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1 Introduction

The empirical literature has been prolific around the issues of patent
length and geographical scope; the length of patent rights is in particular
an issue of considerable importance in the design of patent systems, and
its optimality has been intensively discussed in the literature. Since obtain-
ing patent protection in any additional country or maintaining a patent en-
forceable in one country in particular is costly, research scholars have long
assumed that patents protected in many countries (Putnam, 1996) or main-
tained for a long period (Pakes and Schankerman, 1984) carry more private
value to their holders than those that are protected in a small number of
countries or are abandoned very quickly. But very few patents are main-
tained until their statutory term of 20 years and the length of patents is in
effect a decision of the patent holders. However, little is known to date on
the evolution in the overall duration of patent rights, or on the factors that
influence this duration throughout their lifetime.

Taking advantage of a unique dataset containing detailed data on all val-
idations and renewals in Europe, the main objective of this paper is therefore
to investigate the evolution and determinants of patent length. This study
is therefore exploratory in nature, but aims at contributing to our under-
standing of the various factors that may affect the life expectancy of patents.
Given the provisional rights conferred to pending applications by virtue of
the European Patent Convention, it looks essential to not only consider the
length of patent rights once granted, but their entire life (from filing to lapse)
as a more comprehensive measure of their entire period of enforceability.
Given the amount of legal uncertainty that pending applications may in-
duce on the markets, this sounds even more critical.

This research is original in several respects: first, it investigates the over-
all length of patent rights from filing to lapse instead of considering exclu-
sively the pre- or post-grant life of patents; second, it uses a comprehensive
database with all patent applications filed to the EPO over a 20 years pe-
riod; and third, it explores the impact of a wide range of factors on patent
length, including filing strategies, value indicators, complexity indicators,
and ownership structures.

The main results of this paper are twofold. First of all, they clearly es-
tablish that the life expectancy of patent rights in Europe has significantly
increased over the eighties and the nineties despite an apparent (but slow)
decline in the average grant rate and the overall drop in different value indi-
cators observed or suspected by different authors This evolution has how-
ever not been equal across technology fields. Secondly, the most striking
results of this exploratory analysis show that filing strategies considerably
affect the length of patents, possibly because they shape the examination

! See e.g. Jaffe and Lerner (2004), Guellec and van Pottelsberghe (2007) and van Zeebroeck
(2011).
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process. Perhaps more expectedly, more important or complex patents also
tend to live longer, providing additional empirical support to the widely
shared view of patent renewals as value indicators.

These results have some important policy implications. First, the ap-
parent inflation in length of patent rights suggests that exclusive rights are
enforced over longer periods nowadays and therefore delay the expected
dynamic efficiency of patents, everything equal. It is not possible to con-
clude from our results whether this has net detrimental effects on social
welfare, but this effective dilatation of patents is appealing enough to de-
serve further investigation. Second and foremost, the results suggest that
the length of patents may be considerably expanded by specific filing strate-
gies that are in control of the applicants. This suggests that applicants may
sometimes use certain procedural possibilities to postpone the granting of
their applications. And this is important as it creates more uncertainty on
the markets. The surge in patenting observed throughout the world over
the past decades (see e.g. Kortum and Lerner, 1999), combined with the in-
flation in the size of applications (see Archontopoulos et al., 2007 and van
Zeebroeck et al., 2009), has indeed induced a considerable increase in the
workload of most patent offices, resulting into roaring stocks of pending
applications. Our results suggest that part of the backlog may actually be
aggravated by some specific applicant strategies.

Our teaching in this paper is organised as follows: section 2 summarizes
the existing literature. Section 3 presents statistical evidence on the evolu-
tion of patent length. Potential explanatory factors are presented in section
4, whereas the empirical implementation is introduced in section 5, the re-
sults of which are discussed in section 6. Section 7 concludes.

2 Patent Length: an Indicator of Patent Value and
a Quest for Optimality

The length of patents, i.e. the period over which the exclusive rights
they entitle can be enforced, have been considered as indicators of the pri-
vate value of patents for long, on the grounds that the costs incurred to
maintain patents year after year would only be paid for by firms when they
expect a net benefit from their patent. The model proposed by Pakes and
Schankerman (1986) suggests that the initial return on a patent is decreas-
ing geometrically over time, due to a decay rate of the patent returns, which
depends on the effectiveness of the patent protection (the dissipation rate of
the monopoly rent) and on the obsolescence rate of the patented knowledge.

In their model, Schankerman and Pakes (1986) focus on the decision to
renew granted patent rights or not, and therefore only consider the annu-
ities to be paid for each year of maintenance beyond the actual grant of a
patent, which depend on the year of filing of the patent and on its age. This
is because annual fees required by patent offices may be revised by the of-
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fice and because in most offices, they increase with the year of renewal of
the patent. As long as the rents from a patent exceed the costs of one ex-
tra renewal annuity, the firm will renew the patent, up to the statutory limit,
which is 20 years from the date of filing in most countries. As soon as it does
no longer hold, the firm will cease to pay the renewal fees and the patent
will lapse in the public domain.

On these grounds, an extensive literature has relied on renewals as in-
dicators of the private value of patentsf| This strand of literature has either
used renewals to estimate the value of patents or to produce value weighted
patent counts.

The present paper claims that the same line of reasoning holds for the
entire length of patents, from their filing till their lapse. Indeed, annuities
are also required by patent offices (not to mention the legal direct and in-
direct costs of patent examination) to file then to maintain each application
alive up to their grant. Beyond this point in time, validation fees are due
that can be seen as the first of the annuities in the preceding modelf]

Most empirical studies on the length of patent rights focus either on the
examination process (time to decision) or on the renewal term of granted
patents. Papers from the former group include Harhoff and Wagner (2009),
Popp et al. (2004), Régibeau and Rockett (2003), and Yang (2007), and aim
at understanding the drivers of the time required to examine and grant
patents in different offices. The main results from these papers are that more
complex patents imply longer decision lags, that the examination duration
typically depends upon the workload faced by the patent office, that an
endogenous behaviour of applicants to slow down the process may some-
times be suspected, but that differences across technologies are very impor-
tant. Régibeau and Rockett (2003) build a theoretical model to link grant
lags with the importance of patent applications and find that the welfare-
maximising patent approval delay decreases over time, conditional on the
importance of innovations, and that controlling for a patent’s position in the
new technology cycle, the optimal examination time should decrease with
the importance of patents.

The latter group of papers focuses on the determinants of the renewal
of patents as an indicator of patent value. The determinants of patent re-
newals have been subject to less empirical modelling. To the best of our

2 See Pakes and Schankerman (1984); Pakes (1986); Pakes and Simpson (1989); Lanjouw
et al. (1998); Schankerman (1998); O’'Donoghue et al. (1998); Cornelli and Schankerman
(1999); Deng (2005); Bessen (2008); van Zeebroeck and van Pottelsberghe (2008).

3 Note that the exact sequence of annuities paid for by applicants is more complex to deter-
mine in this extended view, since procedural fees up to grant depend on various factors,
including the size and form of the application (number of claims and pages, electronic
v. manual filing, etc.) and of different potential events in the course of the examination.
Upon grant, the cost of validation and renewals will depend on the number of countries
in which the patent will be enforced. For more details on the cost of patenting in Europe,
see van Pottelsberghe and Frangois (2009).
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knowledge, the only examples found in the literature focus on very small
and selective samples of patents and consider a very limited number of
potential factors. The results essentially suggest a positive association be-
tween forward citations received and life expectancies (Maurseth, 2005) and
that patents licensed tend to be maintained longer than non-commercialized
patents (Svensson, 2007).

However, there are strong arguments for considering the length of Eu-
ropean patent applications in their entirety, from their filing to their deci-
sion or lapse. The fact that the EPC entitles the same provisional rights
to pending patent applications in all designated states as a granted patent,
makes pending applications virtually as enforceable (at a much lower cost)
as any valid patent grant Therefore, when investigating the determinants
of patent length, there is little reason for discarding non granted applica-
tions or for focusing only on the post-grant destiny of patents. One addi-
tional reason for paying as much attention to refused and withdrawn ap-
plications as to grants is that despite their failure to turn into valid patent
rights, such applications have conferred their owners with some provisional
exclusive rights for the entire duration of the examination proceedings. This
protection may appear as illegitimate ex-post, not to mention the legal un-
certainty induced during their pendency period |

The main originality of this paper is to investigate the length of all patent
applications filed to the EPO, no matter they were granted or not, and its
potential determinants. Our main objective is therefore to analyse the time
elapsed between the filing of an application and its ultimate fall into the
public domain. This lapse of patent rights may be due to different events:
a decision not to patent it, a revocation following opposition proceedings,
a decision not to pay renewal fees any longer, or the reach of the statutory
limit of 20 years. At the EPO, some 30% of all patent applications filed are
withdrawn by their applicant, 5% are refused by the Office, and about 65%
are accepted for grant, from which 60% are validated in different European
countries and 5% are never validated and therefore lapse ab initio.

* As the costs incurred during the granting process are very limited compared with the
amount of renewal fees needed to maintain a granted patent in many countries, and as
provisional protection may even be extended to the entire EPC area for free (since as
of the 7t" designated State onward, all member states are assumed to be designated),
it is sometimes in the interest of patentees to face as long pendency times as possible,
especially when they know their chances to get a patent granted to be low or when they
would like to enjoy an abusively large scope of protection for the longest possible time.

> It is beyond the scope of this paper to dissert on the optimal duration of the granting
process to establish the proper balance between the benefits of a careful examination of
patents to maximize the legal certainty and its social costs in terms of potential abusive
behaviours. For such a discussion, see Gilbert and Shapiro (1990), Scotchmer (1999), and
Régibeau and Rockett (2003).
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3 Measuring Patent Length

This paper focuses on all patent applications filed to the EPO between
1980 and 2000, about 1.2 million observations in total. Detailed data on all
patent applications were obtained by merging an extraction from the main
EPO database kindly provided by the Office and the PATSTAT database
(EPO, 2006) with Triadic Patent Families (OECD, 2004). Together, these
databases allowed the construction of all grant decision variables (includ-
ing decision lags) and most explanatory variables (presented in the next sec-
tion). In addition, detailed renewal and lapse data on all European patents
from all contracting States (except Italy) were provided by the EPO, allow-
ing the computation of the entire patent length.

However, measuring the length of each patent right is not as straightfor-
ward as it may sound as it depends first on the outcome and second —at least
for granted patents — on the geographical scope considered. For refused,
withdrawn and revoked applications, this measure is relatively simple: it
is a mere difference between the date of filing and the date of withdrawal,
refusal or revocation. For granted patents however, the maintenance pe-
riod requires some choices to be made as discussed in van Pottelsberghe
and van Zeebroeck (2008). European patents may indeed be validated in
any contracting State, but from then on split into a set of national patents
that will live on their own. Two approaches to this problem are proposed
in van Zeebroeck (2011): the Single Renewal Approach (SRA) consists in
measuring the longest renewal reached in any EPC Contracting State, and
the Complete Renewal Approach (CRA) consists in observing the shortest
common renewal term over a given set of countries.

Both approaches are defensible, as they will both capture for how long
the patent holder is willing to maintain his exclusive rights in the countries
where he obtained them, but both will do it with some noise. The main dif-
ference between the two approaches lies with what it is that one really wants
to measure: the CRA approach will rightly reflect the period during which
the patent has sufficient value to its holder to incur the costs of maintaining
its entire scope of protection. But this approach will therefore not account
for the relative size of the market that is given up by letting the patent lapse
in a given country while it is being renewed in others. If the patent lapses
in fact in a relatively small economy but is maintained in bigger countries,
it may suggest that its intrinsic value is intact. With other words, the CRA
will treat minor adjustments in scope and complete abandonments likewise.
On the contrary, the SRA approach is based on the idea that so long as the
patent is maintained in at least one market, it suggests that the patent still
carries sufficient value to its holder and is probably still being exploited.
This is the view that is adopted in this paper, as it appears more appropri-
ate to study survival rates: a patent is dead only once is has lapsed in all
countries. Descriptive statistics based on the alternative CRA approach are
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nonetheless reported and indicate that the mean difference between the two
approaches is about 1 year.

Summary statistics for the main variables in the dataset are indeed re-
ported in Table 1. However, one additional issue with patent length is the
right truncation that affects a significant share of the data. This concerns
either pending applications (representing 9% of the dataset) for which a de-
cision was still expected at the time the data on decisions were extracted,
that is on March 10, 2006, or patent grants that were still active at the time
patent renewals were extracted and have not reached their statutory term
yet (about 45% of all granted patents). For truncated observations (pending
applications and active patents), the entire life duration will be computed
as the difference between the date of extraction of the data (March 10, 2006)
and the date of filing, that is, the age reached to date by each application
or grant. An ad-hoc variable has been constructed to indicate which reason
made the patent lapse. This variable is set to zero for truncated observa-
tions, denoting the absence of observed failure. This issue, which affects
overall about one third (34%) of the dataset, will be discussed later on.

Table 1 - Summary Statistics of Patent Life Indicators

Variable Unit Obs. Mean S.D. Min Max
Survival Times

Entire life duration (from filing to lapse) — CRA Years 1189058 7.16 3.81 0.00 20.00
Entire life duration (from filing to lapse) — SRA Years 1189058 8.15 4.56 0.00 20.00
Entire life duration is truncated Y/N 1189058 0.34 0.47 0.00 1.00
Grant Decisions

Deemed Withdrawn Y/N 1189058 0.21 041 0.00 1.00
Withdrawn Y/N 1189058 0.06 0.25 0.00 1.00
Refused Y/N 1189058 0.03 0.18 0.00 1.00
Granted Y/N 1189058 0.61 0.49 0.00 1.00
Lapsed ab initio (granted but not validated) Y/N 1189058 0.04 0.20 0.00 1.00
Granted and validated Y/N 1189058 0.57 0.50 0.00 1.00
Pending on March 10, 2006 Y/N 1189058 0.09 0.28 0.00 1.00

Sample: all applications filed to the EPO between 1980 and 2000

From this table, it can be noticed that European patent applications live
on average about 8 years | Figure 1 shows how this duration has evolved in
the eighties and nineties using the SRA approach, although the apparent de-
cline from 1986 onward is a spurious effect of right truncation | Statistics on
grant decisions reveal that about 21% of all applications have been deemed
withdrawnJ| 6% were explicitly withdrawn, 3% were refused, 9% were still
pending, and 61% were granted. Within those 61% of patents granted, 4%

¢ Note however that this figure is an underestimation of the actual life expectancy of Euro-
pean patent rights as it is affected by the 34% of truncated observations in the dataset.

7 Figure Al in the appendix provides the same using the alternative CRA approach and

exhibits similar patterns.

i.e. The applicant did not explicitly withdraw her application but failed to comply with

the procedural requirements to pursue the examination procedure.

8
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were lapsed ab initio and the remaining 57% were properly validated in at
least one EPC contracting State.

Figure 1 - Evolution of EPO Patent Applications Entire Life (from Filing to Lapse)
Using the SRA Approach
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A frequent concern in the patent system is that there seems to be a de-
cline in the value or quality of applications (as suggested e.g. by Jaffe and
Lerner 2004, Minoo 2006, Guellec and van Pottelsberghe 2007). This conjec-
ture finds additional support in Figure 2, showing that applications with-
drawn have increased by about 25% on average between the early eighties
and the late nineties, mainly at the expense of a lower grant rate.

Figure 2 - Decisions on Patent Applications Filed to the EPO
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4 Potential Explanatory Factors

This paper explores the potential determinants of patent length. Differ-
ent groups of factors are included in the model as summarized in Table 2.
Summary statistics are reported in Table 3.

Table 2 - Overview of Explanatory Variables Used in Econometric Estimations

Group Determinant Notation

Filing strategies (FS)

Filing routes PCT vs. EP Direct RTE_PCT
Accelerated Search Request RTE_ACCSRC

Drafting styles Number of claims in application filed DRF_CLAIMS
Number of priorities listed in application DRF_PRIO
Number of EP equivalents DRF_EQUIV
Application followed by divisionals DRF_HASDIV
Application is a divisional DRF_ISDIV

Patent characteristics (PC)

Value Forward citations (after 5 years) IMP_FWDCIT5
Triadic IMP_TRIADIC

Complexity Number of backward patent citations CMP_BPC
Number of backward non-patent citations CMP_NPC
Number of IPC classes (at different levels) CMP_IPC
Number of inventors listed CMP_INV

Patent Ownership (PO)
Co-Applicants APP_MULTIPLE
Cross-border ownership APP_CBOWN
Portfolio size APP_CUMUL
Inexperience APP_OCCAS

Stevnsborg and van Pottelsberghe (2007) and van Zeebroeck and van
Pottelsberghe (2011a) identify different dimensions of a patent filing strat-
egy (some of which are based on Harhoff, 2006). They pertain to the route
followed by each application to reach the EPO (PCT option, RTE_PCT)), filing
of a request for accelerated search (RTE_ACCSRC), and different character-
istics of the drafted document as filed: number of claims (DRF_CLAIMS),
number of priorities merged to form the application (DRF_PRIO), number
of non-divisional EP equivalents (separate EP filings having at least one
priority in common, DRF_EQUIV), whether the application was split into
divisional filings (DRF_HASDIV), and whether it is a divisional filing in it-
self (DRF_ISDIV). Table 3 shows that about 31% of applications filed in the
period 1980-2000 were filed through the PCT option and that only 2% of
applications have been subject to an accelerated search request. In terms
of drafting features, the average number of claims per application in the
sample is slightly over 13 (with a maximum of 592), patent filings have on
average one priority filing (zero for EP first filings and up to 136 for sec-
ond filings), and 0.15 equivalents at the EPO. Finally, 3% of applications are
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parents of divisionals and a similar share are divisionals (suggesting that
parents give on average rise to only 1 divisional filing). Van Zeebroeck and
van Pottelsberghe (2011a) have shown that most these dimensions of patent
filing strategies have gained in popularity over the past decades.

Table 3 - Summary Statistics of Potential Explanatory Factors

Variable Type Obs. Mean S.D. Min Max
Filing routes

RTE_ACCSRC Y/N 1189058 0.02 0.13 0.00 1.00
RTE_PCT Y/N 1189058 0.31 0.46 0.00 1.00
Drafting

DRF_CLAIMS Discrete 1188907 13.33 10.81 1.00 592.00
DRF_PRIO Discrete 1189058 1.16 0.87 0.00 136.00
DRF_EQUIV Discrete 1189058 0.15 0.65 0.00 39.00
DRF_HASDIV Y/N 1189058 0.03 0.16 0.00 1.00
DRF_ISDIV Y/N 1189058 0.03 0.16 0.00 1.00
Value

IMP_TRIADIC Y/N 1189058 0.56 0.50 0.00 1.00
IMP_FWDCITS5 Discrete 1187863 0.47 1.10 0.00 70.00
Complexity

CMP_BPC Discrete 1137261 4.49 2.90 0.00 125.00
CMP_NPC Discrete 1137261 0.95 1.81 0.00 170.00
CMP_INV Discrete 1189058 2.33 1.68 0.00 49.00
CMP_IPC4 Discrete 1184888 1.51 0.78 1.00 13.00
Ownership

APP_MULTIPLE Y/N 1189058 0.06 0.24 0.00 1.00
APP_CUMUL Discrete 1189049 364.22 853.19 0.00 6904.00
APP_OCCAS Y/N 1189049 0.17 0.37 0.00 1.00
APP_CBOWN Y/N 1189058 0.10 0.30 0.00 1.00

The second group of explanatory variables is made of two sets of patent
characteristics frequently found in the literature on patent value (see van
Zeebroeck and van Pottelsberghe, 2011b): value indicators and complex-
ity indicators. The former set includes whether the application is triadic
(i.e. has been filed or granted at the USPTO and the Japanese Patent Office,
IMP_TRIADIC) and the number of forward citations received within 5 years
from the date of publication (IMP_FWDCITY)). Table 3 shows that about 56%
of all EPO applications are triadic and that they received on average 0.47 ci-
tations within 5 years. Whereas the share of triadic applications at EPO has
remained stable since the mid-eighties, the number of forward citations has
surged over the past decades, although this evolution might reflect changes
in scale rather than a real increase in the value of patents (see Hall et al., 2001
and van Zeebroeck, 2011). The latter set of patent characteristics denotes
the complexity of inventions and includes: the number of citations made to
prior patent (CMP_BPC) and non patent (CMP_NPC) documents (about 4.5
and 1 on average respectively), the number of inventors who contributed
to the creation of the invention (CMP_INV, 2.33 on average) and the num-
ber of IPC classes at four digits (CMP_IPC4) associated with the application
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(about 1.5 on average). The evolution of these variables is depicted in Fig-
ure A5 in the appendix, suggesting that the complexity of applications has
significantly increased over time.

The last group of explanatory variables allows to account for the own-
ership structure (co-application, APP_MULTIPLE), and cross-border own-
ership (APP_CBOWN) as defined by Guellec and van Pottelsberghe (2000),
and the size of the applicant’s portfolio as measured with the cumulated
number of applications filed to the EPO by the same applicant over the past
5 years and the current year (APP_CUMUL), under deduction of the filing
considered (see van Zeebroeck et al., 2009). In case the size of the applicant
portfolio is zero, the applicant can be considered as a very inexperienced
patentee and an additional dummy variable (APP_OCCAS) takes the value
1, which is the case with about 17% of EPO applications.

In addition to these variables, three sets of dummy control variables will
also be included in multivariate estimates, reflecting the origin (country of
residence of applicants), sector (EPO Joint Clusters; see Archontopoulos et
al., 2007) and age (year of filing) of each application. Summary statistics of
these control variables are reported in Table Al in appendix.

5 Empirical Implementation

In order to estimate the determinants of patent length, the econometric
model needs to account for the right truncation of the data, which affects
some 34% of the observations in the dataset. Therefore the most appropri-
ate option consists in survival time models. The aim of these models is to
estimate the time to a certain event (called a ‘failure’). In our case, a failure
occurs when the patent application or grant exits the patent system and falls
into the public domain.

To model patent length, one needs to estimate the survival, failure or
hazard functions. The duration of a patent is a realization of a random vari-
able T with a given cumulative distribution function F(t) and probability
density function f(t). In the duration analysis literature, F(t) is frequently
denoted as the failure function and is defined as F(t) = Pr(7 < t), that is
the probability that the patent died before or at time ¢. The survival function,
denoted S(t) where t is the elapsed time since the patent was filed, can be
computed as S(t) = Pr(T" > t) = 1 — F(t). Since it represents probabilities,
the survival function lies between zero and one and is a strictly decreasing
function of t (Jenkins, 2005)F] It follows that
Pr(t <T <t+At) OF(t)  0S(t) 1
At—0 At oot ot @

The hazard rate,0(t), is defined as

? Note that as we observe in days (at the one day margin) periods which are actually several
years long, it seems fairly reasonable to assimilate our data to continuous time data.
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Figure 3 - Estimates of the Survival and Hazard Functions (Entire Life)
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The objective of the following survival analysis will be to model the hazard
function (the probability of observing a failure in time t given the patent
was still active or pending at time t-1), which may be achieved using non
parametric and parametric (or semi-parametric) methods. The results of
both methods are presented in what follows.

5.1 Non Parametric Methods

Figure 3 presents Kaplan-Meier estimates of the survival function and
a smoothed estimate of the hazard function. They show that the hazard
function strongly increases during the first five years of application (corre-
sponding to the average decision lag), then remains constant until the 15"
year of activity before it dramatically (but logically) increases in the last 5
years as the statutory limit approaches.

The right chart in Figure 3 exhibits Kaplan-Meier estimates of the sur-
vival function by stratum, where each stratum corresponds to a given rea-
son for failure. It appears that the first three strata, corresponding to the
three reasons for lapse in the granting process (respectively withdrawal, re-
fusal and lapse ab initio) are almost parallel and distanced by about one
year. This simply confirms that applications withdrawn disappear quicker
than applications refused, which in turn disappear faster than applications
granted but not validated (it takes about one year from the date of grant to
observe that the application has indeed never been validated anywhere). A
close and quasi-parallel stratum is made of patents granted but revoked in
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opposition. Here again, given that opposition proceedings last for 2 years
on average, it is quite logical that these patents tend to live slightly longer
than patents merely lapsed ab initio.

What is more interesting to observe is the parallelism between the three
next stratum, comprising patents granted and validated but never opposed
and patents opposed which were either maintained or amended in opposi-
tion. It suggests that patents that survived an opposition tend to live longer
than unopposed patents, and that patents amended in opposition tend to
survive even longer than patents maintained as such. This result — antici-
pated in van Zeebroeck (2007) — would deserve further investigation in the
future. Finally, the last stratum made of pending opposition cases seems
to cross the stratum of patents maintained in opposition, but its twice trun-
cated nature (patents are still active and the outcome of the opposition is
itself truncated) and the low number of cases it represents makes it difficult
to interpret.

Such non parametric methods can also be used to investigate potential
determinants of patent length by stratifying the estimates according to cat-
egorical variables ||

5.2 Semi-parametric analysis

Given the difficulty to determine ex ante the form of the hazard func-
tion, a semi-parametric approach will be used in the form of a Cox propor-
tional hazard model. This model allows the relationship between the haz-
ard rate and explanatory variables to be estimated without having to make
any assumptions about the shape of the baseline hazard function (Jenkins,
2005). It makes use of a partial instead of a maximum likelihood estima-
tion method, starting with the classical proportional hazard specification
provided in Equation 3, where 6(¢, X;) is the hazard function, X; is the vec-
tor of explanatory variables, and 3 is the vector of slope coefficients to be
estimated:

which reduces to an easily estimated linear model:
6(t, X;) ,
In = Xz 4
6ol B (4)

Cox (1972) proposed a method to estimate 5 without needing to specify the
functional form of the baseline hazard function, 6,(¢), which represents the
individual heterogeneity. Contrary to the maximum likelihood estimators,
which rely on spells, the partial likelihood used by Cox works in terms of the
ordering of events. The Cox model nonetheless relies on two main assump-
tions: the proportional hazard assumption, which states that any absolute

19Continuous variables need to be made categorical to apply to this technique.
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difference in X implies a proportionate difference in the hazard at each ¢,
and the log-linearity of the relationship between the hazard function and
the covariates. The sustainability of these assumptions will be discussed
later["]

Different constructions of the estimates can be implemented, from a sim-
ple OLS regression (not accounting for the right truncation issue) of the age
(in days) lived by each application to get a broad overview of the explana-
tory power of each potential determinant, to a Cox regression. Unstratified,
the Cox model implies that both the baseline hazard function and the coeffi-
cients are to be the same no matter the reason why the patent disappeared.
However, the Kaplan-Meier estimates presented in Figure 3 have shown
that this assumption is not realistic as the survival functions are quite differ-
ent across stratum, though fairly parallel. Therefore, estimates of the hazard
function should rather be stratified by reason for patent lapse. By doing so,
the model lets each stratum have a specific baseline hazard function (6y(t)),
but still requires the coefficients to be the same across stratum.

6 Empirical Results

Kaplan-Meier estimates of the survival function stratified by categorical
variables are presented in Figure 4. The different charts in this table exhibit
estimates of the survival functions for different values of the variables pre-
sented in section 4 These figures suggest at first sight that there are very
few differences in the survival function according to the number of claims
and of equivalents, the ownership structure (multiple applicants or cross-
border ownership) and the complexity (except for moderate differences ac-
cording to the number of inventors). Moderate differences in hazard rates
appear according to the route taken (accelerated search or PCT), the number
of priorities (all leading to slightly greater longevities), and patent applica-
tions filed by inexperienced patentees seem to have lower life expectancies
than those filed by owners of larger portfolios. Very large differences show
up with four factors: divisional filings and their parents tend to live much
longer than regular applications. This is also the case with triadic patents
and the number of citations. The two latter results are consistent with most
of the literature on patent value (see van Zeebroeck and van Pottelsberghe,
2011b).

Note that in most cases the survival functions across strata are fairly par-
allel, suggesting that the proportional hazard assumption underlying the
econometric model presented below does not seem unreasonable in most

"However, one potential drawback in the model is the possibility that several observations
share the same survival time. Given that it is measured in days for such long periods,
this issue of tied outcomes should be very limited, but the model nevertheless needs to
account for this possibility. This is done thanks to Breslow’s partial likelihood adjustment.

12Continuous variables are categorised by their quartiles for that purpose.
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Figure 4 - Estimates of The Survival Function (Entire Life) by Categorical Variables
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Figure 4 - (continued)
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cases. This question will be investigated in more details later.

Finally, a log-rank test for trend in the survival function, aimed at testing
the equality across strata and for the order of the strata in case of significant
differences, does not allow the rejection of the null hypotheses of significant
differences in the survival function across filing years (Chi*(20)=10773.05)
and of an increasing order in survival functions over time (Chi*(1)=346.83).
This confirms that the life expectancy of patents has increased significantly
in the eighties and the nineties, or that patents have an increasing propensity
to live longer.

Turning to multivariate regressions, the results of the main econometric
estimates are summarised in Table 4. Different constructions of the esti-
mates have been implemented which are detailed in this table. The first
column presents the results of a simple OLS regression of the age (in days)
lived by each application to get a broad overview of the explanatory power
of each potential determinant. The estimated coefficients can be interpreted
here as contributions of each variable to the number of days lived. The
second column reports the result of a tobit-like regression, namely from a
censored normal regression, possibly less sensitive to right-truncation. The
third column reports a non-stratified Cox regression, while the stratified
model is reported in column 4H In this latter column, the estimated co-
efficients may be interpreted as contributions to the rate of hazard, which
means that a negative coefficient induces a proportional decrease in the haz-
ard rate, that is, a higher probability of patent survival. Therefore, a signifi-
cant negative coefficient suggests that the covariate increases the probability
for a patent to survive longer. The stratified estimates of the Cox model —
strongly in line with OLS and truncated normal estimates — first show that
all potential determinants included in the model are significant and that
most of them have a positive effect on the length of patents. In particu-
lar, the dummy variable identifying triadic applications (IMP_TRIADIC) is
associated with a very significant reduction in the hazard rate and four vari-
ables are associated with very significant parameters as well: the PCT route,
forward citations received, and divisional filings — much more than their
parents — are associated with very significant reductions in the hazard rate.
Except the number of priorities and the dummy identifying multiple ap-
plicants, all covariates are associated with significant coefficients, and only
the portfolio size (APP_CUMUL) and the dummy identifying inexperienced
patentee (APP_OCCAS) are associated with an increased hazard ratio.

13 A log-likelihood ratio test confirms at the 1% probability level that the latter fits the data
better than the unstratified model. Therefore all remaining estimates will be stratified.

http:/ /www.rei.unipg.it/rei/article/view /41 17



REVIEW OF ECONOMICS AND INSTITUTIONS, Vol. 2, Issue 3 - Fall 2011, Article 5

¥6'T- 66'0 €6'T 10T €5°0- 00T 9v‘0- 660 (+x) 86C 660 (xx) T6TT- S6°0 (xx) £LTT ST0 (4x) 86 €10 S13ISSR03N UBWINH - HT-Of
(x+) VES 0T | (xx) £9PT 60T |(xx) €0'S  #OT |(x) 9v'T  +O'T |(4x) S¥'L YO'T |(+x) T8TT-  t6°0 |(44) 8SCT £T0 |(+«) 9¥'€ET 0TO SuPauidu] - €101
() GSOT  SOT |(+x) SV'ST 80T |(x«) 6TL 90T |(xx) 6L7  LOT |(xx) VEOT SO'T |(x«) 88CC- 060 |(+x) 8T'CC 9v0 |(x«) £88T £LZ0 S3IIY3A - ZT-Or
(++) TO'0C 80T |(+x) TEOT 60T |(+%«) SS'€E  TOT |(+x) OF'9 80T |(xx) SS'8T 80T |(+s) 758 L6°0 | (xx) TT'L €10 |(4%) 68V 900 8ulssad0.d %@ Sul|pueH - TT-Of
(++) 6V°0T- 96°0 |(4%) TLPI- €60 YZ'T- 660 |(xx) 8EV- 160 |(x+) 08TT- S6°0 |(++) TT'TT- S6°0 [(4«) ¥9CT ST0 |[(4«) 0LOT STO so13dQ 8ulnsea - 0T-2r
(x4) TLCV-  SLO |(xx) LV'LE-  LL°0 |(x4) E€T'TT- 9L°0 |(xx) 9SET- SLO |(xx) 80VY-  GLO |(+4) OV'6T- 880 |(x«) CLTT 990 |(44+) 88LT LEO s123ndwo) - 60-0r
(s+) LTLT- €6°0 |(4%) ST'8T- €6°0 |(4%) €EEOT- €60 |(xx) 6E'S- €60 |(+x) €0°LT- €60 |(+x) 8LL- L60 | (+%) €98 9T'0 |(xx) TTL otT‘o Awd119913 - 80-01
(%) ¥8TC- 060 |(4%) 00CC- 060 |(4%) 00°CT- 060 | (%) G89- 060 |(x+) 90CZ- 060 |(+%) TLOT- S6°0 |(4«) S9€ET  0€0 |[(4«) SYPT TTO $21U0.399|3 - LO-Of
(s%) TS'8C- €80 [(4%) VEGZ- T80 |(4%) 9LTT- 980 |(+x) 98°6- T80 |(xx) 9T6T- €80 |(+%) €6VZ- S80 |(+x) STLZ 8L0 |[(++) 6S0C o0Ov0 BIP3IA/03PIA/OIPNY - 90-Of
(xx) 06'SS- 690 |(xx) SSC¥-  €L°0 |(xx) €S9~ 160 |(xx) 06°LT- 69°0 |(xx) T6'8S- 690 |(xx) VO'ET- 760 |(xx) TS8T 950 |(«x) T9'PC 0S50 SUO[1eDIUNWWO03|3] - SO-Of
(xx) €EVE- 980 |(xx) VE'ST- £8°0 |(x+) 9EOT- T60 |(xx) STCT- 80 |(xx) TL'EE- 980 |(xx) £9°€T 90T |(4x«) PTTT- €20~ |(+«) S9°S- 80°0- A3ojouyd3301g - 0-Or
(s%) £0°6- 960 | (x%) 86°0T- S6°0 |(«%) T6°9- S60 6LT- 86°0 |(4%) 9T'6- 960 | (+x) T9'€E- 860 | (s%) 8L'S TT0 |(s%) T¥'8 [430} ssawAjod - €0-0r
(%) 86T 80T |(4%) TI'9T  LOT |(4%) S6°9  SOT |(xx) 0TV  SOT |(4s) TSLT L0'T L0T 00T 08°0- TO0- 9T‘T-  TO0- Ansiway) |elasnpul - T0-01
(A13s1way) 21upbiO = 32ua12faY) s433sn|J Julof OdI
(%) TO'ET-  ¥6°0 |(4%) 9TCT- S6°0 |(44) SSL- ¥60|(x) 6TC L6 |(++) 0TCT- S60 |(sx%) LT'ST- 060 |(4%) TS'SC TS0 |[(4«) TO'8C 6€0 NMOSED ddV
() £9°ST 90T |(+x) T¥'TT  LOT L0'0 00T |(x«) TOE  €0T |(x«) ¥O'V TOT |(x«) 909V  9T'T |(xx) 06Gt- TLO- |(4+) TSEV- 8¥0- SV220 ™ ddV
(s) €88¢ 20T |(+4) €£°8 00°T | (%) £6°€C 00T |(xx) 669 00T |(+x) VETT 00T | (+%) T¥'9T 00T |(s%) 6L°€C- 000 |(+%) 86°9¢- 000 INNND ™ ddV
1’0 00T |(x%) S6C 20T vv‘'0- 00T 7290 10T 6.0 00T €LT 10T 00 200 |(+) cLgC ¥0’0 IdILINN ddV
sa|ifoid yupayddy
(s%) OT‘9- 860 | (xx) GS'S- 660 | (xx) LSV~ 660 TIS‘T-  66°0 |(4%) 0T9- 66°0 | (+%) 6.8 TO'T |(s+) ¥S'8- 900~ |(++) 9¥'9- €00- ¥2dI dND
(x+) TTTC-  96°0 [(4%) 69°ST- 86°0 |(4%) SE6- 860 |(xx) ¥S9- 860 |(xx) £L09T- 660 |(x+) €9°4T- 660 |(4«) 6ELT 900 |[(4«) 9T'ST vO‘O ANI"dIND
(xx) 6V'EE- €60 |(xx) 6TPE-  L6°0 |(xx) CTO'ET- £60 |(xx) 9ETT- £6°0 |(xx) LL'€E- £60 |(xx) S6C 00T 12T 000 |(xx) £8% 100 DdN™dIAD
(x+) TOPT-  £6°0 |(+x) €EEVI- 660 |(x+) LTV~ 00T |(xx) LSS~ 660 |(xx) ¥OLT- 660 |(+4) SEO- 00T | (%) 069 TO0 |(+4) €29 100 2d49 dIAD
Auxajdwo) pa1uys’ay
= | (%) 6€£ST- 80| -— - pPa1y SLIDAMA ™ dIAI
(x%) ¥0O°29- T80 |-— - == | (%x) SP'TE- T6°0 |(x+) 00°6T- 760 |(xx) 9E€T9- T60 |(xx) ¥8°08- 680 |(xx) 0T98 6¥0 |(x«) TEVL LTO SLIDAM4™dINI
(%) £8°S 8T'T | - Pa1Y D1AVI¥L dIAI
(+4) 8T'66- LL0|-— - === | (%) 80°TS- 8L0 |(xx) 6ETE- £LL0 |(xx) PELE- LLO [(xx) SPLBT- T9°0 |(xx) €8TIT 6SCT |(xx) 9T8TCT S8T 21AVI¥L dINI
ERI VL [1]]
(s%) ET'ECT- 8T0 |(4%) SSLTIT- 670 |(4+) 0L°8C- LEO |(xx) LT'6E- 8T0 |(xx) BEVTT- 620 |(4xx) TEDL- 0S0 |(4+) V948 SS'E |[(4x) 8S9L ¥6T AlQSI—4¥a
(s%) PTOV-  99°0 [(4%) OETH- 90 |(4%) EELT- ¥L0 |(+x) LE'ET- 690 |(+4) E€TVV-  £9°0 | (%) SYLS- 090 |(s+) 00TL ¥9C |[(s+) T9'S9 GST AIQSVYH ™ 440
(x%) ¥8TE- 980 |(4) TE'TE- €6°0 |(4x) TETE- £80 |(4+) 8E€6- €60 |(xx) TSTC- €60 980~ 00T 98‘T- 200~ [(++) 9TV~  €0°0- AIND3I 4¥a
(x%) ¥6C TOT | (x%) 0L'6- L60 LS0- 00T S6‘T- 660 vST- 00T | (+%) €6°€- 660 | (%) PI‘S 00 |(xx) ¥9°S €00 OlYd 4¥a
120 00T | - - Pa1 SINIVID 44a
(x) T9'€- 260 | -— - == [ (xx) 98T~ 660 |(xx) VI'VT- 660 |(xx) 9L°€t- 66'0 |(xx) £L0'8C- 00T |(+x) TL'6CT TO0 |(x+«) T8TT TOO SINIV1D™4¥a
bunfoig
(s+) PYTL- 6L°0 |(4x) LL'€ES-  8LO |(44) LE'€C- 8L0 | (%) G8TT- 080 |(xx) T6TL  6L°0 |(xx) 8LCT9- 180 |(4+) LEG69 TOT |[(4«) O0€29 £9°0 10d 31y
(%) OE0T- T60 |(4%) VI'TT- 680 |(+%) €8~ 9.0 S9T-  S6°0 |(+x) 66°6- T6°0 | (%) 8E0T- 060 |(x+) 9S0T SV0 |[(s%) 69 6T0 J¥SOOV 31y
sajno. buiji4
z ¥'H z “¥'H z “¥'H z W'H z “¥'H z ¥'H } '}20) 3 '}20) selqenen

801 JeA\ |e3UBWINIISU| L861-0861 ajdwes wopuey paynens paynesnsun *89Y "WwION ‘sua) s10 .

(asde7 o} buiji4 wouy) yibuaq suonesddy juajed jo sisAjeuy [eainins -  ajqel

18

Copyright (© 2011 University of Perugia Electronic Press. All rights reserved



tents

ive pa

Long 1

van Zeebroeck

(0002-086 1 sBulll4 Od3) payoads asimiaylo ssajun asde| 10} uoseal AQ paliiellS - Sal} 10} POYISW MO|Salg - [9POJN uoissaiboay x0)

(00°0) ¥TO'IVT (00‘0) TZS€CT (000) 6¥¥°CC (00‘0) 6STVT (00‘0) 0SZ'SCT (000) 968'90T (00°0) £16°0€T (000) s£S5°v (2!49<d) 12 ¥
£L06TS8- 0685758~ 6vcovye- 12589~ 6059€58- 8291996~ 8ELVLST- pooyia 8o
TSE6EL €666€EL vLOVET 6LTVL YTE6EL YTE6EL TSE6EL [44l0] saunjied #
TLTVETT 086VETT [4:7A% 24 99GETT 098YETT 098VETT TLTYETT 098VETT s103[qns #
12po
(«%) €LTL 89T |(44) ¥S'8S  £LL'T |- - (+4) 6ETT  L9T |(4x) 80FVL 69T |(xx) CTEOS E€PT |(xx) 65°S9-  v0‘C- |(«x) CO'60C- v¥V- 0002
(+x) O€'8 90T |(++) 9¥0T 60T | - - («) <s1C SO'T |(++) 6€E6 LOT |(++) 9V9E  6TT |(4x) €8°6G-  £8T- |(«x) LEO8T- /8‘E- 6661
(«x) ¢6°SE- ££°0 |(+«) 000~ 6L0 | - - (x%) 8ETT-  £L°0 |(xx) OTLE- £LO [(x%) 966T ST'T |(s%) TE9Y-  9V'T- |(xx) VI'LVI- O0OT'E- 866T
(+%) S£°SS- 99°0 |(+4) £9°0S- 890 | - - («%) TLLT- 99°0 |(xx) £LVP'9S- £9°0 |(xx) 99°€ €0'T | (xx) vL0E- 66°0- |(xs) TS'STT- 9G°C- L66T
(+%) SL'SS- 99°0 |(4x) OT‘TS- 490 | -— - (+%) €T8T- S9°0 |(4x) 0S¥S- 990 |(xx) 099- S60 |(xx)  ¥T'8T- 09°0- |[(«x) LE'98-  96T- 966T
(xx) 06 V¥~ CL0 |(+4) T9CV- €L0 | — - (xx) €6€T-  TLO |(x) 0CTCV- TLO |(xx) €L6- €60 |(x4) vrIT-  8€0- |(xs) SPES- ‘T~ S66T
(«+) 08°LT- T80 |(4%) 6¥'9T- T80 |- - (x%) 6L°6=  08°0 |(xx) 96°'ST- T80 |(xx) VEOI- €60 |(xx)  SSO-  2TO- |[(«x) 69V¥-  ¥OT- v66T
(«x) €L°€T- T6°0 |(+4) 99CT- 160 | — - (+%) €5°G- 880 |(4x) 88CT- 060 |(++) OT'8- 60 |(4x) CEV-  YTO- |(4x) T86CT- 0L‘0- €661
(+%) SOb-  £6°0 |(x%) TOV-  L60 | — - («) €T'T-  S6°0 |(xx) LOV- L60 |(xx) 88V~ L60 |(xx)  TP'E-  TTO- |[(4%) 906T-  SPO- z66T
vLT- 660 SS'T- @O |= = 68°T- 960 TLT- 660 |(xx) 90°G- £6°0 8L'T 900 | (4%) ¥Sv- T1°0- T66T
(+%) OV'€E- 86°0 |(xx) 8TV~ L60 | — - (x) 9¥'C-  S6°0 |(xx) LO€- 860 |(xx) I8S  ¥OT |(xx)  £LT'€E-  0OT0- |[(4«) LT'C 500 686T
(xx) 9Y'S- 960 |(++) 06°S- PBO = = S9‘T- 96°0 |(4x) 88V~ 960 |(+4) 6TV €0°T T SO0 |(«%) vTTT 0€‘0 8861
(+%) ¥S'S- 960 |(x%) T8S- 960 | — - 88'T-  96'0 |(xx) 98%- 960 |(x4) ST'E  TOT [(++)  8S'E €TI0 |[(4%) SS'LT Sv0 £86T
(xx) TL€ET- 060 |(xx) T9ET- 060 |(xx) ¥9L-  ¥6°0 |(xx) £8€E-  T6O |(xx) 06TT- T6'0 |(xx) TEOT- €60 |(xx) 0’8 620 |(xx) 06'ST 890 986T
(+%) 00'S  ¥O'T |(44) 06V 70T |(xx) 080T 60T 0T 20T |(xx) 9T'S  VO'T [(44) LT'9  SOT [(4x) TLT 01’0 | («x) TO8C 9.0 S86T
(xx) 2276 L0T | (xx) 296 L0T |(xx) LSPT  2TT 6€T €0°T |(xx) 696 80T |(+4) TT'S  VOT (%) 6LC 01’0 | (xx) 9T‘9C zL'o ¥86T
(+%) TLTT 60T |(s%) 98€ET  TT'T |(s4) ¥8LT ST'T |(ss) TE'E 80T |(++) TETT OT'T LT TOT |(x4)  9¥'S TZ0 |(4%) 0S'2T 6.0 €86T
(%) ETLT  ST'T [(4%) ¥6'8T  9T'T |(x4) T8TZT TTT |(xx) tO'S ET'T |(+4) 62TLT 9OTT |(4) L¥'C 20T | (xx) 99y 6T°0 |(xx) €9'ST 9,0 86T
(+%) 6E6T LI'T |(4%) €80T 6T'T [(x4) SO'ST  ¥TT [(4x) TT9 LT'T |(4x) SY'6T  6T'T |(4x) 8LT 20T |(+4)  LO'P LT0 | (4%) OT'ET €L°0 1861
(+%) 62TT  TTT |(4%) ¥6TT  €TT [(44) 0L9T 8TT |(x+) 609 6T°T |(xx) 09CC vT'T 8T 20T | (xx) 434 220 | (xx) 6ECT LL0 086T
(066T = 22u3a43fay) sarwwnp awji
(xx) OL€T- ¥6°0 |(xx) TL6T- V80 |(xx) 0T9- S6°0 |(xx) €9°€E-  S60 |(xx) 60VT- €60 |(xx) 88V9 SET [(xx)  OP0OL- €ST- |(xx) 0T€E9-  96°0- Moy
(+%) €6VT- 98°0 |(+4) LS'6T- 080 |(+) ¥LZ- 98°0 |(sx) 00°'S-  S8°0 |(+) LO'ST- 980 ov‘'o- 00T |(«) L6T- 600~ |(x) STV~ €T°0- sn
(%) VTS SO'T | (xx) €V'E €0°T [(«4) 96V 60T 60'T-  £6°0 |(xx) SST  POT |(xx) TL'SE BET |(4x) TO'€E-  TPT- |(«x) SY'TE-  L60- 3s
(+%) S99 SOT | (xx) SLC 20T |(xx) OT'E vO'T |(x) 9€C SOT |(xx) 9E°2 90T | () TLOT OT'T (%) TO'0Z- 89°0- |[(xx) 929T-  8€0- N
(+%) SY'E-  €6°0 |(4x) 9€°L- S8°0 oT'T 17T 86°0-  ¥6°0 |(xx) TS'€E- €60 |(+x) €06 TCT | (x) 76'6-  68°0- |(xx) VETI-  £90- il
(+%) TSTt- T80 |(x4) €E6T- €L0 |(x4) E€L°4T- 8L0 |(s%) VITT- €80 |(4x) 99°8€- 780 |(xx) 896~ S60 |(+x)  0SLT YO |(ss) SSTC SE0 dr
(xx) 6¥'S YO'T | (xx) £S6 80T S0 10T 6v'T €0'T | (xx) V9V YO'T | (+4) TETT LT'T |(44) €T°0Z- 69°0- |(«x) SO‘0Z-  6v0- i
(+%) 9T'€ 90T SE0- 660 10T SOT 100 00T |(«) S¥'T SOT |(xx) SLTC  €ST |(s4) TOTZ- S8T- |[(xx) €0°6T-  LT'T- !
(xx) 8V'8 SOT | (xx) TT'S €0'T [(4«) £0T- 860 |(x4) VP'E L0T |(xx) 0SL SOT |(xx) VPSP TET |(44) 66°9v- SET- |(xx) 9E8Y-  860- a9
(xx) €S'ST- 640 |(xx) €EVI- 080 |(xx) €6'€- €80 |(xx) 0LS- 920 |(xx) 8TLI- 6L0 |(xx) 8S9- 060 |(xx) 699 SP'0 | (xx) TIPS ‘o 14
SS‘T €0T | (xx) TOP 60T £0°0- 00T 90°0- 00T |(x) 66T YOT |(x4) S8°8T  6ET [(xx)  VI'9T- SET- |(xx) £LL¥T-  88°0- s3
(+%) £89-  68°0 |(++) 969 680 |(++) 9TV~ S8°0 |(4x) SE€- €80 |(++) S9°9- 680 vLT-  L6°0 16T ST0 |[(«) 1TI¥T €10 Ma
T72'0- 00T |(xx) 769 0T |(«x) 2O~  £6O 00T 01T £0°0- 00T €6'T- 660 120 000 6%°0 100 3a
(%) SYV'E €0°T 96‘T- 660 9v°0 TOT |(x) oOTC SOT |(xx) BEE €0T |(4%) TEET  OT'T |(sx) €0'ET-  ¥¥0- |(xx) EO€ET-  TEO- HO
(«x) CLT €0'T |(x«) €0'€- 960 €50 T0T ST'0- 660 (4 20T | (xx) 96°6T  £T'T |(xx) 69°02- LTT- |(«x) TS'6T-  920- v
820- 00T ¥8°0- 660 Iv'T-  L60 zzo- 660 LY'0-  66°0 |(xx) TOL 60T | (xx) €L°9- 6€°0- | («x) €L'G- €2°0- 3g
(+%) €6°TT- ¥8°0 |(xx) TO9T- 8L0 €ST-  96°0 |(xx) 824°C-  88°0 |(xx) €0°€T- €80 |(xx) 966T SET |(xx) 9'6T- 6€T- |(«x) TOTZT-  €0°T- nvy
(%) SLT €0°T | (xx) S8°9 60T |(xx) OS‘E 80°T v6'0 YO'T |(4x) TLT 0T T€0 00T SL‘0-  vo‘o- |(«) 8TT- 60°0- 1v
(22up.i4 = 22u343f3Y) syupdiyddp fo aduapisat fo A1i3unod
z ¥'H z W'H z W'H z W'H z W'H z W'H 1 PETS) 1 FELS) sajqenen

801 Jep |[RjuBWINAISU| £86T-086T a|dwes wopuey paynens paynensun 82y "WUION ‘suad s10 i

(panunuoo) - 1 a|qel

19

.it/rei/article/view /41

:/ /www.rei.unipg

http



REVIEW OF ECONOMICS AND INSTITUTIONS, Vol. 2, Issue 3 - Fall 2011, Article 5

To take a closer look at the different sets of covariates is nonetheless
worth the effort: it shows that both route options are associated with higher
survival rates overall. This may sound logical for the PCT dummy as the
international route is institutionally longer, but it is more surprising for the
request of accelerated search as it should by nature result in a contraction of
the decision lag. Therefore, the only explanation would be that it is associ-
ated with patents which have a higher expectancy of being either granted
or renewed, or both.

Drafting variables are more mitigated: the number of claims and EP
equivalents, divisional filings and their parents are associated with higher
survival rates, but the number of priorities, positively associated with most
value indicators according to van Zeebroeck and van Pottelsberghe (2011a),
is not significant here.

Both value indicators — as already mentioned — are clearly associated
with lower hazard rates. This brings at last strong support for the widely
accepted idea that more valuable or more important patents do live longer
overall. The complexity indicators are all associated with higher rates of
survival as well. This suggests that more complex patents also tend to live
longer.

Finally, applicant profiles provide additional interesting results: whereas
multiple applicants have no significant effect on the hazard rate — a confir-
mation of what was suggested by Kaplan-Meier estimates presented in Fig-
ure 4 —, portfolio sizes seem to increase the rate of hazard, suggesting that
patents filed by very small and very large applicants tend to live shorter
lives than those filed by more average applicants, and the cross-border own-
ership of patent rights is associated with longer patents as well. This last
result might have been expected since Guellec and van Pottelsberghe (2000,
2002) showed that this variable is associated with higher likelihood to be
granted and given that granted patents, de facto, live longer than non grant-
ed ones.

In terms of sectors and countries, significant discrepancies appear as
well: patents in the telecommunications and computers sectors survive much
longer, whereas patents in industrial chemistry, handling and processing
and vehicles live slightly shorter lives than average. Similarly, US, Aus-
tralian, Japanese and Scandinavian patents tend to live longer than average,
while UK and Dutch patents live shorter lives.

Note also that looking at the coefficients associated with time dummies,
a quasi linear relationship appears, so that the hazard rate decreases more
and more as years of filing increase, up to 1997 when the effect of trunca-
tion probably cancels higher life expectancies. This result reinforces the log-
likelihood ratio test for trend in the survival function presented above, and
clearly establishes that patents have an increasing propensity to live longer.
This does however not elucidate whether this propensity actually comes
from longer decision lags, from higher grant rates, from longer renewals, or
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from all of these factors.

Robustness estimates

A series of additional estimates have been run to assess the reliability of
the main results presented above. First, a competing risks model — allow-
ing the coefficients to vary across stratum — has been estimated, the results
of which are reported in Table A2 in appendix. Generally speaking, most
coefficients appear largely stable across the first three strata (pre-validation
lapses) and between validated and opposed patents. A few variables such
as the PCT dummy and applicant profiles appear however as affecting dif-
ferently the hazard rates for early lapses (pre-grant) and post-grant lapses.
This suggests that there may be some specific patterns in the influence of
these variables on the examination process and on the renewal rate of val-
idated patents, an idea that would deserve further investigation in the fu-
ture.

Second, a test of Schoenfeld residuals — reported in Table A3 in appendix
— indicates that the PH assumption might be violated on the overall model
and more specifically with 10 variables (at the 3% probability threshold)["]
Therefore, a Cox model with time-varying covariates has been estimated as
well — though on a random 10% sample for computational reasons These
estimates are reported in Table A4 in appendix. In all cases, it seems that
the fixed-effect coefficient outweighs the time-varying coefficient so that the
overall effect of each covariate remains negative on the hazard rate. It never-
theless suggests that these covariates decrease the hazard rate more sharply
in the early ages of patents than in long survival times, possibly because
they expand decision lags more than renewal rates, reinforcing the need to
better investigate this issue in further research.

Third, the major issue of right truncation on the data, deserves further
attention. To comfort our results, the same model has been run on a smaller
sample excluding observations filed after 1987 (when the effect of truncation
appears). By doing so, we guarantee, that no truncated observations should
be present in the data, but this restricts the analysis to a period when the
filing strategies we are analysing were only starting to appear (the PCT op-
tion, for instance, only became popular in the late eighties). The results —
reported in the 6" column of Table 4 — seem globally in line with our main
estimates, despite a few variations in the magnitude of the hazard ratios

4Namely: RTE_PCT, DRF_CLAIMS, DRF_PRIO, DRF-EQUIV, DRF_HASDIV, DRF_ISDIV,
IMP_TRIADIC, CMP_NPC, CMP_IPC4, and APP_CBOWN.

15By so doing, this provides an additional robustness test of the estimates presented in
Table 4 against a 10% random sample. Thereby comparing columns 4 and 5 in Table 4
reveals that the results are strongly stable, all covariates keeping the exact same estimated
coefficient across samples, except with RTE_ACCSRC and CMP_IPC4, which were the least
significant variables in the original estimates and lost most of their explanatory power
with the reduced sample
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with some filing strategy variables, probably due to their lower exploitation
in the sub-period considered (accelerated search requests, equivalents, and
divisional variables). In addition, a tobit-like model (censored normal re-
gression) reported in Table 4 as well appears very strongly in line with the
preceding results.

Finally, additional robustness estimates include pooled regressions with
one set of covariates at a time[[| clustered regressions by type of applicant|"|
a full model where all discrete variables are taken in logarithm to reduce
any potential issue with influential outliers H instrumental variables regres-
sions to address some potential endogeneity issues with the ‘importance’
indicators. The results of all those estimates largely confirm the robustness
of our main results to the sample and the model specification.

7 Concluding Remarks

The objective of this paper was to investigate the evolution and explore
the determinants of patent length. Its main originality resides in three ele-
ments: first it takes into account the entire life of patent applications from
filing to lapse, no matter they were granted a patent or not; second it covers
all applications filed to the EPO over a 20 years period; and third it ex-
plores the impact of a wide range of potential determinants on the duration
of patent rights in Europe. Three main messages may be drawn from this
exercise.

First of all, the present paper clearly establishes that the length of patent
rights in Europe has significantly increased over the eighties and the nineties
despite an apparent (but slow) decline in the average grant rate. This in-
crease may be due to the dilatation of the examination process (significant
increase in decision lags), or to higher maintenance rates (significant in-
crease in patent renewals), or both. More work would be needed to dis-
entangle these potential factors, but they readily suggest that monopolis-
tic rents may be extracted over longer periods by patent holders, with un-
known consequences on the dynamic efficiency of patents.

Second, these developments were not even across technology fields. In
particular, our results suggest that emerging technologies, which also make
the most controversial subject matter in today’s patent system (i.e. biotech-
nologies, computers and telecommunications), are associated with the long-
est patent rights. This may be due to evolving patenting standards in these
technological fields, resulting in a smaller predictability of the patentabil-
ity requirements and hence more complexity in the examination, but also to
specificities in competitive processes on these markets that induce a partic-

16Gee Table A5 in appendix.
17See Table A6 in appendix.
8GSee the last column of Table 4.
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ular focus onto IP rights

Third, it clearly appears that most filing strategies are associated with
longer patent rights, but it appears that they may affect the length of patents
slightly differently before and after grant, i.e. they may have different im-
pacts on the duration of the examination process and on renewal rates. In
particular, although increasingly popular, the filing of divisionals remains
an exceptional practice (about 4.5% of applications filed in the late nineties
were divisionals), but this practice seems to have a major impact on the
length of patents. This is of great importance, because such strategies are in
fact procedures allowed by the European Patent Convention that are action-
able by firms, for instance when they deem it in their interest to delay the
grant decision on their patents, at the expense of a greater legal uncertainty
on the markets.

These results therefore suggest that the exclusive rights offered by patents
tend to be exploited by the patentees over longer periods, but that this is
not only a matter of patents being more important and valuable and there-
fore renewed for longer periods after grant, but it is largely a matter of fil-
ing strategies used by firms with effect to delay the grant decision on their
patents. It is hard to imagine why such a growing uncertainty on the mar-
kets would be beneficial to competition, to the functioning of technology
markets, and to society at large. Still, further research would be greatly
needed to disentangle the influence of filing strategies on the granting pro-
cess and on grant and renewal rates and to better understand the motiva-
tions of the firms who rely on such strategies.

19 This speculation is consistent with the hypothesis — tested in van Zeebroeck et al. (2009)
— that these sectors are characterised by a less established vocabulary, resulting in larger
patent applications.
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Appendix

Table A1 - Summary Statistics of Control Variables

Variable Type Obs. Mean Std. Dev. Min Max
EPO Joint Clusters (Reference = Organic Chemistry)

JC-01 - Industrial Chemistry Y/N 1189058 0.12 0.32 0.00 1.00
JC-02 - Organic Chemistry Y/N 1189058 0.14 0.35 0.00 1.00
JC-03 - Polymers Y/N 1189058 0.10 0.30 0.00 1.00
JC-04 - Biotechnology Y/N 1189058 0.12 0.32 0.00 1.00
JC-05 - Telecommunications Y/N 1189058 0.04 0.20 0.00 1.00
JC-06 - Audio/Video/Media Y/N 1189058 0.05 0.21 0.00 1.00
JC-07 - Electronics Y/N 1189058 0.07 0.26 0.00 1.00
JC-08 - Electricity Y/N 1189058 0.11 0.31 0.00 1.00
JC-09 - Computers Y/N 1189058 0.04 0.20 0.00 1.00
JC-10 - Measuring Optics Y/N 1189058 0.09 0.29 0.00 1.00
JC-11 - Handling & Processing Y/N 1189058 0.13 0.34 0.00 1.00
JC-12 - Vehicles Y/N 1189058 0.10 0.30 0.00 1.00
JC-13 - Civil Engineering Y/N 1189058 0.09 0.29 0.00 1.00
JC-14 - Human Necessities Y/N 1189058 0.11 0.31 0.00 1.00
Country of residence of applicants

AT Y/N 1189058 0.01 0.10 0.00 1.00
AU Y/N 1189058 0.01 0.08 0.00 1.00
BE Y/N 1189058 0.01 0.10 0.00 1.00
CA Y/N 1189058 0.01 0.10 0.00 1.00
CH Y/N 1189058 0.04 0.19 0.00 1.00
DE Y/N 1189058 0.20 0.40 0.00 1.00
DK Y/N 1189058 0.01 0.08 0.00 1.00
ES Y/N 1189058 0.00 0.07 0.00 1.00
Fl Y/N 1189058 0.01 0.09 0.00 1.00
FR Y/N 1189058 0.08 0.27 0.00 1.00
GB Y/N 1189058 0.06 0.23 0.00 1.00
IL Y/N 1189058 0.00 0.06 0.00 1.00
IT Y/N 1189058 0.03 0.18 0.00 1.00
P Y/N 1189058 0.17 0.38 0.00 1.00
KR Y/N 1189058 0.00 0.07 0.00 1.00
NL Y/N 1189058 0.04 0.19 0.00 1.00
SE Y/N 1189058 0.02 0.14 0.00 1.00
us Y/N 1189058 0.02 0.14 0.00 1.00
RoW Y/N 1189058 0.29 0.46 0.00 1.00
Time dummies (Year of filing at EPO)

1980 Y/N 1189058 0.02 0.13 0.00 1.00
1981 Y/N 1189058 0.02 0.14 0.00 1.00
1982 Y/N 1189058 0.02 0.15 0.00 1.00
1983 Y/N 1189058 0.03 0.16 0.00 1.00
1984 Y/N 1189058 0.03 0.17 0.00 1.00
1985 Y/N 1189058 0.03 0.18 0.00 1.00
1986 Y/N 1189058 0.04 0.18 0.00 1.00
1987 Y/N 1189058 0.04 0.19 0.00 1.00
1988 Y/N 1189058 0.04 0.20 0.00 1.00
1989 Y/N 1189058 0.05 0.21 0.00 1.00
1990 Y/N 1189058 0.05 0.23 0.00 1.00
1991 Y/N 1189058 0.05 0.22 0.00 1.00
1992 Y/N 1189058 0.05 0.22 0.00 1.00
1993 Y/N 1189058 0.05 0.22 0.00 1.00
1994 Y/N 1189058 0.05 0.22 0.00 1.00
1995 Y/N 1189058 0.05 0.23 0.00 1.00
1996 Y/N 1189058 0.06 0.24 0.00 1.00
1997 Y/N 1189058 0.07 0.25 0.00 1.00
1998 Y/N 1189058 0.08 0.26 0.00 1.00
1999 Y/N 1189058 0.08 0.27 0.00 1.00
2000 Y/N 1189058 0.09 0.29 0.00 1.00
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Table A3 - Test of the PH Assumption in Entire Life Model

rho chi2 df Prob>chi2
Filing routes
RTE_ACCSRC 0.00 0.30 1.00 0.58
RTE_PCT 0.05 203.88 1.00 0.00
Drafting
DRF_CLAIMS 0.02 35.81 1.00 0.00
DRF_PRIO 0.01 8.43 1.00 0.00
DRF_EQUIV -0.01 4.76 1.00 0.03
DRF_HASDIV 0.02 19.04 1.00 0.00
DRF_ISDIV 0.06 227.32 1.00 0.00
Importance
IMP_TRIADIC 0.06 302.80 1.00 0.00
IMP_FWDCITS 0.00 0.14 1.00 0.70
Technical Complexity
CMP_BPC 0.00 1.29 1.00 0.26
CMP_NPC 0.01 14.61 1.00 0.00
CMP_INV 0.01 2.03 1.00 0.15
CMP_IPC4 0.01 9.70 1.00 0.00
Applicant Profiles
APP_MULTIPLE 0.01 4.51 1.00 0.03
APP_CUMUL 0.00 0.12 1.00 0.73
APP_OCCAS 0.00 0.30 1.00 0.59
APP_CBOWN 0.01 5.77 1.00 0.02
Global Test 2646.88 68.00 0.00

Cox Regression Model - Breslow method for ties

Figure A1 - Evolution of EPO Patent Applications Entire Life (from filing to lapse) using the SRA approach
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Table A4 - Survival Analysis of Patent Applications Entire Life with TVC

No TVC No TVC Random TVC Stratified
Variables H.R. z H.R. z H.R. z
Filing routes
RTE_ACCSRC 0,91 9,99 (**)| 0,95 -1,65 0,95 -1,70
RTE_PCT 0,79 -72,92  (**)| 0,80 -21,85  (**)| 0,01 -34,96  (**)
RTE_PCT * In(_t) 1,73 33,59  (*¥)
Drafting
DRF_CLAIMS 0,99 -43,76  (**)| 0,99 -14,64  (**)| 0,95 -10,92 (*¥)
DRF_CLAIMS * In(_t) 1,01 9,83  (*¥)
DRF_PRIO 1,00 -1,54 0,99 -1,95 0,86 -2,60  (*¥)
DRF_PRIO * In(_t) 1,02 2,43 (*)
DRF_EQUIV 0,93 -21,52  (**)| 0,93 9,38 (**)| 1,25 2,55 (*)
DRF_EQUIV * In(_t) 0,96 3,30 (**)
DRF_HASDIV 0,67 -44,13  (**)| 0,69 -13,37  (**)| 0,08 -5,45  (*¥)
DRF_HASDIV * In(_t) 1,30 4,58  (*¥)
DRF_ISDIV 0,29 -12438 (**)| 0,28 -39,17 (**)| 0,00 -18,90 (*¥)
DRF_ISDIV * In(_t) 3,53 17,13 (*¥)
Importance
IMP_TRIADIC 0,77 97,34 (**)| 0,77 31,39 (**)| 007 -2825 (*¥)
IMP_TRIADIC * In(_t) 1,38 2561  (*¥)
IMP_FWDCIT5 0,92 -61,36  (**)| 0,92 -19,00 (**)| 0,91 -20,69  (*¥)
Technical Complexity
CMP_BPC 0,99 -17,04  (**)| 0,99 -5,57  (**)| 0,99 -5,64  (*¥)
CMP_NPC 0,97 33,77 (**)| 097 -11,36 (**)| 0,74 -10,06 (*¥)
CMP_NPC * In(_t) 1,04 9,18  (*¥)
CMP_INV 0,99 -16,07  (**)| 0,98 -6,54  (**)| 0,98 -6,20  (**)
CMP_IPC4 0,99 -6,20 (**)| 0,99 -1,51 0,97 -0,61
CMP_IPC4 * In(_t) 1,00 0,47
Applicant Profiles
APP_MULTIPLE 1,00 0,79 1,01 0,62 1,02 1,16
APP_CUMUL 1,00 21,34 (**)| 1,00 6,99 (**)| 1,00 7,03 (*¥)
APP_OCCAS 1,01 4,04 (**)| 1,03 3,01 (**)| 1,01 1,38
APP_CBOWN 0,95 -12,20  (**)| 0,97 -2,19 (*)| 0,50 -4,70  (**)
APP_CBOWN * In(_t) 1,09 448  (*¥)
EPO Joint Clusters (Reference = Organic Chemistry)
JC-01 - Industrial Chemistry 1,07 17,52  (**)| 1,05 4,20 (**)| 1,05 3,81 (**)
JC-03 - Polymers 0,96 -9,16  (**)| 0,98 -1,79 0,97 -2,04 (*)
JC-04 - Biotechnology 0,86 -33,71  (**)| 0,84 -12,15  (**)| 0,85 -11,67  (*¥%)
JC-05 - Telecommunications 0,69 -58,91 (**)| 0,69 -17,90 (**)| 0,68 -18,22  (*¥)
JC-06 - Audio/Video/Media 0,83 229,26 (**)| 0,82 9,86 (**)| 0,82 9,97  (*¥)
JC-07 - Electronics 0,90 -22,06  (**)| 0,90 -6,85  (**)| 0,90 -7,31  (*¥)
JC-08 - Electricity 0,93 -17,03  (**)| 0,93 -5,39  (**)| 0,93 -5,35  (*¥)
JC-09 - Computers 0,75 44,08 (**)| 0,75 -13,56 (**)| 0,75 -13,75  (*¥)
JC-10 - Measuring Optics 0,95 -11,80  (**)| 0,94 -4,38 (**)| 0,93 -5,04  (*¥)
JC-11 - Handling & Processing 1,08 18,55 (**) 1,08 6,40 (**) 1,08 5,87 (**)
JC-12 - Vehicles 1,05 10,34 (**)| 1,07 479 (**)| 1,07 457  (*¥)
JC-13 - Civil Engineering 1,04 745  (**)| 1,04 2,46 (*)| 1,03 1,93
JC-14 - Human Necessities 0,99 -2,98  (*¥) 0,99 -0,46 0,99 -0,81
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Table A4 - (continued)

Variables No TVC No TVC Random TVC Stratified

H.R. z H.R. z H.R. z
Country of residence of applicants (Reference = France)
AT 1,04 2,71 (**) 1,04 0,94 1,02 0,59
AU 0,83 -13,03 (**) 0,88 22,78 (**) 0,88 2,67 (**)
BE 0,99 -0,47 0,99 -0,22 0,99 -0,38
CA 1,02 1,52 0,99 -0,15 1,01 0,22
CH 1,03 3,38 (**) 1,05 2,10 (*) 1,04 1,78
DE 1,00 -0,07 1,02 1,00 1,01 0,92
DK 0,89 -6,65 (**) 0,83 -3,35 () 0,83 -3,38 (**)
ES 1,04 1,99 (*) 1,00 -0,06 0,96 -0,83
FI 0,79 -17,28 () 0,76 -5,70 (**) 0,75 -5,84 (**)
GB 1,05 7,50 (**) 1,07 3,44 (**) 1,05 2,65 (**)
IL 1,05 2,45 (*) 1,00 0,01 1,04 0,68
IT 1,04 4,64 (**) 1,03 1,49 1,00 -0,02
JP 0,82 -38,66 (**) 0,83 -11,64 ((9) 0,82 -12,12 (**)
KR 0,93 -3,51 (**) 0,94 -0,98 0,93 -1,04
NL 1,06 7,36 (**) 1,05 2,36 (*) 1,07 2,80 (**)
SE 1,04 4,55 (**) 0,97 -1,09 0,96 -1,32
us 0,86 -15,07 (**) 0,85 -5,00 () 0,85 -4,99 (**)
RoW 0,93 -14,09 (**) 0,95 -3,63 (**) 0,95 -3,33 (**)
Time dummies (Reference = 1990)
1980 1,24 22,60 (**) 1,19 6,09 (**) 1,23 7,47 (**)
1981 1,19 19,45 (**) 1,17 6,11 (**) 1,21 7,30 (**)
1982 1,16 17,29 (**) 1,13 5,04 () 1,17 6,16 (**)
1983 1,10 11,91 (**) 1,08 3,32 (**) 1,11 4,44 (**)
1984 1,08 9,69 (**) 1,03 1,39 1,05 2,30 (*)
1985 1,04 5,26 (**) 1,02 1,04 1,04 1,69
1986 0,91 -11,90 (**) 0,91 -3,87 (**) 0,92 -3,42 (**)
1987 0,96 -4,86 (**) 0,96 -1,88 0,96 -1,56
1988 0,96 -4,88 (**) 0,96 -1,65 0,97 -1,35
1989 0,98 -3,07 (**) 0,95 -2,46 (*) 0,95 -2,14 (*)
1991 0,99 4,71l 0,96 -1,89 0,96 -1,99 *)
1992 0,97 -4,07 (**) 0,95 -2,13 (*) 0,96 -1,94
1993 0,90 -12,88 (**) 0,88 -5,53 () 0,89 -5,22 (**)
1994 0,81 -25,96 (**) 0,80 -9,79 (**) 0,81 9,08 (**)
1995 0,72 -42,20 (**) 0,72 -13,93 () 0,74 -13,03 (**)
1996 0,66 -54,50 (**) 0,65 -18,23 (**) 0,67 -16,85 (**)
1997 0,67 -56,47 (**) 0,66 -17,72 (**) 0,69 -15,88 (**)
1998 0,77 -37,16 (**) 0,77 -11,38 (**) 0,81 -9,16 (**)
1999 1,07 9,39 (**) 1,05 2,17 (*) 1,12 5,01 (**)
2000 1,69 74,08 (**) 1,67 22,39 (**) 1,77 24,93 (**)
Model
# Subjects 1134860 113566 113566
# Failures 739924 74179 74179
Log likelihood -8536509 -685214 -683742
LR chi? (P>chi?) 125.250 (0,00) 14.259 (0,00) 17.202 (0,00)

Cox Regression Model with Time-varying Covariates (TVC) - Breslow method for ties Stratified by reason for lapse
unless otherwise specified (EPO Filings 1980-2000) 10% Random Sample
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Table A6 - Survival Analysis of Patent Applications Entire Life by Type of Applicant

Variables Occasional Others Academic

H.R. z H.R. 3 H.R. z
Filing routes
RTE_ACCSRC 0,85 -7,82  (**)| 0,92 -7,42  (**)| 0,95 -0,90
RTE_PCT 0,72 -42,86 (**)| 0,81 -54,63 (**)| 0,71 -14,89 (**)
Drafting
DRF_CLAIMS 0,99 -19,10 (**)| 0,99 -3573 (**)| 1,00 -6,33 (**)
DRF_CLAIMS fitted --- --- --- --- --- --- --- - ---
DRF_PRIO 1,02 3,53 (**)| 0,99  -3,97 (**)| 0,97 -1,94
DRF_EQUIV 0,95 -6,31 (**)| 0,93 -27,85 (**)| 0,89 -8,18 (*¥*)
DRF_HASDIV 0,63 -12,17 (**)| 0,67 -42,52 (**)| 0,65 -9,33 (**)
DRF_ISDIV 0,23 -41,35 (**)| 0,30 -112,12 (**)| 0,20 -25,61 (**)
Importance
IMP_TRIADIC 0,77 -3891 (**)| 0,77 -89,86 (**)| 0,74 -16,57 (*¥*)
IMP_TRIADIC fitted - --- - - - - - --- -
IMP_FWDCIT5 0,93 -20,60 (**)| 0,92 -5595 (**)| 0,93 -11,10 (**)
IMP_FWDCITS fitted --- --- - - --- - - --- -
Technical Complexity
CMP_BPC 0,99 -828 (**)| 0,99 -16,16 (**)| 0,99 -1,79
CMP_NPC 0,97 -12,21 (**)| 0,98 -28,14 (**)| 0,98 -7,55 (**)
CMP_INV 0,97 -11,12 (**)| 0,99 -13,74 (**)| 1,00 -0,36
CMP_IPC4 0,97 -6,80 (**)| 0,99 3,04 (**)| 0,96 -4,42 (*¥)
Applicant Profiles
APP_MULTIPLE 1,05 4,74 (**)| 0,99 -1,64 0,96 -1,83
APP_CUMUL --- ---1 1,00 20,95 (**)| 1,00 -2,03 (¥
APP_OCCAS - --- - - - -1 0,97 -1,33
APP_CBOWN 093 -600 (**)| 0,95 -10,64 (**)| 0,98 -0,50
EPO Joint Clusters (Reference = Organic Chemistry)
JC-01 - Industrial Chemistry 1,03 2,86 (**)| 1,08 18,84 (**)| 1,11 3,82  (**)
JC-03 - Polymers 0,89  -9,46 (**)| 0,96 -8,01 (**)| 1,06 1,53
JC-04 - Biotechnology 0,85 -14,59 (**)| 0,86 -28,77 (**)| 0,84 -7,51 (**)
JC-05 - Telecommunications 0,81 -10,22 (**)| 0,67 -55,64 (**)| 0,83 -2,11 (*)
JC-06 - Audio/Video/Media 0,95 -2,86 (**)| 0,82 -28,87 (**)| 0,91 -1,62
JC-07 - Electronics 0,94  -437 (**)| 0,90 -21,25 (*¥)| 1,15 2,61 (**)
JC-08 - Electricity 0,96 -3,47 (**)| 0,92 -17,75 (**)| 1,03 0,78
JC-09 - Computers 0,89  -7,46 (**)| 0,72 -43,62 (**)| 0,82 -3,09 (**)
JC-10 - Measuring Optics 0,95 -4,20 (**)| 0,95 -10,95 (**)| 1,06 2,49 (*)
JC-11 - Handling & Processing 1,13 14,72 (**)| 1,07 14,43  (**)| 1,17 3,86 (**)
JC-12 - Vehicles 1,12 11,60 (**)| 1,04 6,95 (**)| 1,21 3,65 (**)
JC-13 - Civil Engineering 1,06 6,32 (**)| 1,04 6,49 (**)| 1,18 3,95 (**)
JC-14 - Human Necessities 1,09 10,31 (**) 0,95 9,19 (**) 0,89 -3,51 (**)
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Table A6 - (continued)

Variables Occasional Others Academic
H.R. z H.R. z H.R. z

Country of residence of applicants (Reference = France)

AT 1,00 0,01 1,04 3,00 (**) 0,78 -1,52

AU 0,85 -7,58 (**) 0,83 -7,98 (**) 0,82 -3,41 (**)

BE 1,02 0,64 0,97 -1,80 1,38 4,79 (**)

CA 1,01 0,58 1,02 1,04 1,16 3,00 (**)

CH 0,97 -2,00 (*) 1,04 4,68 (**) 1,44 5,46 (**)

DE 0,95 -4,51 (**) 1,01 2,60 (**) 1,12 2,52 (*)

DK 0,94 22,16 *)| 0,86 27,25 (**)| 098 -017

ES 1,02 0,95 0,98 -0,76 1,07 0,67

FI 0,78 8,08 (**)| 0,79 -13,10 (**)| 1,69 2,50 (*)

GB 0,99 -0,49 1,06 8,92 (**) 1,10 2,42 (*)

IL 1,03 1,14 1,05 1,90 1,01 0,07

IT 1,05 3,90 (**) 1,01 0,64 1,11 1,39

P 0,89 822 (**)| 0,82 -3397 (**)| 087 -337 (*¥

KR 1,02 0,45 0,90 -4,23 (**) 1,15 1,80

NL 0,96 -2,40 (*)| 1,08 9,44  (**)| 1,31 4,76  (*¥)

SE 1,02 1,64 1,03 2,70 (**) 1,36 6,64 (**)

us 0,86 801 (**)| 0,8  -12,22 (**)| 1,07 0,50

RoW 0,86 -13,95 (**) 0,96 -8,34 (**) 0,99 -0,43

Time dummies (Reference = 1990)

1980 1,18 8,15 (**) 1,25 21,84 (**) 0,97 -0,38

1981 1,13 6,63 (**) 1,20 19,63 (**) 0,95 -0,67

1982 1,09 447  (*%)| 1,17 17,90 (**)| 1,05 0,67

1983 1,05 2,92 (**) 1,11 12,76 (**) 0,93 -1,09

1984 1,01 0,74 1,09 10,71  (**)| 095 -0,84

1985 0,98 -0,87 1,05 6,28 (**) 0,99 -0,18

1986 0,89 -6,53 (**) 0,91 -11,57 (**) 0,94 -1,23

1987 0,94 -3,70 (**) 0,97 -4,11 (**) 0,95 -0,95

1988 0,94 -3,63 (**) 0,97 -4,35 (**) 1,02 0,46

1989 0,97 -1,58 0,98 -3,06 (**) 1,04 0,76

1991 1,01 0,63 0,99 -1,94 0,91 -1,84

1992 0,95 -2,98 (**) 0,98 -3,07 (**) 0,82 -3,71 (**)

1993 0,89 -6,68 (**) 0,91 -11,77 (**) 0,78 -4,67 (**)

1994 0,81 -12,18 (**) 0,82 -24,48 (**) 0,70 -6,85 (**)

1995 0,73 -17,83 (=) 0,71 -40,88 (**) 0,69 -7,17 (**)

1996 0,67 -22,84 (**) 0,66 -50,74 (**) 0,72 -6,36 (**)

1997 0,68 -22,45 () 0,65 -51,43 (**) 0,88 -2,58 (*)

1998 0,79 -14,38 (**) 0,76 -34,07 (**) 1,18 3,44 (**)

1999 1,01 0,76 1,06 7,73 (**) 1,63 9,87 (**)

2000 1,45 21,86 (**) 1,73 67,38 (**) 2,86 20,57 (**)

Model

# Subjects 186639 926567 25293

# Failures 135493 591303 15497

Log likelihood -1329447 -6698188 -117129

LR chi? (P>chi?) 25.912 (0,00) 108.632 (0,00) 5.402 (0,00)
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