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ABSTRACT

This paper considers the impact of the intellecpralperty (IP) system on the
timing of cooperation/licensing by start-up tectowyl entrepreneurs. If the market for
technology licenses is efficient, the timing ofelising is independent of whether the
patent has already been granted, and productii@esffy considerations will determine
license timing (which likely will be as early asgsible after invention). In contrast, the
need for disclosure of unprotected knowledge onpiie of the inventor, asymmetric
information between the licensor and potential igees, or search costs may retard
efficient technology transfer. In these cases, ¢idns in uncertainty surrounding the
scope and extent of IP rights may facilitate trad¢éhe market for ideas. Employing a
dataset which combines information about coopegdioensing and the timing of patent
allowances (the administrative event when patatitsi are clarified), we find that pre-
allowance licensing is quite common, occurring iboat 27% of our sample.
Furthermore, the administrative resolution of utaiaty over patent rights significantly
increases the hazard rate for achieving a cooperltiensing agreement, and this effect
is particularly salient in the period immediatelylldwing the patent allowance date.
Finally, the impact of the patent system dependsthan strategic and institutional
environment in which firms operate. In those envinents where productive efficiency
is important (e.g., where the technology lifecydte short), or when alternative
mechanisms such as copyright protection, reputatiobrokers are available, the impact
of patent allowances on licensing is reduced. Tidirfigs suggest that imperfections in
the market for ideas may be important, and thah&nP rights may facilitate gains from
technological trade.

Journal of Economic Literature Classification Numbers: L24, 032, O34
Keywords. patents, intellectual property, licensing, comeraization, market for ideas,
innovation, entrepreneurship.

" We thank Nisvan Erkal, Thomas Hellmann, Guido IneBen Jones, Josh Lerner, Manju Puri, Jennifer
Reinganum, Chris Taber, Marie Thursby, John vannBeeand Ralph Winter, as well as seminar partitipat
various universities and conferences, for commanis$ discussion. We acknowledge funding support ftben
Mack Center for Technological Innovation at Whartthe Intellectual Property Research Institute a#alia and
the Australian Research Council.



1. I ntroduction

The commercialization of innovation often depends wansferring the knowledge and
technology underlying an innovation from the ora@iimventor to a firm able to effectively develdmt
innovation for the market (Teece, 1986; Arora et 2001). The gains from technological trade may
include reductions in the costs associated withsteding an idea into a commercially viable prodamt
enhancing specialization by firms into knowledgeodurction or commercialization (Arora and
Gambardella, 1994). Imperfections in the markettéahnology may significantly reduce the gains from
technological trade. Potential licensors may limformation disclosure in order to avoid expropdat
by potential partners (Arrow, 1962; Anton and Yd®94), particularly when knowledge disclosure
requires effort on the part of the licensor (Ardt@95). Moreover, matching in the market for tedbggp
may depend on a costly search process, limitingntgogy partnerships (Hellmann, 2005).

This paper evaluates the role tiiatmal intellectual property (IP) rights, most notably gras,
play in facilitating technology transfer betweemTs in the market for ideas (Nelson and Merges0;199
Arora, 1995; Arora, et al., 2001; Gans, et al.,20@e focus on how the IP system impactstitmeng of
cooperation between start-up technology entrepreneand more established firms in the
commercialization process. Building on recent stadhat highlight the operation of the patent syste
(Cohen and Merrill, 2003; Jaffe and Lerner, 200zhnkon and Popp, 2003), we empirically exploit a
fundamental feature associated with the procegsat#nting: patent grant delay. While most analyses
implicitly assume that once an invention is develhplP rights are granted and enforced, both thatgr
of IP rights and the achievement of cooperatiore talace over time. When licensing occurs, it takes
place in one of two institutional regimes: a préepa period in which the scope and timing of rigists
uncertain, or a post-patent period in which unéetyaabout the scope of IP rights has been narrowed
Start-up innovators pursuing a cooperative comrafization strategy face a crucial dynamic tradeoff:
while an early agreement enhances productive effigi (and reduces time-to-market), later agreements
may be associated with greater bargaining powemnzore effective technology transfer. We contend tha
the timing of cooperation is, therefore, a key teyic choice, and the optimal timing of cooperation

depends on the commercialization environment irctviiie firm operates.

! Only a small number of studies consider the timohdicensing behavior (Katila and Mang, 2003; Dadaux et
al., 2003; Elfenbein, 2005), and we are not awdrprior work focusing on the role of patent gramiial in the

timing of cooperative behavior between start-ups paotential licensees. While an extensive literagxamines the
role of uncertainty in patent licensing, and thivehs of patent licensing and patent litigatiortlsetent (e.g., Katz
and Shapiro, 1986; Gallini and Winter, 1985; Lamjoand Lerner, 2001; Schankerman and Scotchmer,)20@ke

studies do not explicitly consider the timing afdnsing, focusing primarily on the impact of aletive legal rules
on the division of rents between licensee and ioen



To explore the role of the commercialization enmir@nt in shaping commercialization
dynamics, we focus on the moment at which uncdgtainer the rights to be granted by the USPTO are
announced to the patent applicant, called the Wodic Patent Allowance (the formal patent “grant”
follows 5-7 months later, on average). The idecdifion strategy exploits the significant empirical
variation in patent allowance and licensing lages& technologies, and the timing of licensingtietato
patent allowance. We construct a novel datase00ftéchnologies developed by start-up innovatods an
ultimately commercialized through cooperation. Each technology, we link the timing of cooperative
licensing with the timing of patent application amtlowance, as well as other firm and market
characteristics. We then examine whether the hkeldl of cooperation (as measured by the cooperation
hazard raterhanges in response to ahange in the commercialization environment (most notathlg
mitigation of uncertainty over the scope of pategiits resulting from patent allowance). Moreowvee,
explore whether the impact of patent allowancesedds on the firm’s industry, location, and
organization, or characteristics of the technoloBy. considering how the timing of cooperation is
changed by the timing of patent allowance, we ewvidence for the causal influence of the IPesgst
on the functioning of the market for ideas.

Our findings indicate that patent allowance suligly increases the hazard rate of achieving a
licensing agreement (a 70-80% increase in thediogrhazard), and this effect is most pronounceteén
time period immediately following the patent allowa event. Moreover, the overall rate of licensing
the salience of patent allowance on the licensamptd rate are associated with measures of thegitra
and institutional environment in which firms operafor technologies where productive efficiency
effects are important, the overall rate of licegsia more rapid. For technologies with alternatie
rights available (such as copyright) or firms irtdtions where information brokers and reputational
mechanisms may be important (such as Silicon Vallie impact of patent allowance on the licensing
hazard rate is reduced. We are cautious in ourprg&ation, however, as the sample size is modest a
the analysis is conditioned on a sample of firmsathich licenses are observed (and so we do noemod
the behavior of firms choosing alternative comnadization strategies (as we do in Gans et al., p002
With these caveats in mind, the results providdewe that the market for ideas is subject to Sogmt
imperfections, and formal IP rights play a roldanilitating cooperative commercialization.

The paper is organized as follows. The next twdiges motivate our empirical analysis by
discussing the dimensions of uncertainty assocmttdthe patent system and introducing a framework
for understanding the role of uncertainty in shgghme timing of cooperation between start-up tetdmo
entrepreneurs and more established organizatiofier Aescribing the data, Section 5 develops the

empirical framework. And Section 6 presents ourmeaipirical results. A final section concludes.



2. Probabilistic Patents®

Recent research on the impact of the patent systetechnology entrepreneurship emphasizes
the potential role of intellectual property in fiitaiting commercialization through the market fdeas
(Kitch, 1977; Nelson and Merges, 1990; Arora et 2001; Gans et al., 2002). In the absence of forma
intellectual property, start-up innovators seekingmmercialization partners may be subject to
expropriation (Arrow, 1962, Anton and Yao, 1994}.tAe same time, efficient commercialization often
requires contracting with more established partmecentrol of key complementary assets (Teece6)198
Formal intellectual property rights may enable textbgy transfer by reducing the potential for
expropriation, thereby increasing the incentiveskfmwledge disclosure and technology contracting.

This perspective on the patent system implicitlly ggplicitly) assumes that the operation of the
patent system is itself efficient and involves amambiguous administrative process: patents argepa
in a timely manner and are associated with welirdef property rights conferring significant compieé
advantage. However, recent research on the opermattithe patent system and the enforcement of fmaten
have emphasized that patents are “probabilistioperty rights (Cohen and Merrill, 2003; Lemley and
Shapiro, 2005). To the extent that patent graratgent enforcement, and the market value of pasmets
probabilistic, this uncertainty may have implicasidfor technology contracting. As we discuss intiac
3, the presence of specific types of uncertainty timit opportunities for efficient contracting arsthift
the timing of cooperative commercialization. It tiserefore useful to distill the different types of
uncertainty affecting the patenting process, iniclgcduncertainty over: (1) patent allowance, (2)epat
scope, (3) patent grant delay, (4) patent enfoitigaland (5) patent value.

Patent grant uncertainty. From a legal and conceptual perspective, onbettucial sources of
potential uncertainty in the patent system couldubether a patent applicant is likely to receivey an
patent rights. However, while the formal structanal rules of the patent system suggests a higledejr
uncertainty over patent grant, recent empiricataesh on the US and EU patent systems suggest that
most patent applications are granted in some fddmce one takes into account “continuing patent
applications” (which allow applicants to reviseithapplications over time), the US patent grane ragy
be as high as 90 percent (Quillen and Webster, ,22006; Graham and Harhoff, 2006). In short, most
“‘committed” applicants receive at least some fofnprotection in the US, Europe and Japan (Jensen et
al., 2006). The key moment at which the uncertaowgr grant is resolved is associated with a Nadifce
Allowance. When inventors receive a Notice of Allwee, the precise nature of the claims that will be
granted are specified (i.e., “The application iifeadt above has been examined and is allowed for

issuance as a patent. Prosecution on the medlsssd This Notice of Allowance is not a grant of patent

2 This title is drawn from Lemley and Shapiro’s (B) who highlight the crucial role of uncertaintyshaping the
use and function of formal intellectual properiyhts.



rights. This application is subject to withdrawedrh issue at the initiative of the office or upastifion
by the applicant.”f. While the Notice of Allowance substantially redscgncertainty over whether a
patent grant will occur, it reduces but does nivhielate more pervasive sources of uncertainty, agch
the ultimate scope of the patent, or the costschatlenges of enforcing the patent through litigadi

Patent scope uncertainty. While most patent applicants are granted a pdtersome form,
significant uncertainty exists over the scope ef platent rights ultimately allowed and the enfobdés
of allowed claims through litigatichindeed, the heart of the patent examination pmieslves repeat
negotiations and correspondence between a patphtag and the patent examiner over the allowance
or disallowance of particular patent claims, or giecise wording of those claims (Cohen and Merrill
2003). This uncertainty surrounding the wording @cdpe of patents prior to allowance increases the
costs of specifying a technology license (Lerned Merges, 1998); as emphasized in our practitioner
interviews, pre-allowance contracts often requomplex contingent clauses (e.g., “royalty rate plis
if Claim #x is allowed, while royalty rate r’ appB if Claim #x is disallowed”). As noted by Hell@nd
Eisenberg (1998) in their discussion of biotechgglgatents: “Although US patent law does not
recognize enforceable rights in pending patentiegibns, firms and universities typically entetoin
license agreements before the issuance of pamisfirms raise capital on the basis of the inahoat
rights preserved by patent filings...each potentiépt creates a specter of rights that may berdnge
the actual rights, if any, conferred by the PTCOdtdPt allowance not only reduces the uncertainty of
patent scope, but also reduces the information amtny between patent applicants and potential
licensees (applicants have more detailed informadioout interactions with the examiner and thelyike
scope of allowed claims). Of course, uncertaintgrowatent scope is not fully resolved until “thetla
court speaks,” a process which involves signific@rtdogenous) investment and time (Lanjouw and
Schankerman, 2001; Lemley and Shapiro, 2005).

Patent pendency uncertainty. Though most research on the patent system irtiplassumes that

patent application and grant are coincident (or ardest, an administrative matter), patent appba

% See:www.uspto.gov/web/offices/pac/mpep/documents/13803ihtm#sect1308underlined in the original and
accessed 11/15/06). The Notice specifies issuepabtication fees and deadlines, and initiates amimidtrative
process of readying the allowed patent for formahgand publication. In our empirical analysis, feeus on the
Notice of Allowance date (rather than the more itradal patent grant date) since this is the datevhich
uncertainty over the likely nature of the patent grant. A®suft, we mainly adopt the term “allowance” rattfean
“grant” in our exposition, except where we disctissliterature which has mainly studied the patgant event.

* Individual examiners maintain significant discoetiin this process (Nelson and Merges, 1990; Catket al.,
2003). Examiners produce “office actions” (interdrcisions regarding applications) that are mearprtvide
applicants with information that “may be usefulaiding the applicant to judge the propriety of déouing the
prosecution of his/her application...If the examifiads that the claimed invention lacks novelty dfeds only in
an obvious manner from what is found in the prity the claims may also be rejected. It is not umemn for some
or all of the claims to be rejected on the firsfi€f action by the examiner; relatively few apptioas are allowed
as filed.” http://www.uspto.gov/web/offices/pac/doc/generalér.html#office(accessed 11/15/06).




lags are long and variable. According to Popp e(2004), the average patent grant lag (inclusive o
provisional applications and patent continuance8smonths, with a standard deviation of 20 months.
Uncertainty over the length of time it takes toeaige a patent grant is particularly salient forrtstg
innovators, since there are no patent rights anpi@itent is granted and, uncertainty over pateygesand
the precise nature of allowed claims is reducethasesult of a grantBy and large, variation in patent
grant delay seems to be driven by idiosyncratidofac even with detailed controls, only 10% of the
overall variance in patent grant delay is explaibgdbservable factors, and the most importanbfact
seem to be broad differences across different tdopital fields (Popp et al., 200%Patent pendency
(and the idiosyncratic variance of the processemiidlly has important implications for the timimdg
technology licensing: while licensors may be ablegduce transactional costs and enhance the vélue
licenses realized after patent allowance, innogaface significant opportunity costs if they delay
commercialization for several years while applmas are pending.

Patent enforcement uncertainty. While the end of patent pendency mitigates cedatertainties
such as the variability of allowed claims, sigraint uncertainty remains concerning the abilityntoece
those claims through the legal system. As emphadizeLemley and Shapiro (2005), the uncertainty
associated with litigation implies that patent gsaare best characterized as probabilistic rightss
useful, however, to distinguish how the nature nfartaintychanges after the allowance date. First,
whereas the uncertainty arising during the pre{gpaniod involves significant information asymmegri
between the applicant and potential licenseesdsiternal parties may not have access to the evenpl
record of “office actions” or even more informakéractions with patent examiners), the uncertantie
associated with litigation are symmetric: both igarare on (roughly) equal footing in terms of ewing
the allowed claims and their likelihood to survis@urt scrutiny. Second, whereas the uncertaingjrayi
in the pre-grant period is systematic (no applicat avoid the uncertainties associated with thenpa
application process), the resolution of uncertaouwgr validity claims and the enforcement of dansaige
endogenous to the litigation and negotiation sigteof both patent holders and potential infrisgés
Farrell and Shapiro (2007) argue, there are masgscavhere the incentives to litigate are low (@nev

negative), even in the absence of the transactomtscassociated with litigation. Given that patent

® The scope for pre-grant damagesxisemely limited in the United States. Particularly duringr sample period,
there were few circumstances in which patent heldeuld receive “retrospective” damages for theoggeprior to
the patent grant date. The American Inventors Etiote Act of 2000 increased the potential for prarg damages
slightly (by allowing for royalties after the disdure of the patent (18 months after applicatipmyided that four
restrictive conditions are fulfilled). Interestiyglthere is greater scope for pre-grant royaltyelbledamages in other
jurisdictions (e.g., Tanaka, 2000).

® A recent literature debates the relationship betweatent grant lags and the importance of theviaiimn. While
Johnson and Popp (2003) suggest that more impdrtaovations (as proxied by forward citations) associated
with more important innovation, Harhoff and Wagi(2005) find the reverse correlation using EU patath. As
well, see Popp et al. (2004) and Reitzig and Pumarfa007) for emerging evidence on the role thatnfir
characteristics and capabilities play in the deteation of patent grant delay.



litigation is quite expensive (compared to the tieddy modest costs of patent application) it is no
surprising that relatively few patents are litighteo a final judicial resolution: most patents neve
confront a full judicial review of their underlyingalidity or their legal scope (Lanjouw and
Schankerman, 2001).

Uncertainty over market value. Finally, even if the legal uncertainty associatgth patents was
completely resolved, the economic and strategicevalf patents is subject to a very high degree of
uncertainty. Patents vary widely in their valued amuch of the value associated with intellectuajpperty
depends on endogenous outcomes in technology addgirmarkets. To take but one example, very few
of the patented innovations in the biotechnologyd goharmaceutical industries are ultimately
commercialized, and it is very difficult to distimgh between different candidate drugs or thergmies
to the clinical trial process. As a result, theuealof patent rights is probabilistic and can best b
understood in terms of option value. While mosteptd confer very limited or negative returns to the
innovator, the rights associated with a small paiage of patented innovations are associated weit v
high returns (Scherer and Harhoff, 2000; Aroral.e803; Ziedonis, forthcoming).

The importance of uncertainty in understandinguthlele and strategic use of formal intellectual
property has only recently begun to be investigateal systematic manner (Lemley and Shapiro, 2005).
In the remainder of this paper, we focus on how tbduction in uncertainty arising from patent
allowance and grant shapes the process of techntimgsfer, and the timing of technology licensihg.
so doing, we seek to identify the impact of therapien of the patent system on the efficiency and

operation of the market for ideas.

3. Patent Grant Delay and Frictionsin the Marketsfor |deas

When the market for technology transfer functiordlwefficient trades occur and, moreover,
they occur in a timely manner (Arora et al., 20@ans and Stern, 2003). Put simply, the “sale” oidea
allows an innovation to be commercialized more kjyigenerating productive efficiency gains. While
the magnitude of these gains will differ from inati@n to innovation and from industry to industttyere
is an important sense in which delays in the tinahgooperative agreements reflect lost opportesitor
maximizing the welfare gains from trade in ideabisTsection briefly considers the potential drivefs
delays in the licensing process, and the dynantgrplay between the timing of patent grant and the
timing of cooperative agreemerit©ur objective is not to develop a comprehensivedehmf the
determinants of license timing (as we do in Ganslgt(2005)); instead, our objective is to simply

illustrate (a) why the patent allowance date wilt matter in the absence of market imperfections é th

" In focusing on commercialization dynamics, we join growing literature on the timing of strategic
commercialization choices, including time-to-margeélimann and Puri, 2002; Dechaneaux et al., 2003)



market for ideas, and (b) how the presence of nankgerfections implies a dependence between the
patent allowance date and the timing of technolagnsing.

The frictionless benchmark. Before turning to the impact of specific markeiperfections, we
begin by considering a “frictionless” environmentdrder to establish a benchmark for efficient érad
the market for ideas. Consider a stylized repregiomt of the innovation commercialization process
depicted in Figure A. There are three distinct peagfter an initial invention or prototype is déged,
the technology entrepreneur files a patent appticafollowing a patent application there is a ngjt
stage during which there is uncertainty over pagsoipe and indeed whether it will be granted at all
Patent allowance (taken here as synonymous withyridet dat®) reduces this uncertainty but does not
resolve it because infringement may still occurd afefending against it may be costly and itself

uncertain.

Figure A: Uncertainty and the Patenting Process

Application Allowance/Grant Enforcemer

| »
»

Pre-Patent Post-Patent
Infringement

Consider the interactions between a single poteosar of an invention@) to whom the
inventor R) might licens€. Both parties are risk neutrfl.The potential commercial value of the
invention toC isv. For a frictionless market, we assume that: (&)ehs symmetric information between
C andR regardingv and any other aspect of the patenting processC @)dR know of each other’s
existence from the outset (that isfaces no search costs) and (3) but for the knaydebntained in the
patent applicationC has the necessary knowledge and resources taad¢hi value of the innovation.
This last assumption implies that expropriationc@ns are limited to knowledge which is potentially
patentable, and that there is no specific humaitatagr tacit knowledge (in the sense of Arora, 399
that must be drawn upon or otherwise disclosedCftyr make full use of the invention. Below, we relax
each of these assumptions to demonstrate the irop&tttions and market imperfections on the marke

for ideas.

8 As we demonstrate below, the lag between allowamzkgrant varies and is subject itself to someeramnty.
This could be incorporated in this model, howevke, main result would involve additional notatioitheut any
change in our main result and hypothesis derivation

° C stands for customer unit aidfor research unit (as in Aghion and Tirole, 1994).

19 Introducing risk aversion will create incentives ghare risk among firms, which reinforces the mises for
early cooperation. We do not pursue this extenkare, as we do not address this issue in our ezapisiork.



A lengthy patent process implies that it will takay, T periods from the time of application until
the time a patent is allowédIn addition, there is uncertainty as to the scopéhe potential patent,
which will impact a pre-patent agreement. With @daiity p, a patent is granted with broad scope (and
with probability 2p with narrow scope). For concreteness, we defipatant with broad scope as one
which is very difficult to “invent around”, while marrow patent is essentially unenforceable (either
other firms will be able to invent around the fotrirgellectual property). Narrow patent scope nolyo
reducesR's returns on the innovation, but can also impg@streturns as well (under narrow scope, the

value of the innovation t€ will bev <Vv). Note that botlv andv are properly interpreted as expected

returns conditional on broad versus narrow pateope. This is because, in each case, there may be
residual uncertainty associated with both commeapgaortunities as well as the robustness of thema
claims in any subsequent litigation that mighteridote that patent scope is distinct from pataititity,
as patent grants do not establish validity (theyeiad grant the right to litigate). A patent is walid until
the “last court” speaks — and so patent awardsceedwt do not eliminate patent scope and validity
uncertainty (Lemley and Shapiro, 2005).

As the firms are risk neutral, we consider licegsagreements wherel#y assigns any patent

rights toC for a flat fee'® License agreements may be negotiated at eitherQiorT. If an agreement is

signed at time O (for a fedy), it is binding throughout the pre- and post-pafgrases. If no agreement is
signed, another opportunity to come to an agreeroeodrs at timeT. Let E[v] = pv+(1-p)Vv. By
signing an agreement at time O, gets (1-90" )v+d" E[v] while R gets paid immediatefy/. If no
agreement is signed, then a license agreemengatiated afl (for a fee,t;) following the reduction in

patent scope uncertainty. If patent scope is hardwean realize the commercial value of the innovation
in the absence of an agreement, ang sa0.

We assume that the negotiators are able to achdeweoperative outcome, so that firms

“maximize” and then split the surpldsAt T, if patent scope is widd, =3V, while if patent scope is

™ As noted in the previous section, the length wietibetween patent application and grant is itsetertain. For
expositional purposes, we treat it as known in thimlel. Adding that source of uncertainty wouldyosirengthen
the results here.

12 \We thank the reviewers and the associate editoclémifying this point. For a discussion of howtgat validity
interacts with license terms, see Farrell and 3$bg@i007).

13 C might make payment tB contingent upon realized patent scope, a continfgen For the results that follow,
allowing for contingent fees or royalty paymentsuldbmake little difference. See Gans et al. (2005).

4 We assume that, uniil, only R andC can utilize the innovation and so sustain higleéums ofv for that period.
Allowing others to exploit the innovation prior patent grant would reduce pre-patent returns buidvoot change
our results or comparative static conclusions.

!> This is the Nash bargaining outcome assumingphetes have equal bargaining power. Gans and $2600)
develop non-cooperative foundations for this barigg assumption in the context of a licensing gavhere the
timing of agreement is endogenous (although thatehimnplicitly assumes that a patent has already lgganted).



narrow, t, =0. If we suppose that commercialization is not fielesuntil a licensing agreement is signed,

then, if the firms wait, the expected licensing fetime 0 is p1v with R's expected return being
0" piv andC's beingd' (piv+(1- p)v).

Based on these expected returns, at time 0, tkesbwiays a joint gain fo€ andR to sign an
earlier agreement. Put simply, the joint expectgdrns from an agreement at tiffi@re o' E[V] while
an agreement at time 0 will jointly yiel@l—d" v+ E[V], a gain of (1-9" )v. It is mutually
beneficial for the parties to agree earlier regessllof the degree of uncertainty over patent scOpe.

course, the ‘price’ agreed to at that time willeef the differing impacts of patent scope uncetjgdnR

andC. Under our assumption that firms split the surgusnly:

t,=0' piv =(@1-9"W+I E[V]-t, - (piv+(1-p)v)

R's surplus from an earlier C 'ssurplus from an earlie 1
rather than later agreement rather than later agneem ( )

=1,=1(1-0"1- p))v

In this caseC's expected return &(1- 3" (1- p))v+9J' (1~ p)v. It is useful to observe th&s return

through licensing is increasing [n since this enhances the expected value of the atimov Put simply,
just because there is unprotected knowledge doeshamge the timing of licensing. In a frictionless
environment, license timing is driven solely by gquotive efficiency. To be sure, uncertainty over IP
rights impacts the distribution of returns betwebe parties: as the likelihood of stronger patent
protection increaseR earns relatively more thah However, in the absence of frictionsin the market for
ideas, the patent grant allowance does not impact the timing of technology licensing.

Patent grant delay in the presence of frictions in the market for ideas. While delay and
uncertainty over the patent approval process hasnpact on the timing of technological trade in the
baseline model, barriers to exchange in the mddtétieas can induce a dependency between thetpaten
allowance date and the timing of cooperative agesds We are interested in frictions which not only
reduce the ability to achieve (early) productivefficient trade but for which the reduction of urtaity
over the scope of patent rights will serve to sfgehnological trade. There are at least three tygbes
frictions: (a) asymmetric information regarding th&lue of patent rights, (b) search costs, andHg)
ability of potential licensors to expropriate knedge which is disclosed but unprotected by IP sight

Consider the role of information asymmetries. Ticerlsor may possess a number of different
types of advantaged information, from informatidoat the overall value of the license (and in which
contingencies the innovation might be valuablejhertiming and/or scope of the rights to be allow&d

direct consequence of asymmetric information (fr@hatever source) is the potential failure to be @bl

10



achieve a productively efficient agreement. Everemviproductively efficient technology exchanges
would be jointly efficient, if potential licensorsannot credibly signal the value of their innovatio
(relative to the distribution of quality types).etimarket for ideas can break doW®rOf course, if the
source of asymmetric information is unrelated te thformation resolved by patent grant, the mere
allowance of a patent will not alleviate this bréakn in technological trade. However, if the asyrtrine
information between the licensor and potentialrigmes relates, in part, to the probability thabgemt
will receive narrow (rather than broad) scope (déferences in the value @), or the precise nature of
the claims that are likely to be allowed, then thaification of those rights may spur market exula

By waiting until IP rights are clarified, those wibelieve they are likely to receive broad protattio
(relative to the expectations of potential licers3esill be able to earn a premium on the rightshiair
innovation. In other words, when the patent allogearitself reduces the degree of asymmetric
information (or, equivalently, allows for more effnt sorting of technologies), at least some pgatken
licensors will delay cooperative commercializationtil the uncertainty surrounding patent scope is
resolved.

A second mechanism resulting in a dependency betwssent grant and the timing of
cooperation arises from the presence of searcls.cbghe innovator has to engage in costly seéoch
locate the most suitable commercialization parttieam incentives to do so may only be sufficiettrah
patent (with broad scope) has already been alldihletimann, 2005). Suppose that the cost of finding
partner is a fixed cost, in whichR can locate a customet, who would value the innovatioh greater
than the baseline of or v, and that oncé is sunk, an agreement with this high-valuationtrmar is

immediately feasible. On the one hand, locating atner at time O increaseR's returns
by%(l—é‘T - p))A. However, if R waits until the patent is granted &t the search will only be
undertaken if the patent scope is broad, and itarnme from search would Bé\. If
%(1—5T - p))A< f <ZA, thenR will be willing to search af but unwilling to search at time 0.
Moreover, the returns from time 0 agreement staystamt, while the returns from a tinfeagreement
will be increased ta@' p(% (V+A) - f) . Therefore, if%(A—lr:T‘fv) > f , thenR will prefer to delay and

search rather than sign a low-value agreementnat@. In other words, since the returns from searai
be higher when patent scope is known to be brba&dyitesence of search costs may induce delaythatil

uncertainty over patent scope is resolved.

'® There is some analysis of this in the literatunepatent licensing (Kamien, 1992; Anton and Yad4)%but it
focuses on achieving agreements in the face ofrimdtion asymmetry rather than timing per se. Ateslditerature
on bargaining under asymmetric information providasotivation for inefficient delay. See the sunmyAusubel
et al. (2002).
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A third mechanism — and perhaps the most imporaatises from the ability of licensees to
expropriate knowledge that is disclosed by thenkoe but unprotected by intellectual property. The
potential for expropriation can significantly limibformation disclosure by licensors (Arrow, 1962;
Anton and Yao, 1994), particularly when knowledggclbsure requires effort on the part of the licens
(Arora, 1995). Of course, as emphasized in the lipesenodel, the mere presence of unprotected
knowledge has no impact on the timing of coopeedlicensing (though it will have a significant ingba
on the division of rents and the overall incentitesproceed with commercialization). However, the
establishment of the scope of patent rights cam laasignificant impact on the risk of expropriatemd
the willingness of licensors to disclose unprotdatgormation. First, the clarification of patertope
may elucidate the extent of unprotected knowledbihvcan be disclosed without fear of expropriation
While it may be difficult to predict the impact tfe disclosure of unpatentable knowledge duringotiee
grant period, start-up innovators may be ableitorttheir disclosures to avoid expropriation iretavent
of bargaining breakdown once the scope of rightslasified. For example, prior to patent grant, hon
disclosure agreements with potential partners neagtificult (if not impossible) to write with anyegree
of precision or potential for enforcement; aftepatent is granted, the costs and complexity of such
contracts may decrease significantly. To the extemt the clarification of formal property rightsduces
the risk of knowledge leakage, patent allowanceg spar participation in the market for ideas.

The role of the strategic disclosure of unprotecaaplementary knowledge will be particularly
important when such disclosures require effort ba part of the licensor. As Arora (1995, p.42)
emphasizes, “[tlechnology licensing involves mdrart just the permission to use the knowledge cavere
by patents: In many cases, the information requfidsuccessful utilization extends even beyond
blueprints, drawings, and specifications and inetutieuristics, rules of thumb, and other ‘tricks o
trade.”’ Formally, suppose we reinterpfein the search model above as the additional vthlaiecomes
through knowledge transfer ahds R's effort in facilitating that transfer. The keysige is that it may be
difficult to contract on the supply of effort. Evéinthe outcome and costs of such transierf{ are
observable to both parties, it may be unverifiabla third party (such as a judge) and so any aggae
may not be enforceable. In this case, whether kedgé is transferred will depend upRis incentives to
do so. This framing is also consistent with Lowg604) formulation of licensing when a great ddal o

knowledge is tacit.

" Incentives to disclose and transfer complemeritaowledge in the pre-patent allowance regime maynbted,
given firms’ ex ante investments. Consequentlypirators may undertake external validation of theahnology
(e.g., by scientific publication) to signal quality outsiders — thereby delaying collaborative caruialization
strategies. While this is an interesting empirisalie, expansion of our dataset to incorporateléiils of scientific
publication is beyond the scope of this paper. Sachanalysis requires a systematic explorationadémt- and
paper-level knowledge and the firm’s overall tedbgy strategy (as in, for example, Gittelman andyitp 2003
and Murray, 2002).
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As in the search model, the primary issue is whrethe reduction in uncertainty afforded by the
patent allowance increases the gains from tradm frooperative commercialization evaluated at that

point as compared to a prior time period. Using imilar analysis to the search model, if

%(1—5T - p))A < f <1A, thenR will be willing to transfer knowledge &t but will be unwilling to

do so at time 0. Thus, by waiting, the gains froaué rise bypd’ (A - f) . However, the opportunity
cost of that delay i§1- " )v. So ifA—lgT"TTV> f , delay will occur:®

Intuitively, while the incentives to disclose takitowledge after a licensing agreement has been
signed are limited (the licensee will simply exmiafe the value of any such disclosures), there beay
significant incentives to disclose complementagjttienowledge prior to the realization of a coopiea
agreement? Specifically, if disclosing such knowledge raisks value of the patentable portion of the
innovation to potential licensors (while maintaigpithe relative bargaining position of licensee and
licensor), then the willingness-to-pay Bywill be increasing in the effort devoted to disaee byR.
Moreover, since the additional value created bywkadge disclosure depends on the value of the
patentable knowledge, the total incentives andliéguim level of disclosure will depend on whether
patent scope is known to be broad or whether paighis remain uncertafif. When the value arising
from broad patent rights are sufficiently high dahd “boost” from complementary knowledge disclosure
is sufficiently steep, both licensors and licenseey delay licensing negotiations until patent\aoce
in order to maximize the innovator’s incentivedramsfer tacit knowledge.

Empirical implications. Taken together, these arguments suggest thatéisenxe of frictions —
barriers to efficient technological trade — canucel a systematic relationship between the recdipt o
formal intellectual property rights and the timingf technology licensing. While information
asymmetries, search costs, and expropriation rigkg limit technological trade prior to the receght
formal IP rights, the reduction of uncertainty iésg from patent grant can trigger trade in therkea

for ideas. Conversely, in the absence of frictigdhgre should be no systematic relationship between

'8 Note that there is a difference between the seanchknowledge transfer models. In the search maiddy is
driven byR's own incentives to maximize its return. In theolubedge transfer model, if the gains from traderfro
delay were negative; would have the ability to compensa&efor any loss in its bargaining position that comes
from delay. Hence, delay is more likely (given tb@me parameter values) in the knowledge transfetemo
compared with the search model.

19 This difference in incentives remains even if lihensing agreement itself is based on a royaltgement rather
than a fixed fee. For a complete derivation of adet@f commercialization timing based on these iitigves see
Gans et al. (2005).

20 Analytically, this is similar to our analysis adarch costs — where search cost incentives mayshéficient prior
to patent grant but are triggered by broad pateope. From a modeling perspectivecan be interpreted as the
costs associated with the transfer of knowledge Arad the potential “boost” to the value of the inaibon.
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patent allowance and the timing of cooperative exgients. This theoretical insight holds severahtdst
empirical implications.

First, the relative importance of productive effiaty and barriers to technological exchange will
differ across technologies. As such, the incentieesearly licensing and the benefits from delayilun
patent rights are clarified will vary across diffat innovations. Moreover, one might expect th# th
variation will be narrower within a given industmglative to the variation across industries. Faragle,
most software products are associated with relstiskort product lifecycles, and so the benefitarfr
productive efficiency are likely quite high in thesctor. In addition, software patents are thobghgome
to be susceptible to being “low quality” and hetdalid if challenged (see the references contained
Hall and MacGarvie, 2006 for research on this igss@enversely, as suggested by several studies of the
“patent thicket” in the semiconductor industry (Hahd Ziedonis, 2001; Ziedonis, 2004), the barrters
efficient technological trade (and the ability offerceable IP rights in reducing those barriersy rna
higher in the semiconductor and electronics seétsra result of this variatioroth pre-allowance and
post-allowance licensing agreements will be observed in equilibrium, and the propensity for pre-grant
and post-grant licensing will likely vary by industry and other observable characteristics of the
technology and innovator.

Second, if barriers to technological exchange ligatly licensing, the clarification of patent
rights can reduce the frictions in the market figas and so raise the incentives to achieve a ratome
agreementAs a result of these enhanced incentives, the equilibrium impact of patent allowance will be to
raise the hazard rate of achieving a licensing agreement. Therefore, relative to a baseline pattern of the
timing of cooperative agreements, patent allowamcespredicted to be associated with a “boosthan t
underlying rate of licensing. To test this implicat we must disentangle the impact of patent adlove
from the baseline hazard rate. We do so by takih@rtage of the substantial variation in the patent
allowance lag — the time between patent applicadimh patent allowance. As described in more detail
Section 5, by observing different technologies wdlifferent patent allowance lags, we are able to
estimate the direct impact of patent allowancetroiimg for the underlying time profile for techlogy
licensing agreements.

Third, the theoretical framework suggests thatrdfie scope of IP rights are clarified, productive
efficiency considerations provide incentives fonts to achieve a licensing agreement as soon agof®s
after the uncertainty is mitigated. Thus, for firnggeking a licensing partner as part of the
commercialization procesBcensing will tend to take place immediately after the patent allowance date.

A higher hazard of licensing immediately followitite patent allowance date provides evidence fdr bot
the existence of frictions in the market for ideasl for the value of formal IP rights in facilitag

cooperative technology transfer.
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Finally, the degree to which the patent allowanedtens depends upon the strategic environment

in which the firm operates. The clustering of lisewy after the patent allowance date results froen t
strategic choice by firms to wait for the clarifiica of uncertainty (and is balanced against ardesir
productive efficiency in the commercialization pess). The impact of patent allowance will therefoge
relatively unimportant in environments where prdiw efficiency is particularly important, such as
industrial sectors with short product life cyclesi¢h as the software industry). As well, the impaict
patent allowance will be muted in environments ehibie impact of frictions is modest. For exampte, i
locations or industries in which alternative ingitbnal arrangements may provide a substitutedonél

IP rights, the impact of patent allowance on theahé rate of licensing will be reduced. As suclg th
framework predicts that the impact of patent allowea will be lower for firms with access to rich
informal “knowledge broker” networks, such as thtzsmted in Silicon Valley or those who are aftiéid

with networked venture capitalists (e.g., Saxeni®£94).

4, Data

Our data are drawn from a sample of technologyho® deals announced between 1990 and
1999, and appearing in the Security Data Corpard8DC)/Thomson Financial Platinum joint ventures
and alliances databaSeWe began by selecting all recorded deals in feotass that are closely
associated with cooperative commercialization betwstart-up innovators and more established ingustr
players: biotechnology, electronics, software, anintific instruments. While the overall analysis
deal structure across different types of playeexteemely informative (Lerner and Merges, 1998aAdh
and Khanna, 2000; Arora et al., 2001; Dechenaak. €2003; Elfenbein, 2004), we focus our data damp
in order to construct a clear test of our theoattimmework. Our sample is composed of licensieglsl
between start-up innovators and more establisliat fihat are focused on specific technologies €rath
than more general agreements involving long-terharaes or that are primarily focused on cross-
licensing arrangements). From our initial databasegliminate deals with the following charactectst
an established firm licensing to another establidiven, an established firm licensing to a start-amon-
profit entity as a licensor or licensee, renewahadrior technology transfer agreement, and trdimsec
involving strictly technology cross-licenses betwee among parties.

For the remaining technology transfer licensinglsldaased on a reading of the deal description

from the SDC database, we identified the first ificgnt patent associated with the technology from

2L Beginning in November 2000, in accordance with fmerican Inventors Protection Act of 1999, patent
applications are disclosed 18 months after filing ¢pposed to at the time of patent grant, as lasdse in the
prior legal regime). See Johnson and Popp (2003aroanalysis of some likely effects of this ruleange. To
impose uniformity in the timing of disclosure arait right-censoring, we limit our observation wing to the
period prior to the implementation of AIPA.
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searching the US Patent and Trademark Office (USP#é&bsite. This was done by searching patent
titles and abstracts for key words taken from tB&CSechnology licensing activity description. Theat
was excluded if there was ambiguity over the mdietween the licensed technology and the patent
associated with that technology or if the licensitage was earlier than the patent application (thte
latter cause for exclusion may be related to thméw). This process yielded 219 patent-licensesp8y
construction, our dataset excludes licenses fémi@ogies in which no patent was ever issued, dlsase
technologies which are patented but never licenlsstiead, our sampling scheme allows us to focus on
the timing of licensing relative to changes in thellectual property environment for a sample of
technologies which seek and receive patent proteetnd for which a licensing outcome is realiZed.

For each deal, the license date announcementetilardiustry sector, and firm location and age
information was collected from the SDC database efagh patent-license pair, we then collected léetai
patent information from the USPTO website and tHBER patent data file (Hall et al., 2001), and
venture capital financing information from the Vierg Economics database. The final dataset corfists
198 observations for which we observe both an uinguolos licensing date and an unambiguous patent
allowance date.

Variable definitions and summary statistics. Table 1 reports variable definitions and summary
statistics. Our dataset consists of three diffetgmts of measures: timing measures, patent clegistats
and firm characteristics. Each of the timing measus calculated relative to the patent applicatiate.
Patent application date is the date associated with the first patent appbn for a given technology,
inclusive of continuances, divisions, and provisioapplication$® We investigate two timing measures
linked to the reduction in uncertainty resultingrfr administrative actions on the part of the patéiite.
Patent allowance date is the date on which the USPTO sends a Noticeatdr® Allowance to the patent
applicant, at which point the “prosecution on therits is closed®* From the perspective of our
theoretical framework, the patent allowance data Iy event, since the Notice of Patent Allowance

provides an unambiguous and finalized statememiads allowed by the patent office (claims which

22 As emphasized by, among others, Quillen and Wek2@91, 2006) and Graham and Harhoff (2006), naoéist
patent applicants are nearly always successfubdeiving a patent, and so it is likely that the maource of
selection is whether inventors ever applies foratept (rather than whether than their applicatonénied). We
discuss the impact of the sampling scheme on teepiretation of estimates more carefully in SecBon

2 While the use of the “first” patent applicationtelés consistent with examining the timing of lisety relative to
initial invention, our results are robust to the wd the “final” application date (i.e., the datesaciated with the
application that is ultimately issued). While thesults are noisier, the key findings remain quatiiely and
statistically significant. In order to be eligible receive a patent, the inventor must file a piowial application
within a year after the first public disclosuretbé invention (and must file in advance of disclesior eligibility in
Europe and elsewhere). Because of the relatioristtipeen disclosure and eligibility, the initial @at application
date is a reasonable (though obviously not perfactyy for the initial date of invention.

24 Seewww.uspto.gov/web/offices/pac/mpep/documents/13803ihtm#sect1308accessed 11/15/06). The Notice
of Patent Allowance dates were gathered throughU88TO PAIR system, which allows access to ele@tron
administrative transaction histories for recentpd®ents.
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may of course be revised by the judicial systerm(les and Shapiro, 2005%).There is a subsequent
administrative lag between the patent allowance datl the patent grant date. Between these twe,date
the patent applicant must pay patent issue andaatibin fees, and the finalized patent grant iared

for issuance, including the mailing of an Issue ifit@tion to the assignee and publication in the US
Patent Gazette (from which we draw the patent gdate). While our model (and discussions with
attorneys and practitioners) suggests that thecBlatf Patent Allowance is the critical moment atolih
uncertainty is reduced, we investigate both theaichpf the patent allowance date and the patemt gra
date on licensing behaviétWe define thepatent allowance lag as simply thepatent allowance date less

the patent application date, measured in months, and thest-allowance administrative lag as thepatent
grant date less thepatent allowance date, also measured in months. While the meapabént application
date is in the early portion of 1991, the avergggent grant date occurs at the end of 1993 (the average
patent allowance lag is more than 32 months). éstergly, the averagpost-allowance administrative

lag is more than 6 months, and ranges from 1 to 19tmsofmore than 60% of the sample experiences a
5-7 month administrative lag).

The central focus of our empirical analysis is thitive timing of technology licensing and
patent allowance. Accordingly, our remaining timimgasures depend on the licensing date. For each
technology, the licensing date is the first pulli@ported instance of licensing, as reported leySBC
Platinum joint ventures and alliances databaserircipal focus of our analysis is the determinanftthe
licensing lag, which is simply equal to the time (in months)vbe¢n patent application date and the
licensing date (mean = 44.54). As well, we consteudummy variablepost patent allowance, which is
equal to one for those licenses recorded afteppttent allowance date (mean = 0.73), and a separate
dummy variablepost patent grant, which is equal to one for those licenses recoaftt thepatent grant
date (mean = 0.58).

Figures 1 and 2 present three key histograpasent allowance lag, licensing lag and the
difference of these measures. While only a veryllsmenber of technologies receive a patent alloveanc
within a year of the application date, the majowtythe technologies in our sample receive a patent

allowance in the second, third, and fourth yeagradpplicatiorf’ As well, the patent allowance lag has a

% |t is possible that communications and correspnoeeprior to the Notice of Patent Allowance migatiuce
uncertainty over claimprior to thepatent allowance date. In our empirical analysis, we investigate thissbility
by checking for an uptick in licensing prior to tpetent allowance date.

% |In an earlier version of this paper, we focusedlsively on thepatent grant date (rather than thepatent
allowance date), where we observed a significant rise in licegsattivity in the four months pridio the patent
grant date. We thank an anonymous referee for suggesting ee rdetailed investigation into the timing of
allowances and grants. In line with the predictioheur theoretical model, we primarily focus oe #dministrative
action associated with the greatest uncertaintyatéoh, patent allowance date.

27 An emerging literature has focused on the detaantof patent grant lag (we believe this is thst itudy to
focus specifically on patent allowance lag), inéhgdPopp et al. (2004), Johnson and Popp (2003)g K2003),
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large right tail, with a small number of technolegjiwith patent allowance lags in excess of ninesy8a
In contrast to thepatent allowance lag distribution, licensing lag is more evenly distributed. Figure 2
combines these histograms in reporting the didiobuof licensing lag lesspatent allowance lag. Data
plotted to the left of the value zero are assodiatith licensing deals reached prior to patentvedioce,
while data plotted to the right of zero indicatespallowance licensing. The histogram suggestsikirgy
relationship between licensing and patent allowant®ere is a marked increase in the level of Eoem
for about a year from the patent allowance dateugh there is wide variation in both the lengthife
that passes until patents are allowed, and theHesfgime that passes until licensing occurs,dlsrems
to be a linkage between patent allowance and tiagi of licensing agreemerfs.

Our dataset also includes detailed patent and ¢inaracteristics, allowing us to evaluate the
impact of observable measures of the business@magnt on licensing behavior. We are particularly
concerned about the possibility of latent diffeehacross inventions affecting both the licensaggand
the patent allowance lag (and so resulting in aispsi correlation between these tibYhese controls
allow us to identify the impact of patent allowarae licensing, controlling for observable technglog
and licensor characteristics. Finally, we are mdtrd in evaluating the interaction between patent
allowance and observable features of the envirohmeérich will allow us to assess whether the impact
of patent allowance on licensing is enhanced (otedjudepending on the economic environment and
nature of the underlying innovation.

First, we define dummy variables indicating locatidhat may provide access to different types
of technology licensing networksSlicon Valley, Route 128, and Canada. As key high-technology
regions, firms located in Silicon Valley and Roi28 may experience a higher overall rate of teahgol
licensing. As well, firms located in these regionay have access to informal network-based mechanism
that overcome the delays associated with the patestem; as such, licensing may be less sensitive t

patent grant in these regions. Our sampling schelseeyielded a relatively high number of Canadian

Regibieu and Rocket (2003), Harhoff and Wagner $208nd Reitzig and Puranam (2007). While Johnsah a
Popp (2003) suggest that longer lags may be agsdaidth highly cited patents, all studies note high level of
unexplained variation in the patent grant lag.

%t is possible that extreme lags may be associatédtechnologies in which productive efficiencynsiderations
may not be crucial; accordingly, we have experiredrextensively with imposing a maximum patent alloee lag
(e.g., 60 months). None of our key qualitative fimg$ are affected.

29If we plot the histogram diicensing date lesspatent grant date (rather tharpatent allowance date), there is a
pronounced increase in the rate of licensing infolue to six months prior to theatent grant date, which peaks in
the first few months after thgatent grant date. This is consistent with the fact that managespoead to the event
associated with uncertainty reduction (the patditwance date) rather than the date at which fornigihts
commence and the patent grant is published.

30 Section 5 discusses the potential for endogeriityiore detail, including how we address this im empirical
framework.
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licensing deals (mean = 0.18), and so we incluideation control for these firms in case their uhygdeg
hazard rate or sensitivity to patent grant is gigantly different than the US firms in the sample.

We also incorporate several measures of firm ressurexperiences and capabilitiEg:m age
(mean = 6.03) is measured as of the patent applicdate, and a venture capital funding dumwg,
funded (mean = 0.48), only equals one for firms receivirgture funding prior to the patent application
date. On the one hand, access to a VC network,eflsaw increased maturity and reputation, might
enhance the ability of a firm to engage in coopegatommercialization even in the absence of formal
patent rights (Hsu, 2006). At the same time, fimith fewer financial or organizational resourcesyrha
unable to delay licensing until patent allowanagj ao may forego an enhanced bargaining position in
order to achieve an earlier licensing agreementn@reet al., 2003). Less mature firms may be less
sophisticated in their approach to licensing, oy rna willing to sacrifice bargaining power in order
quickly establish a cooperative commercializatigneament with an established industry player. While
the overall effect offirm age or VC funded on the timing of commercialization may, therefobe
ambiguous, inclusion of these measures in our écapianalysis allows us to control for the possipil
that differences in experience or resources magoboeelated withboth the licensing lag and thepatent
allowance lag.

We additionally construct four industry dummy véiis. Biotechnology is a dummy indicating
whether a licensing deal took place in tiietechnology industry (mean = 0.41); similar measures are
constructed foelectronics (mean = 0.22)software (mean = 0.18), andcientific instruments (mean =
0.18)3! These industry controls aim to account for twotidis effects. First, it is possible that the
underlying timing of licensing differs significagtlaccording to industry sector. Consequently, in ou
main regressions, we stratify our results by ingusecond, it is likely that the impact of patent
allowance differs significantly according to indyssector. For example, while patents may be radjti
unimportant in the software industry (where prodigctefficiency is quite important and copyright
protection may serve as a substitute for patenteption (Lerner and Zhu, forthcoming; Graham and
Mowery, 2003; Graham and Somaya, 2006), patents lisedy more salient in areas such as
biotechnology (where the product lifecycle is leapid and where achieving effective tacit knowledge
transfer may be particularly important). We, theref investigate whether the sensitivity of therising
hazard rate to patent allowance differs signifigaatross different industry settings.

We also incorporate several patent characterigtidhe analysis. Most of these measures are

simply the standard measures from the Hall, e{H)T, 2001) NBER data file: patent claims, patent

31 The industry coverage is distinct from the geobyagummies. Each of the industries is represemteshch of the
geographic regions (Silicon Valley, Route 128, Gknaand other), and the only significant pairwiserelation
between the industry and geography measures isitivgocorrelation betweeRoute 128 andsoftware (p = 0.20).
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classes, patent citations made, backward citatigndnd originality Patent claims is simply the number
of claims allowed by the examiner (mean = 20.84jijeypatent classes is the humber of distinct primary
three digit patent classes to which the patenssgyaed (this measure ranges from 0-9; mean =.1290)
additional three HJT patent characteristics expluit citations made in each patent to the prioergat
record.Patent citations made is equal to the number of “backward” citationspidor patents (mean =
11.17). Patent backward citation lag is the number of years between tbeent grant date and the
average grant year of those cited patents (meah6), /andpatent originality measures the diversity of
cited references, based on the degree to which mferences are drawn from different patent cksse
Similar to a traditional Herfindahl index (wheraginality = 1 if all cited patents are drawn fronsiagle
category, and originality goes to zero as the siiam all patent classes goes to zero), the mean of
originality = 0.43. As well, we include the numbefr non-patent references to the scientific literatu
(science references, mean = 7.56) and the number of non-patent, n@msfic referencesnpn-science
references, mean = 2.40).

These patent characteristics may be informativeutatiee incentives for pre-allowance versus
post-allowance licensing, such as the importanqgaaductive efficiency, the level of tacit knowlexjgr
patent scope, and so may influence the baselirerdhaate of licensing, or mediate the salienceabémt
allowance itself. Of course, the interpretation ezfich measure is subtle (HJT, 2001; Lanjouw and
Schankerman, 2004Patent citations made may indicate a higher level of technological coexiily (and
therefore a higher level of tacit knowledge disalesfor effective commercialization), or alterngiteh
high level of this variable may be associated wsitinificant uncertainty over the ultimate (enforolea
scope of a patent, since patent rights are morertaic in the presence of a patent thicket (Shagno1;
Ziedonis, 2004; Lemley and Shapiro, 2005). Simjlakvhile a higher level opatent claims, patent
classes, or patent originality indicates a higher level of technological comgiexand the likely
importance of tacit knowledge, these measures nhsy lae associated with increased patent scope
(Lanjouw and Schankerman, 2001). While some autagse thascience references (and perhapson-
science references) indicate a higher degree of transparency forrasention (Fleming and Sorenson,

2004), Lowe (2004) suggests that patents includongnce references are more likely to require a high

% We exclude the HJT measure fofward citations (i.e., the number of times a patent is cited bysegbent
patents), as we are concerned that licensing itstilfences the subsequence diffusion and cumdatihpact of a
technology (resulting in endogeneity). Our qualtesults are unaffected by the inclusion offtigvard citations
measure. Also, for a small set of observations t{p699 patent grants), the HJT characteristics @aga not
available through the NBER database. We construtiedHJT measures for these observations, and eteck
whether our results are sensitive to their inclusar exclusion. All qualitative results remain teame. For
comparability, we code any “missing” data as a tamts and include a dummy variable denoting that HIT
measures are missing for that observation.
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level of tacit knowledge transfer for effective amercializatior®® Finally, building on the arguments of
Narin (1994) and Markewicz (2005), smaller valuégpatent backward citation lag may be consistent
with a business environment characterized by deafinological cycle times, which in turn should be
related to the importance of the productive efficie motive for technology trade (and so increage th
incentives for pre-allowance licensing). As wellxtending Lowe’s (2004) argument relating
technological recency to tacit knowledge suggdsés & longermatent backward citation lag may be
related to smaller amounts of tacit knowledge, ess lof the focal knowledge may be novel. Taken
together, these patent characteristics have a exmplationship with the incentives for licensing a
different points in time, and we are, accordinglgutious in our interpretation of each of thesesusss,

in terms of their impact on licensing behavior.

Table 1B provides a tabulation of tpatent allowance lag andlicensing lag by industry. While
electronics and scientific instruments are associated with a relatively shpetent allowance lag (27
months), average allowance lags are much longbrotechnology (38 months). Interestingly, while the
licensing lag is also longest biotechnology, software is associated with the shortest licensing lag (40
months). Whereas the patent delay is shortesteieldatronics industry, this industry is associated with
the second longest licensing lag. This variatiomath patent allowance lag andlicensing lag leads to
significant cross-industry variation in the shafelicenses realized after patent allowance. Whibstp
allowance licensing occurs more than 80% of theetimelectronics, less than two-third o$oftware
industry licenses occur prior to tpatent allowance date. This preliminary evidence suggests that patents
may indeed play different roles in different sest@valuating these claims systematically requaresre

systematic analysis of hopatent allowance date (or patent grant date) shifts the licensing hazard rate.

5. The Empirical Framework

Our objective is to identify the causal impactpafent allowance date (or patent grant date) on
the timing of licensing behavior. The heart of @mpirical strategy is to exploit the significant @ncal
variation in patent allowance and licensing lag®s® technologies, and the timing of licensingtretato
patent allowance. For each technology, we strucheelataset into monthly observations fromphtent
application date, and defineLicense; equal to O for the period prior to the end of tleensing lag, and
equal to 1 for the month in which theensing lag ends (resulting in a unique absorbing event regylti
from the first license). We also define a time-wagyregressorPost-Patent;;, which is equal to O for

months after theatent application date but prior to thepatent allowance date, and is equal to 1 for all

% At least in part, this difference in perspectivaymarise because Lowe’s sample specifically conspdiféerent
patents arising from academic research, while Fignaind Sorenson evaluate patents with origins énpiftivate
sector.
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months after thepatent allowance date. Since we observe a pre-patent and post-pateittdpfar each
technology in our sample (and it is possible th@grsing occurs prior to the post-patent periody, o
empirical objective is analogous to the estimatbrihe “treatment effect” opatent allowance date on

the timing of licensing (Abbring and van den Be2§03). We begin by discussing the details of our
empirical specification for identifying this parateg our approach to testing for the key hypotheaed
the impact of our sample selection criteria onititerpretation of the estimates.

Our analysis focuses on results using a Cox prmpait hazard rate model with time-varying
regressors. The Cox model is specified in termsa afontinuous time hazard rate function, which
incorporates a non-parametric baseline hazard aaig,a multiplicative term that allows regressars t
have a proportional impact relative to the basetiagard rate (Lancaster, 1990; van den Berg, 2001).
We allow for stratification by industry (since tlowerall licensing pattern differ significantly asso
industries), and include detailed controls for dastshifting the hazard rate function. Lettimg.e equal

the hazard rate dfcense changing from 0 to 1, we specify the basic Cox midtle

hiicense (t, POST PATENTJi Z F h' L Dex{)ﬁo +B,Zi + Boost parent POST PATEN}T )

wherel subscripts each industrial sector, ahohcludes firm, location, and patent charactersstidnder
the assumption that (2) is the true mogbhst patentCan be interpreted as the impacpatent allowance
date on thelicensing hazard rate. The identification of this parametdies on variation in theatent
allowance lag - if all technologies experienced tkame patent allowance lag, we would not be able to
disentangle the impact patent allowance date from the baseline hazard rate. However, the piaiiciotr

unobserved heterogeneity poses a challenge tdfydegtSeost PATENT Y

hiicenee (1 POST PATENTi',l Z F h' Eex{)ﬁo + B2 2 + Brost parent POST PATENTF Vi} ©)

wherev; is drawn from a distributiori(v), but is unobservable to the econometrician.

The presence of unobserved heterogeneity can rasuliias if v is correlated with the
observables, in particular POST PATENT. For examggehnologies with longatent allowance lags
may tend to have low realizationsef In other words, rather thancausal impact of patent allowance
date on thelicensing hazard rate, there may simply be a spurious @tioel between the length of the
patent allowance lag and the length of the licam&ig. However, as emphasized by Abbring and van de

Berg (2003, 2004), the presence of unobserved dgseeity does not necessarily undermine the

% Duration analysis is a vast topic; we focus onfytbe distinctive issues arising in this empirisatting. For a
general introduction, see Lancaster (1990), vanRkrg (2001), and Wooldridge (2003).
% More precisely the hazard rate is the instantamgwabability of the failure event atconditional on survival

until that point: hlicenser = IAimO%Pr(t < Licensing Lag, <t+A)|Licensing Lag, =t)

% The treatment of unobserved heterogeneity in tramodels is a well-studied and still active atiea
econometrics and labor economics. See, among m#mysp Heckman and Singer (1984), Han and Hausman
(1988), Lancaster (1990), Heckman and Taber (198%),van den Berg (2001).
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identification of the impact of a “treatment effe¢in this case Srost pateny- Whereas the value of
impacts the hazard rate in all periods, POST PATENIy impacts the hazard rate after {bedent
allowance date.*’ To exploit this insight, we take advantage oflatieely unique feature of our dataset —
namely, that we observgatent allowance lag for all technologies, even those who “fail” (i.&cense)
prior to thepatent allowance date. As such, we can simply inclughatent allowance lag as a regressor in
the hazard function (i.e., as an elementZdf In other words, we directly control for the oatr
correlation betweepatent allowance lag andlicensing lag, and focus on whether there istange in the

hazard rate after thgatent allowance date:*®

hcanee (t, POST PATENT’I Z ¥ H ()0 ex%ﬁ) +B,Z + Bosrenmac PATENT LAG By pareny POST PATEN-TI'I/i} 3)

As long aspost patent is conditionally independent o#; (i.e., conditional on stratification by industij,
andpatent allowance lag), the Cox regression coefficient #host parentCan be interpreted as the impact
of patent allowance date on the hazard rate dfcensing.®* In addition to providing a test for our first
hypothesis, this framework can be adapted to etaluar supplementary hypotheses as well.

First, to evaluate whether licensing is “clustergdimediately after the patent allowance date, we
define a set of “window” variablegr(e patent allowance (k,I) andpost patent allowance (k,1)), equal to 1

from k tol months prior to (or after) thgatent allowance date, and 0 otherwise:

ﬁ) +,Bzz| +:BPATENT|_/.\9PATENT LAGi + Zl//PRE_kJ PRE PATEN-"( I D
k|

N e (t, POSTPATENT! |,Z )=h ¢)CeX (&)

+Z(,l/m_k,| POST PATENTK |, )+V;

k)l
In other words, we define a set of time-varying sugas which will allow us to estimate coefficiemts
evaluate how the hazard rate is changing during fimtervals as thpatent allowance date approaches
and during time intervals after patent allowance tecurred. According to the theory, there shoelchd
effect (or, at most, a modest effect as informat#heing revealedrior to the patent allowance date,

followed by an enhancditensing hazard rate, attenuating over time.

37 Whereas the overall treatment of unobserved hgémeity in duration analysis is relatively matutbe
identification of treatment effects using time-viagy regressors in duration models is more receatametric
models include Card and Sullivan (1988) and Lillaadd Panis (1996), and recent examples emphasizing
nonparametric identification include Abbring andnden Berg (2003, 2004).

% The inclusion ofpatent lag as a linear term is arbitrary; in Appendix A, imetspirit of a control function
approach, we experiment with nonlinear specificatiof patent allowance lag in the hazard rate function (van den
Berg, 2004). As well, since the “time to treatmeist"usually unobserved for those who experiencexnevent
prior to treatment, the use of shared frailty medehs become a popular approach to account forsemodxd
heterogeneity in a straightforward fashion. Appgmlipresents a model including a shared frailtyapagter, where
technologies are grouped into p&ent allowance lag categories. The qualitative results are unchanged.

% This assumption is similar to the strict exogena&sumption discussed in Wooldridge (2003). Abbeng van
den Berg (2003) provide general identification dtods, and emphasize the importance of conditional
independence through their discussion and assumetitho anticipation of treatment.”
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Second, we introduce several interaction terms &etwost patent allowance and measures of

the strategic and technological environment. Tedowe de-mean each element of our control vegtor

(i.e., calculateZ ) to formulate the following hazard model:

Nicnee (1, POST PATENT.I Z 3H (et + A2+ ArmramucPATENT LAG, * fosrpuredPOST PATENT
icane by : + B zPOST PATENTLE, ~Z v

This specification allows us to estimate the ovenapact of patent grant date onlicensing and how this
changes with changes in the underlying economiategfic, and technical environment.

Third, it is possible to incorporate multiple tirmarying regressors and to distinguish whether the
key “shock” to thelicensing hazard rate results from tipatent allowance date or from the subsequent

formal patent grant date, as follows:

B+ B,Z + BosrenriacPATENT LAG, + Bogsr pardPOST PATENT ALLOWANCE

ALLOWANCE

t,POST PATENT,| Z ¥H
ez NT.H 2 FH (e +Boost oarenPOST PATENT GRANT+V
GRANT

Finally, it is important to recall that the anaky$s conditioned on the sample selection critefia o
focusing on a set of technologies which receiveemat and are ultimately licensed. While our
specification provides an estimate of the impactef patent system on this sample, it is likelyt thar
estimates overstate the overall impact of the patgstem on the market for ideas. Specificallythe
extent that some innovators never seek licenseshéir technology (either before or after the paten
allowance), the “population” impact of patent alkmwee will be equal t@-ost patent multiplied by the
share of innovators seeking to license their teldgyo In the conclusion, we discuss the counteufact

estimate of the population impact of patent granth® market for ideas in more detail.

6. Empirical Results

We are now ready to examine the hazard rate redidtde 2 presents our baseline Cox hazard
regression results based on monthly data. In thdstle following empirical tables, we present bibt&
estimated coefficients as well as the implied hdzatios (which should be read relative to oneicsithe
latter makes the estimated size effects more apparbe “failure” event in these regressions is filst
instance of patent licensing. The first specifimati(2-1), examines the impact of a post-allowagretent
(without additional controls) on the hazard of fisang. The estimate is significant at the 1% |gadl
estimates are based on robust standard errorgdergdsat the firm level), and implies that patent

allowance is associated with more than a 200% aserén the underlying hazard r&teThe second

“0 All of the central qualitative findings are robustthe use of thpatent allowance date or thepatent grant date as
the key measure of timing. We use gatent allowance date as the results are more consistent (in termseof/étue
of the estimated coefficients) across a wider rasfgmntrol structures.
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column of Table 2 adds the regrespatent allowance lag, which controls for the underlying correlation
between the pendency from patent application tnahce and licensing speed. This specification also
allows each industry to have its own baseline lthianction (as an industry-stratified hazard modeiji
includes fixed effects for each patent applicaty@ar. By allowing the industry hazard rate and the
impact of patent application year to be freelyreated, oupost patent allowance estimate is identified
from within-industry variation of patent “cohort$."By controlling directly for the spurious correlati
between patent allowance lags and licensing lagehgps because of some unobserved feature of the
technology), and controlling for unobserved hetermgty through stratification and application year
fixed effects, we expect the absolute size ofpb® patent allowance coefficient to decline. Indeed, the
size of the coefficient is reduced relative to §2+iowever, the estimated coefficient remains laagd
statistically significant (the notice of allowancereases the hazard rate by just under 70%). Als tive
coefficient onpatent allowance lag is negative and highly significant, suggestingt tltenger patent
allowance times are indeed correlated with longeenking lags. Together, these results suggest that
while unobserved factors shaping the timing ofrgiag and patent allowance lags are importantnpate
allowance itself has an independent causal impathe market for ided$.In the final specification in
Table 2, we add one additional regressmst patent grant. This allows us to examine whether the
additional event of actually receiving the paterastng changes the hazard of licensing, above andrigey
the patent allowance event. It does not. Tost patent allowance coefficient remains large and
significant, with an implied 80% boost in the lisimy hazard relative to the baseline. Overall, éhes
results suggest that, for the sample of technoogiensidered here, the probability of licensing is
significantly enhanced when uncertainty surroundorgral IP rights is reduced; moreover, the keynéve
is associated with the reduction in uncertaintg datent allowance date) rather than the grantpatee.
Table 3 examines whether this core finding is rolbmshe inclusion of different types of control
variables. Each specification continues to inclad@mplete set of patent application year fixeec,
industry-level stratification, and a control fostent allowance lag. We begin with firm characteristics. In
(3-1), we include the three location variablesof@lhg us to explore whether licensing is associatitd

a different rhythm in technologically “networkedbdales such as Silicon Valley and Route 128

“1 By allowing for stratification, we cannot sepahatielentify industry-specific fixed effects.

2 Appendix A includes a number of additional spexifions exploring this baseline result in furthetadl. In the
spirit of a control function approach, (A-1) and-PAinclude alternative functional forms for thedtment of the
patent allowance lag (including the inverse (A-1) and the inclusion tbe inverse, level and square mdtent
allowance lag (A-2)). In (A-3), we allow for “shared frailty” aomg technologies with similgratent allowance lags
(we allow for 13 separate groupings based on sirtmallowance lag windows and assume a gammalulisin),
and in (A-4), we experiment with a specific functé form (Weibull) for the baseline hazard rateehch of these
alternative specifications, the estimated coeffiti®n post patent allowance remains large and statistically
significant; indeed, the estimated impact pmist patent allowance is actually higher for each these alternative
assumptions and control structures than the caoexffis reported in Table 2.
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(Saxenian, 1994)). (3-2) includes bdihm age and VC funded (thereby controlling for firm maturity,
access to financial resources, and the potentiadoess to the VC network). While none of theggrob
variables is individually significant (or even eséited to have a large impact), the underlying aizm
significance (at the 5% level) of thmost patent allowance coefficient persists. We then include the
complete set of measured patent characteristi¢3®) and, finally, include all control variables (3-4).

In both of these specifications (as well as theitaéhl robustness checks we discuss below), the
coefficient onpost patent allowance is remarkably stable, both in terms of economid atatistical
significance. In addition, two of the patent chaeastic control variables are associated with ange in
the baseline hazard rate. A longatent backward citation lag is associated with a significant increase in
the expected length of the licensing lag: a onedstad deviation increase patent backward citation lag

is associated with more than a 25% reduction irlidemsing hazard rate. This finding is consistsith

the interpretations of Narin (1994) and Markewi2@@5), who suggest that higher backward citatigs la
may be associated with longer technology cycle gim€onsequently, productive efficiency
considerations may not be as important and firmg meest in less intensive search, and so the dazar
rate will be lower. The coefficient oscience references is also significant and positive (though the
estimated magnitude is relatively small), consisteith the perspective of Fleming and Sorenson 4200
who suggest that patents associated wsiilence references have a higher degree of technological
transparency (and thus would be associated witesa tomplex licensing proceé¥)Overall, these
patterns hold across a wide range of control sirastand robustness cheéks.

We now turn to our second hypothesis, and examimgthver licensing behavior is “clustered” in
the period immediately following patent allowand@ do so, we estimate an industry-stratified model
with application-year specific fixed effects (siamlto (2-3)). In place of theost patent allowance
dummy variable, we estimate 8 mutually exclusiventhy variables covering the following time
windows: greater than 12 months prior to paterivadince (normalized to 1.0), 12 to 8 months prior to

patent allowance, 7 to 4 months prior to paterdvadince, 3 months to patent allowance month, 1 to 4

3 Both of these results are in contrast to the matspe emphasized by Lowe (2004), who suggests‘thaency”
and “science” would be associated with a highereegf tacit knowledge, and thus a reduction inlibensing
hazard rate. As we discussed earlier, this difiseemay be due to the fact that Lowe’s analysis $esuon
technologies which are developed in a universitytext.

“4 Among other approaches, we experimented with measof the “importance” of the technology, incluglithe
use of the number dbrward citations to each patent. Since this measure may be endoggpatents that are
licensed earlier may ultimately receive a highember of forward citations), we do not include iteditly in Table
3. However, the results are essentially identicakmvit is included (and thiorward citations measure itself is
insignificant). As well, the results are robustthe following sub-samples of the data: start-upd #ire “young”
(below the median age in the sample), the “earbftiart of patent applications (before 1996), the€'lacohort of
patent applications (after 1990), using a time windhat takes into account a patent “pre-announo&nedfect
(broadening the patent allowance date to inclueefdlir months prior to the actual allowance daey excluding
the six patents in our sample that have undergtigation (with a finding in thd-ederal Register).
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months after patent allowance, 5 to 8 months gisent allowance, 9 to 12 months after patent
allowance, and greater than 12 months after palowance® Our results are presented in Figure 3. In
the eight months prior to the patent allowance datieich are estimated using two four month time
window dummies), there is a slight (statisticalhgignificant) increase in the licensing hazard.rate
contrast, during the two four month windows jugeapatent allowance, there is a dramatic spikidnén
licensing hazard (the hazard rate jumps more tiB@8&6lduring these two periods). Thereatfter, the tibhza
rate once again declines, stabilizing at a levebmbroximately 1.25 (relative to the baseline hdkar
These effects are not simply a qualitative patteshthey are precisely estimated. For examples it i
possible to reject the null hypothesis that thefament in the four months just after the patelbwance
date is equal to earlier window coefficients. Thessults offer a significant refinement on our iearl
analysis: not only does patent allowance have mgeent impact on the licensing hazard, but theceffe
also seems to be most salient in the period jtst #fe patent allowance itself. Abbring and van Berg
(2003) suggest that a key piece of evidence fofdaasal” impact of treatment (as opposed to aispar
correlation between the timing of patent allowafice, a “treatment”) and “failure” (i.e., liceng})) is
whether the hazard rate increases significantlyha period immediately after the treatment (but not
before). The pattern in Figure 3 accords preciségth the intuition, suggesting a causal influende o
patent allowance on the hazard rate of licensing.

Finally, we examine key interaction effects betweest patent allowance and patent and firm

characteristics. While the interaction effects wikdustry dummies are modeled as direct interaction
effects (i.e.,Post Patent AIIowance} (Industry; ), the remainder of the interaction effects arersef as

an interaction betweepost patent allowance and deviations from the sample means for each umeas
(i.e.,. Post Patent Allowance|[(Z, —Z)). As such, the coefficient opost patent allowance (or post

patent allowance * industry) can be interpreted as the effect when each dhtkeaction measures are set
equal to their sample means. As before, each rgigress stratified by industry, with patent apptioa
year fixed effects, and the reported standard ®aoe robust and clustered by firm.

The first column of Table 4 examines the complett of post patent allowance * industry
interaction effects together with the regrespatent allowance lag. While the effect ofpost patent
allowance is positive in all industries, patent allowances l@asignificant impact in the electronics and
biotechnology industries, no statistically sigradint impact on licensing behavior in scientific mashents
and only a negligible and noisy positive coefficiem the software industry. This pattern is coresist

with key differences between these industries.ittelshnology, patent protection is extremely impaott

“5 Because these time window dummies are exhaustierautually exclusive, we cannot separately estntlae
impact ofpost patent allowance per se but can only identify the changes durirghed the periods leading up to and
after thepatent allowance date.
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and long regulatory lags may make productive efficiy concerns less important. Conversely, in the
software industry, technology cycle times are veapid, copyright protection offers a substitute
mechanism for protecting IP in the context of lisiey negotiations, and software patents themselves
may be of uneven quality (Hall and MacGarvie, 2006)

The second column investigates interaction effbetsveen patent allowance and firm location,
age, and funding. The only significant interacti@ms with the Silicon Valley and Route 128 location
dummies. While the direct effect of being locatedsilicon Valley is an increase in the licensingdra
rate, patent allowance itself plays a much moreethutle for Silicon Valley companies (and companies
in the Route 128 area). Though there may be seesyahnations for this finding (e.g., the types of
technologies developed in these high-technologys i@y be different), these results are consistéht w
the hypothesis that the impact furmal intellectual property may be reduced in highly ratved
environment such as Silicon Valley. In environmenteere licensees may be protecting their reputation
in the market for ideas (and so forego expropnmgtiand brokers actively seek to facilitate thertising
process, the impact of formal institutions suclpatent allowance may be reduced. In (4-3), we exami
interactions between patent characteristicspmstpatent allowance. In addition to the significant effects
of patent backward citation lag and science references (as in Table 3), the specification including
interactions includes the significant effectpatent classes. While the direct effect opatent classes is
positive, the interaction betwegatent classes and post patent allowance is negative. Though we are
cautious in our interpretation (several of the patdaracteristic measures are correlated with etiar),
the findings regarding thpatent classes measure is consistent with the hypothesis thatn@ogies
associated with a greater number of patent classgs be of interest to a wider range of potential
licensees (accelerating the search process), huthbenforceability of patents with coverage across a
wider number of classes is more uncertain. In otherds, the impact of patent allowance may be
reduced for technologies subject to higher levelmarket and legal uncertainty after patent allogearit
is useful to note that the coefficient patent allowance lag * post patent allowance is very small and
insignificant, and so the impact of patent allonadoes not seem to depend on the length of thatpate
allowance lag. The final specification includes dtent and firm characteristics, and a completefke
interaction effects. While several of the coeffitieare noisier, the overall pattern of resultsaiest the
impact of patent allowance is highest for &wctronic equipment industry, and is lower for firms located

in Silicon Valley and technologies that cover aavitange of patent class®s.

“% In unreported specifications, we also experimentiti whether the impact of patent allowance islitshanging

over time by examiningnteraction effects betweepost patent allowance andapplication year. The coefficient on
the main effect ofpost patent allowance remains essentially identical, while the coeffiti@ssociated with the
interaction effect is small and is never significaoross any of the specifications we examined.af§e explored
whether the impact of patent allowance is changwer time differentially for different industrieg.§., the impact

28



7. Conclusions

This paper considers the impact of delays in ttatgng of IP on the market for ideas. To the
extent that patent allowance mitigates uncertaiegyarding the scope of IP protection, delays inlvésg
that uncertainty may delay cooperative commeraéilim agreements. Our findings suggest that patent
allowance substantially increases the hazard rageltieving a licensing agreement, and this effect
most pronounced in the time period immediatelycfelhg the patent allowance event. Moreover, the
overall rate of licensing and the importance ofepaituncertainty resolution on the licensing hazatd
are associated with measures of the strategic rastduiional environment in which firms operate.r Fo
technologies where productive efficiency effects mnportant, the overall rate of licensing is ragtdr
technologies with alternative IP rights availabkugh as copyright), or firms in locations where
information brokers and reputational mechanisms beymportant (such as Silicon Valley), the impact
of patent allowance on the licensing hazard ratedsced.

Our findings provide evidence for frictions in thearket for ideas. Such frictions might arise
from asymmetric information, search costs, or thallenges associated with transferring tacit kndgée
from start-up innovators to potential licensees.il@/prior research suggested the role of formainlP
enabling the markets for ideas, the evidence ptededmere offers the first direct evidence that gtev
sector innovators are causally influenced by theeipg of IP rights.Patent allowance reduces the
uncertainty surrounding the scope of patent riglasd so reduces (though does not eliminate)
imperfections in the market for ideas. It is usafutonsider what our estimates imply about theall/e
impact of the patent system on the ability of stgrtinnovators to access the market for ideas. The
estimates imply that, among a sample of start-npvators who ultimately reach a licensing agreement
the impact of patent allowance is associated wif0% increase in the hazard rate of licen$ingf
course, many start-up innovators do not seek fonmtellectual property protection, and, of thosatitio,
many choose independent commercialization ovensicgy. These decisions depend on the efficiency of
the patent system and the salience of frictiorthénmarket for ideas. Hsu (2006), using a broaihyiar
approach for identifying start-up innovators andareining a dataset of over 1,100 technology

entrepreneurs, finds that 42% of start-up innowteceive at least one patent, and 15% of thoswes fir

of patent allowance may be increasing in the safwadustry due to increased strength and use tehfmin that
sector). No significant trends were identified. &y, we experimented with whether there was a gkaim the
impact of patent allowance after the 1995 patenmbaization reforms (which dated patent terms fiapplication
rather than grant date). Unfortunately, we onlyewlzs 29 licenses with patent application datesr dff95; the
coefficient on this effect is very noisy (the sigmd magnitude vary depending on the specification).

*" To put this in perspective, using the estimatesnfthe parametric failure time model estimatedAr4}, our
estimates imply that, for those firms that use ghéent system to achieve a licensing agreemergnpatiowance
delay results in more than an 18-month averageydelachieving a licensing agreement.
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commercialize through a cooperative agreement. €fbiex, while themarginal impact of patent
allowance is quite significant (resulting in a gharcrease in the licensing hazard rate for thepsauof
licensors) the overall start-up licensing rate @&dest. In part because of the probabilistic nadfifgatent
rights (and inefficiencies associated with allowardelays), many start-up innovators commercialize
innovations independently rather than through coatgn with more established firms, though the
reduction of uncertainty within the patent systerovpes a significant boost to the ability to acleiea
cooperative commercialization outcome.

The analysis highlights the value of grappling wtitle operational details of the patent system.
The recent availability of electronic “file wrapgérfor patent applications allowed us to focus loa key
date associated with the reduction in uncertainpgtent allowance. We conjecture that additionsilimt
could be gleaned through examination of how thepteta set of administrative milestones associated
with patent prosecution (first notice, intermedieggection letters, continuances, etc) impactsgttosvth
and evolution of start-up technology entreprenefuosn their ability to raise financial capital, r@tt key
personnel, and in their choice of commercializastiategy. Among other issues, it would be inténgst
to identify the types of technologies or compaitheg are able to achieve cooperative commerciaizat
outcomes in the absence of patent allowance. Fampbe, how are some firms able to realize effective
license agreements (or even alliance arrangemuitish the scope and extent of intellectual property
protection is still at a high level of uncertainty?

More generally, our analysis highlights the strateyadeoff innovators face between the
protection of their ideas and the pursuit of anedfffe commercialization strategy. While
commercialization would often be enhanced by proepd pervasive disclosure (perhaps including
publications in scientific journals, participatiom standards-setting bodies, etc.), establishimgeption
against expropriation often requires delay and stawel of secrecy. Given that the market for idisas
imperfect, the disclosure strategy of the firm bmeee crucial. A recent literature has begun to e®plo
these issues, ranging from choices over when tdighubr not in the scientific and technical litens,
when to patent or not, and when to protect knowdetigough tacit means or outright secrecy (e.goy@\r
et al., 2001; Gans and Stern, 2003; Murray, 200@e@an and Kogut, 2003). While this work begins t
unpack some of the tradeoffs arising from disclesamd the use of an (imperfect) intellectual prgper
and litigation system, we leave the formulatioraofoptimal disclosure strategy across the full eaoig

strategic and institutional environments as an @pesstion.
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Figure 1: Timing Lag Distributions

Figure 1A. Distribution of Patent Allowance Lag
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Figure 2: Distribution of Difference between Patdibwance and Licensing Dates
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Table 1A

Variable Definitions, M eans, and Standard Deviations

VARIABLE | DEFINITION | MEAN | SD

Timing Measures

Patent application date Date of patent application 1991.16 3.96

Patent allowance date Date of USPTO notice of patent allowance 1993.8§ 943.

Patent grant date Date of USPTO notice of patent grant 1994.40 3.89

Licensing date Date of patent licensing 1994.95 3.47

Licensing lag Licensing date — Patent application date (in 44.54 26.46
months)

Post patent allowance Dummy = 1 ifLicensing date > Patent allowance 0.73 0.45
date

Post patent grant Dummy = 1 ifLicensing date > Patent grant date 0.58 0.50

Patent allowance lag Months between patent allowance and patent 32.58 20.18
application

Post-allowance Months between patent allowance and patent grant79 6. 2.81

administrative lag

Patent Characteristics

Patent claims # of claims made in the patent 20.84 19.70

Patent citations made # of patent citations referenced in the patent A1.1 11.48

Patent classes # of 3-digit classes to which the patent is assigng 1.90 1.07

Patent backward citation | # of years between patent grant and the average| 7.54 4.32

lag grant year of backward citations

Patent originality 1 — Herfindahl of referenced patent classes (based.43 0.27
on backward patent citations)

Science references # of non-patent references made in the patentto ti7.56 16.75
scientific literature

Non-science references # of non-patent references made in the patenito|t2.40 5.44
non-scientific literature

Firm Characteristics

Firmage Age of the firm in years 6.03 6.68

VC funded Dummy = 1 if firm is funded by venture capital 0.48 0.50

Slicon Valley Dummy = 1 if firm is located in Silicon Valley 0.21 0.41

Route 128 Dummy = 1 if firm is located in Boston region 0.12 0.33

Canada Dummy = 1 if the firm is located in Canada 0.18 8.3

* These data (with the exception of the last tw&) faom Hall, Jaffe, and Trajtenberg (2001).

Table1B
Means of Timing Measures by Industry Sector

Biotechnology Electronics Software . Instruments
# observations 82 44 35 37
Patent allowance 38.34 27.32 31.51 27.05
lag (21.66) (18.03) (12.67) (22.17)
Licensing lag 48.61 43.86 39.91 40.70
(28.51) (26.33) (19.59) (27.16)
Post patent 0.70 0.80 0.66 0.78
allowance (0.46) (0.41) (0.48) (0.42)
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Table2
Baseline Cox Hazards
Dependent Variable = LICENSE
(Robust standard errorsare clustered by firm)

N = 8045
Independent Var. (2-1) (2-2) (2-3)
Haz. Ratio Coef. Haz. Ratio Coef. Haz. Ratio Coef.
Post patent allowance 3.241%** 1.176*** 1.695** 0.528** 1.815** 0.596**
(0.626) (0.193) (0.453)  (0.267) (0.476) (0.262)
Patent allowance lag 0.978***  -0.022*** 0.976**  -0.025***
(0.005)  (0.005) (0.006) (0.006)
Post patent grant 0.793 -0.231
(0.198) (0.250)
Patent App. Yr. FE Yes Yes
Biotechnology
Electrical equipment hazard rate stratified by hazard rate stratified by
Software industry industry
Log likelihood -834.170 -537.620 -537.698

** and *** indicate statistical significance at tif%6 or 1% level, respectively.
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Table 3

Baseline Industry-Stratified Cox Hazardswith Controls

Dependent Variable = LICENSE

(Robust standard errors are clustered by firm)

N = 8045
Independent Var. (31 (3-2) (3-3) (3-9)
Haz. Ratio Coef. Haz. Ratio Coef. Haz. Ratio Coef.| Haz. Ratio Coef.
Post patent allowance 1.690** 0.524** 1.695** 0.528** 1.757** 0.564** 1.757** 0.563**
(0.451) (0.267) (0.453) (0.267) (0.492) (0.280) (0.494) (0.281)
Patent allowance lag 0.978*** -0.022*** 0.978*** -0.022%** 0.973*** -0.028*** 0.973*** -0.028***
(0.005) (0.005) (0.005) (0.005) (0.005) (0.006) (0.006) (0.006)
Slicon Valley 1.000 -0.000 0.992 -0.008
(0.224) (0.224) (0.226) (0.228)
Route 128 1.107 0.102 1.069 0.067
(0.251) (0.226) (0.271) (0.253)
Canada 1.056 0.055 1.028 0.028
(0.215) (0.204) (0.230) (0.224)
VC funded 1.068 0.066 1.007 0.007
(0.176) (0.164) (0.190) (0.189)
Firmage 1.001 0.001 1.000 0.000
(0.011) (0.011) (0.011) (0.011)
Patent claims 1.003 0.003 1.002 0.002
(0.003) (0.003) (0.003) (0.003)
Patent classes 1.019 0.019 1.021 0.021
(0.107) (0.105) (0.109) (0.106)
Patent citations made 1.004 0.004 1.004 0.004
(0.008) (0.008) (0.008) (0.008)
Patent backward citation 0.937*** -0.065*** 0.937*** -0.065***
lag (0.023) (0.025) (0.023) (0.025)
Patent originality 1.460 0.379 1.488 0.397
(0.527) (0.361) (0.562) (0.378)
Science references 1.011%** 0.0171%** 1.011* 0.011**
(0.004) (0.004) (0.005) (0.005)
Non-science references 0.996 -0.004 0.996 -0.004
(0.010) (0.010) (0.011) (0.011)
Patent App. Yr. FE Yes Yes Yes Yes
Log likelihood -537.979 -537.978 -527.916 -527.890

** and *** indicates statistical significance atdtb% and 1% levels, respectively.
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Table4

Industry-Stratified Cox Hazards: Industry, Location & Firm Interaction Effects
Dependent Variable = LICENSE
(Robust standard errors are clustered by firm)

N = 8045
Independent Var. (4-1) (4-2) (4-3) (4-4)
Haz. Ratio Coef. Haz. Ratio Coef. Haz. Ratio Coef. Haz. Ratio Coef.
Post patent allowance 1.64* (0.44) 0.50* (0.27 1.72*(0.52) 0.54*(0.30

Patent allowance lag

0.98%* (0.01) -0.02*** (0.01)

0.98%* (0.01) -0.02*** (0.01)

0.97** (0.01) -0.03*** (0.01)

0.97** (0.01) -0.02*** (0.01)

Biotech * post pat. allowance 1.78*(0.61) 0.57*(0.35 1.54 (0.70) 0.43 (0.45
Software * post patent allowance 1.05 (0.50) 0.05 (0.48) 1.29 (0.82) 0.26 (0.63
Electr. equip * post pat. allowance| 2.47* (1.13) 0.91** (0.46 4.19%** (2.22) 1.43***(0.53)
ci. Instrum. * post pat. allowance 1.68 (1.05) 0.52 (0.62) 1.28 (0.85) 0.25(0.67
Slicon Valley 1.89* (0.68) 0.64*(0.36 2.04*(0.81) 0.71*(0.40
Route 128 1.82(0.68) 0.60 (0.37) 1.35(0.63) 0.30 (0.47
Canada 1.48 (0.59) 0.39(0.40) 1.11 (0.45) 0.11 (0.41
VC funded 1.35(0.42) 0.30(0.31) 1.04 (0.39) 0.04 (0.37
Firmage 1.01(0.02) 0.01(0.02) 1.02 (0.02) 0.02 (0.02
SV * post pat. allowance 0.39** (0.18) -0.94** (0.46 0.41* (0.20) -0.90* (0.48
Rt. 128 * post pat. allow. 0.44* (0.22) -0.81*(0.48 0.75(0.46) -0.28(0.61
Canada * post pat. allowance 0.66 (0.32) -0.41 (0.48) 0.91(0.43) -0.09 (0.47
VC funded * post pat. allowance 0.76 (0.27) -0.28 (0.36) 0.92(0.38) -0.08 (0.42
Firmage* post patent allowance 0.99 (0.02) -0.01 (0.02) 0.97 (0.03) -0.03(0.03
Patent claims 1.00 (0.01) 0.00 (0.01 1.00 (0.01) 0.00 (0.01
Patent classes 1.23**(0.12) 0.21**(0.10) 1.31***(0.13) 0.27*** (0.10)
Patent citations made 1.00 (0.01) 0.00 (0.01 1.00 (0.01) 0.00 (0.01
Patent backward citation lag 0.86** (0.06) -0.15**(0.07) 0.85**(0.06) -0.16**(0.07
Patent originality 0.71 (0.49) -0.34 (0.69 1.49 (0.56) -0.30 (0.71

Table 4 continues on next page
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Table 4 continues from prior page

Science references 1.01*(0.01) 0.01*(0.01 1.01 (0.01) 0.01 (0.01
Non-science references 1.00 (0.02) 0.00 (0.02 1.00 (0.02) -0.00 (0.02
Pat claims* post pat. allowance 1.00 (0.01) 0.00 (0.0p)  1.00 (0.01) 0.00 (0.01
Pat classes* post pat. allowance 0.69** (0.12) -0.37** (0.17) 0.64**+* (0.11) -0.44***(0.01)
Pat cit. made* post pat. allowance 1.00 (0.02) 0.00 (0.02) 1.00 (0.02) 0.00 (0.02
Pat bkwd cit lag* post pat. allow 1.11 (0.08) 0.10 (0.0f) 1.12(0.08) 0.12 (0.07
Patent orig. * post pat. allowance 2.88 (2.36) 1.06 (0.82) 1.00 (0.01) 1.18 (0.87
Science ref* post pat. allowance 1.00 (0.01) 0.00 (0.0p)  1.01 (0.00) 0.00 (0.01
Non-sci ref* post pat. allowance 0.99 (0.02) -0.01 (0.020) 0.99 (0.03) -0.01 (0.03
Pat allow lag * post pat. allow 1.00 (0.01) 0.00 (0.0p) 1.00 (0.01) 0.00 (0.01
Patent App. Yr. FE Yes Yes Yes Yes

Log likelihood -537.379 -534.559 -522.555 -518.699

*, ** and *** indicates statistical significance #e 10%, 5%, and 1% levels, respectively.
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Appendix A
Robustness to Functional Forms and Estimation M ethods

Dependent Variable = LICENSE

(Robust standard errors are clustered by firm)

N = 8045
Independent Var. (A-1) | (A-2) (A-3) (A-4)
Cox proportional hazard models Shared gamma frailty Cox Weibull-distributed failure time
regression
Haz. Ratio Coef. Haz. Ratio Coef. Haz. Ratio Coef. Coef.
Post patent allowance 3.026** 1.107** 1.751** 0.560** 3.298*** 1.216*+* 0.859**
(0.667) (0.220) (0.474) (0.271) (0.666) (0.202) (0.244)
Inverse of patent allowance 15.059 2.712 1.501 0.406
lag (31.972) (2.123) (4.276) (2.849)
Square of patent allowance 1.000 -0.000
lag (0.000) (0.000)
Patent allowance lag 0.994 -0.006 -0.012%**
(0.021) (0.022) (0.004)
Patent App. Yr. FE Yes Yes Yes Yes
Log likelihood -544.639 -537.594 -799.962 -157.177

** and *** indicates statistical significance atetb% and 1% levels, respectively.
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