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1. Introduction

Concern that the patent system inhibits rather than encourages innovation has become a staple of the
business and technology press (e.g., The Economist, 2015). A major source of concern is that patent
offices may grant too many low-quality patents, whose existence can chill the R&D investment and
commercialization processes, either because of background uncertainty about freedom to operate or
because of implicit or explicit threats of litigation.

Concern about patent quality is by no means new. The recent Economist article quoted itself
from 1851 saying that the granting of patents “begets disputes and quarrels betwixt inventors, provokes
endless lawsuits [and] bestows rewards on the wrong persons.” But in the last few decades, significant
increases in the number of patent applications granted and the frequency of patent litigations, as well as
media attention such cases have received, have given these concerns new force in the academic
literature. Major patent offices are well aware of the problem and several of them have initiatives
underway aimed at improving the quality of patent review. For example, the U.S. Patent and Trademark
Office (USPTO) now has an Office of Patent Quality Assurance and has recently initiated an ongoing
online ‘patent quality chat.’!

We interpret concern about low-quality patents as corresponding to concern that patents are
being granted whose contribution is too small to deserve patent protection. Conceptually, there are two
pathways by which this may be occurring. A first source of low quality in a patent system relates to the
fact that patent offices might systematically apply a standard that is too lenient, relative to some
conception of optimal stringency about, e.g., non-obviousness or disclosure standards. Some of the
discussion of the patent quality problem, particularly in the United States, has this flavor. Jaffe and
Lerner (2004), for example, argue that changes in the incentives of the USPTO, the U.S. courts, and
U.S. patentees over the 1980s and 1990s led to a systematic lowering of the standard for a U.S. patent
grant.

A conceptually distinct source of low quality in patent system is mistakes—granting patents
that do not meet the office’s own implicit standard, however high or low that standard may be. Observers
of the patent system also discuss this issue. For example, Lemley and Shapiro (2005:83) write: “There
is widespread and growing concern that the Patent and Trademark Office issues far too many
‘guestionable’ patents that are unlikely to be found valid based on a thorough review.” Although there
are clear patentability requirements, subjective elements in the examination process (Meurer, 2009;
Lemley and Sampat, 2012; Frakes and Wasserman, 2017; Nagaoka and Yamauchi, 2015) and in the
governance of patent offices (de Saint-Georges and van Pottelsberghe, 2013; Schuett, 2013; Picard and
van Pottelsberghe, 2014) affect the consistency of the examination decision. More generally, the grant
decision rests ultimately on a person’s (or team’s) comparison of the application’s inventive merit and
level of disclosure and the office’s standard for patentability (including patentable subject matter,
obviousness and disclosure). Perfect consistency of decision-making across examiners seems unlikely
to be the outcome of such a process.



The practical and normative consequences of these different sources of low quality are
different. Systematically low standards create monopoly power and transfer rents in situations where
the triviality of the invention does not justify the reward. Consistently low standards are not, however,
a source of uncertainty about which patents are truly valid—so long as the patent office and the courts
are applying exactly the same standard. On the other hand, uncertainty arising from the perceived
probability that mistaken decisions will be made dampens downstream patent development as patent
owners are unsure if their patent will survive a validity challenge.

We propose a formal model that separately estimates office standards from office ‘mistakes’.
The premise of our model is that a refusal by an examiner in one jurisdiction raises doubts as to the
legitimacy of any patent grant secured elsewhere. We then use novel data on multiple examination
outcomes for the same invention in different patent offices to estimate how many patents granted, by
office, are either the result of a low office standard or an office ‘mistake’. Our data are derived from a
population of 408,133 inventions with linked patent applications that have been examined in at least
two of the five major patent offices, covering in total more than a million applications. We estimate a
Bayesian statistical model of the grant process that reflects the underlying data generation process, and
captures parametrically the effect of observable application attributes on the grant probability, the effect
of systematic differences in office standards, and the possibility of personal (i.e., examiner) mistakes.

To foreshadow the results, we find that systematic differences in standards across offices are
guantitatively more important than the inconsistency (i.e., mistakes) within offices. Up to 10 percent of
granted patents, depending on the office, have dubious validity in the specific sense that they appear to
be inconsistent with the country’s own standard for patent grant. On the other hand, up to 19 percent,
depending on the office, would not have been granted by the strictest office (Japan). These estimates
help define the boundaries in policy discussions over international patent office agreements and
improvements for national patent systems.

The rest of the paper is organized as follows. Background discussion on patent quality is
presented in Section 2. The empirical strategy is presented in Section 3; Section 4 contains a description
of the data. The econometric results are discussed in Section 5 and Section 6 concludes.

2. Background

Most of the existing literature looks at the issue of low quality by measuring the fraction of litigated
patents that are found by a court to be invalid. Such studies provide valuable insights on the prevalence
of invalidity. It is unclear, however, how invalidation in court relates to the two possible sources of
invalidity. If one assumes that the courts are implicitly applying the same standard as the patent office,
and that courts make perfect decisions, then a court invalidity finding corresponds to a case in which
the office did not correctly apply its own standard. In practice, it is also possible that the court is
applying a more stringent standard—and that it makes mistakes (Lemley, 2001). Thus, invalidity rates



from such studies are difficult to relate to the quality of the examination process or the stringency of
the office.

It should be noted, however, that patent litigation studies report high rates of ‘invalidity’.
Allison and Lemley (1998) reviewed final validity decisions of 299 litigated patents and found an
invalidity rate of half. Cremers et al. (2014) report that about 30 percent of appealed patent suits have
their initial decision overturned. More recently, scholars have also studied the outcome of inter partes
reviews, which are post-grant reviews conducted by USPTO Patent Trial and Appeal Board (Wallach
and Darrow, 2016). These studies suggest that invalidity rates might be quite high. However, given that
a mere 0.1 percent of patents are litigated to trial (Lemley and Shapiro, 2005), it remains unclear what
these statistics tell us about the overall prevalence of invalidity.

This point is well made by Marco (2004), who emphasizes the importance of accounting for
selection effects in patent validity adjudications. Recognizing this problem, Miller (2013) attempts to
correct for selection into an invalidity hearing. Using 980 adjudicated and 1960 control patents at the
USPTO, he estimates a population-wide invalidity rate of 28 percent. However, the selection into
Miller’s sample is twofold: selection into a patent being disputed, and selection into parties choosing
trial over settlement. The first selection is not accounted for, suggesting that the 28-percent figure may
still be biased, though the direction of bias is unclear. Zischka and Henkel (2014) have also studied
carefully the presence of selection bias in their data but did not identify statistically significant selection
covariates. They find a 75 percent invalidity rate of appeals at the German Federal Patent Court between
2000 and 2012.

As illustrated by the litigation studies, the basic approach to assessing the level of quality in the
system is to investigate what happens when another qualified decision maker (but ideally many) takes
a fresh look at the question of whether an asserted invention qualifies for patent protection. Paradise et
al. (2005) manually examine the validity of 1167 claims of 74 U.S. patents on human genetic material.
They find that 448 claims (38%) were problematic. The ‘second-pair-of-eyes review’ program at the
USPTO, which began in the year 2000 but has been discontinued since, aims at assessing examination
quality by re-examining patent applications related to business methods. However, data are not publicly
available and Allison and Hunter (2006:737-8) comment that this review is a “subjective, in-house
process metric guided by no apparent standards that may fall victim to unconscious bias or external
influence.”

In contrast with these studies, Palangkaraya, Jensen and Webster (2011) use a revealed behavior
method to estimate rates of patent invalidity. They analyze the population of all 34,000 patent
applications that were granted by the USPTO and examined at both the EPO and JPO during the 1990s.
If the number of forward citations at the USPTO is a proxy for the real size of the inventive step, they
estimate that 9.8 percent of patents are incorrectly granted.

Finally, other studies have empirically examined the issue of patent quality at the USPTO by
exploiting data on examiner decisions at other offices. Lemley and Sampat (2012) link 2176 USPTO
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applications to decisions at the EPO (European Patent Office) to assess the effect of examiner
experience on grant outcomes. Lei and Wright (2017) measure the weakness of U.S. patents using
outcomes of related applications at the EPO. Frakes and Wasserman (2017) use outcomes of EPO and
JPO (Japanese Patent Office) applications to assess whether the time allocated to review applications
at the USPTO affects the validity of patents issued. This line of work offers the possibility of important
nuanced understanding of the determinants of possibly heterogeneous decisions within patent offices.
As far as we can ascertain, no study has exploited variations in outcomes across offices to study the
quality of patent systems in a systematic manner.

3. Empirical strategy

Our research seeks to implement the second-pair-of-eyes approach with a much larger set of inventions
and with more pairs of eyes. Our context allows each patent office to have its own de facto standard,
and every decision-maker to make mistakes. We do so by analyzing the grant outcome of ‘twin’ patent
applications submitted to multiple jurisdictions. Twin applications are applications covering the same
technical content in different jurisdictions (Palangkaraya, Jensen and Webster, 2011; Webster, Jensen
and Palangkaraya, 2014; Sampat and Shadlen, 2015). We estimate an index of the probability that each
patent application is granted under the differing circumstances of the different patent offices, and then
use the resulting estimates to predict the overall ease of obtaining a patent and the proportion of low
quality patents in each office.

The sample for the analysis is the population of 408,133 inventions described in patent
applications filed between 2000-2006 in at least two of the EPO, the USPTO, the JPO, the KIPO
(Korean Intellectual Property Office) and the CNIPA (National Intellectual Property Administration of
China, formerly SIPO). We use this time period in order to ensure that the applicant has had a chance
to pursue protection in as many countries as he or she chooses, and to allow sufficient time to reach a
grant decision. These five offices, known collectively as the ‘IP5 Offices’, attract about 80 percent of
worldwide patenting activity.

3.1. The model

Our model of the actual examination decision assumes that each invention i has a unique but
unobservable inventive merit c,, which is shared by all the applications to different offices. The
probability of granting patent application i, by an examiner in office j is a function of this inventive
merit c, ; the office-specific de facto standard required for a grant and related institutional incentives

T.; a set of covariates X.., capturing observed heterogeneity at the patent-patent office level (e.g.,

i’ e

differences in the number of claims, filing route); and examiner-specific factors that are not systematic
to the office, ¢; .V These elements combine to give an index Y » which maps into the probability of a
grant for each application in each office. To formally specify this model, we begin by noting that patent
i is accepted by office j if

C-ZT-+(X--—7j)ﬁj—8ij Q)



That is, the inventive merit c; is greater than or equal to the office standard t; plus deviations from that
standard attributable to specified covariates (xij =X,| )5,- , minus a non-systematic or random component
&; - In equation (1), the vector X; = Zi“jlxij/Nj is the sample average of the covariates associated with
applications to office j; N,
of unknown parameters that quantify the impact of the covariates on the acceptance decision. Under the

is the number of applications considered by office j;and B; is a vector

assumptions we outline below, the sign in front of the random component ¢; could be positive or
negative; we have made it negative to be consistent with the development that follows. Expressing the
covariates in terms of deviations from their office means makes t; the average acceptance standard for
office j. Differences in office standards can be assessed by comparing estimates of the 1;’s.

Office “mistakes” occur when the random element ¢; is such that the outcome of a patent
application is contrary to that predicted by the relative magnitudes of ¢; and ; +(xij =X,; )Bj . We have
a mistakenly granted or low-quality patent if an application is successful when ¢, <<, +(Xij —7,-)3,-
and a mistakenly refused patent if an application is not successful when ¢, > <, +(xij -X; )3J. :

To specify the model in a form suitable for estimation, the latent variable or index y; is written
as

Vi =c =t —(xy =% )B; +2y (2)
The condition ¢, >t +(x; —X;)B; —¢; is equivalent to y: >0. Let the binary variable y; take the
value y; =1 if the patent application for the i-th invention is granted by the j-th office (y;; 20) and

y; =0 otherwise (y;; < 0) . Then, when the random variable ¢; is assumed to have a standard normal
distribution, equation (2) bcomes a probit model. The probability that an application is granted is given

by

©)

where ®(-) is the standard normal cumulative distribution function.

We assume (&; | X)~N(0,1), where X denotes all observations {x,} and the (&, |X) are
independent over i and j. An implicit identifying assumption is that E, (sij |X) =0, i.e., examiners at
office j take correct decisions on average. (Any systematic deviation from the ‘correct’ outcome is
captured by the office-specific component—the de facto standard.) Likewise, E, (sij | X) =0, i.e.,every
invention is treated fairly on average across offices. The error term ¢; captures the subjectivity of
interpretation of the patent law or the “mood’ of the examiner among other things. That is, if the same
application were examined in the same office, under the same office procedures and covariates, but by
a different examiner, any difference in the decision would be explained by ¢; .



3.2. Estimation

For estimating the parameters of the model, we adopt a Bayesian approach with a hierarchical prior on
the c,. The hierarchical prior for ¢, provides scope for improving the precision of estimation given that
the number of observations on each patent family (the offices considering each patent) is relatively
small (s 5) . The starting point for Bayesian analysis is the specification of prior distributions for
(ci,rj, j). These prior distributions are combined with the likelihood function that corresponds to
equation (3) to form a joint posterior distribution for (ci,rj, j). The means from the posterior
distribution are the estimates for ¢, t; and B, typically reported by Bayesian studies, although
arguments can be made for using other values such as medians or modes. Along with the posterior
means, the posterior standard deviations are usually reported to gauge the level of uncertainty in the
estimates.

While this procedure is conceptually simple, complications can arise when it is being
implemented. For many models, the integrals that define the posterior means and standard deviations
are too difficult to evaluate. This problem has led to an explosion of Markov chain Monte Carlo
(MCMC) techniques for sampling observations from posterior densities, with these observations being
used to estimate the posterior means and standard deviations. See, for example, Brooks et al. (2011).
For the probit model defined by (2) and (3), the obvious choice of an MCMC technique is Gibbs’
sampling, which draws observations from the joint posterior by sampling sequentially from the
conditional posterior densities for y;, c;, 1, and B; (Albert and Chib 1993). Note that, in this set up,
the latent variable y; is introduced as an extra unknown parameter. An alternative to Gibbs sampling,
and one which we adopt in this paper, is to derive approximate marginal posterior densities from which
the means and standard deviations can be readily calculated. The technique we use for deriving
approximate marginal posteriors is called variational Bayes. Details of how it works can be found in
Ormerod and Wand (2010) or Gelman et al. (2014: 331-338). Variational Bayes was chosen in
preference to Gibbs sampling because of the daunting computational task implied by Gibbs sampling.
With over one million observations on y; , and over 400 thousand observations on c,, drawing and
storing repeated samples is computationally demanding.

In the Appendix, we describe the prior distributions we placed on the parameters and the
essential results needed to obtain variational Bayes estimates for our model. Proofs of these results can
be obtained in supplementary material available from the second author upon request.

4, Data and variables

4.1 A dataset of one-to-one equivalents across offices

Our empirical set up follows the same logic as studies of identical twins. We endeavor as far as possible
to collate a dataset comprising the same invention that was the subject of multiple applications (at
different offices). Accordingly, we exclude patent applications that lead to divisionals and



continuations. As with identical twin studies, we infer that our results hold for out-of-sample
observations but cannot formally prove this.

To construct this “twin’ dataset, we combined data from seven offline and online sources. The
main data source is the EPO-OECD PATSTAT database (October 2014 release) for the backbone of
the dataset. We start from the universe of priority patent applications filed anywhere in the world over
the period 2000 to 2006 (de Rassenfosse et al., 2013) and track their one-to-one equivalents in any of
the five offices.v A priority filing is the first patent application describing an invention. Application Ps
in country B is a one-to-one equivalent of application Pa in country A if Pg claims Pa as sole priority
(i.e., no merged patent applications) and Pa is only claimed by Pg in office B (i.e., no split patent
applications). In this sense, Pa and Pg cover the same technical content and are “twin’ applications. We
also extract from PATSTAT information on applicants’ country of residence, patents technological
fields as identified with the International Patent Classification (IPC) codes and filing route (either the
‘Paris Convention’ route or the PCT route).”

Data on the application legal status (granted/refused/withdrawn) come from: the EPO’s
INPADOC PRS table for PATSTAT for European and Chinese applications; from JPO’s public access
on-line Industrial Property Digital Library Database (IPDLD) for Japanese applications; from KIPO
public access on-line IPR Information Service (KIPRIS) for Korean applications; and from the
USPTO’s Public Pair on-line database for U.S. applications.

Data on the number of claims of published patent applications come from: PATSTAT for
European applications; CNIPA’s on-line patent search platform for Chinese applications; IPDLD for
Japanese applications; KIPRIS for Korean applications; and lens.org for U.S. applications. We
developed specific web-crawlers to collect online information.

4.2 Variables

Our main dependent variable, y; , is the binary outcome that takes the value of 1 if patent application
i was granted by an examiner in patent office j and O if refused. Our measure of refusal includes
applications that were examined and refused by the patent office plus all quasi-refusals. Quasi-refusals
include patent applications that were withdrawn at the EPO following a negative search report
containing X or Y citations, which challenge the inventive step of an application. Indeed, many
applications at the EPO are withdrawn after a (negative) office communication, which Lazaridis and
van Pottelsberghe (2007) interpret as quasi-refused applications.

There are three fundamental sources of heterogeneity with respect to the grant outcome in the
data: systematic office differences (j), systematic invention differences (i), and application-patent
office differences (ij) . The first two sources are accounted for by estimation of the office (r;) and
invention (C;) parameters, respectively. Concerning the third source, we control for four variables Xx;
that are likely to induce heterogeneity in the grant decision across offices for the same invention. On
average the examiners from the different offices make a true assessment of the inventive merit in the



application, which is measured with the invention parameter c,. The four variables influence the
examiner’s decision over and above the objective quality of the invention.

The first of these controls is a dummy variable, local applicant; , which equals 1 if there is at

ij
least one applicant with an address in the same jurisdiction as the examining patent office, and O
otherwise. There is empirical evidence that patent offices give preferential treatment to domestic
applications (Webster, Jensen and Palangkaraya, 2014, de Rassenfosse et al. forthcoming). This home
bias may reflect prejudice, but it may also reflect the fact that domestic applicants have stronger
incentives to push the patent application in their home market or that they may be more familiar with

their home patent system.

The second is the dummy variable priority filing;, which takes the value 1 if application i is
a priority filing in office j and O otherwise. By the construction of our data (using one-to-one
equivalents), there can be only one priority filing per family. Firms usually file a priority filing in the
office they know best, which may affect the likelihood that they receive a grant in that office. The
country of the priority office may also be the most important market, where incentives to push for a
grant are stronger.

The third is the dummy variable PCT.

ij?
filed through the Patent-Cooperation Treaty route." There are non-trivial administrative implications

which indicates whether the patent application was

of using the PCT route that may affect the consistency of examination outcome (e.g., search report
shared between all the offices, extension of priority right from 12 to 31 months).

Finally, we control for the number of claims (claimsij), which is the number of claims
articulated in the patent application at the time of lodgment. Although twin applications in our sample
cover the same technical content, there might be slight differences in the construction of the applications
across offices. The number of claims is a proxy for these differences.

Table 1 presents a summary of the characteristics of the patent applications at each office. The
sample includes 1,064,513 patent applications associated with 408,133 inventions (or patent families).
Thus, one invention is submitted for patent protection in 2.6 offices on average. Overall, the JPO, at
72.23 percent, recorded the lowest grant rate and the CNIPA, at 96.3 percent, the highest. More than
half of applications at the JPO had at least one local applicant compared with only 3.1 percent at
CNIPA. Vit CNIPA had also the smallest rate of priority filings and JPO the highest. (Indeed, except for
the EPO, there is a strong correlation between the office of priority filing and whether the applicant is
local to that office.) Use of the PCT was highest for the EPO but lowest for KIPO. Finally, the average
number of claims at the time of application varies between 10.3 at the JPO and 17.8 at the USPTO.*

Table 2 provides an overview of the number of equivalents (i.e., twins) between offices. There
are 125,704 direct equivalents between the USPTO and the EPO. The lowest number of equivalents is
reached between the EPO and the KIPO (32,082 patent applications) and the highest number is reached



between the USPTO and the JPO (212,673 applications). As far as the CNIPA is concerned, it is most
integrated with the USPTO, closely followed by the JPO.

Table 1. Descriptive statistics, 2000-2006
All offices EPO USPTO KIPO JPO  CNIPA

Number of patent applications 1,064,513 162,803 325,068 127,314 278,760 170,568
Number of inventions 408,133 162,803 325,068 127,314 278,760 170,568
Proportion of accepted patents 0.8410 0.7677 0.9139 0.8444 0.7223 0.9634

Proportion of local applicants (LA)  0.3305  0.4414 0.2000 0.4151 0.5626 0.0311
Proportion of priority filing (PF) 0.2850 0.0984 0.2226 0.4098 0.5643 0.0325

Proportion of LA x PF 0.2643  0.0706 0.1828 0.4058 0.5521 0.0283
Proportion of PCT patents 0.2423  0.4521 0.2283 0.0225 0.2646 0.1962
Average number of claims 14747 15549 17.777 14928 10.299 15.340

Notes: Data relate to patent applications filed between 2000 and 2006. See main text for data sources.

Table 2. Cross-country number of equivalents, 2000-2006
EPO USPTO KIPO JPO
USPTO 125,704
KIPO 32,082 87,228
JPO 91,878 212,673 79,757
CNIPA 59,388 119,841 64,925 113,561

Next, Table 3 presents the breakdown of ‘inconsistent” decisions by patent family size. For
instance, inventions filed in two countries (family size of 2) represent 56.7 percent of the cases. The
inventions are usually granted patent protection in both jurisdictions (67.8 %), although 27.7 percent of
them are granted patent protection in one jurisdiction and refused in the other. These differences in
grant outcome can be legitimate, resulting from different standards for a grant, or they could signal a
mistake by one office. The empirical analysis will seek to quantify these two dimensions.

Table 3. Overview of inconsistent decisions

Number of Applications 2 3 4 5

Proportion (among total)  0.56715 0.28396 0.12237 0.02652
Proportion with 0 acceptances  0.04544 0.01007 0.00144 0.00000
Proportion with 1 acceptance 0.27664 0.07905 0.01734 0.00388
Proportion with 2 acceptances  0.67792 0.27494 0.08283 0.02615

Proportion with 3 acceptances 0.63594 0.26914 0.09619
Proportion with 4 acceptances 0.62924 0.26206
Proportion with 5 acceptances 0.61172
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Not only is it possible to use the results to decompose all inconsistent decisions across offices
into those attributable to different standards and those attributable to office mistakes, but it is also
possible to focus on those applications granted by each office and refused elsewhere, and to decompose
these inconsistencies into those attributable to a more lenient standard in the office being considered
(the focal office), those attributable to a mistake by the focal office, and those attributable to a mistake
by another office. This decomposition is particularly relevant for the issue of low-quality patterns. In
Table 4 we examine the ‘raw’ rates of mixed grant-refusal patent families, that is, before correcting for
office-specific differences and the influence of examiners’ subjective assessments. The raw rates show
that 21.3 percent of the patents that were granted by the EPO were refused in at least one other office.
The JPO has the lowest rates (13.9%), and the CNIPA the highest (26.9%).

Table 4. Mixed grant-refusal patent families, 2000-2006

Office Number of Proportion refused
granted patents elsewhere
EPO 124,988 0.21299
USPTO 297,072 0.25236
KIPO 107,501 0.25666
JPO 201,335 0.13948
CNIPA 164,321 0.26899
5. Results

5.1 Parameter estimates

The parameter estimates (posterior means) were obtained by solving the equations described in the
Appendix. Convergence of the iterations used to solve these equations was achieved after 1330
iterations, the parameter estimates changing very little in the last 300 iterations. The posterior standard
deviations that are presented in Table 5 alongside the posterior means were calculated from the standard
deviations of the variational Bayes approximate posterior densities. Of particular interest are the
estimates of the t i the office standards for grants. They show that, relative to the CNIPA which is
normalized at 0.0000, the USPTO, KIPO, EPO and JPO have more stringent standards. They are
estimated as 0.8970, 1.2109, 1.8388 and 2.4018, respectively, with JPO having the strictest standard.

To use Table 5 to assess the estimated impact of the covariates on the probability of granting a
patent, note that, from equation (3), a negative sign suggests a positive effect on the probability, and
vice versa. There are exceptions, but the signs of the coefficients are generally uniform across offices,
with local applicant (LA), priority filing (PF), and PCT having a positive effect on the probability, and
claims having a negative effect. When both LA and PF are present, the conclusion about their effects
needs to be modified in some instances because of the presence of the interaction term LAx PF .
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Estimates of the average probabilities of acceptance for each office are given by

Nj’lzi“fl@(fi -7, —(xij -X; )EJ) . They match the raw data proportions of acceptance to the first two

decimal places.

Table 5. Parameter estimates

EPO USPTO  KIPO PO CNIPA

_ . 13619 00292  -13581  —0.1996  —0.8928
. local applicant (LA

i pplicant (LA) (0.0055)  (0.0135)  (0.0292)  (0.0188)  (0.0463)

S 00673  -0.4743  -16407  -0.6838  -0.8720
, riority filing (PF

iz priority filing (PF) (0.0154)  (0.0093)  (0.0444)  (0.0177)  (0.0375)
T 13766 01075 14071 01494 13714
i3 (0.0184)  (0.0166)  (0.0532)  (0.0255)  (0.0613)

B per 10266 09725  -2.1387  -0.3962  —1.5998
i (0.0054)  (0.0044)  (0.0190)  (0.0055)  (0.0061)

_ . 0.1944 04422  -00901 00702  0.1053
~ In(claim

Pjs  In(claims) (0.0039)  (0.0029)  (0.0038)  (0.0026)  (0.0034)

= office standard 18388 08970 12109 24018  0.0000
i (0.0025)  (0.0018)  (0.0028)  (0.0019)  (0.0000)

average probability of 0.7689 0.9130 0.8443 0.7237 0.9632

acceptance

Note: Posterior standard deviations in parentheses. For the B's, a negative sign inplies a positive effect on the
probability of acceptance and vice versa. A low office standard (higher probability of acceptance) implies that an
office is more lenient. Average probabilities of acceptance match the raw data proportions of acceptance to the
first two decimal places.

Figure 1 depicts the distribution of estimates of patent merit along with the estimated thresholds
that depict the office standards. The distribution is bimodal, with a first group of inventions spread
across the office thresholds and a second group of high inventive merit applications. Further
investigation (not reported) suggests that the bimodal nature of the distribution can be explained by the
proportion of offices that accepted each patent application. Values for T, above approximately 3.8
correspond to inventions that were accepted by all offices who considered them. The middle range
corresponds to applications accepted by one or more offices and rejected by one or more offices. There
is also a long tail to the left that corresponds to applications rejected by all offices who considered them.
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Figure 1. Distribution of estimates of patent merit and estimated office thresholds

5.2 Office mistakes

The model predicts that the i-th application to the j-th office will be granted if the estimates (Ei,?j ,_j)
are such that ¢, >, +(xij -X; )BJ , and rejected otherwise. When a decision to grant or refuse a patent
conflicts with the decision predicted by the model, we say an office mistake has occurred. Using this
definition, observations can be classified into correct acceptances, correct rejections, incorrect
acceptances and incorrect rejections. The numbers and proportions of observations in each of these
categories for each office are given in Table 6. Incorrect decisions can only be identified for those
applications that were accepted by at least one office and rejected by at least one office. The model
correctly predicted the outcome for all applications where there were consistent decisions across offices.

Table 6. Predicted versus actual grant outcomes
Realised outcome
Granted y; =1 Refused y; =0

Predicted Outcome

EPO
Grant 117,280 (0.720) 5,685 (0.035)
Refuse 7,708 (0.047) 32,130 (0.197)
USPTO
Grant 293,398 (0.903) 16,638 (0.051)
Refuse 3,674 (0.011) 11,358 (0.035)
KIPO
Grant 104,762 (0.823) 7,960 (0.063)
Refuse 2,739 (0.022) 11,853 (0.093)
JPO
Grant 182,189 (0.654) 6,269 (0.022)
Refuse 19,146 (0.069) 71,156 (0.255)
CNIPA
Grant 163,978 (0.961) 4,570 (0.027)
Refuse 343 (0.002) 1,677 (0.010)

Notes: Number of patent applications falling in each category (proportion in
parenthesis for each office).
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Regarding the EPO, our model predicts that 91.7 percent of decisions were accurate (72%
correct grants and 19.7% correct refusals), in the sense that the EPO applied its own standard in a
consistent manner. The percentages of accurate decisions for the other officers were 93.8 percent, 91.6
percent, 90.9 percent and 97.1 percent for USPTO, KIPO, JPO and CNIPA, respectively. While these
percentages are relatively consistent across offices, the breakdowns between correctly granted and
refused, and incorrectly granted and refused, are not. Offices with low thresholds (CNIPA and USPTO)
have relatively large percentages of correct acceptances (96.1% and 90.3%, respectively), whereas for
JPO and EPO, who have high thresholds, the situation is reversed (65.4% and 72.0%, respectively).
With respect to incorrect decisions, for CNIPA, USPTO and KIPO, we find that the proportions of
mistakenly granted patents (0.2%, 1.1% and 2.2%) are smaller than the proportion of mistakenly refused
patents (2.7%, 5.1% and 6.3%), an outcome which is contrary to that expected based on evidence from
earlier studies. In this case, because we have a common set of applications, and because CNIPA,
USPTO and KIPO have relatively low thresholds, their probabilities of not reaching those thresholds
are low. For JPO and EPO, who have relatively high thresholds, the opposite is true. The probability of
a grant not reaching their thresholds is relatively high.

5.3 Econometric decomposition of the mixed grant-refusal patent families

In this Section we consider a decomposition of applications where decisions across offices were
inconsistent into those where different decisions can be attributed to different standards, and those
where there has been an office mistake. Two decompositions are presented. In the first decomposition
we examine all patents with inconsistent decisions. In the second, we focus on the subset of granted
patents refused elsewhere.

Table 7. Decomposition of applications with inconsistent decisions

Total Inconsistent Correct by Violation of
number decisions office standard  office standard
All 408,133 127,706 84,896 42,810
(0.313) (0.208) (0.105)
EPO 162,803 58,098 36,840 21,258
(0.357) (0.226) (0.131)
USPTO 325,068 99,085 64,028 35,057
(0.305) (0.197) (0.108)
JIPO 127,314 43,238 21,177 22,061
(0.340) (0.166) (0.173)
JPO 278,760 96,296 61,655 34,641
(0.345) (0.221) (0.124)
CNIPA 170,568 49,216 27,832 21,384
(0.289) (0.163) (0.125)

Notes: Each column contains the numbers of patent applications in each category with the proportion
of the total number of applications given in parentheses.

14



Table 7 contains the decomposition of all applications with inconsistent decisions.
Approximately 30-35 percent of applications fall into this category. After accounting for different
office standards, we find that between 10.8 percent (USPTO) and 17.3 percent (KIPO) of applications
have conflicting outcomes that can be attributed to an office mistake.

Of particular interest are the reasons why applications granted by one office might be refused
by another. In Table 8 we limit our analysis to applications that have been granted in each office. We
have decomposed these patents according to the origin of the discrepancy in treatment across offices.
Reported are the total number of patents in each office (column 1); of these, the number that were
refused in at least one other office (column 2, similar to Table 4); and of these, the number we estimate
that were refused because other offices had a higher standard (column 3); or because the office
mistakenly applied its own standards (column 4); or because another office incorrectly applied its
standard (column 5). The results show that 19.2 percent of patents issued by the USPTO are most likely
refused elsewhere because other offices have higher granting standards. We estimate that only 1.2
percent of USPTO patents would be deemed invalid if examined again. This contrasts with Japan. Only
1.7 percent of JPO patents are refused elsewhere. Because JPO has the most stringent standards, this
non-zero percentage occurs because of differences in how offices react to foreignness, use of the PCT
route, the number of claims and the priority office.* On the other hand, 9.5 percent of JPO patents are
likely to be found invalid if re-examined under the same set of JPO rules.

The other offices fall between these two extremes. At the EPO, the office standard accounts for
10.5 percent of mixed grant-refusal outcomes and office mistakes account for 6.2 percent. At KIPO,
different office standards are 14.2 percent and office mistakes are 2.5 percent. At CNIPA, different
office standards are 16.8 percent and office mistakes are 0.2 percent.

Note that we are not justifying the stringency of each office standard, nor the legitimacy of how
each office reacts to features such as foreignness, use of the PCT route, the number of claims and the
priority office. We are merely asking: if the patent application was assessed again within the same
jurisdiction under the same set of rules, would it be deemed valid?

15



Table 8. Number (proportion) of mixed grant-refusal patent families by estimated reason, 2000-
2006

1 (2) 3) 4) ®)

Granted Mixed grant- Due to more Due to mistake  Due to a mistake

patents refusal patent lenient focal office applying focal  applying another

families standard office standard office standard

(proportion) (proportion) (proportion) (proportion)

EPO 124,988 26,621 13,151 7,708 5,762
(0.213) (0.105) (0.062) (0.046)

USPTO 297,072 74,968 57,155 3,674 14,139
(0.252) (0.192) (0.012) (0.048)

KIPO 107,501 27,591 15,216 2,739 9,636
(0.257) (0.142) (0.025) (0.090)

JPO 201,335 28,083 3,514 19,146 5,423
(0.139) (0.017) (0.095) (0.027)

CNIPA 164,321 44,201 27,576 343 16,282
(0.269) (0.168) (0.002) (0.099)

Note: Column (1) is the total number of granted patents; Column (2) shows applications accepted by the focal
office and rejected by one or more of the other offices; Column (3) is the number (proportion) of offices who
made a correct decision given their office standards; Column (4) is the number (proportion) of patents that were
incorrectly accepted by the focal office and rejected elsewhere; Column (5) is the number (proportion) of patent
applications correctly accepted by the focal office and incorrectly rejected by at least one of the other offices.

5.4 Self-selection bias

One potential concern with the estimates relates to self-selection into specific offices. Typically,
applicants with weak inventions may purposefully avoid filing a patent at the strictest offices to avoid
a rejection. This is potentially a concern because the patenting process is known to be costly and
applicants strategically chose where to file for patent protection. However, we believe that selection is
not a concern in our sample. Indeed, the analysis focuses on high-value patent applications that are filed
in at least two countries. Empirical evidence suggests that applicants are inelastic to patenting costs (de
Rassenfosse and van Pottelsberghe 2012). Given that applicants in our sample are active internationally,
they are presumably less elastic than the average patent applicant.

To spot the presence of selection effects, we look at differences in the distribution of the
inventive merit of inventions across offices. Can we see more low inventive merit inventions in more
lenient offices, or are distributions similar for all offices? Table 9 presents key summary statistics for
the offices. The estimates are remarkably similar across offices, suggesting that selection is not a
concern.
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Table 9. Summary statistics for the distributions of the estimates of the ¢

Statistic All EPO  USPTO KIPO JPO  CNIPA
Mean 3.6969 3.6850 3.8104 3.5750  3.7685 3.8373
Minimum -3.8255 -3.4052 -3.8255 -3.8255 -3.5920 -3.5282
0.025 quantile 2.0958 2.1697 2.2346 2.1250  2.0859 2.3742
Median 4.6051 4.4712 4.6280 4.0443  4.8367 4.6244
0.75 quantile 4.9683 5.2128 4.9723 49801  5.1345 4.9878
Maximum 5.8542 5.8542 5.8542 5.8091  5.8542 5.8456
Std. Dev. 1.7179 1.7712 1.6105 1.7544  1.7725 1.5984

Observations 408133 162803 325068 127314 278760 170568

6. Conclusion

There is significant concern around the world that patent offices are issuing patents that should not have
been granted. Studies based on litigation outcomes suggest that this problem is quantitatively
significant, with the overall fraction of dubious patents ranging from a quarter to three-quarter of all
patents. Our analysis of patent applications examined by multiple offices around the world suggests that
the overall prevalence of low-quality patents might be smaller.

We model the patent grant process in a way in which imperfect decision-makers compare their
assessment of the quality of an invention to an internal standard of quality necessary for grant. This
method allows us to decompose differences in the decisions of multiple decision-makers into those that
are due to a mistake by a decision-maker and those that are due to systematic differences in the policies
and practices at each office. The kind of decomposition that we have undertaken requires repeated

observations on each invention and each decision-making unit.

Our analysis of about 400,000 inventions considered for patent protection by multiple patent
offices suggests that both sources of inconsistent decisions occur. The strength of our analysis is to
compare various offices using the same invention. To push the point, it allows us to conclude that
differences in grant outcomes across offices are primarily driven by office policy choices and practices
rather than subjectivity of the examination process.

Specifically, we find that the fraction of patents that should not have been granted given the
offices own implicit grant standard and systematic treatment of foreignness, use of the PCT route, the
number of claims and the priority office, is less than 10 percent in all offices. Most of the inconsistency
in the grant-refusal decision across offices is due to difference in office standards. These differences are
greatest between the USPTO and the JPO; and between the CNIPA and the JPO.

Whereas the sample used for the analysis is large, it is not randomly drawn. Patents examined
in multiple international jurisdictions are likely to be of higher economic value than the average patent.
Our analysis of the selection problem suggests, however, that rates of low quality patents for the
population of all applications to each office are unlikely to be much higher than our estimates for this
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IP5 sample. Thus, even allowing for selection bias, our results imply rates of an order of magnitude
lower than the rates found by litigation studies.

Teasing out the source of inconsistent examiner decisions across offices is important for
understanding investor confidence and for designing policies to improve the quality of patent systems.
If patents issued by one office are thought to be of a highly variable validity, then patent protection will
not offer investors proposing to develop the invention much reduction in their uncertainty in that
jurisdiction. On the other hand, if the inconsistency in examiners decisions across offices is due to
systematic differences in office standards and procedures, then investors have a better idea of where
they stand. This may increase their confidence about developing the invention in a specific jurisdiction.
With respect to policy design, if uneven application of office standards is the main source of
inconsistency, the appropriate policy would be to get the examiners from the said office on the same
page (or to investigate examiners whose own reports vary widely). If systematic office differences are
the main source of inconsistency, then the policy is either to review the legal standards or to investigate
the institutional procedures that are believed to lead to a variable standard.

One of our remarkable findings is our much lower rate of ‘mistaken’ patents compared to
litigation studies. We do not know the reason for this finding but suggest four possibilities. First,
litigated patents are highly selected toward those with greater uncertainty about their validity. Clearer
cases can be expected to be settled out of court. Second, litigation studies implicitly assume that courts
apply the same standard as that of the office whose grant is being reviewed, and do not make mistakes
themselves. In practice, it is possible that courts systematically apply a stricter standard for validity than
the patent office—and make mistakes themselves. Third, although patent applications in our sample are
examined by up to five examiners from very different cultures and language groups, every examiner
spends considerably less time than if the patent were re-examined in litigation. It is possible that all
examiners have mistakenly granted the patent. Finally, review by a court is fundamentally different
from review by another examiner because the court review is an adversarial proceeding. It is possible
that there is prior art that no patent examiner will ever find, but which the adverse party is able to bring
to the court’s attention. Thus, overall our results provide a different perspective on patent quality and
should be viewed as complementary to those of litigation studies rather than directly comparable.

The magnitude of the difference between the figures presented in this paper and the figures
obtained using patent litigation data bear important implications for discussions about patent quality.
One difficulty in interpreting the difference is that we do not know how much of it might be due to
selection bias in the litigation studies. But if we assume for the sake of argument that invalidity in the
view of the courts is truly significantly higher than invalidity in the view of the offices, we can make
four general points.

First, much of the debate around quality focuses on improving examination. Our results suggest
that examiner error is low in most jurisdictions, and therefore this effort will be only marginally useful.
Second, some of the debate has a flavor of the United States, in particular, having a low standard. Our
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results suggest that it is true that the U.S. standard is somewhat low, corresponding to about 19 percent
more patents granted than the JPO if both offices were acting consistently. Thus, raising the U.S.
standard to the level of the highest country would eliminate some low-quality patents, but perhaps not
as many as some commentators believe. Third, more generally, the tone of the debate is frequently that
the uncertainty around validity is the patent offices’ fault. Our results suggest rather that it is inherent
in the examination process that a non-trivial number of invalid patents will be approved. Finally, we
bring into sharp focus the question of why courts are more likely to invalidate than examiners. To the
extent that it is because of the adversarial nature of litigation, the finding brings the question of how to
best to organize re-examination processes that are undertaken within offices. But if it is because judges
are fundamentally tougher than examiners, the finding raises deeper questions about administrative law,
since judges are not supposed to apply different standards.

The findings presented in this paper are interesting in light of concerns about patent quality, but
they also contribute to current policy discussions on patent prosecution highway (PPH) agreements.
PPH designates a set of initiatives for providing accelerated prosecution procedures by sharing
information between patent offices. Our results show that there is considerable heterogeneity across
offices. The PPH agreements intend to increase the harmonization of decision. However, they may also
propagate a wrong decision into the whole patent family, further weakening patent rights. Our results
further illustrate that some offices are more accurate than others, which may create additional tensions
in the context of PPH agreements.

Finally, our analysis is silent on the optimal level of ambiguity that the patent system should
tolerate. On the one hand, low quality patents hurt businesses and may slow down the pace of
technological progress. On the other hand, ensuring high-quality examination is costly, especially
because the majority of patents have limited economic potential. In our analysis we have controlled for
how each office reacts systematically to foreignness, use of the PCT route, the number of claims and
the priority office. We do not justify these differences but note them. Future research should investigate
whether delivering more harmonized outcomes for businesses is likely to improve welfare. Our results
provide a useful starting point in that regard.
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Appendix: Details for estimation

The first step for estimation is the assignment of priors for the parameters (ci,rj, j) in the model
Vi ==t —(x; =%, )B; +¢&;-

Adding a constant to all the ¢; and adding the same constant to all the t; leaves the model
unchanged, implying all ¢; and t; are not identified. To anchor the location, we set 7, =0. For the
remaining t;, j=1,2,3,4, we assign the independent priors t, ~(ro,a‘1),with the settings t, =0 and
a=0.01. The relatively large prior variance of a™ =100 is designed to be noninformative, making the
estimates of the t; largely determined by the data. For the same reasons, the prior we assign to B; is
B,~N (Bo,a‘ll) , J=12,...,5 with B,=0. For c,, we assign independent hierarchical priors
¢ ~N (uc,h‘l) . i=12,...M , where M =408,133 is the number of patents, and with
p,~N (co,wgl), ¢, =0 and h, =w, =0.01. These settings are designed to provide scope for improving
the efficiency of estimation for the c,, and, at the same time, allowing the data to provide sufficiently
wide variation in the c;. We also assume all ¢;, t; and B, are a priori independent.

To describe details of the variational Bayes estimation procedure, it is convenient to write the
observations for the j-th office in matrix notation as

T

* ) i
yj:LjC+|:_1NJ _XJJ{B }sz 1=1234
i

Ys =LC—XBs +¢&;

Here, y; isa N; x1 vector measuring propensities of the j-th office to accept its patent applications, c
is an M x1 vector containing the merit associated with each of the M patent applications, L ; is a
N; xM selection matrix that chooses from c the patents considered by the j-th office; each of its rows
containsone 1 and m -1 zeros, 1, isa N;-dimensional vector of 1's,

ro__ Ev2 ~ ! ~ ! r_
Xj_((xlj—xl),(xzj—xz) ,...,(xij—xNj) and €)= &,,85, 018y |-

For j=1,2,3,4, we define Z; :(—LNJ_ —Xj) and y/ :(TJ. B ) For j=5, we write Z, =—-X; and

j
¥s =PBs , S0 that the model becomes
yi=Lc+Zy,+g,
Let k; be the number of offices who consider patent application i . Then, the total number of

observations is N =" N;=>"k =1064,513. Let y be an (Nx1) vector containing all the
observations on the y; .

Given this background and notation, the following variational Bayes approximate posterior
densities for (y]f Y Hc) can be derived. Derivations are provided in the supplementary material. The

densities for the y; are the truncated normal densities
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o [ My z0)xN(T+zy7,,1) when y; =1
(yijly)_ |(y.’f<0)><N(_i+zij7j,1) when y; =0

For the ¢, u, and Y, we have the normal densities,

* 5. (y-z.7.)+hm
Q(Ci|y)=N{le 'J(y'l Z'JYJ)+ He 1 }

k,+h "k +h

Q(MCW): {hzllc&wc 1 }

hM +w, hM +w,
q(Yj |Y)= NI:?j’V(’Yj)J

where 7 =(Z’jZJ. +an)_1[Z'j (y’;—LjE)Jraij], V(yj):(Z’ij +an)_1, and the prior means are
Yo; =(70.By) for j=1,2,3,4 and y, =B, . Also, z; is a row of Z;, §; =1 if the i-th patent is
considered by the j-th office and zero otherwise, I(+) is an indicator function equal to one if its argument
is true and zero otherwise, and (Vi}‘,q,?j,ﬁc) are posterior means obtained by solving iteratively the

equations given below.

C+2Z.7v,
Vi =C +2;7; +M wheny, =1
<I>(ci + zijyj)
(I) EI + Zij?j
vV'=C+zvy ———— "7 _ wheny. =0
yl] i IJ’YJ 1_ q)(q + Zijvj ) yIJ

_ 21484 (% — 2, ) +hi,
' k; +h

hY " © +we,

_&i=11r 070

He = hM +w;,

7,=(2Z, +a1,) [Z,(v; - L e) +ay, |

To solve for (Vi]f,fiﬁj,ﬁc), we iterate the above equations until the lower bound of the log of the
marginal likelihood converges. Once convergence has been achieved, the variational Bayes
approximate posterior densities are completely defined by the values for (Vi]f,fiﬁj ,ﬁc). These values
also represent the Bayesian estimates. In the supplementary material, the lower bound of the log of the
marginal likelihood is shown to be
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logML = E, [ log p(y.y".¢. .1, ) ~loga(y" e .1, )|

5 N; 5 N
:C+Z;Zl:yii Iqu)(EiJrZiﬁj)JrZ;;(l— Yy )10g (-5 ~2,7;)

1=l i= j=l i=

_g(E_ECIM )' (TR )_g 151(71 ~Yoj ), (71 _YOj)_%(ﬁc —Co)2

where C is a constant.
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End notes

' See <https://www.uspto.gov/patent/initiatives/2016-patent-quality-chats>

' Because applicants must submit twin applications to foreign jurisdictions shortly after the submission
of the priority filing (up to 12 or 31 months after), the decision to submit twin applications is not driven
by the outcome of examination in the office of priority. There is thus no selection on actual grant
outcome. Other selection effects may be at work, as discussed in Section 6.2.

i There were 1,821,150 patent applications filed worldwide in 2010 (priority plus second filings). Of
these, 1,452,925 (79.8%) were filed in the IP5 offices (PATSTAT Autumn 2014 version).

v For instance, the fact that some examiners might be more lenient than others will fall in the error
term. By contrast, the fact that examiners might be collectively more lenient than what they should be
will fall in the office-specific effect, hence our use of the term de facto standard.

vV Thus, our sample may include a priority patent application filed, say, at the Brazilian patent office and
with an equivalent at the EPO and the USPTO.

Vi The “Paris Convention’ route is the traditional filing route for patent applications (sometimes call the
national route). The term PCT stands for ‘Patent Cooperation Treaty.’ It is an international treaty that
facilitates international patenting.

Vi Note that some equivalents are filed partly though the PCT route and partly though the Paris route,
leading to within-twin variation.

Vit The low proportion of local applicants at the CNIPA reflects the fact that very few Chinese firms
apply for patent protection in foreign jurisdictions, which is a pre-condition for being in the sample.

* Differences in the number of claims across offices must be interpreted cautiously. For example, the
EPO allows for claims with many alternatives and preferred embodiments compared to the USPTO so
that differences in the number of claims do not necessarily indicate differences in the scope of
protection. Furthermore, the number of claims is affected by other institutional factors such as claim-
based fees.

* Because the office standard accounts for how the office treats foreign applicants, PCT applications,
the number of claims and the priority office, this amount in the JPO is not zero.
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