order condition

w e; e�ð Þ ¼ cpDV þ 1� pð Þc 1� Eh e�ð Þ½ �VG � 1� pð Þc 1� El e
�ð Þ½ �V 0

G � c0 eð Þ ¼ 0:

A rational expectation equilibrium is a fixed point of w; that is

w e�; e�ð Þ ¼ 0; ð17Þ

or cpDVþ 1� pð Þc 1� Eh e�ð Þ½ �VG � 1� pð Þc 1� El e
�ð Þ½ �V0

G ¼ c0 e�ð Þ: ð18Þ

Existence is guaranteed by the iñada conditions and the continuity ofP eð Þ. To study
uniqueness, we use the equilibrium condition (8) and we compute ow e; eð Þ=oe ¼
� 1� pð Þc VG � V 0

G=ð1� aÞ
� �

oEh eð Þ=oe� c00 eð Þ: From the proof of Proposition 2,

oEh eð Þ=oe[ 0. It thus follows that w e; eð Þ is strictly monotonic (decreasing) if

a� 1� V 0
G=VG.

To study when e� is positive, we first compute the value of w e�; e�ð Þ at the

boundaries. When a ¼ 0, Eh e�ð Þ ¼ El e
�ð Þ ¼ E� [ 0 and condition (18) is

w e�; e�ð Þ ¼ cpDV þ 1� pð Þcð1� E�ÞDV � c0 e�ð Þ ¼ 0, which yields a strictly pos-

itive applicant’s search effort.

When a tends toward a1, h
� tends toward 1, and Eh e�ð Þ tends toward Et

h and

El e
�ð Þ tends toward Et

l . Condition (17) is then w e�; e�ð Þ ¼ cpDV þ 1� pð Þc
1� Et

h

� �

VG � 1� pð Þc 1� Et
l

� �

V 0
G � c0 e�ð Þ ¼ 0: Using the optimal effort levels,

this condition yields a strictly positive effort if cpDV þ 1� pð ÞcðDV � 1� pð Þ
DW VG � xlV

0
G

� �

Þ[ 0; which is (11).

To show the monotonicity with respect to a, we rewrite (18) as cpDV þ
1� pð Þcð1� E�

hÞVG � 1� pð Þcð1� E�
l ÞV 0

G ¼ c0 e�ð Þ: For a given e� the derivative

of the left-hand side with respect to a is negative as oE�
h=oa[ 0 and oE�

l =oa\0 (by

using the proof of Lemma 3). Thus, w e�; e�ð Þ is a decreasing function of a.
When condition (18) is not satisfied, the left-hand side of (18) is strictly negative

for a ¼ a1. Thus, given continuity and monotonicity, there exists ea\a1 such that

the left-hand side is 0. For a[ ea, the applicant exerts no effort.

Table 2 Comparative statics
parameter y oElðhÞ

oy

oðaþð1�aÞElðhÞÞ
oy

oEhðhÞ
oy

oh�

oy

p - - - ?

c þ þ 0 þ
a 0 þ 0 þ
DW þ þ þ ?

e þ þ 0 þ
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Proof of Propositions 4 and 5 This proof is deduced from the proofs of Lemma 3

and Proposition 2. With the SPER, h�SR is the solution of EhðhÞ ¼ bð1� aÞ þ ð1�
bÞð1� aÞElðhÞ: These functions are represented in Fig. 2. By using Fig. 2, we see

that the effect of b is equivalent to the effect of a for a\a1: Therefore, h
�
SR as the

solution of (12) is such that h�SR [ h�, ESR
h [ESR

l , ESR
h [E�

h and ESR
l \E�

l .

The applicant’s effort is determined by using Eq. (10) with the appropriate level

of effort ESR
h . By using Eq. (10) for ESR

h and E�
h, we show that e�SR\e� for a ¼ 0.

Proof of Lemma 4 Due to less strategic reporting from bad applicants, for any

b[ 0, a second review increases (resp., reduces) the number of applications sub-

mitted with ex ¼ 1 (resp., ex ¼ xl). As lhðhSRÞ\lhðh�Þ, the total number of patents

that is granted is smaller in mature fields.

We then study how the composition of the applications changes when b increases

once the effort e has been performed. The number of applications with high prior art

content (ex ¼ 1) that are scrutinized is Nh
s ¼ ec pþ 1� pð Þh½ �; while the number of

applications with low prior art content (ex ¼ xl) is N
l
s ¼ ec 1� pð Þ 1� hð Þ þ 1� ec:

Given that oh=ob[ 0; we obtain oNh
s =ob[ 0 and oNl

s=ob[ 0.

For abundant prior art, the number of granted patents is Nh
g ¼ ec pþ 1� pð Þ½

h 1� Ehð Þ�; and for scarce prior art it isNl
g ¼ 1� ecð Þpþ ec 1� pð Þ 1� hð Þ 1� Ehð Þþ

1� ecð Þ 1� pð Þ 1� Ehð Þ:
We compute that oNh

g=ob[ 0 and oNl
g=ob\0: The ratios of good patented inno-

vations over all patented innovations for abundant prior art and scarce prior art are

Rh ¼ ðecpÞ=Nh
g andR

l ¼ 1� ecð Þp=Nl
g:Comparative statics follow from the previous

calculations.

Proof of Proposition 6 Let A ¼ ðEcA
h ;EcA

l Þ be a policy such that EcA
l \EcA

h . In such

a policy, the equilibrium beliefs of the examiner are lcAh ¼ 1 and lcAl ¼ pð1�
cÞ=ð1� cpÞ ¼ ll\p:

Now consider a policy A0 ¼ ðEcA
0

h ;EcA
0

l Þ, such that EcA
0

l ¼ EcA
l and

EcA
0

h ¼ EcA
h � e, with e[ 0 but with EcA

0

h [EcA
0

l . With this new policy, upon

receiving ex ¼ 1, the examiner exerts efforts EcA0
h [EcA0

l . Thus, a bad applicant will

never choose to report ex ¼ 1 and lcA
0

h ¼ 1: A bad applicant will report ex ¼ xl; so

that lcA
0

l ¼ pð1� cÞ=ð1� cpÞ\p:

The examiner exerts effort EcA0
h , pays a cost CðEcA0

h Þ, and follows her beliefs. It is

obvious that policy A0 dominates policy A, since they have the same screening

efficiency. But A is more costly than A0, as CðEcA0

h Þ\CðEcA
h Þ, even though

CðEcA0

l Þ ¼ CðEcA
l Þ.

Proof of Proposition 7 By using the first-order condition (16), we define F Ecð Þ as

F Ecð Þ � 1� pð ÞxlDW � 1þ 1� pð Þ 1� xlð Þc DV
c00 ecð Þ

Ec

2

� �

Ec þ 1� xlð ÞcecEc ¼ 0:

To study the existence and the number of roots of F :ð Þ, we first compute its value at

the boundaries. Thus F 0ð Þ � 1� pð ÞxlDW[ 0; and, if we denote by ec the solution
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of (14) when Ec ¼ 1, F 1ð Þ\0 as 1� pð ÞDW\1 and ec � 1. Hence, Eq. (16) has at

least one root in Ec between 0 and 1. To show uniqueness, we compute the first

derivative of F Ecð Þ,

dF Ecð Þ
dEc

¼� 1� c 1� xlð Þecð Þ� 1� pð ÞcDV
c00 ecð Þ Ecþ cEc 1� xlþ 1� pð ÞDV c000 ecð Þ

2 c00 ecð Þ½ �2
Ec

� �

dec

dEc
:

This derivative is negative given iñada conditions on the applicant’s effort cost and

c000 :ð Þ�0. To discuss comparative statics, we calculate dF Ec�ð Þ=dDW ¼
1� pð Þxl[0; and

dF Ec�ð Þ
dDV

¼ 1� xlð ÞcEc 1� pð ÞDV c000 ecð Þ
2 c00 ecð Þ½ �2

Ec þ 1

� �

dec

dDV
[ 0:

Proof of Proposition 8 In the commitment case, for any given Ec, the applicant’s

program is

max
e
PcðeÞ ¼ ec½pVG þ ð1� pÞð1� EcÞVG� þ ð1� eÞc½pV 0

G þ ð1� pÞð1� EcÞV 0
G�

þ ð1� cÞ½pVG þ ð1� pÞð1� EcÞVG� � cðeÞ;

and, thus, the optimal effort of the applicant, ec; is the solution of

cpDV þ ð1� EcÞð1� pÞcDV ¼ c0ðecÞ: ð19Þ

In the non-commitment case, for a ¼ 0 the optimal effort of the applicant, e�; is the
solution of

cpDV þ ð1� E�
hÞð1� pÞcDV ¼ c0 e�ð Þ: ð20Þ

These two conditions are identical; thus, whenever Ec
7 E�

h, e
c
? e�. Hence, we

need to compare the PTO’s first-order conditions.

In the commitment case, we study whether F Eð Þ � 1� pð ÞxlDW �
1� c 1� xlð Þeð ÞE � 1� pð Þ 1� xlð ÞcE2DV=2c00ðeÞ is strictly negative or strictly

positive in equilibrium. In equilibrium E�
h ¼ E�

l ¼ E�; equivalently, e� ¼
ðh� 1� xlð Þ � pxl 1� h�ð ÞÞ= 1� xlð Þh�c pþ h� 1� pð Þ½ � by using expressions of E�

h

and E�
l (from proof of Lemma 3). Given that e� [ 0; it implies that

h� [ h � pxl= 1� xl þ pxlð Þ. Using e� and E�
l we obtain

F E�ð Þ ¼ 1� pð Þ2 1� h�ð Þ h� 1� xlð Þ � pxl 1� h�ð Þ
1� xð Þh�c pþ h� 1� pð Þ½ � � 1� pð Þ 1� xlð Þc DV

c00 e�ð Þ
E�
l

� �2

2
:

ð21Þ

For any interior solution, h� [ h, and the first term of (21) is strictly positive. We

now study the sign of F E�ð Þ when DV varies on Rþ. For any DV [ 0,
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F E�ð Þ
DV!0þ


 1� pð Þ2 1� h�ð Þ h� 1� xlð Þ � pxl 1� h�ð Þ
1� xlð Þh�c pþ h� 1� pð Þ½ �[ 0;

since c00 e�ð Þ and E�
l are finite (e� is defined by c0 e�ð Þ ¼ cpDV). Hence, taking into

account the strict monotonicity of F :ð Þ, F E�ð Þ[ 0 implies that E�\Ec when

DV ! 0þ. Using (19) and (20), ec\e�. This proves the existence of a threshold D.
When DV ! 1, we check that F E�ð Þ\0. Using identical arguments as above,

E� [Ec when DV ! 1. Using (19) and (20), ec [ e�. The existence of a threshold

D follows in Table 3.
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