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Non-technical summary

A critical endeavor of any entrepreneurial venture is to mobilize the resources necessary to build a
successful company. Entrepreneurs have to convince external resource holders of the growth potential
of their company. Because the quality of a venture is often not directly observable, external parties
have to base their decision on observable attributes that are presumably correlated with the unobserved
quality of the venture. Hence, observable characteristics may serve as signals when the prospects of
young companies are being evaluated. In this paper we examine the role of patents as quality signals

for venture capital (VC) financing.

The analysis is based upon a unique survey dataset of 190 VVC-seeking German and British biotech-
nology companies founded after 1989. We have comprehensive information on the strength of the
companies’ technological capabilities from the survey. Furthermore, we have also identified all patent

applications filed and all patent grants received by these companies at the European Patent Office.

Our empirical analysis demonstrates that companies’ patenting activities have consistent and cogent
effects on the timing of VC financing. Having at least one patent application reduces the time to the
first VC investment by 76%. When we investigate the quality of patents, which we measure with re-
ceived citations, we find that ventures with higher patent quality receive VC faster. This is important
because the citations largely occur after the investment decision has been made, indicating that inves-
tors are well capable of distinguishing between patented inventions of low- and high-quality at an
early stage. Presumably due to the investors’ ability to determine the quality of inventions from the
information in patent applications, the final grant decision shows no additional effect on the time to
VC financing. We also find that opposition events increase the hazard of receiving VC finance. Oppo-

sitions are interpreted as signal for a high commercial potential of the company.

Our results have important implications for the practice of technology management and financing. For
biotechnology ventures as well as for advisors and investors, the findings confirm that patents convey
important information about the company and that they deserve considerable attention in the due dili-
gence process. While preparing a patent application is costly and requires some disclosure of private
information to the public, ventures should not underestimate the signaling value of patents. Patents can

play an important role in the acquisition of funding.



Das Wichtigste in Kiirze

Fur jedes junge Unternehmen ist die Akquise von externen Ressourcen fur die weitere Entwicklung
des Unternehmens von zentraler Bedeutung.. Unternehmer missen Investoren von dem Wachstumspo-
tenzials ihres Unternehmens uberzeugen. Weil die Qualitat eines jungen Unternehmens haufig nicht
direkt beobachtet werden kann, mussen Investoren ihre Finanzierungsentscheidung auf beobachtbare
Eigenschaften basieren, die vermutlich mit der unbeobachtbaren Qualitat des Unternehmens korreliert
sind. Dementsprechend kénnen beobachtbare Eigenschaften als Signale fiir die Bewertung der Aus-
sichten von jungen Unternehmen dienen. In diesem Papier untersuchen wir die Rolle von Patenten als

Qualitatssignale fiir eine Venture Capital-Finanzierung (VC-Finanzierung).

Fur die Analyse werden Umfragedaten zu 190 deutschem und britischen Biotechnologieunternehmen
verwendet, die nach 1989 gegriindet wurden. Die Umfrage enthélt umfassende Information zu den
technologischen Fahigkeiten der Unternehmen. Zusétzlich sind fiir diese Unternehmen alle Patentan-

meldungen und -erteilungen am Europaischen Patentamt identifiziert worden.

Die empirische Analyse zeigt, dass die Patentaktivitdten eines Unternehmens einen signifikanten Ein-
fluss auf den Zeitpunkt der ersten VC-Finanzierung haben. Die Zeit bis zur ersten VC-Finanzierung
verkdrzt sich fur Unternehmen mit mindestens einer Patentanmeldung um 76%. Eine Untersuchung
der Patentqualitat, gemessen durch erhaltene Zitationen, zeigt, dass Unternehmen, die Uber Patente mit
hoherer Qualitét verflgen, schneller VC erhalten. Dieses Ergebnis ist vor allem bemerkenswert, da die
meisten Zitationen erst nach der Investitionsentscheidung erfolgen. Es weist daraufhin, dass Investo-
ren die F&higkeit besitzen, zwischen patentierten Erfindungen niedriger und hoher Qualitét zu einem
friihen Zeitpunkt zu unterscheiden. Die Erteilung eines Patents hat keinen zusétzlichen Einfluss auf
den Zeitpunkt der VC-Finanzierung, vermutlich weil die Investoren die Qualitat der Erfindung auf-
grund der Informationen in der Patentanmeldung bereits gut beurteilen kénnen. Ein Patenteinspruch
hingegen erhéht die Wahrscheinlichkeit einer frihzeitigen VC-Finanzierung, da dies als Signal fur

kommerzielle Verwertbarkeit der Erfindung gewertet wird.

Unsere Ergebnisse haben wichtige Implikationen fur Praktiker. Sie weisen auf einen hohen Informati-
onsgehalt von Patenten und eine groRe Bedeutung von Patenten im ,,Due Diligence*-Prozess von VC-
Gebern. Obwonhl die Vorbereitung einer Patentanmeldung Kosten verursacht und die Offenlegung von
privaten Informationen erfordert, sollten Unternehmer den Signalwert von Patenten fur den Erhalt

einer VC-Finanzierung nicht unterschétzen.
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This paper investigates how patent applications and grants held by new ventures
improve their ability to attract venture capital (VC) financing. We argue that investors are
faced with considerable uncertainty and therefore rely on patents as signals when trying
to assess the prospects of potential portfolio companies. For a sample of VC-seeking
German and British biotechnology companies we have identified all patents filed at the
European Patent Office (EPO). Applying hazard rate analysis, we find that in the
presence of patent applications, VC financing occurs earlier. Our results also show that
VCs pay attention to patent quality, financing those ventures faster which later turn out to
have high-quality patents. Patent oppositions increase the likelihood of receiving VC, but
ultimate grant decisions do not spur VC financing, presumably because they are
anticipated. Our empirical results and interviews with VCs suggest that the process of
patenting generates signals which help to overcome the liabilities of newness faced by
new ventures.
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1. Introduction

A critical endeavor of any entrepreneurial ventisréo mobilize the resources necessary to buildca s
cessful company (Stinchcombe 1965). Entrepreneave ko convince external resource holders of the
growth potential of their company. Because the iquaf a venture is often not directly observald®;
ternal parties have to base their decision on obbé attributes that are correlated with the uaoled
quality of the venture (Stuart et al. 1999). Obabtg characteristics may serve as signals wheprtige
pects of young companies are being evaluated.

We examine the role of patehtss quality signals for VC financing. Patents arevn to help companies
to appropriate returns from investment in R&D, litaie the commercialization of technology (e.gans

et al. 2002, Dechenaux et al. 2008, Haeussler 2808)shorten time to IPO (Stuart et al. 1999). @/hil
some studies have shown a positive impact of thenpastock of high-technology companies on the
amount of VC financing received (e.g., Baum ande®ihan 2004, Mann and Sager 2007, Hsu and Zie-
donis 2008), on VC valuation (Lerner 1994) and lom ltkelihood of attracting a prominent VC investor
(Hsu and Ziedonis 2008), a thorough understandfnghether and how patents support the venture in
attracting VC at all, is still missing.

In this study, we examine how the existence andlityl of patents filed and held by young ventures
influence VC decision making. By analyzing the mfi@ational content of patents, we are able to erplor
the role of the VC's expertise in interpreting sitgf This is an aspect of signaling that has not bae s
ied before, although the effectiveness of the sigganechanism depends crucially on the recipients’
ability to interpret the signal accurately (HeildaRobertson 1991, Ndofor and Levitas 2004). We also
examine the impact of patent examination and oftieas by rivals (opposition) on the VC's funding
decision. The patent system may create signaltadiup quality at various stages of the patentirggp
ess. The role of the different types of “approvateived from the patent office has not been stuitie

earlier work.

! When we refer to patents, we include filed appitzes and patent grants under this term. Referemeéther ap-
plicationsor grants is used when the distinction matters forresults.

2 A definition of the term “signal” follows in sedin 2. We use the term “patents as signals” as d-shad expres-
sion for any signals that may emerge from the gitgiprocess, including the preparation of a paagmiication.



Based on the extant literature, we develop a skypbdtheses and then draw upon a unique survegeatata
of 190 VC-seeking German and British biotechnologypanies founded after 1989. From the survey,
we have comprehensive information on the technetogsed by the startups and on the strength of thei
technological capabilities. Furthermore, we hawe éentified all patent applications filed and @ditent
grants received by these companies at the Eurdpatemt Office (EPO). We use data from the search
reports of EPO patents to compute citation coumdsta identify patents that may lack novelty aneeim

tive step. Following a “pin factory” approach (derenstein et al. 1998), we complement our economet
ric results with information from interviews withGé. The unigue combination of survey data, official
patent records and interviews strengthens theityabél our results.

Our empirical analysis demonstrates that compamiatnting activities have consistent and cogent ef
fects on the timing of VC financing. Having filedl laast one patent application reduces the timthdo
first VC investment by 76%. An increase of the aggilon stock by one standard deviation is assediat
with a 50% increase in the hazard of obtaining \faricing. When we investigate the quality of pagent
which we measure with received citations, we fihdttventures with higher patent quality receive VC
faster. This is important because the citationgdlgr occurafter the investment decision has been made,
indicating that investors are well capable of digtiishing between patented inventions of low- aigti-h
quality at an early stage. Conversely, there iy @rdak evidence that patent indicators generatetthdy
patent examiner (e.g., assessment of the patemity and inventive stépaffect the hazard rate. Due
to the investors’ ability to determine the quabtyinventions from the information in patent apptions,

the final grant decision shows no additional effaetthe time to VC financing. We also find that opip
tion events increase the hazard of receiving V@rfae. Apparently, opposition by competitors is te&e
apositivesignal by VCs. We conclude (and confirm in ouemtews) that VCs prefer to finance endeav-
ors with high commercial potential, where opposisi@re more likely to occur.

Our study seeks to make two main contributionsstFive extend the literature by providing evidence
that signals generated in the patenting procegstbaleduce informational asymmetries in the inmest

entrepreneur relationship. We argue that patergikegts a signaling function which helps to overcome



the constraining effects of ventures’ liabilitisne@wness (Stinchcombe 1965). We document thahpate
ing is important for the general VC investment diexi and that they help firms to attract VC fashen
would be possible without patents. Contrary to p#tedies, we do not simply focus on patents aarkin
signals, but elaborate on the process of patentinghe information content of patents and the align
reading ability of VCs. This allows us to gain misis into the venture’s ability to emit such a sigut
even more importantly, into the ability of the ister to interpret such signals. We find that VGs ea-
pable of detecting high-quality patent applicatitorgy before the assessment is confirmed by ciatay
examination outcomes. This enhances the effectbgeabpatenting as a signal-generating process. Thi
finding extends the literature on the “scout” fuaotof VCs (Baum and Silverman 2004) by demonstrat-
ing that VCs are able to identify valuable techgglovith considerable precision. Furthermore, wal fin
that a patent opposition boosts investors’ inteireshe company. The signal “opposition” may beeint
preted by the investor as evidence that the comjzadgveloping a technology of high commercial ealu
(see Harhoff et al. 2008).

Second, this research adds to the literature oe¢haomic effects of patents. The classical vieyaif
ents asserts that patents foster incentives faviion, but that they do so at the social experisn-
hanced market power and the potential blockingeohmological developments (Heller and Eisenberg
1998). Our results show that patenting also suppwrtentry of entrepreneurial companies. As Hall
(2007) has noted, patents may in this context bestiurce of a favorable welfare contribution, sitieey
encourage innovation and the creation of new imgsstor the emergence of specialization in value
chains. Our research suggests that patents dodmgdestitute an attractive instrument which helpsng
ventures to overcome the liabilities of newness, amdurn, facilitates market entry while at thenea
time providing incentives for innovation.

Our results have important implications for thegtie of technology management and financing. For
biotechnology ventures as well as for advisors iandstors, the findings confirm that patents convey
important information about the company and thaty/tbeserve considerable attention in due diligence

processes. While preparing a patent applicati@ostly and requires some disclosure of privaterinée

% The criterion of “inventive steps” used at the @an Patent Office corresponds to “nonobviousnaessised by
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tion to the public, ventures should not underestntiae signaling value of patents as they helpqua-

ing funding and may also help keeping investorgepatind enthusiastic about the venture.

2. Theoretical Framework

VCs need to make their investment decisions undgladegree of uncertainty. Technology start-ups a
difficult to evaluate since they do not have akreecord which outsiders can use to evaluate pain-

tial, they are often years away from first revenulsir assets are mostly intangible and they &gued

by a high failure rate. These perils have led V@spgend a great deal of effort in seeking and asagps
signals of ventures’ growth potential (Amit et 4090, Hall and Hofer 1993) and have driven entrepre
neurs to undertake symbolic action to gain legitiyngZott and Huy 2007).

The value of signaling lies in reducing informatiagymmetries (Spence 1973) as well as minimizing
information costs (Long 2002). In general, theréitare has identified three broad categories aiafy
that are relevant for technology-based startugmeds of the first type include educational backgbas
well as founder history (Eisenhardt and Schoonhcd&30, Burton et al. 2002, Shane and Stuart 2002).
The second group includes signals in the form toibates of parties affiliated with a person oramiga-
tion (e.g., Stuart et al. 1999). The third categogjudes previous accomplishments of the startup-c
pany. Patent grants and even patent applicatioysbea@onsidered such an accomplishment, signaling a
company’s technical abilities. The value of sigrgdeerated during the patenting process is thatrire
duce information asymmetries between the VC anchéve and unproven company seeking capital and
that they minimize information costs for the finars. Even a patent application which has not en
proved yet by a patent office may constitute susigaal. The preparation of patent applicationsiresg
effort and time, since applicants have to follovicstguidelines and need to include technical infation

in a very structured manner. This allows individutmiliar with the patent application requiremetats
quickly assess the strengths and weaknesses offantion and of the technology employed by the-star
tup. While previous research has extensively ektiedron the first two categories, our study ingedés

whether patents are a meaningful signal in theepréneur-investor relationship.

the USPTO.



Patents as Signals

We define a signal as a characteristic that isetated with company performance, but is easiertto o
serve than the underlying causal factors influemgerformancé.Patents generally fit this definition
well. A patent is a voluntary, readily observabtgilaute of a patentee, which is costly for thegpéte to
obtain (Long 2002). This is particularly true fouBpean patents which are — on average — 5 tavidksti
more expensive than USPTO patents. The indepemsahiation by the patent office may lend credibil-
ity to the patent as a signal; and credibility isemtral element of how well a signal is receivdéi{ and
Robertson 1991). Patents suggest that a compargelatoped its technology to a certain extent aatl t

it has “defined and carved out a market niche” (lsgn2001, 1505). Moreover, patents appear to have a
causal effect — ownership and loss of ownership (e.glitigation) show a strong impact on the stock
market value of companies (e.g., Hall et al. 206/8nce, patents might act as observable indicditibreo
unobservable promise and quality of a venture’srietogy in the presence of uncertainty.

The relevance of patents for companies attemptirgptain financial resources, especially in theirye
stages, has previously been noted in the litergtdages 1999, Lemley 2000). A product that is piepr
tary or can otherwise be protected is an impowratgction criterion for VCs (MacMillan 1985). Hende

can be expected that companies in need of capiliabevinformed about the potentially helpful radé
patents and will try to obtain patents if the cafstloing so is not too high for them.

Before we further discuss the role of the patentiragess for generating quality signals, we negqabtot

to the value of patents as property rights. Patectease appropriability and thus provide incesgitor
innovation. In addition, patents facilitate theelsing of technology (e.g., Gans et al. 2002). Tihey
crease the attractiveness of companies as acqnisiargets (Cockburn and Wagner 2007) and enable
VCs to recover a salvage value from failing companHowever, scholars have also documented that
“patent strength” varies between industries in siinglt in most industries patents are less feattiraed
other means of protecting innovations, such as madeantages or secrecy (Levin et al. 1987).

While a large strand of literature has investigatezitraditional view of patents as a means ofquitoig

intellectual property, Long (2002, 625) notes thettolars have overlooked the informational functbn



patents which “may be more valuable to the riglaigldr than the substance of the rights”. Moreothes,
information that is relevant to a financier may p@t come from the grant event, but from otheratp

of the patenting process. Recently, a few schdlave shed light on some aspects of the role ohfmate
for VC financing. Hsu and Ziedonis (2008) find asjpiwe effect of patents on investors’ estimates of
company value for a sample of VC financed semicotafustartups. They find larger effects for early
funding rounds, where information asymmetry ist@iargest. In addition, patents are particuladiued

by more prominent VC investors. Lerner (1994) alscuments a positive influence of patents on com-
pany valuation. Mann and Sager (2007) investigateetations between the availability of patents and
performance indicators, such as number of finanoingnds, total investment received, exit statug-la
stage financing and longevity. Without taking thmitng of events into account, they generally firabip
tive correlations. However, having a patent betbeefirst instance of VC financing is not signifithy
related to any of the performance variables. Banth@ilverman (2004) examine selection criteria used
by VCs and subsequent company performance. Theyafipositive association between patent applica-
tions at the USPTO and pre-IPO financing definel@ginancing and private placements. Patent grants
also have a positive, but smaller effect than pgatpplications.

The existing literature has largely focused on canigs with VC financing and on subsequent perform-
ance measures such as IPO, company profitabilityeetidence on whether patents play a role inthe i
tial selection decision of VCs is still scarce. @ypotheses focus on the financing decision madeQyy
and on the impact that patent applications, argteigh patent quality and revealed patent qualitye fav
this decision. By distinguishing between anticipag@ality (i.e., quality as revealed later in thxamina-
tion process) and observable, i.e., revealed gualibur estimations, we can draw conclusions alttoeit

signal interpreting capabilities of the VC. Thistitiction will turn out to be important in our rétsu

* We note that this irot the exact notion of “signals” used by Spence (197 Bis pioneering work where perform-
ance need not be correlated with the activity bictvisignalling is achieved.

® While Baum and Silverman do not comment on thigees the use of USPTO data limits the study tdiegiions
that were ultimately granted, since publicationwwsnly at grant. Conversely, our EPO data allswourace un-
successful applications as well as successful whesh became granted patent rights.



The Role of Patent Applications and of Application Quality
Our most basic hypothesis presumes a relationstipeen the existence of a patent application and VC
investment. We suggest:

Hypothesis1: As startups file patent applications, the hazardtéining VC financing in-

creases.

This hypothesis serves as the starting point ofewatuation. The filing of patent applications nsgnal
two aspects: first, that the startup has maturdiicEntly to consider the commercial utilizatiori the
technology it has been working on; and second,ithstwilling to invest in the protection of ite¢hnol-
ogy. Thus, a supportive result of this hypothesisubject to various caveats. A clearer picture may
emerge once the quality of the application is ater&d in more detail. Harhoff et al. (1999), amotigy
ers, have shown that patent value has a very skavibdtion with most granted patents being ofditt
value. Hence, patents might signal that an innowas novel, but not necessarily that it has coneiakr
value. VCs will therefore have to evaluate the géwvwalue of a patent in order to assess the paltest
turn from a venture investment. To do so, VCs Wile to invest in their own signal-reading expertis
(Heil and Robertson 1991) or, alternatively, thegynhire external experts, such as patent attorrieys,
evaluate the legal and technical foundations dffargpatent application. In either case, the paappti-
cation may serve as a reasonably standardized faromtaining technical information on the startup’s
invention. VCs will act as “scouts” in selectingngpanies (Baum and Silverman 2004), and they will be
more likely to make an investment if applicatione anticipated to have high-quality. Thus, we hizget
size:

Hypothesis2: The higher thanticipatedquality of a startup’s patent application, the more

likely the startup is to receive VC financing.

Revealed Quality and Third-Party Evaluation of Patents
In the previous hypothesis we emphasize that VGshmeaable to obtain a reasonably precise assessment
of patent qualitybefore that quality is revealed publicly. A public reviéeden may occur (i) when the
search report is made public, (i) when the paiemgranted or (iii) when the patent is opposed.idies

relying on their own interpretation of the patentdment, VCs can also base their decision on thiese



jective evaluations within the patent system, Iha &ssociated delay in decision-making has negative

consequences: the VC may lose the investment tihve@ndval, or the pre-money valuation of the start

may increase. How this tradeoff is resolved isdirgn empirical question. If the VC wants to tasei-

cial” information into account it can use inforn@tiincluded in the patent office’s search reposvhich

the examiner includes her view on the underlyirigrpart. This initial assessment is likely to affélce

scope of the patent once granted, and it may therefffect the financing descision (unless thermfn

tion is correctly anticipated).

Moreover, a granted patent will have a higher vatua VC than a mere patent application because the

grant offers higher certainty concerning the scape the strength of patent protectfadowever, if the

VC has inspected the patent application and hagtora positive assessment with sufficient configen

then the grant event is unlikely to elicit furtlamtions by the VC.

Information on the patent’s quality may also beeaded by opposition activity. In the first nine ntios

after the grant of a patent, any third party céndin opposition at the European Patent Officeopposi-

tion from a competitor can indicate that the conyppossesses especially valuable technology. If the

technology were worthless, competitors would naheoto incur the costs of opposition (Harhoff and

Reitzig 2004). However, an opposition also indisdtet the patent faces a threat of revocation.Vihe

therefore needs to take a closer look to find oléthver the patent will likely be upheld. An oppiosit

can have a positive or a negative influence oratlaability of VC. Since we are elaborating on #ig-

naling character of patents, we presume that axpafgosition signals the presence of a valualie-te

nology to the VC. Statistically, the VC can exptwt the patent is revoked in one third of the sase

while the opposition is rejected or the patent &ntained in amended form in the remaining twodir

of cases (Harhoff and Reitzig 2004).A natural dargito our second hypothesis is therefore:
Hypothesis3: The higher thaevealedquality of a startup’s patent application, the enor

likely the startup is to receive VC financing.

® Gans et al. (2008) argue that such uncertaintiesnaportant in practice. They find that the hazeatk for con-
cluding a cooperative licensing agreement increaggsficantly after the patent has been issuat;esthe grant
clarifies the patent’s claims. Note that certaiistyjever fully achieved, since the patent may latechallenged in
litigation, or — at the European Patent Office ereearlier in opposition proceedings.
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All of the three events considered for hypothelsied can be regarded as signals that are gendnated
third party, i.e., the patent office and competitand might provide additional information on teaual

value of a patent.

3. Field of Study and Data

3.1. The Biotechnology Setting

The biotechnology industry provides an attractigettisg for studying the impact of patents on the VC
financing decision for several reasons. The R&Dcpss in biotechnology is highly uncertain and com-
plex, and companies need to access a broad rarfgenan resources and capital. Among the capital re-
sources, venture capital is often viewed as thegeggkeeper for ventures (Shepherd et al. 2006i)i-fa
tating the successful acquisition of additionalorgses (Stuart et al. 1999, Anand and PiskorskDR00
Furthermore, patenting activity is of particularpomtance in biotechnology. Cohen et al. (200®er
alia, have shown that intellectual property rights ameémportant means for protecting innovation in the
life sciences. Our investigation takes this funttis given and focuses on the information contepat
ents for venture capital funding decisions.

3.2. Data Sources

We study the role of patents for financing in ther@an and British biotechnology industry. After the
US, these two countries are home to the largesbeuwf biotechnology companies world-wide. Our da-
tabase for this study draws from two data sour€gst, we build on a survey conducted among German
and British biotechnology companies in 2006. Thwey population is composed of all companies active
in the bio-pharmaceutical sector according to tHECD definition (OECD 2005). Companies not
founded in one of the two countries or subsidiagkEforeign companies, and companies solely oftgrin
services or supplying products without conductiegeiarch were excluded from the sample. A population
of 346 German and 343 British core biotechnologypanies was identified. Of those, 162 German and
118 British companies were successfully intervievismke-to-face with a preformatted and tested ques-
tionnaire. The objective of the current analysisoished light on the role of patents for VC finiagc

Therefore we excluded companies that were — agupridi our survey responses - not interested in VC
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financing, either because they do not want to gipecontrol of the company or they are not in nekd o
VC financing’ We thus have a homogenous sample of companiessasfbr our analysis. Moreover, we
only include companies that were founded after 1€9@r analysis is based on 116 German and 74 Brit-
ish companies that match our criteria and for whiehhave all the data needed to test our hypoth8%es
of these companies received VC financing; 103 did fhe second step was to compile data on all pat-
ents filed by these companies at the European Paféine. We use information from an EPO patent da-
tabase and from EPO search reports in order tatipralize our variables for the quantity and gyaif
company patents.

3.3. Variable Definitions

The dependent variable in our analysis is the tfnfirst VC financing. The variable is measuredan
quarterly basis. The last quarter observed in #ia & 4/2005. The variable is coded as a dummglequ
one if the company has received VC financing and n¢herwise. Data on a company is right-censdred i
the company has not obtained VC financing by ttie dathe survey.

The independent variables can be divided into patdated information and other company characteris
tics. All patent related variables are measured quarterly basis. The dummy varialplatent applica-
tion is equal to one if the company has applied fdeast one patent in the current or in a previow-qu
ter. We also investigate the influence of the nunddepatents a company ha&pplication stockis the
cumulative number of patent applications filedret EPO. For the empirical analysis we use the aktur

logarithm of the stock variable, since we assuragdldditional patent applications will have a dasneg

" Companies might not be in need of venture capitelexample, when they follow a hybrid businessdeian
which they provide service or supplier activities third parties in order to finance their own R&fforts. Another
case would be companies that received a large anobumoney, e.g., from business angels.

8 Sample selection bias may constitute a problesuindata. In our sample we did not account for camigs that
had failed and therefore exited the market. To aulethe possibility that this severely affects oesults, we com-
piled a second data set with all German biotechgyotmmpanies founded since 1991. We observe companat
have gone out of business and companies still ginkgs. The Online Appendix 1 presents the datagkishows
the results for the effect of patents on the ltketid of obtaining VC for companies that are stillthe market as
well as for companies that failed. From this catioin we learn that the core effects, i.e., thaepa facilitate VC
financing, are robust in both samples. The robsstime the effects of the patenting variable indbditional calcu-
lation greatly increases our confidence in ourgtard particularly in its contribution.
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marginal effect on the hazard rdté/e increase the stock by one before calculatiaddfarithm in order
not to lose observations for companies withoutmaaeplications.

As an approximate measure of patent we use the ewuailzitations received by a given patent applica-
tion. European patents undergo a rigorous examimagtiocess. If patents receive citations from subse
guent patents (i.e., in the search reports foretlsedsequent patents), then they are presumalilguypar
larly relevant as prior art. Several studies hav@aws that there is a positive relationship betweember

of citations received and the private economic eadti patents? Thus, average number of citatioris
defined as the total number of citations receividded by application stock. We use the citatioomt

to measure the impact of the VC'’s anticipation afgmt quality. Citations are counted from the pbli
tion of the application (which occurs 18 monthsaftriority) for a period of three years, but wérdn
duce the full three-year count from the filing datevards. If VCs anticipate quality prior to itsffioial”
confirmation, then this variable should have a fpgsimpact on the funding hazard.

We derive two measures ofvealedquality from the search reports published by theoRean Patent
Office. The prior art references in the search reae allocated to one of several categories. Aef&r-
ence means that a claimed aspect of the inventianat be considered novel or inventive, and that th
claim may thus not deserve patent protection. Wapete the variablX-Type references/application
stockas the total number of X references divided byapplication stock of the company. Applications
with a high share of X references can be considepgdications with low novelty or inventive stepat
hoff and Wagner (2006) show that such applicatemesparticularly likely to be refused or withdraan
the EPO.

As a second measure of revealed quality basedarnlseeports, we include an indicator for whettner t
invention builds on scientific breakthroughs. Thepact factor of dentific literature gives the average
impact factor of the journals that are cited asnefces to the non-patent literature in the se@obrt. It

is therefore an indicator of the importance ofghientific underlying literature. Impact factorsveebeen

° Biotechnology firms frequently file a set of sedarny patents to safeguard the results of primatgms further.
These secondary patents will not be as importatitetd/C as the primary ones.

19 See Harhoff et al. (1999), Harhoff et al. (2008) &ambardella et al. (2008) using European pafattons.
Jaffe et al. (2005), using USPTO citations, fingbaitive relationship between both the economictactnological
importance of a patent as indicated by the inveaarthe number of citations the patent received.
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determined for the 120 most important journalshim érea of biotechnology according to the ISI @itat
Index!! The indicators for novelty and for scientific impamce are derived from information in the
search report. These indicators are used in thgsimatarting from the quarter in which the seamgbort
was published, since we use them as measures/faleel quality.

The dummy variablgrantis equal to one if the company has at least onatgd patent. The variable
share granted applications the share of patent applications that haveadiréeen granted at the time of
the respective quarter. These variables are usedttithe impact of the grant information.

Share of opposed paterissour fourth measure of revealed quality anddatiis the share of the patent
applications that received an opposition. It iscoldted as the total number of oppositions receilied
vided by the application stock. Oppositions are snezd at the quarter in which they occur dividedHzy
patent application stock in that specific quarter.

The regressions also contain controls for compéayacteristics. All company characteristics aréndef
with reference to the time of founding. We can d¢igrexclude the possibility that company charasteri
tics have been changed by the intervention of tBe Mechnical capabilitieproxies for the skill set of
the employees. It is defined as the number of biotieal methods a company is working with at theeti
of foundation, e.g., DNA, proteins and moleculeg@t and tissue culture. Up to nine methods assipo
ble. Years to market entrgovers how many years the company thought to lay dem market entry at
the time of founding. Market entry is defined akiaging the first turnover with a product. Turnowire

to selling of services is excluded. The variable tweo interpretations. A larger value can indicatggh-

er demand for external financing, since the compasds to sustain a longer period of R&D. A larger
value can also be a measure of uncertainty, sifmegar time to market means that the technolodgss
developed and that the prospects of the companyare uncertain.

Spin-out sciencis a dummy variable indicating that the compang $pin-out from a university or a pub-
licly funded research institut&pin-out companindicates a spin-out from a private-sector compadime

base category is independently founded companiesaléd include controls for the founding period. We

1n 31% of the referenced literature the patentrérar listed as the source not the journal namettiname of
the database the article was downloaded from.dseeltases we assumed an impact factor of one lreeausould



13

cover the periods 1990-1995, 1996-1999 and 2003-#odnded '90 — ‘95etc.) with 2000-2002 being
the base category — a time period of decline irstbek marketsGerman companis a dummy indicating
that the company is based in Germany as oppogbe 1dK.

Finally, the regressions include the number ofyestdige VC financings as a proxy for the supplyditon
tions in the market for VC financing@drly stage financingsThe early stage financings are comprised of
seed and start-up financings. Data for Germanyksrt from the annual statistical publication of the
German Private Equity and Venture Capital AssommtBVK Statistik’ (BVK 2007); data for the UK is
taken from the statistical publication of the BfitiPrivate Equity and Venture Capital AssociatiBe-
port on investment activity 2006’ (BVCA 2007). Theerage number of early stage financings over the
sample period 1990-2005 is 401 for Germany andf@0the UK.

3.4. Descriptive Statistics

The descriptive statistics in Table 1 show pronedndifferences in the patenting activities of VE fi
nanced and non VC financed companies. The statiatie calculated for the first 16 quarters (4 years
after founding. 69% percent of firms within the gpoof VC financed companies have at least one paten
application, whereas this share is substantiallyelp at 37%, for non VC financed companies. VC fi-
nanced companies have a larger application stdutelare also differences in the characteristidhief
patent portfolios. VC financed companies have ptia$ of applications with a higher number of cita-
tions and a lower number of X references, indigatigher quality of patent applications with regéod
inventive step and novelty. Furthermore, their petduild on scientific literature with a greaterpact
factor.

The share of observations with at least one grapétent is also higher for VC financed companiés, a
though at 9%, it is still quite low. The share @feady granted patents is the same for both grduys,
VC financed companies have a higher share of atkat received an opposition.

The differences between VC financed and non VCnfiea companies are further explored in Figure 1.
For all quarters after founding, VC financed coniparhave a higher average number of patent applica-

tions. But Figure 1 does not take the timing of W financing into account. Hence, it is not poksiio

not determine the real impact factor of the jouinalhich the article was published. Calculating thodel without
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deduce from the figure whether applications helmganies to obtain VC or whether VC financed com-
panies patent more.

On average, companies apply for the first patetha@tage of 1.3 years. For companies that obtain VC
financing during the sample period, the first V@datment deal is closed five months later. Intérght,

the first patent grant is only obtained at the afjd.5 years, shortly before market entry. Thisadly
suggests that actual patent grants may have dlilyitad influence on VC financing. The average com-
pany obtains VC financing long before the firstquaitis granted.

Further differences in company characteristicsexqdored in Table 2. VC financed companies have ca-
pabilities in more technical areas and are furtngay from market entry at founding. Spin-outs from
universities or publicly funded research institnohave a higher probability of being VC financed.
However, the probability of VC financing is almddéntical for German and British companies. Compa-
nies founded during or shortly before the boomazkdf VC financing ('96-'99) have a higher probabil

ity of obtaining VC financing.

4. Multivariate Study

4.1. Methodology

Using a proportional hazard model with time-varytayariates, we estimate the effect of a company’s
patenting activities on the hazard of acquiring fif@ncing in a specific quarter. From the datecnfrfd-

ing onward, the companies are “at risk” of a VCdstiment. To accommodate time-varying covariates,
we split the complete time period into quarter-yspells. The hazard of obtaining VC financing is de
fined as the probability of obtaining VC financingthe current period given that no VC financing ha
been received up to the previous period. Our maigrést is to investigate how patent related véegab
influence this hazard. The Cox proportional hazaatiel accommodates the influence of covariates by
multiplying the baseline hazard by a function ofetvables. The hazard function itself is estimaiea-
parametrically and can take any form. Companiessthae not received VC financing by the time of the

survey are treated as right censored.

these articles does not change the sign or signifie of coefficients.
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4.2. Empirical Results

Our hazard rate results are shown in Table 3 ard 8ght on whether companies with patent applica-
tions or grants receive VC financing faster thassthwithout patents. We observe 190 companies for a
total of 3001 quarters. Our estimation strateggsigollows. We present estimates from Cox propoétio
hazard models in which we include our patentingaldes as well as control variables for foundingrge
economic environment and type of spinout. We aistude two additional control variables based on ou
survey responses and demonstrate that the inclositrese does not lead to reduced or less signific
coefficients for our patenting variables.

Column (1) shows results for a specification wittiitenmy variable for the incidence of any pateopli-
cations and a metric variable for the number d@titins receivedn the Cox model a positive coefficient
indicates that companies receive VC financing fastemegative coefficient means the opposite. Tre v
ableapplication (0/1)has a positive coefficient which is significantlae 1% level. The coefficient of the
citation variable is significant at the 10% leWdloreover, our control variables for technical calitis,
years to market entry and early stage financing® hlae expected positive sign, but only two of them
(technical capabilities and early stage financirags) significant, both at the 5% level. None of dieer
control variables have a significant coefficienthiis initial specification.

In column (2), we add the application stock vamatd the specification. The results clearly shosat th
application stock is a better predictor of VC tignithan the simple application dummy. This resultris
portant since it confirms that the time variantcktgariable matters in the Cox model while thegédy)
time invariant dummy variable is not statisticalglevant once the stock variable is included. Wexeth
fore maintain the stock of applications and drapdbmmy variable in all other models.

The results from column (3) provide first of alt@tg support for our hypothesis 1. an increaséhén t
number of patent applications is associated witedaction of the time to first VC financing. Whilee
hazard estimate cannot be interpreted directlgims of time, we also estimated a parametric actekd
failure time model based on a log-logistic disttibonal assumption (not shown in Table 3). Estimates

from this model indicate that companies with asteme patent application obtain VC financing oarav
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age 78% faster than companies without patentsedsing the patent application stock by one standard
deviation (from 5.12 to 11.77 patent applicatiomsjuces the time to the first financing round byd0
Moreover, the citation variable becomes significanthe 5% level in column (3): companies with fhygh
cited patents receive VC financing faster than sinnith infrequently cited patent applications. Thowsr
second hypothesis also receives support. Citaioms measure that VCs typically cannot obsertieeat
time of their decision. VCs are apparently abldifterentiate between patent applications of higied
lower quality before an official assessment is labdé. These results support the view of VCs as a
“source of selection” of companies (Baum and Sitvem 2004).

In column (4), additional variables describing thgealed quality of the application stock are idtroed

in order to test hypothesis 3: the numbeKdi/pe references/application stodcke averagenpact factor

of scientific literaturereferenced in the search report, a dummy varifavléhe first patent grant grant
(0/1) - and theshare of opposed patentBhere is only weak evidence that the informatiothe search
report matters for the timing of VC finance. A hiaghvalue of the variable -¥ype references/application
stockindicates a lower degree of novelty and/or inwenttep. The results in column (4) show that con-
cerns about novelty and/or inventive step incréasdime to VC financing, but the effect is onlyngia-

ally significant at the 10% level. There is no erde that companies whose patents build on puiblisat

in particularly prestigious scientific journals edze VC financing faster than applicants with moren-
dane patents.

The results also indicate that the grant infornmatioes not have any explanatory power — in colufin (
the coefficient of the grant dummy is estimatedyvienprecisely. We cannot reject the null hypothesis
that grants do not matter for the funding decisidon®rder to ascertain that the latter resultdsdriven

by misspecification of the functional form, we iade in model 5 the share of granted applications in
stead of the dummy variable. The result is agagatiee — grant-related variables do not impacththze-

ard of the financing event. This result confrm@more that VCs presumably anticipate most of the
information about the quality of the venture’'s patapplications prior to examination and pateningra
Due to the investors’ ability to determine the dyadf inventions from the information in patentpdioa-

tions (see hypothesis 2), the final grant decisioows no additional effect.
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In models 4 and 5, we also investigate the infleeoicoppositions. As the results show, companies re
ceive VC financing faster if a higher share of theitent applications are opposed by third par@ggo-
sitions can indicate that the company possessesuahle technology that competitors would like s& u
as well. Thus, the occurrence of an oppositionrimithe VC about the commercial potential of a pate
The effect size of oppositions is considerable.iigkhe average portfolio with five applicationgjeo
opposition has the same effect as roughly 5 citatido summarize, the evidence for hypothesis tisree
mixed, in that not all dimensions of revealed gydliave an influence on the financing decision. file

a rather weak influence of information from thershareport, no influence of grants and a stronguinf
ence of oppositions. The latter result is probahlg to the fact that oppositions cannot be antieghas
well as the quality of the patent application. Tdmposition event thus creates new information that
then taken into account in subsequent financingsters.

The results in column (6) test the possibility ttra citation variable may dominate the influenEeur
variables derived from the search report. In tlestec the variableX-type references/application stock
andimpact factor of scientific literaturshould have significant coefficients once we dilo@ citation
variable. However, that is not the case — the tesuk largely unchanged. The X-type referenceabiai
is marginally significant, but none of the othesukts change. Taking the specification in columna®
our reference point, we find that the X-type refeevariable, the impact factor variable and théatde
indicating the share of granted patents are evathjonsignificant (°=2.83 (3 dof), p=0.42).

Some of the coefficients of our control variablasTable 3 are of interest in their own right. Sirthe
results are fairly robust across specifications foais on the coefficient estimates in column G)m-
panies with a larger set t#chnical capabilitieseceive VC financing fastéf.The variableyears to mar-
ket entryhas a positive coefficient. Companies that haventergo a longer development phase have a
higher need for capital and presumably benefit i@ the advice VCs give. The result can be ait ind
cation that VCs target companies where they careradirge difference. However, the coefficientris o

ly marginally significant. Our control for the supide conditions in the VC markegarly stage financ-

12\We experimented with a quadratic form for thisiafle to test for benefits of specialization, batrid no signifi-
cant influence of the squared term.
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ings has the expected, statistically significant iafiose. The sample companies receive VC financing
faster if more companies are financed in a givear.y&he additional control variables for type ofifiol-

ing, founding period and home country appear t@foro importance. That also applies to the country
dummy - German and UK firms do not display diffdréming patterns. Even the interaction between the
dummiesapplication and German companyurns out to be insignificant. An interaction between the
dummy variableapplicationand the age of the company measured in quartedsasinsignificant. This
latter result is also an indication that the preipoal hazard assumption of the Cox model is jigstif

We also estimated additional specifications whintiuded further control variables. Evidence by Hell
man and Puri (2000) shows that more innovative @omigs have a higher likelihood of being VC fi-
nanced. We controlled for the innovator strategs.,(how innovative the maost promising technolofly o
the company is) and obtained similar results t@é¢ha column (5). We do not use this control in ithe
ported specifications, since it is measured atithe of the survey and thus might be influencedhsy

VC itself. Inclusion of a dummy for whether a compas active in the field of therapeutics did neveal
statistically significant results either.

Finally, since the timing of information is impomtafor identification of effects in our model, werp
formed a number of robustness che@isirst, instead of computing the grant variableselaon the ac-
tual grant date, we obtained information as to winenEPO informed the patent applicant about tenin
tion to grant a patent. In none of these speciticatdid the grant variable become significant.ddel¢

we took into account the granting dates of US gatéviany companies in our sample apply for a patent
at both the EPO and the USPTO. For our sampleghetie USPTO was known to grant patents faster on
average than the EPO. See Harhoff and Wagner (2f@d6jetails on patent examination lags. The
USPTO granted patent applications which were edgiva to our EP patents after roughly 3 years
whereas the EPO granted patents in our sample &aBeyears. We ran additional regressions using the

earliest grant date for patents applied for at lndfices. We found a higher coefficient for the mfraari-

13 We also experimented with interaction termslafmy applicationvith years to market entryjVe expected a
positive coefficient since the patent signal cdutdstronger in environments with higher uncertaibtyt found no
significant difference. Similarly, an interactiohdummy applicatiomwith a dummy for companies that have already
achieved positive sales turned out to be insigaific

4 The estimates described here are available upprese
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able, but the influence of grants was not more iped¢ estimated. Third, we experimented with other
patent indicators. We did not find a significaniuence on the time to VC financing for the numbér
references (also separate for references to phitersture and references to non-patent literatutte
share of references to non-patent literature, @atlerage number of claims.

While these robustness checks support our intexfioat of the estimates in Table 3, it is nonetheles
worthwhile to discuss potential alternative expt#ores for our results at this point. Can we be gheg

our effects are driven by the hypothesized pategmtating rather than unobserved differences between
companies that happen to correlate with patent€?d@ald argue that patents are just a sign thatra c
pany has reached a certain development stage. Wesadthis issue by using several variables that co
trol for differences in quality between companid& have also restricted our sample to companigs tha
have applied for VC financing and companies withDR&f their own. This should reduce the effect of
differences in company strategy. In addition, ptitgnin the biotechnology sector comes very eaily i
the development stage of products (e.g., in dragadiery and preclinical stage). Therefore, a pateas

not say much about how fast a company makes progrebe development process. In addition, patents
are costly. The costs for an EPO patent amourthdateEuro 32,006° A rational company will only pat-
ent if it sees a benefit in doing so. In separatgassions (available upon request), we also shaw t
dropping the variables which are most likely tocberelated with unobservables — our survey inforomat

on technical capabilities and time to market— dossdiminish the coefficients of our patenting aébtes

by much. We therefore conclude that the evidencgupport of our signaling hypothesis appears to be
fairly strong. But we go one step further towardtidation and compare our interpretation to statéme
from venture capitalists.

4.3. Interview Evidence

Econometric results alone are often not suffictendlistinguish between the traditional protectiond-

tion of patents and their function as quality sign&tuart et al. 1999, Hsu and Ziedonis 2008) r&toee,

we have undertaken five in-depth interviews withsvilom Germany and the United Kingdom to com-

plement our analysis in the “pin factory” traditidn selecting our interview partners we were ies¢ed
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in getting the views of different types of VCs. \Wave interviewed investment managers of early stage
late stage VCs and a corporate VC. The aim of theeeviews was to gain insights into the impor&anc
of patents for the financing decision and detaitédrmation on the patent due diligence.

The first insight we gained from our interview pemts is thaboththe protection and the quality signal-
ing functions of patents are of great importangeVi@s. One of the interviewees highlighted thatt&oé
applications signal that companies have done twitework”. We also learned from our interview part-
ners that companies are well aware of the impoetdrCs attach to patent applications and the impor-
tance of applying for a patent prior to enterin inegotiations.

Second, we were interested in learning from ougrinéw partners whether patents are able to convey
information at a relatively low cost. This potehti@vantage of patents has been mentioned inttradi
ture (Long 2002, 647). Our interview partners ssg that patent documents offer information on the
technology in a condensed and standardized forrhatwhelps in the due diligence process. Neverthe-
less, patent applications are often quite techrdodl formal and therefore difficult for VCs to redw
overcome this, they use highly specialized tectirézperts and patent lawyers to evaluate the pmtent
Patents may not reduce the costs of the due ddeprocess, but they provide precise informatiothen
technology.

Third, our interviewees indicated that the VCs aat#¢ patents and related documents very carehiily,
though there are considerable differences among @@s of our VCs gave us a list with 35 criteria on
which hired technology experts in the field of thietechnology firm should base their evaluatiortraf
patent portfolio. Another interviewee said thatytheve no standardized patent due diligence. Whkn a
ing about the relevance of information containedha search report, we find a large heterogeneity
among VCs. Whereas one VC appeared to be veryesitat in the information from the search report
“(...) to see what the examiner thinks, to learn Whalso working in this area and how the priorliant

its the possibilities of the company under congitien”, another VC with similar size and investment
focus rarely makes use of search reports. Whenskedaabout the importance of the grant decision, we

learned that patent grants are preferred but argaicularly important for the investment decisio

15 See http://www.european-patent-office.org/epo/eests_ep_2005_de.pdf. (last download DecemberQig)2
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since VCs “(...) are able to decide whether thersoimiething valuable based on the patent application
document”. In addition, VCs highlighted that, pautarly in biotechnology, the picture that emerfjem
evaluating the entire patent portfolio is relevantijle the appraisal of a single patent is lessmmegul.
When shedding light on patent oppositions, oumiiésvs revealed that an opposition signals to tiie V
that a third party is interested in the technolagd, thus, that there is commercial opportunitye ®hpo-
sition positively influences the financing decisiwhen the patent is perceived to be strong orefcibim-
pany is able to make commercial use of the thirtlyjsinterest, e.g., by licensing or selling thetgnmt to

the opposing party. The VC may abandon the investrmpportunity if the commercial potential of the

start up is severely endangered by the opposition.

5. Implications and Conclusion

5.1. Theoretical Implications

Our paper provides contributions to several strariditerature. First, we extent a growing bodylitdra-
ture on entrepreneurial management by showingpidiints help companies to overcome the liabildfes
newness by facilitating access to external findrreisources. While previous literature observed Y&
financed ventures are more active in patenting @vatpto non VC financed companies (Kortum and
Lerner 2000), it was left open whether this resfribsn selection or nurturing. Our results provide-e
dence in favor of selection. While recent resediafi shown that investors pay attention to patertfgo
lios in their valuation decision (Hsu and ZiedoB&08, Mann and Sager 2007, Lerner 1994), we show
that the patenting process affects the financiruisa®.

As a contribution to the signaling literature, wentbnstrate that in the course of patenting, impb<ay-
nals are created which have impact on the ventwrestor relationship. In contrast to other studiesdo
not only focus on patents as binary signals buiekte on the information content of the patentirme-
ess and the ability of the VC to read signals. Ysiitation counts, we find that the quality of dpgations
affects VC behavior even before the quality is ooméd by outside parties. Our interviews confirmtth
VCs invest in their signal-reading expertise by mglefforts to stay informed about available paient

formation and by hiring external experts to evadusie patent portfolios of potential investmentsré4
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over, the patent system can provide confirmatiowleéther the patent has commercial potential —gbein
subject to opposition enhances the likelihood akigng VC. However, we find only weak evidence
suggesting that the patent examiner's assessmeaictmthe financing decision of VCs. Nor does the
ultimate grant decision have an effect on the fiiagn decision. This result is not too surprisiniyeg the
long lags in the examination process at the magberd offices — VCs simply may not have the time to
wait for approval by the patent office. Insteacg\tlevaluate the patent application themselvescipati

ing the quality later certified by the patent officTaking these results together, the role of piatgrs
rather complex — the patenting process itself ggasrinformation that is helpful to investors, g not
simply the patent grant itself that is recognizgd/&s.

We also contribute to the literature on the ecowroafiiects of patents. Patents will typically beaarter

to entry. For example, Cockburn and MacGarvie (200 a lower entry activity in markets more af-
fected by patent thickets. In addition, they reploat companies operating in markets with dendekets
experience a delay in the first funding by extelinakstors. Our results, however, suggest thaptiee
nomenon is more complex: by facilitating entry oC¥inanced startups, patents also serve a pro-
competitive role. For start-ups the patenting pssaenerates valuable quality signals which hedmtto
obtain funding. While this aspect has been disaclibyesome scholars (e.g., Hall and Ziedonis 2081),
still deserves further attention.

5.2. Practical Implications

Besides extending the scientific literature, owguits have important practical implications for rage-
ment and public policy. We show that patent documerme effective instruments for the transfer of in
formation. Ownership of patents (or patent applicet) is associated with faster acquisition of T@us,
investing in intellectual property will effectivelupport startup founders and managers to overtbene
liability of newness. Our detailed analysis on haawious patenting events and metrics affect theintC
vestment decision provides crucial insights for pamies interested in obtaining VC. Faced with ressu
constraints, start-ups often have a choice betweesuing patent grants or investing in additionala
cations. Our results suggest that improvementfiecapplication stock and its quality are of patticu

relevance for VC acquisition purposes. Naturalbtept grants will matter for obtaining actual pobien,
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but they do less so for the raising of capital. SEheesults can also help to shape the patentiaggyr of
start-up companies. Firms often need to deternfireoptimal time for submitting a patent application
Refining the application prior to filing may yielitoader scope and better protection. Delaying itimg f
may raise the danger of being pre-empted by riv&ls.find that the trade-off also applies in theteah

of raising VC — both quantity and quality matteheTpatenting strategy of a start-up should belaftas
the top management as it can be of crucial impoetdar the further development of the company. Our
results have also implications for VCs who can mage of patents in order to learn about the staig-u
technology. Our results show that VCs tend to grate patent quality. Some VCs may profit from mak-
ing further investments in this capability and dddavest in their patent reading ability.

With regards to public policy, this study implidet the role patents serve is rather complex. Pateay
reduce information asymmetries between financiads faunders, and they may therefore positively in-
fluence market entry by start-ups. This findingnt®ito an important economic role of the patentesys
which is not yet reflected in the current debatetmn“optimal” patent system but should not be igulo
Second, our findings point to a discussion on hwevdignaling role of patents can be actively pradot
The challenge for patent offices is to think ablootv patent information can be provided faster and i
clearer form such as to enable firms with high-tjyétchnologies to receive financing faster.

5.3. Limitations and Future Research

Various caveats need to be taken into account wbasidering our results. First, there is a questibn
external validity. This study investigated the intpoce of patents for obtaining VC financing in dne
dustry. It would be interesting to know whether tegealed effects are also present in industrieerot
than biotechnology. In biotechnology, patent priddecplays a very important role (Cohen et al. 2002
Whether the signaling role of patents differs irportance from industry to industry is not clearnfro
previous findings. Mann (2005) suggests that thgoirance of patents for the financing decisionesri
by sector with the software sector, for exampldilgkng an unusually low importance of patentsliHa
and Ziedonis (2001, 110) study the patenting befafi ventures in the semiconductor industry and fi
that one of the most important roles of patentsappto be “securing capital from private investorthe

start-up phase”. Furthermore, Arora et al. (200&)udnent that the patent premium is high in indastri
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like drugs, biotechnology and medical instrumemid lw in industries like electronics. It is ledt future
research to determine how strongly these effeetsrfluenced by the signaling role of patents. Aol
issue concerns potential omitted variable biasesii®us research has shown that affiliations wittm-
nent partners are important quality signals (&Stuart et al. 1999; Hsu 2006). Ideally we woulck Itk
control for these quality signals in our analysisice it is possible that these signals are caeglaith
patenting. Unfortunately, our survey data doesimctide information about the prominence of a com-
pany’s affiliates and it is not possible to obttiis information from publicly available data soesc

Given our results, it seems particularly promisiagexplore how investors structure their due dilice
processes in order to decipher signals as fullpassible. In this project we have conducted ineawei
with only a handful of companies, so we cannot deawclusions regarding institutional differences in
patent due diligence. Nevertheless, we think thatould be a worthwhile endeavor to conduct a large
scale study. We found evidence that patenting fonstas an important signal-generating processbor
taining VC finance. It would also be interestingkimow how costly it is for companies to generat th
signals, and to separate the value of the sigoai the value of the exclusion right. We leave trmses-

tions to be explored in future research.



Tables and Figures

Table 1: Descriptive Statistics of Time-Variant Pagnt Variables
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VC financed firms Non VC financed firms Diff. mea
Variable Obs| Mean St.Dev.| Obs | Mean| St.Dev. p-value
application (0/1) 1411| 0.69 - 1595 0.37 - 0.000
grant (0/1) 1411| 0.09 - 1595/ 0.05 - 0.000
application stock 976 | 5.12 6.65 584 3.33 3.45 0.000
average number of. citations 976 | 1.54 3.33 584 0.8} 0.92 0.000
X-type references/application sto¢k976 | 0.91 1.07 584 1.3 1.40 0.000
X-type references/claims 976 | 0.06 0.08 584 0.0 0.10 0.000
impact factor of scientific literatur¢ 976 | 1.71 3.26 584 0.54 1.50 0.000
share granted applications 976 | 0.04 0.15 584 0.04 0.14 0.944
share opposed patents 976 | 0.01 0.05 584 0.00L 0.01 0.002

Note: The statistics refer to the first 16 quartter founding? The statistics are given for companies with astiea
one patent application. For the dummy variabledakecolumn shows the two-sample test of proportio

Table 2: Descriptive Statistics of Time-Invariant @ntrol Variables

VC financed firms Non VC financed firms Diff. meg
Variable Obs| Mearl St.Dey. OHs Mean St Dev. pevall
technological capabilities 87 2.16 1.31 103 1.69 1.04 0.006
years to market entry 87 5.37 3.88 103  3.96 3.57 0.009
spin-out science (0/1) 87 0.61 - 103 0.53 - 0.297
spin-out company (0/1) 87 0.06 - 103 0.12 - 0.156
independently founded (0/1) | 87 0.33 - 103 0.35 - 0.793
German company (0/1) 87 0.63 - 103 0.59 - 0.574
founded ‘90 - '95 (0/1) 87 0.09 - 103 0.14 - 0.345
founded ‘96 - ‘99 (0/1) 87 0.39 - 103 0.23 - 0.019
founded ‘00 - '02 (0/1) 87 0.46 - 103 0.49 - 0.627
founded ‘03 - ‘05 (0/1) 87 0.06 - 103 0.14 - 0.073

Note: These variables are time-invariant, therefore observation is available per company. Fodtiremy vari-
ables the last column shows the two-sample tegtagfortion.



Table 3: Cox-Hazard Models
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Variable (1) (2) (3) (4) (5) (6)
application (0/1) 0.597** 0.042
(0.240) (0.381)
In application stock 0.396*  0.413*** 0.601*** 0.537** 0.564***
(0.200) (0.126) (0.176) (0.154) (0.152)
average number of citations 0.037* 0.041* 0.042** 0.038* 0.039*
(0.021) (0.021) (0.020) (0.020) (0.020)
X-type references/appl. stock -0.286*  -0.271* -0.276*
(0.166) (0.164) (0.164)
impact factor of scientific lit. -0.076 -0.065 -0.065
(0.116) (0.114) (0.115)
grant (0/1) -0.302
(0.459)
share granted applications 0.035 0.007
(0.956) (0.969)
share opposed patents 9.369**  8.401** 8.676**
(3.726) (3.581) (3.585)
technical capabilities 0.219*  0.187*  0.186**  0.173*  0.172** 0.167*
(0.086) (0.087) (0.086) (0.087) (0.088) (0.087)
years to market entry 0.0449 0.047 0.047 0.052* 0.0514*  0.0504*
(0.029) (0.029) (0.029) (0.030) (0.031) (0.030)
early stage financings 0.0011** 0.0012* 0.0012** 0.0013** 0.0013** 0.001r3
(0.006) (0.0006) (0.006) (0.0006) (0.0006) (0.0006)
spin-out science -0.0932 -0.131 -0.132 -0.165 -0.185 -0.216
(0.248) (0.250) (0.250) (0.256) (0.257) (0.253)
spin-out company -0.399 -0.522 -0.526 -0.568 -0.585 -0.629
(0.491) (0.496) (0.494) (0.495) (0.497) (0.495)
founded '90 - '95 -0.459 -0.480 -0.483 -0.720 -0.715 -0.680
(0.454) (0.459) (0.458) (0.496) (0.495) (0.495)
founded '96 - '99 0.191 0.168 0.165 0.158 0.123 0.165
(0.253) (0.254) (0.252) (0.260) (0.256) (0.253)
founded '03 - '05 0.132 0.163 0.167 0.146 0.135 0.113
(0.497) (0.498) (0.497) (0.498) (0.499) (0.499)
German company -0.110 -0.099 -0.097 -0.168 -0.172 -0.155
(0.276) (0.278) (0.277) (0.284) (0.286) (0.285)
Observations 3001 3001 3001 3001 3001 3001
Chi2 33.6199 37.3574 37.3451 45.1678 44.7227 42.289
log likelihood -406.9 -405.0 -405.0 -401.1 -401.3 4025

Note: Standard errors in parentheses. Coefficiemtshazard ratios shown.
* significant at 10%; ** significant at 5%; *** sigificant at 1%.



Figure 1: Quarterly Patent Applications by CompanyType
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Appendix
Appendix 1. Robustness Check Selection
We compiled an additional data set to check forrthistness of our results with regard to a possibt
lection bias. This calculation is based on infoliorabn all German biotechnology companies that were
founded after 1990. The information is obtainedrfrGreditreform, Germany'’s largest credit ratingrage
cy. We restricted the sample to biotechnology carmgsawith a focus on human biotechnology and ex-
cluded companies that are only active as supplgnsjice companies or consultants. The Creditreform
database contains basic company level data suctumber of employees, legal form, industry and
ownership structure, and other information usugdlthered by credit rating agencies.
We identified 543 biotechnology companies, of whigt?2 had already gone out of business. Companies
are deemed to go out of business if they end #iwrities involuntarily (bankruptcy) or voluntayil
Companies that were taken over by other compamésa counted as closures if their legal entity wa
not deleted. For over 95% of the closed compagiasg out of business was not related to a take-ove
Whether a company received VC investment or noestablished from the ownership structure
information in the dataset. 112 companies in thmpéa received VC financing; 37 of these are already
out of business. 61% of the VC financed companasts dpplied for at least one patent at the tima-of f
nancing. Companies with applications have, on @erapplied for 4.3 patents (median 3) at the tiine
financing. The mean size at foundation is 8.9 eyg#e (median 2).
Table Al displays the results from the time-to-\fi@ahcing models. A time period comprises six months
Model (1) and (3) include only companies that dilbadive whereas models (2) and (4) report theutts
for the companies that went out of business. Thalt® suggest that the patenting activities (adtleae
patent in models (1) and (2) as well as the apjidicastock in models (3) and (4)) reduce the timérst
VC financing for companies that are still aliveasll as for companies that have already failed. The
similar results for both company groups give usfidemce that the results of our main data set ate n

distorted by selection bias.



Table Al: Hazard Models — Alternative Data Source

1) 2 3) 4)

Model Cox Cox Cox Cox
Sample alive dead alive dead
application (0/1) 1.810%** 1.208***

(0.249) (0.351)
In application stock 0.771** 1.162%**

(0.115) (0.239)

In employees 0.053 0.032 -0.023 -0.011

(0.088) (0.146) (0.091) (0.144)
early stage financings 0.002*** 0.003*** 0.003*** 0.003***

(0.001) (0.001) (0.001) (0.001)
founded '90 - '95 -0.763 -1.619* -0.680 -1.451*

(0.556) (0.849) (0.558) (0.837)
founded '00 - '04 -0.098 0.396 0.051 0.328

(0.285) (0.405) (0.288) (0.408)
Observations 4744 1409 4744 1409
Firms 401 142 401 142
Pseudo R-squared 0.11 0.13 0.09 0.16
Chi2 95.58 45.99 77.00 54.71
Log likelihood -372.3 -148.3 -381.6 -143.9
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Note: Standard errors in parentheses. Coefficientthiazard ratios shown * significant at 10%; *§-si
nificant at 5%; *** significant at 1%.



