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PATENTS AS QUALITY SIGNALS FOR ENTREPRENEURIAL VENTURES

ABSTRACT

This study examines the patenting and venture gimgnactivities of 370 semiconductor start-
ups that received more than 800 rounds of fundmgnf1980 through 2005. We find a
significant effect of patents on investor estimatkstart-up firm value, with a doubling in patent
application stock associated with a 28 percent bmofunding-round valuations beyond what
would otherwise be expected. We also find thatstgealing value of patents is greater in earlier
financing rounds and when funds are secured froomprent investors. Finally, our results
suggest that having larger patent application stdokreases both the likelihood of sourcing
initial capital from a prominent venture capitalestd of achieving liquidity through an initial
public offering. We find little evidence, howeveigr the role of start-up affiliations with
prominent partners once patenting activities akertanto account. These findings highlight the
important interplay between external resource plend and the patent signaling strategies of
entrepreneurial ventures.



If you ask venture capitalists what they think afgpts, and in particular, of patent litigation,
they'll tell you it's awful. “This is a terrible timg; leave us alone and let us innovate,” they will
say. And then if you ask them how their companresdaing in the marketplace, they will
answer you with reference to patents: “Our compéaag patented this model”; “our company
got twelve patents this year;” “our company hasegyatapplications that cover this, that, and the

other thing.”
-- Mark Lemley (2000: p. 143)

INTRODUCTION

New ventures are formed to capitalize on real ocgigeed entrepreneurial opportunities
resulting from shortfalls in product or serviceesfhgs by existing organizations. Entrepreneurs
nonetheless face well-known challenges when segutire financial, organizational and
managerial resources required for growth and sah(8tinchcombe, 1965). As Stuart, Hoang
and Hybels (1999: p. 317) state: “[b]ecause thdityuaf young companies often cannot be
observed directly, evaluators must appraise thepemmy based on observable attributes that are
thought to co-vary with its underlying but unknownality. Resource holders therefore assess
value by estimating the conditional probabilityttaafirm will succeed, given a set of observable
characteristics of the organization.”

Bridging this information gap with resource prastig is particularly important for new
ventures seeking to commercialize unproven teclyiedo(Shane and Cable, 2002; Shane and
Stuart, 2002). Successful development of new tdolgies is a costly and uncertain process that
typically requires financial backing and assistafmoen third parties. Nonetheless, discerning the
value and commercial promise of embryonic techniekbgan be difficult, particularly for
outsiders. Recognizing this dilemma, prior studiase investigated a range of mechanisms used
to shape outsiders’ expectations about the quality profit potential of young technology-

intensive firms, including entrepreneurial lineagel founder backgrounds (e.g., Eisenhardt and



Schoonhoven 1990; Burton, Sorensen and Beckmar2) 200 affiliations with reputable third
parties such as prominent corporate partners (8tgart et al., 1999; Baum, Calabrese and
Silverman, 2000), venture capitalists (e.g., Guatl Higgins, 2003; Hsu 2004) and investment
bankers (Megginson and Weiss, 1991; Carter, DadkSangh, 1998).

While the entrepreneurship literature has investigahe signaling value of founder
backgrounds and third-party affiliations quite edieely, relatively little conceptual or
empirical attention has been placed on the rolgaiénts as quality signals for innovation-
intensive ventures. In principle, patents conformellwto Spence’s (1973) original
conceptualization of a signal: they are costly idtam and, through the government certification
process, provide a mechanism by which the quafitywmovative activities can be sorted. Like
other symbolic actions entrepreneurs use to ategatdrnal resources (Zott and Huy, 2007),
including founder backgrounds and third-party &ftibns, patents can simultaneously confer
intrinsic value due to the property right. None#ssl, there is a paucity of information about the
extent to which, if at all, patent activities altbe resource trajectories of technology ventures.

The relative efficacy of alternative quality si¢;@n overcoming Stinchcombe’s (1965)
conceptualization of new organizations’ “liabilitgf newness” is also important from an
organization theory standpoint. Stinchcombe ardbas emergent organizations face a liability
of newness for two broad reasons: (1) the costscaged with structuring, coordinating and
organizing new enterprises, including establishimrganizational policies, procedures and
governance systems; and (2) developing new socidl e@conomic relationships with the
organization’s external community. Stinchcombe atismtifies three factors that can mitigate
these challenges: (1) human capital and trainirigir(g that “the main way to learn to form

organizations is to form them,” (p. 152); (2) aefr@arket economy that allows resources to flow



to their most productive use; and (3) access tourees via embeddedness in a well-formed
social structure. Under Stinchcombe’s frameworkdimg constant the economic system within
which new enterprises operate (the second facte),extant literature has concentrated on
entrepreneurial experience (factor one) and soi@sl(factor three) as strategies of overcoming
the liability of newness. While these same facto®y be among the inputs into the ongoing
accomplishments of the new venture as capturedat®nping, organizational progress may serve
as an important third factor in a new venture’dighbio overcome the liability of newness (see
Hallen, 2006 for a related discussion). This papeestigates this issue more fully by placing
patents within a broader menu of quality signatsyfming technology-intensive organizations.

We contribute new insights by examining the usqu#lity signals—including patents—
across multiple stages in the new venture life egyflom first receipt of venture capital (VC)
financing through liquidation or successful exitoid specifically, we investigate the extent to
which, if at all, the patenting activities of newentures alters investor estimates of their
economic value. As corroborating analysis, we exanthe role of patents in helping start-ups
secure funds from prominent VCs in the first fumdmound (a pivotal event which can shape the
resource trajectories of new firms (Hsu, 2004; éfall2006; Hochberg, Ljunggvist and Lu,
2007)) and in achieving an initial public offeriftPO) exit, thereby allowing us to test the
importance of patents across multiple developmestéaes. As developed more fully below, we
predict that the effects of patenting on estimatésstart-up value will be greater for
entrepreneurially inexperienced founders, in eafliading rounds, and when securing resources
from prominent VCs.

To test these predictions, we assemble a unigtabase of 370 venture capital-backed

semiconductor start-ups, founded between 1975 &89,1containing information compiled



through 2005 regarding their patenting, venturariting, partnering and exit histories. For 290
of these start-ups, we observe valuations acrosipleurounds of financing, collectively
totaling over 800 rounds. We use these round-lda& to estimate the degree to which patent
filings alters investor expectations of start-upmfivalue. This empirical design allows us to
examine the extent to which changes in patentifeca€hanges in venture valuation by making
use of within-firm, across-round variation.

We find a statistically significant and economigalarge effect of patent filings on
investor estimates of start-up value. A doublinghe patent application stock of a new venture
is associated with a 28 percent increase in vanatiepresenting an upward funding-round
adjustment of roughly $16.8 million for the averagart-up in our sample. This estimate is net
of controls for time invariant unobserved starthgierogeneity and for alternative factors that
could influence investor expectations including swgas of patent value, advancements made in
product development, environmental conditions aiffigcexit opportunities, and affiliations with
prominent corporations as alliance partners ortggavestors. We also find that patents are (a)
especially important in the early finding rounds determining start-up valuation and the
likelihood of sourcing a prominent VC firm, (b) paularly valued by more prominent VC
investors, and (c) positively correlated with tmelability of an IPO.

This study contributes to two main strands ofréitere. First, it contributes to a large
body of research in organizations and entrepreakemranagement on the mechanisms firms use
to overcome the “liability of newness” (or “smalb®) highlighted in Stinchcombe’s (1965)
pioneering work. As discussed more fully in thddeling section, the heterogeneous effects of
founder backgrounds and especially third-partyliaffons have been subjected to intensive

study. We contribute new insights by examininghbainceptually and empirically, the extent to



which patents confer similar informational advaetsgn markets for entrepreneurial resources
while taking into account the effects of alternatsignals. In general, prior studies within this
literature also suffer from a difficult identifigah problem: it is often unclear, for example,
whether start-ups with prominent third-party affilons are more successful due to “certification
effects” (e.g., Stuart et al., 1999) and accessufzerior resources (e.g., Baum et al., 2000) or
whether higher quality start-ups are more likehattvact prominent third-parties, in which case
they would be more likely to succeed even absemtféhmation of such ties. Like most prior
studies in this literature, we lack a natural expent with which to identify cleanly the causal
effects of focal interest in our study. We takeimportant step closer, however, by testing for
marginal effects using changes in a given stars-waluation trajectory. Finally, much of the
prior empirical evidence on the use of quality sigrby innovation-intensive firms is generated
from studies of the biotechnology sector. Our firgdi provide a useful point of comparison.

Our study also builds on and contributes to as@&trand of research that focuses on the
strategic and economic value of intellectual propgiP) rights to entrepreneurial firms.
Empirical evidence on the effects of patents onfWi@ncing activities remains both limited and
inconclusive. Kortum and Lerner (2000) show, forample, that VC-backed start-ups file
patents at three times the rate of their publichdéd counterparts. They do not, however,
consider the potential signaling value of patemd do not assess the effects on new venture
valuations. A handful of recent papers by managéraed legal scholars acknowledge that, in
addition to their intrinsic value, patents may hedguce information asymmetries in markets for
entrepreneurial financing (e.g., Stuart et al., 49Bemley 2000; Long 2002; Mann 2005;
Heeley, Matusik and Jain, 2007). Conceptually, eaticbute new insights by exploring how the

value of signaling quality through patent filingsiees on the initial resource endowments of the



founding team, on characteristics of their investand on the staging of VC investing. We also
provide the first large-scale empirical tests @&sth predictions. In the remainder of the paper, we
discuss the related literature, develop and proposet of predictions, describe our empirical
design and data, and report our main findings. ®alfisection discusses the results and

limitations of the study.

LITERATURE AND THEORY DEVELOPMENT

Signaling Quality through Third-Party Affiliations and Founder Characteristics

The challenges that technology-intensive ventusese fwhen securing the resources
required for development has motivated a considefaddy of research on the mechanisms used
to signal their (largely unobservable) value anthewrcial potential. One influential strand of
studies shows that organizations affiliated witbutable or high status partners (such as alliance
partners, venture capitalists or investment banks) experience enhanced performance due to
inter-organizational transfers of status, certtfma or endorsement by discriminating evaluators
and/or superior resources transferred to the emterfe.g., Baum and Oliver, 1991; Megginson
and Weiss, 1991; Rao, 1994; Podolny, 1994; Stuaait,e1999; Gulati and Higgins, 2003).

Despite the benefits widely attributed to suchdidparty affiliations, recent studies show
that entrepreneurs often pay a price to use thisharesm, both voluntarily and otherwise. Hsu
(2004) and Gompers et al. (2007) find, for examibiat reputable parties earn returns from their
status by pricing their financial capital at a prem. In addition, in the course of negotiating or
interacting with resource providers who offer coempéntary resources, entrepreneurs risk the
inadvertent leakage or misappropriation of proprigtideas and discoveries (Hellmann, 2002;
Dushnitsky, 2004). In 2005, for example, Toshiba Waund guilty of illegally transferring trade

secrets from Lexar Media, a start-up in its corfk&C portfolio, to a rival start-up. The dispute



resulted in one of largest intellectual propertyaedg in California history, with almost $500
million in damages awarded by the jury (Strasb@gg)s).

Founders also differ in their prior entreprenduioanding experiences, which can confer
advantages to the new enterprise. That is, semdaysdiffer in their ability to signal quality to
external resource providers absent third-partyliaifons. A second stream of research
investigates this role of entrepreneurial “predrgt—the experience, assets and social ties
accumulated through founders’ activities prior turiding the focal enterprise—in garnering
resources in earlier stages of the new venturechfde (e.g., Burton et al., 2002; Shane and
Stuart 2002). Prior studies suggest two distinct mechanisms blyichv performance
heterogeneity can arise: via spawning from prontingrarents” and via entrepreneurial
experience. Burton et al. (2002) find, for examplleat entrepreneurs with prior career
experience in higher status firms derive informatand reputation advantages when securing
external financing. Agarwal et al. (2004) find het evidence of knowledge and capability
transfer (in both the technical and commercialmslfrom “parent” to “progeny,” which affects
new ventures’ probability of survival. A number studies have documented skill inheritance
and transfer in organizational spin-offs in a widgiety of industry settings (e.g., Klepper and
Simons, 2000; Phillips, 2002; Chatterji, 2005).

A related strand of studies examines the effe€tthe entrepreneurial experience on
resource acquisition more directly, suggesting teaburces can be sourced from entrepreneurs’
own network rather than VCs’ networks, with impticas for division of rents and start-up
performance. Gompers, et al. (2007) show that fetmdith prior IPO success are more likely

to realize successful IPO exits in new ventures @@ first time entrepreneurs or founders who

! This stream of literature stands in contrast &“thaditional” view that entrepreneurs are relalvhomogenous in
psychological or preference orientation, and thesentations determines who is most likely to eregag
entrepreneurship (e.g., McClelland, 1961; Khilstrama Laffont, 1979).



have previously failed, and that experienced VCsaane venture performance, but only for
those entrepreneurs without prior experience. in,tthese effects can increase the bargaining
power of serial entrepreneurs with a demonstratacktrecord of new venture performance
when seeking capital from external sources. Hs@{R®nds that experienced entrepreneurial
founders are more likely to be able to recruit exiwe officers from their own social networks,
which also has valuation consequences for ventapéat funding. Such experience can have a
direct productivity role by the development of spézed skills and know-how associated with
successfully navigating the resource acquisitiossembly and deployment processes.
Furthermore, there may be a signaling componerthan the opportunity costs of individuals
with rich entrepreneurial experience may be higial 0 holders of external resources may make
inferences about venture quality knowing that tiaue of the next best alternative is hfgh.
Both streams of research—third-party endorsemants entrepreneurial experience—
explicitly or implicitly draw from signaling theorywhich suggests that in situations of
asymmetric information, actions that are differalhyi costly for the party subject to uncertainty
can act as quality signals to external observeper{Se, 1973j.We define a “quality signal”
broadly as information capable of altering an ob=es probability distribution of unobserved
variables. This definition is consistent with copitalizations of quality signals used both in the

entrepreneurial management (e.g., Stuart et 89)18nd legal (e.g., Long, 2002) literature.

Patents as Quality Signals

2 The thesis that “people matter most” in new vemtsuccess is also a strongly held view in the jti@eer
literature. For example, Sahlman (1997) writesvéstors also look favorably on a team that is kntw&oause the
real world often prefers not to deal with start-upBey’re too unpredictable. That changes, howewben the new
company is run by people well known to suppliersstomers and employees...As [prominent venture degtjta
Arthur Rock states, ‘I invest in people, not id&as.

% put differently, to provide a sorting mechanisow Iquality actors must find it more difficult or mecostly to
send the signal than do high quality actors. Iistémgly, the action serving as a signal need noé s independent
productive component (e.g., an educational degoes dot have to confer a training role) in ordeat¢bas a quality
signal so long as entities of differing abilitiexé different costs associated with sending theasig



The traditional justification for the patent systeis the quid pro quo system of
exchanging a temporary monopoly (patent rights)ifmention disclosure (with a significant
number of details and diagrams in the patent agipdic). The hope is that a “building on the
shoulders of giants” phenomenon of cumulative itieenin society will be fostered as a result
of enhanced financial incentives to disclose invar# rather than keeping them secret. In
essence, patent applications represent attemm@eciare market advantage through distinctive
product/service offerings, cost advantages via netgry process technologies, or revenues
through patent licensing activities.

The property rights afforded by patents also camfer transactional value to
entrepreneurs and their investors. Arrow’s clask862 article explicated the conundrum
surrounding markets for technology and resourcesfe: buyers, or resource providers more
generally, are unwilling to provide funding withofitst observing the underlying discovery;
meanwhile sellers may be reluctant to disclose swofctmation for fear of expropriation if the
deal breaks down. More recent studies suggesttiieategal rights afforded by patents allow
demanders of external resources a way to circumimentv’s disclosure problem. Arora, Fosfuri
and Gambardella (2001) show, for example, that diamership of patents facilitates the
exchange of know-how and trade secrets that géyena more difficult to protect. Gans, Hsu
and Stern (2002) similarly report that patentsliiate cooperative arrangements between new
ventures and established firms. Finally, the priypeights afforded by patents can confer
additional value to entrepreneurs and their invaeststher through the sale of rights to third
parties or through improved bargaining positionsneggotiations with other patent owners
(Cohen, Nelson and Walsh, 2000; Ziedonis, 2004).

In principle, patents also conform well to Spesc@973) criteria for a quality signal:



they are costly to obtain and provide a mechanigmwliich quality “types” can be sorted (Long,
2002). The examination process is designed to geowd certification function through the
rejection of inventions that fail to meet the stamu$ required for patentability (an invention
must be novel, useful, and non-obvious to receigatant). The direct monetary costs associated
with the patenting process, estimated by Lemle@@2@t roughly $25,000 per patent including
attorney fees, also can be quite high for a yownrgpany. For example, in interviews conducted
by Mann (2006) in the software industry, entrepteaaeport deciding whether to use limited
financial resources for patent-related activitie$oo hiring additional programmers.

The patenting process also can entail non-trimdirect costs. First, as suggested earlier,
patent applicants are required to disclose to th@ipdetails regarding the underlying invention
that could otherwise be kept secret (Anton and ¥884)* Engineers and scientists also have to
be educated about the standards of patentabilidytanundertake practices that mitigate the
likelihood of sacrificing intellectual property (g, laboratory notebook documentation and
deadlines for patent filings). More importantly,etback-and-forth communication between
inventors and patent agents or attorneys can beutedand time-consuming. This latter
opportunity cost can be especially high for sta$-tiacing pressures for rapid time-to-market
(e.g., Eisenhardt and Schoonhoven, 1990; Cohdn 2080).

Finally, patents do not necessarily have to leadirect enhanced productivity to serve as
an effective quality signal provided that the sigrg costs stratify quality “types.” Lemley

(2001: p. 1505), for example, writes: “Venture talpsts use client patents (or more likely,

* U.S. laws governing these disclosure requiremieaive changed over time. Applicants filing paterterpto 2001
generally were not required to disclose an apptioatinless it resulted in an issued patent. Sulesgty) the U.S.
Patent and Trademark Office has switched to a regmwhich applications are published automaticaBymonths
following their submission, unless specific exceps are invoked under the 1999 American InventBristection
Act. The 1999 Act allows inventors to keep U.S. lagpions secret during the examination processdoitg so
forecloses international protection.
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patent applications) as evidence that the companmyell managed, is at a certain stage in
development, and has defined and carved out a maitiee.” Similarly, Long (2002, p. 646)
notes: “patent portfolios can convey informatiomaibthe lines of research a firm is conducting
and how quickly the research is proceeding.” Imtuhe patent application activities of new
ventures offer steadier streams of information abechnical progress than “chunkier” or more
static signals such as entrepreneurial experiemce ppominence of start-up affiliates. This
framing is consistent with Hallen’s (2006) asses#nad the relative importance of on-going
venture accomplishments as compared to entrepiahéumeage in securing resources from
outsiders.

In summary, patents, like other quality signalscliding observable third-party
affiliations and founder characteristics) can benstaued as having a “real” development
component, as well as a pure certification compbneanliight of these combined elements, we
predict the following:

Hypothesis 1: The patenting activities of an emnteepurial venture will positively shape

investor estimates of the start-up’s future value.

The null hypothesis—that the patenting activitidseatrepreneurial ventures duot
trigger an upward adjustment in investor estimafestart-up value—warrants brief discussion.
Unlike other mechanisms for signaling quality (evghether an entrepreneur has founded a start-
up that went public), the information revealed tigl patents is notoriously “noisy” and can be
costly to verify. Most patents end up being worgkler of trivial economic value (Scherer and
Harhoff, 2000). Moreover, the threshold for patéility in the United States is quite low,
fueling concerns about the “flooding” of low-quglifpatents in certain sectors, including

electronics (Jaffe and Lerner, 2004). The exclumigrrights afforded by patents also remain
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ambiguous without ex post legal rulings, a prot¢kas can be especially onerous for small firms
with limited financial resources (Lanjouw and Lern2001; Lanjouw and Schankerman, 2001).
In light of these concerns, failing to reject timsll hypothesis would constitute a finding of
considerable significance both from managerial polety perspectives.
The Moderating Effects of Founder, Start-up and I nvestor Characteristics

In our next predictions, we focus on conditionslemwhich patents are likely to be more
or less important for entrepreneurial ventures igmats of quality. As suggested earlier,
experienced entrepreneurs will be better able goati quality and attract resources without
patents relative to entrepreneurs without such memee due to the availability of alternate
information (regarding quality of management teamd/ar technology). Such expectations of
future success should get “priced into” initial @arly stage funding rounds. In shaping the
resource trajectories of innovation-intensive veedythe signaling value of patents therefore is
likely to be lower for entrepreneurs with greatelevant “pre-founding” histories. This outcome
could be due either to the knowledge that expee@rentrepreneurs have higher opportunity
costs to their current activities or to expectatiasf a higher likelihood of success due to
enhanced organizational capabilities. In combimatihhese arguments suggest the following
empirical prediction:

Hypothesis 2: The signaling value of patents wil treater for entrepreneurially

inexperienced founders relative to their more eigrezed counterparts.

The early stages of funding for start-ups are atarzed by greater technical and
demand uncertainty in product development. In ssettings, the quality signals they generate
such as patents are particularly important as resgoroviders and external actors face greater

challenges when evaluating the venture’s prospéstsuggested earlier, patents also may serve
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an important transactional role in the resourceusstiipn process of technology-intensive
ventures. By helping define the scope of intangdssets being transferred between parties, for
example, patents may facilitate interactions witits@e investors and corporate partners in the
early stages of idea development when expropridtanards loom large (e.g., Arrow 1962;
Arora et al., 2001). As Gans et al. (2002) showhauit the legal channels afforded by formal
intellectual property protection, firms may chodsenternalize the commercialization process
rather than risk the threat of expropriation. Ags threnture develops, there may be alternate
mechanisms by which the venture can mitigate theathof expropriation. For example, as a
result of being embedded in a larger social netvibdt may be more likely to have “closure”
(Coleman, 1990), the threat of reputational danragg act to rein in opportunistic behavior by
counterparties of the firm. While it is difficulo tdistinguish between these two mechanisms of
why patents may be disproportionately importarthmearly funding rounds, the signaling value
of patents in the face of venture uncertainty, #mel more instrumental value of patents in
mitigating the threat of expropriation, their etfeare self-reinforcing. We therefore propose:
Hypothesis 3: The signaling value of patents wdl dreater for ventures during their
earlier funding rounds relative to later rounds.

Not only do senders of signals differ, receiversighals also differ in ways that may have
implications for patents as quality signals forristgps. This conceptualization of variation in
experience and quality of venture capitalists isiststent with the recent entrepreneurship
literature that finds a great deal of variatiorventure capitalists’ division of rents and retutos
VC funds’ limited partners (Hsu, 2004; Kaplan arth&ar, 2004; Gompers et al., 2007). More
specifically, experienced venture capitalists, asesult of their prior interactions with the

network of entrepreneurial resource infrastructusejch as other venture capitalists,
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entrepreneurs and professional service firms, na@g fa lower cost of sourcing information
useful for,inter alia, evaluating patentsAs a result, experienced venture capitalists may b
differentially advantaged when discerning the infational content revealed by a patent filing.
Despite this advantage, however, the predicted tegpsignal of a given stock of start-up patents
is not clear between a less and a more networkateventure capitalist. For example, more
central evaluators may recognize and place valua @tatively small number of key patents or
conversely they may place a low valuation on adastgpck of observed start-up patents. Using a
similar line of reasoning, Jensen (2003) argued thality signals are less important to
experienced recipients in the context of commetgaalking. As a result, it may be difficult to
empirically detect an informational advantage medra at work in this setting.

A second mechanism, the value-added potentialavéraxperienced and network central
VCs in enhancing the quality of start-ups’ patemtsless ambiguous in its predicted effects.
More experienced VCs may value start-up patentsenmghly than their less experienced
counterparts because of potential complementagtyvéen start-up and experienced venture
capitalists’ resources. More experienced VCs haweess to superior resources such as
specialized legal counsel (Suchman and Cabhill, 199&l collaborative commercialization
partners (Hsu, 2006). In addition to discrete vemtrapitalist functions and relationships that
may improve the commercialization prospects ofrth#filiated new enterprises, more prominent
VCs also may help start-ups professionalize time@rnal and external practices across a range of

business functions, which can act in complementays to raise the value of entrepreneurial

® As previously mentioned, evaluation costs of inteting patent signals can be high. Technical itivaroften is
loosely correlated with commercial value. Value tca® may also require sector-specific informationd a
knowledge such as the commercial viability of uhgeg technology, the strategic value of patents] aotential
hold-up problems by other patent owners. Assestinginformational content revealed by patents atsplires
sophisticated understanding of complex legal isgsesh as the strength and breadth of patent claimasthe
likelihood of patents withstanding legal challengdépore generally, Burt (1992) discusses preferémtizess as a
key informational advantage to central network posi

14



patenting (Kortum and Lerner, 2000; Hellmann and,R002). We therefore predict:

Hypothesis 4. The signaling value of patents wal tmore pronounced among more
prominent VC investors.

EMPIRICAL ANALYSIS
Data and Methodology

The semiconductor industry offers several advasgdgr the purposes of our study. First,
semiconductor start-ups typically face a simultarseneed to move forward quickly with the
development of new technologies (Eisenhardt and&dmoven, 1990) while securing resources
based largely on difficult-to-value, intangible etss Knowledge obsolescence is a threat that
drives the relentless pace of technological innowaand product market competition in this
industry. Thus, resource providers are likely tly @ signals when estimating the underlying
value of entrepreneurial activities. Second, whilall and Ziedonis (2001) find qualitative
evidence that patents are important to semicondwsttot-ups when securing financing, they
also suggest that the issuance of low-quality pgatemparticularly problematic within this sector.
The setting therefore provides an intriguing cohtaxwhich to examine the value of patents as
quality signals for nascent organizations.

The sample includes 370 semiconductor companiethenU.S. that were founded
between 1975 and 1999 and that received at leastaumd of venture financing by September
2005, as reported by VentureSource. As Kaplan, ®&erend Stromberg (2002) report,
VentureSource provides the most comprehensiveatatae venture investments in U.S. firms,
particularly for investments since the mid-1980% Wangulate VC information using the other
major database of U.S. VC activity, VentureXpers the two data sources may offer

complementary information. To allow a sufficientngow in which to track post-founding
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patenting, financing and exit activities through02pwe exclude start-ups founded after 1999.
Our sample firms collectively submitted 5,103 Up&tent applications prior to exit via IPO or
acquisition or through their last VC financing rauthrough December 2005.

The sample is restricted to VC-backed firms fovesal reasons. First, interpreting
patents as a signal implies that there is an ieéndceiver of the signal. Venture capitalists are
one important audience for such quality signalsthay evaluate and assign valuations to new
ventures. Imposing the condition of VC-funded emtises also allows us to test for effects using
a sample of start-ups that exceed a minimum thtégsfayuality, which is useful given the wide
spectrum of start-up quality. Finally, the abilityobserve changes in start-up valuations before a
liquidity event such as an IPO or acquisition comfmethodological advantages of observing
intermediate start-up valuations, which would otvise be unobservable. Nevertheless, our
estimates should be interpreted with VC receigcan in mind.

Our main set of regressions estimate the effepatént filings on the valuations of start-
ups across funding rounds, holding unobservable tinvariant effects constant via start-up
fixed effects {;). More specifically, we estimate the following &mf equation for firm in
funding round:

VALUATION = o + y; + B2 (PATENT) + B, (EARLY FUNDING ROUND + B3 (PATENT *
NOFOUNDEREXP + Bs (EARLY FUNDING ROUND* PATENT) + Bs (VCEXR) + Be
(PATENT* VCEXR) + B7 (CONTROLS + . 1)
Using this framework, the test of H1, the signaliadue of patents, is whethpr > 0. H2, the
prediction that patents will be more importantifeexperienced founders, is tested by estimating
whetherBs > 0. H3, the hypothesis that patents will be morgortant in early funding rounds, is
tested by estimating whethgy > 0. Finally, H4 predicts that more experienceds\@ll value

patents more so than less experienced VCs, whipheasthatBs > 0.
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Two additional analyses provide supporting infatiora beyond the valuation estimates
in testing H1. Both pertain to new venture life@yatffects. We first examine outcomes
associated with the first round of funding. As ldal(2006) and others have noted, initial ties are
important as there may be upward or downward trajexs for start-ups depending on their
initial “placement” in the network structure. Theggiestion is that path dependencies may hold.
For example, a prominent venture capitalist infiret stage makes it much more likely that a
prominent venture capitalist will invest in subseqgurounds. The same resource matching
dynamic could occur with respect to prominent alte partners and/or the processes necessary
to achieve a favorable liquidity event (e.g., réomg reputable IPO underwriters). We therefore
restrict attention to the sub-sample of data cpoeding to first funding rounds and estimate the
probability of receiving funding from a prominengnture capitalist as a function of patents,
founder entrepreneurial experience and a set dfasnThis approach enables estimation of the
role of alternate start-up quality signals in expleg the likelihood that a focal start-up receives
initial financial backing from a more reputable Wén.

A final analysis examines the probability that wgas’ final funding round is an IPO.
Equity holders do not have liquidity until an “éxivent occurs, and a commonly accepted
measure of a successful liquidity event is undergan IPO (liquidity events generally can
indicate high or low performance, and so we restogr attention to the IPO to mitigate
ambiguity). We estimate the likelihood that a veats most recent funding round (as of 2005) is
an IPO as a function of patents, entrepreneuripeeence and a set of control variables. A

positive patent coefficient would indicate thateyds serve as quality signals to the IPO market.

Variables

The key dependent variable for the round-levelyam is pre-money valuationwhich
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reflects the product of the share price beforeftmeling round multiplied by the number of
outstanding shares of the firms (see Table 1). &kisnate of the aggregate value of the firm is
used as the basis of calculating the equity stakent out for a given cash infusion by VCs. This
measure of the terms under which external resowacesccessible represents an intermediate
outcome to entrepreneurial survival (e.g., Romane89), but is more generally a measure of
entrepreneurial value capture. The pre-money valualata are from VentureSource and are
supplemented with information from VentureXpert faurposes of triangulation. For the first
funding round analysis, we examine the likelihoddeing funded by a prominent, or network
central, venture capitalist. We calculate netwodsifion, as has become standard in this
literature, based on VC syndication patterns owae tand the Bonacich centrality of the lead
venture capitalist in a funding roufidigh VC eigenvector centralitis set equal to one if the
value is in the upper half of the within-sampletdosition of eigenvector values. For the sub-
sample of final funding rounds, we examine thelifleod of experiencing alPO.

The key independent variables can be clustereml setveral categories. The variable
patent application stocwas sourced from Delphion and the United StatésrPand Trademark
Office (USPTO), and is collected as of the time W€ funding round<. The primary
entrepreneurial experience variable, hand-collediedn web searches of founding team
biographies, result in the variablgsior start-up founding& IPO experience which take the

value one when at least one member of the fountdiag had previously been a founder of a

® Hochberg et al. (2007) evaluate alternative memsaf VC centrality and conclude that co-investmees
revealed by eigenvector centrality have the strehgewer in predicting VC fund performance.

" Patent application stockomprises applications that eventually resulhim successful awarding of a U.S. patent.
We prefer to examine applications rather than grdoe to contemporaneous observability by outsiftbesresults
are similar but noisier if we use patent grantseiad), and also to conform to the majority of stsdin the patent
literature (e.g., Hall, Jaffe and Trajtenberg, 20@efore 2001, information on U.S. patent applaa that were
rejected or abandoned during the examination psos@s not disclosed to the public. In practice vfist majority

of patent applications are granted (Quillen and $t&h 2001), so the main uncertainty to the pappticant is the
claims allowed, which importantly determines patstwpe. It is not possible to examine differingepatscopes
between application and grant before 2001, andusoesults should properly be interpreted with th&ie in mind.
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start-up and had experience undergoing an IPO. ®asare new venture affiliation with
prominent third parties, we constryggbminent partner stogkvhich is the cumulative count (up
to the funding round) of technologically or commally prominent alliance or corporate equity
partners (evaluated on a time-varying basis using-year windows§. A final important
independent variable is a measure of patent vallgeen entered into the specification at the
same time agpatent application stockthe estimated coefficient qfatent application stock
should reflect the non-economic value effect ofepihg on the outcome variablegre-money
valuation We usdapsed patent stockhe cumulative count of patents which have eithgaired

or have not been renewed before the full patem,tass our main measure of patent value. US
patents are subject to intermediate term renewaltergance fees, and so non-renewal represents
self-revelation about perceived patent value.

We also make use of several other control varsaldd of which are coded from the
VentureSource databadearly stage rounds a dummy equal to 1 if a funding round is one of
the first two rounds of funding received by the nemterprise. The variablstart-upageis the
age of the start-up evaluated at the time of timelifug round, which aims to control for venture
maturity and life stage. We include a measure oflpct development progregsofitable phase
of developmenta dummy variable set to one if the firm as of ibeal VC round has attained a
profit. Related to this variable, Kaplan and Stré&ngo(2003) find that the pre-revenue stage of

start-up development is associated with differarttemes and contractual structure relative to

8 Following Stuart et al. (1999), “commercial proemte” is based on revenues in relevant product etgrk o
construct the measure, we used data from Integidits Engineering (ICE, 1975-2000) to identihe top 25
worldwide semiconductor producers at five-yearrives from 1980 through 2000. An alliance partnecarporate
investor is coded as commercially prominent ifahks among these top 25 worldwide producers. “Telclyical

prominence” was identified using top 25 rankingsfioins with influential patents within the semicarador

industry, first compiled in Ziedonis (2004). A lisif these technologically prominent firms is aviliéa at:

http://mansci.pubs.informs.org/ecompanion_04.html

° Forward patent counts is the traditional meastiggatent value, but because of the high correlatietween that
measure (both in stocks and in the single mosthhighed patent as of the focal funding round) gratent
application stockwe elected to udapsed patent stock
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firms which have a stream of revenues from prodarcservice sales. A set of round-type
dummies is also included in the analysis. Theselanemy variables foangel roundIPO round
and acquisition round Finally, two funding year dummies are included floe pre-1997 time
period and the 1998-2000 time period (the exclutie@ period is post-2000). These period
dummies match years with differing levels of VClan¥s, an environmental factor that can alter
valuations placed on VC-backed firms (Gompers amdnér, 2000). Table 1 summarizes
information about variables used in our round-levegiressions. Table 2 reports bivariate
correlations.

*** Insert Tables 1 and 2 about here ***

Before discussing the regression results, it bl useful to examine some univariate
comparisons in the data. In Table 3 panel A, weddithe data between those founders who
have prior start-up founding & IPO experiencand those who do not, and examine the
conditional means of various first VC funding rouctthracteristics. New venture age at the time
of receiving the first round of VC, the log numlzérprominent partners, and the log pre-money
valuation of experienced versus non-experiencedders are statistically the same between the
two sub-samples. On the other hand, experiencedmaneurs had more patent applications and
were more likely to be funded by network centralsvi@ the first funding round. In panel B, we
examine the univariate correlation between patppti@ations (non-zero applications and being
in the top 5 percent of that distribution) and preney valuation. We look both at the first round
and at all VC funding rounds in the table. The samalysis is repeated for prominent partners
and pre-money valuation. In all cases, mean valnatare greater for higher levels in the patent
and partner distributions, and most all of thestedinces are statistically significant. Finally, i

panel C, we examine the likelihood of observing IB® by the end of the time period
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conditional on prior entrepreneurial experiencejmgnon-zero prominent partners, having non-
zero patent applications, and being in the topr6gre of the patent application distribution as of
the final funding round. Possessing the qualitgach case is associated with an increase in IPO
likelihood.

*** Insert Table 3 about here ***

RESULTS

Sourcing a Reputable Venture Capitalist in the Firs Funding Round

We now move on to the multivariate results bytfagamining the likelihood of being
funded by a network central VC in the first fundiraund. To the extent that early signals and
resource commitments can have long-lasting effiectstart-ups by influencing future resource
access, entrepreneurs will pay particular attentiootineir early stage signaling efforts. The first
two columns of Table 4 report probit regressiongh# likelihood thathigh VC eigenvector
centralityequals 1 in the sample of all first funding rouiiesrginal effects are reported). These
results hold after controlling for stage of proddetvelopment, start-up age and funding round
period effects. The first column considers two algrof entrepreneurial qualityrior start-up
founding & IPO experiencand prominent partner stockBoth are estimated with a positive
coefficient, though only the former is (weakly) tgfically significant. These results are net of
controls for patent value, start-up characteristaogd timing effects. The second column adds
patent application stocko the specification, and the estimate, whichtagistically significant,
suggests a seven percent increase in the propatfilgourcing a network central VC in the first
funding round. The other two signals of entreprema¢quality are not statistically significant.

A final column of Table 4 examines the same indeat variables but changes the

dependent variable to be the log me-money valuatianAgain, patent application stock is

21



positive and statistically significant (unlike teatrepreneurial experience gominent partner
stock measures)Lapsed patent stocand pre-1997 funding round dumnare negative, while

profitable phase of developmastpositive, as would be expected.

Investor Estimates of Start-up Value

Table 5 presents regressions in which the depéndmmable is the natural log of
ventures’pre-money valuatianWe use a trans-log functional form specificatiorihe valuation
analyses, with both the dependent variable andiragmis independent variables specified in
natural logs, due to the right-skewed distributioassociated with these variables. All
specifications in this table, which takes the fungdiound as the unit of analysis, include start-up
fixed effects. This approach allows us to reduce ttsk that unobserved time-invariant
differences across firms are driving the empirresiults rather than our independent variables of
interest. All variables in the analysis are rouaglying, with the exception of the entrepreneurial
experience variable. The direct effects of thesgepreneurial experience variables are not
statistically identified in the round-level framexkowith start-up fixed effects, as they are time
invariant. These effects therefore are estimatetjusteraction terms.

*** Insert Table 5 here ***

The first column of Table 5 shows the estimatedafof reputable third party affiliations
in a specification with the control variables fraime prior table, together with controls for
whether the funding round involvesigel investor®r is anacquisitionor IPO round Prominent
partner stockis not significant in the regression. The secowturon adds two additional
signaling mechanisms: patent application stockifjwesand significant at the one percent level)
and the interaction betweegpatent application stockand prior start-up founding & IPO

experience(not significant). Prominent partner stock remainsignificant, and due to the
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inclusion of the patent value measure in each 8paton, we interpret the patent application
stock result as a signaling effect.

A final specification in Table 5 retains all ofetlvariables from the second specification
and adds the interaction @arly funding roundand patent application stocKpositive and
significant), high VC eigenvector centralitynegative and significant), and the interaction
betweenhigh VC eigenvector centralitgnd patent application stockpositive and significant).
The estimated coefficient of the patent variablglies that a doubling opatent application
stock holding constant all the other independent vdembis associated with a 28 percent
increase irpre-money valuatiognthus supporting H® As in the prior specification, we do not
find evidence that patent filings trigger a greatpward adjustment in valuations for start-ups
founded by less experienced entrepreneurs than dbefpr start-ups with more experienced
founders, as predicted by H2.

The positive interaction effect betweearly funding roundandpatent application stock
suggests that the effects of patents on investonates of start-up value are more pronounced
during earlier funding rounds relative to later mds, providing support for H3 (the estimated
direct effect ofearly funding rounds negative and significant across all of the gmations in
this table). Finally, the positive and significaggtimate of the interaction betwebigh VC
eigenvector centralityand patent application stoclsuggests that more network central VC

investors value a given patent stock more highbtitee to less central VCS.

19 As shown in Table 1, the mean pre-money valuaitiothe sample is roughly $60 million and the meatept

application stock is 8 in a focal round. This régbkerefore suggests that, holding constant akmothdependent
variables, a doubling of the mean patent applicasimck from 8 to 16 patent filings is associatdthva boost in
investor estimates of start-up value by $16.8 anll{$60 million * 28 percent). As suggested earliemley (2001)
estimates that direct costs, including attornes,fegeer patent filing. Thus, this additional valoatiboost of $12
million would require roughly $200,000 (at $25,008 new filings) in patent-related expenditures,emonomically
important return on investment for an early-stagmpgany.

" The appendix table provides a supplemental teshef/C centrality effect. We conceptualize thespreee of
central VCs as a “treatment” effect for new vensulyy specifying two derivative variables of VC aaiity.
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The high VC eigenvector centralitdirect effect is estimated with a negative and
statistically significant coefficient. This is castent with high reputation VCs being able to offer
superior resources and/or signaling value to th#iliate start-ups, thereby earning a return to
their investment in reputation by charging a pramior their capital (Hsu, 2004). These results
suggest that while prominent VCs are able to contheprice premium generally, they make
greater upward adjustments in start-up valuatiopgnuthe filing of patents relative to less
network central investors. At the same time, acthsspecifications in Table 5, the dirpettent
application stocleffect remains positive and significant at the paecent level.

Overall, the valuation results suggest that patsatge as an important signal of start-up
firm quality, even more so than affiliation with gmninent third parties. Patent signals are
especially potent in the early funding rounds fewnenterprises. While we cannot infer the
direct importance of prior entrepreneurial expeseems a signal of quality from the analysis
here, we do not find support for patents holdingeneeight for entrepreneurially inexperienced
founders. Finally, the results provide support tfee proposition that more prominent venture

capitalists value start-up patents more higfly.

IPO Likelihood

Table 6 examines the probability that a venturéalffunding round was an IPO.

Transition to central VGs a dummy set to one if relative to the priording round for a given firm, the investing
VC hadhigh VC eigenvector centralititransition away from central V@& defined similarly, with the excluded
variable being rounds in which there was no upvaardownward adjustment in investing firms’ VC cetitry). In
fixed effects negative binomial regressions at\lizround level of analysis, we examine the dependariable,
number of forward patent citation¥his measure follows standard practice in therditure and weights patents by
the number of citations they receive in other Uh&ents during the four years following their isst& date, which
has been used to proxy the economic importanchesktinventions (see Hall, Jaffe and Trajtenbed§5p In the
regressiontransition to central V3s positively associated withumber of forward patent citatior(dut not with a
dependent variableumber of lapsed patentshich may proxy for patent assertiveness).

12 \We tested the robustness of these results usienate functional forms (a percentage change fipetinn and a
lagged dependent variable specification using patpplication flows rather than stocks) and defimis of the key
independent variable (a composite measure of siginahgth consistency and differential patent digti@ngth
depending on patent legal counsel). The resultd itases are consistent with those presented.
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Marginal effects are reported. Not surprisinglypgd ventures in the profitable stage of
development are more likely to experience an IPQheir last observed funding round. In
addition, whileprior start-up founding & IPO experiencds marginally significant (at the 10
percent level) in the first column of the tablasinot significant once other factors are congall
for (in the second column). On the other hapatent application stocks strongly positively
associated with IPO likelihood even after contrglifor alternative signaling mechanisms, such
as entrepreneurial experience, prominent partnifaabns and other factors. This finding
suggests that patents cast an important signabmigtto VC audiences but also to investors in
public equity markets (Heeley et al., 2007).

*** Insert Table 6 here ***

DiscusSsION AND CONCLUSION

This study provides new evidence that patenting pasitively affect investors’
perceptions of start-up quality across multiplegsta of the entrepreneurial life cycle, as
measured through the likelihood of being fundinghia first VC round by a network central VC,
venture valuations, and IPO probabilities. We fithéit the effect of patenting on start-up
valuation is more pronounced in earlier financingrds. This is consistent with the view that
patents provide a vehicle for overcoming early-stdgsclosure issues in the market for new
ideas (e.g., Arrow, 1962; Arora et al., 2001; Ganal., 2002). We fail to find, however, that the
signaling effect of patents is larger for novichart it is for more experienced entrepreneurs.
Finally, our round-level analyses provide evidetitat the signaling value of patents is higher
when securing funds from prominent investors. Sipg backed by prominent VCs may tap into
superior complementary legal and organizationabueses, thus improving the odds that the

patents they file will confer greater economic eata entrepreneurs and their investors.
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Our findings also suggest that, for start-ups icht®logy-intensive sectors, having a
larger patent application stock increases the ihkeld of securing initial funding from a
prominent venture capitalist. Prior studies showtthrelative to ventures backed by less
reputable investors, entrepreneurial ventures mbeive initial funds from prominent venture
capitalists are more likely to survive (Hochbergaét 2007), to develop successful products
(Hellmann and Puri, 2002) and to receive higheua@bns in IPOs (Gulati and Higgins, 2003;
Hochberg et al., 2007). Our findings raise theigoing possibly that patents help shape the
initial network position of innovation-intensive Meires and, in doing so, affect their future
resource trajectories. These results resonatetioge reported in Hallen (2006), where the early
resource advantages of venture-backed securitwaatcompanies are shown to have enduring
performance implications. To the extent that pafdimgs affect the probability of securing
financing from prominent venture capitalists, thessults also relate to survey evidence
provided by Eckhardt, Shane and Delmar (2006). @hmsthors conclude that, under some
circumstances, founders could be better off bygmshg solicitations for outside financing until
objective information on the prospects of theirtuea has been generated. These issues warrant
further study, ideally through use of complementzage- or field-based methodologies.

In line with prior studies (e.g., Stuart et al099; Mann and Sager, 2007), we also find
that start-ups with a larger numbers of patentiepfpbns are more likely to exit successfully
through an IPO. Interestingly, we find little evid® that having prominent alliance partners or
corporate investors significantly improves the liitkeod that semiconductor start-ups will exit
via an IPO (except via an interaction effect witlop successful entrepreneurial experience).
This result contrasts with considerable evidenpemed in the biotechnology sector (e.g., Stuart

et al., 1999; Gulati and Higgins, 2003). For examj the Stuart et al. study, which analyzes
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endorsement effects for ventures in the biotechgyladustry, the authors report a significant
effect of patents in firm valuation at the timeaf IPO, though their measures of third-party
affiliation effects remain positive in a fully-spged model. Our contrasting findings raise the
possibility of sector-specific dynamics that coalter the dynamics between new ventures and
corporate alliance or equity partners or the magieitof endorsement effects that stem from
affiliations with prominent corporations. Our empal context also differs from the Stuart et al.
study in that we test for effects across earliagaes of new venture development when the
beneficial effects of corporate affiliations may lseunteracted by elevated concerns of
expropriation. Future studies could examine moreliely the trade-offs associated with
alternative quality signals at different stagesdefrelopment and the extent to which sector-
specific dynamics alter the use and relative imgae of those signals.

A few other interpretational issues merit discossiThe first refers to the use of the term
“signaling” throughout the paper. We rely on ourpgmncal strategy of including a measure of
patent value and interpreting the patent applicatiooefficient as a signaling effect. Patent
applications, of course, proxy for both productiefects (exclusionary and/or markets for
technology effects) as well as signaling effects] ao a clean separation is not possible (as in
prior empirical studies—though our empirical contetlows for improvement relative to
previous efforts). A second interpretational isstiems from proxies for the main empirical
concepts including entrepreneurial experience dfllation with prominent third parties. We
have to the extent possible followed the priorrétare in measuring each of these key concepts.
Given the limited number of empirical studies ireth domains, however, further study is

needed?

13 In unreported regressions, we have also testeer atteasures of entrepreneurial experience (in it of
Eisenhardt and Schoonhoven, 1990) such as numideuwnders on the start-up team, whether a founddrbdeen
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While not without limitations, our study shows thzatents play a meaningful role in
facilitating the technological and market pursuwifsyoung companies in the semiconductor
industry. It is widely recognized that patents pdevan important vehicle for financing
innovation within the life science arena (e.g.,&tet al., 1999; Gans et al., 2002). Our study
provides new evidence that patents also appeawmemll in the entrepreneurial resource
acquisitions process within the semiconductor sedtbese results are important from a policy
perspective given concerns about patent hold-ubl@nas in this sector and the noise introduced
by numerous filings of low-quality patents (Jaffedd_erner, 2004). Future research could assess
more fully the relative strength of patents as ifpgignals in other segments, such as software.

In summary, this study was motivated by a gapha éntrepreneurial management and
organizations literature on the mechanisms usegllsgent organizations to secure the resources
required for growth and survival. The role of paseas quality signals for young technology-
intensive firms has received little systematic timgant, particularly when compared to prominent
affiliations and entrepreneurial experience. Wevg® new insights by positioning patents
within the menu of quality signals available torepteneurs and by estimating their effects
across multiple stages of the new venture life @y€lur findings reveal an important interplay
between the patent strategies and resource tragsctmf young, technology-intensive
organizations. Future research is needed to testgémeralizability of these results to other
innovation-intensive settings. More broadly, thé Imenefits of alternative signaling mechanisms
at different stages in the entrepreneurial develgnprocess represents an understudied yet

promising avenue for further study.

an executive officer in a prior firm and the edimaal characteristics of the founders (holding & Rind/or an
MBA degree). These variables when taken in comeasitindividually yield similar or weaker resultsan those
reported.
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Table 1
Summary Statistics and Variable Definitions*

VARIABLE DEFINITION MEAN |STD. DEV.
(1) Pre-money valuation VC pre-money valuatiorshare price* shares 60.43 108.87
outstanding prior to venture roundf the focal
round
(2) IPO Dummy = 1 if the venture achieved an initial 0.04 0.19
public offering by 2006
(3) Patent application | Cumulative patent application stock at the time jof 8.08 40.52
stock the funding round (or for the firm level analysas,
the time of the latest funding round)
(4) Prior start-up Dummy = 1 if at least one member of the foundjng 0.09 0.29
founding & IPO team had prior IPO experience
experience
(5) Prominent partner | Cumulative count of technologically or 0.33 0.87
stock commercially prominent strategic alliance or
corporate equity partners as of the VC funding
round (see text)
(6) High VC eigenvectof Dummy = 1 if the VC firm falls in the upper half| 0.35 0.48
centrality of the within-sample distribution of VC network
eigenvector centrality
(7) Lapsed patent stock Cumulative count of lapsed patents (as a resultjof 0.71 3.99
expiration / failure to pay maintenance fees) as |of
the VC funding round
(8) Early stage round | Dummy = 1 if funding round is classified as round 0.50 0.50
1or?2.
(9) Start-up age at time| Age of the start-up in years at the time of the VC 4.06 3.55
of VC round funding round.
(10) Profitable phase off Dummy indicating profitable start-up phase of 0.09 0.29
development development.
(11) Angel round Dummy = 1 if the focal funding round was led by 0.03 0.17
angel investors
(12) Acquisition round | Dummy = 1 if the focal funding round involved a 0.08 0.29
merger / acquisition

(13-14) Funding year

controls

(0.30) [the excluded time period is post 2000

teeiod]

Dummies for the pre-1997 (0.49) and 1998-2000 fogdound time period

[

* The natural logarithm

of a variable, X, will benbted L X.
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Correlation Matrix of Independent Variables

Table 2

(1) (2) 3) (4) (5) (6) (7) (8) ) (10) (11) (12) (13) (14)
) 1
) 0.29 1
©) 0.15 0.06 1
(4) 0.00 0.06 0.03 1
(5) 0.14 0.16 0.14 0.11 1
(6) 017 021  -0.04 0.04 -0.03 1
@) -0.03 0.02 0.08 -0.05 0.10 0.04 1
8) 022 019  -0.10 0.04 -0.23 0.07  -0.02 1
9) 0.15 0.29 0.09 -0.08 0.32 011 021 -0.44 1
(10) 0.08 0.41 0.05 -0.03 0.17 005 017 017 103 1
(11) 005  -0.03  -0.02 0.06 -0.03 -0.10  -0.01 0.12 -0.05  -0.01 1
(12) 0.33 -0.09 0.10 -0.01 0.03 027 -0.04  -012 .140 -0.01  -0.04 1
(13) -0.22 0.13 -0.06 0.07 0.08 022  0.10 0.02 80.0 0.20 0.00 -0.25 1
(14) 0.19 -0.09 0.04 -0.06  -0.06 013 -0.07 0.16 0.13  -0.15 0.00 0.07 -0.68 1

Note: variable numbering corresponds to Table 1lbaring.
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Table 3: Univariate difference in means tests

Panel A: Successful entrepreneurial experiencethadirst VC funding round characteristics

Firm age at timg Log prominent Log patent Network central| Log pre-money
of first VC partners applications VC partner? valuation
round
Prior start-up Yes 1.15 0.06 0.84 0.52 1.91
founding & IPO? No 1.77 0.05 0.50 0.33 1.77
t-stat| difference 1.30 0.44 2.05** 2.12** 0.58

Panel B: Patents, prominent affiliates and valuasio

Log pre-money valuation
>0 patent In top 5% of patent >0 prominent In top 5% of prom.
applications? distribution? partners? partner distribution?
Yes No Yes No Yes No Yes No
First VC Funding Round 2.20 1.70 2.96 1.82 2.21 71.8 2.69 1.87
[t-stat| difference 3.39%** 4,02%** 1.08 1M
All VC Funding Rounds 3.54 | 2.68 4.53] 3.20 3.90 311 398 | 321
[t-stat| difference Q.17 *** 6.70*** 7.34%** 4.91%**

Panel C: Entrepreneurial characteristics and exit@mes

Prior new venture >0 prominent >0 patent In top 5% of patent
founding & IPO? partners? applications? distribution?
Yes No Yes No Yes No Yes No
Probability of an IPO 0.24 0.13 0.25 0.10 0.1§ 0.08 0.42 0.12
t-stat| difference 1.83 3.72%** 3.58*** 3.74%**

T, ** or *** indicate statistical significance abhé 10%, 5% or 1% level, respectively.
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Table 4

Firms’ First Round of Funding Outcomes

Dependent Variable: PH{gh VC
Eigenvector Centrality: 1)

Note: Marginal effects reported

Dependent
Variable:L pre-
money valuation

Estimation method Probit OLS
Independent variable (4-1) (4-2) (4-3)
L patent application stock 0.072* 0.267***
(0.033) (0.081)
Prior start-up founding & IPO 0.166t 0.140 0.012
experience (0.087) (0.088) (0.193)
L prominent partner stock 0.174 0.162 0.241
(0.134) (0.134) (0.299)
L lapsed patent stock 0.013 -0.071 -0.472**
(0.090) (0.098) (0.209)
Profitable phase of development  -0.068 0.001 0.838**
(0.177) (0.184) (0.375)
Pre 1997 funding round dummy 0.127 0.153 -1.063***
(0.105) (0.108) (0.076)
Funding round 1998-2000 0.047 0.058 -0.467
dummy (0.113) (0.117) (0.368)
Start-up age -0.010 -0.015 0.103
(0.012) (0.012) (0.030)
Log likelihood / Adj. R-squared -225.91 -224.88 3.3
Num. Observations 360 358 168

T, ** or *** indicate statistical significance ahé 10%, 5% or 1% level, respectively.
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Pre-money Valuation Fixed-Effects OLS Regressions

Table 5

(VC round level of analysis)

Dependent Variable L pre-money valuation

Independent Variable (5-1) (5-2) (5-3)
L patent application stock 0.4271*** 0.284***
(0.073) (0.067)
L patent application stock * priof 0.012 0.007
start-up founding & IPO exp. (0.122) (0.122)
L prominent partner stock 0.204 0.092 0.138
(0.143) (0.141) (0.141)
L lapsed patent stock 0.089 -0.019 -0.027
(0.149) (0.152) (0.151)
Early funding round -1.155%** -0.977*** -1.135%**
(0.096) (0.096) (0.121)
Early funding round * L patent 0.178**
application stock (0.075)
High VC eigenvector centrality -0.242**
(0.123)
High VC eigenvector centrality * 0.129**
L patent application stock (0.065)
Profitable phase of development 0.330** 0.254t 0.246
(0.156) (0.153) (0.152)
Angel round -0.648** -0.507t -0.586
(0.304) (0.303) (0.302)
Acquisition round -0.018 0.216 0.161
(0.153) (0.150) (0.154)
IPO round 0.869*** 0.801*** 0.844***
(0.167) (0.162) (0.168)
Pre 1997 funding round dummy -0.520*** -0.321 -0.380%
(0.209) (0.206) (0.206)
Funding round 1998-2000 dummy  0.181 0.271* 0.234t
(0.131) (0.128) (0.128)
Start-up age 0.051** -0.009 -0.002
(0.026) (0.030) (0.029)
Firm fixed effects Yes Yes Yes
Constant 2.980** 2.534** 2.480**
(1.215) (1.194) (1.191)
Adj. R-squared 0.60 0.63 0.64
Num. Observations (Firms) 846 (290) 813 (269) t%es2] |

T, ** or *** indicate statistical significance ahé 10%, 5% or 1% level, respectively.
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Table 6

IPO Likelihood Probits
(Sample: Firms’ final round of funding)

Dependent Variable = PIRO = 1)
Note: Marginal effects reported

Independent Variable (6-1) (6-2)
L patent application stock 0.051***
(0.014)
Prior start-up founding & IPO 0.082t 0.128
experience (0.049) (0.185)
L prominent partner stock 0.029 -0.027
(0.029) (0.033)
L patent application stock * prior -0.048
start-up & IPO experience (0.039)
L prominent partner stock * prior 0.192**
start-up & IPO experience (0.101)
Profitable phase of development 0.222%** 0.176***
(0.071) (0.071)
Pre 1997 funding round dummy 0.277*** 0.342***
(0.071) (0.081)
Funding round 1998-2000 dummy 0.073 0.067
(0.054) (0.055)
Start-up age 0.008** 0.004
(0.004) (0.004)
Log likelihood -91.90 -81.03
Num. Observations 333 306

T, ** or *** indicate statistical significance ahé 10%, 5% or 1% level, respectively.
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Appendix Table
Patent Value Fixed-Effects Negative Binomial Regresons
(VC round level of analysis)

Dependent variable: Number of forwar
patent citations

Independent Variable (A-1)
Transition to central VC 0.157**
(0.074)
Transition away from central VC 0.045
(0.066)
L patent application stock 0.001t
(0.001)
L prominent partner stock 0.158***
(0.038)
Early funding round -0.921***
(0.081)
Angel round 0.273
(0.158)
Acquisition round -0.226***
(0.088)
IPO round 0.115
(0.096)
Profitable phase of development 0.1607%
(0.094)
Pre 1997 funding round dummy -0.319**
(0.147)
Funding round 1998-2000 dummy 0.2271%**
(0.088)
Start-up age 0.100***
(0.012)
Firm fixed effects Yes
Constant 0.633
(0.594)
Log likelihood -3152.97
Num. Observations (Firms) 1060 (234)

T, ** or *** indicate statistical significance ah¢ 10%, 5% or 1% level, respectively.
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