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The Patenting Behavior of Academic Founders

Sascha G. Walter, Arne Schmidt und Achim Walter

Abstract

This study explores why academic entrepreneursptteir inventions before and after
creating a firm. Drawing on start-up data combingith patent data, we specifically examine
the impact of five, relatively under-researcheddex (scientific field, pace of technological
development, technological uncertainty, entrepraakarientation, and patent effectiveness.
The study shows that some scientific fields, tebbgioal uncertainty, and patent
effectiveness are positively related to patent ensgty, both before and after founding. The
effects of pace of technological development anttepreneurial orientation were time-
specific. Our study suggests that patenting by ewéc entrepreneurs is driven by special
rationales and that prior research on full-timeeststs and established firms does not
necessarily generalize to them. We discuss theigatmins of our findings both in terms of
contribution to the current literature and techggltransfer policies.

1 Introduction

Scientists increasingly commercialize their invens through firm formation. The
decision to patent an invention (or not) can bense® a critical part of this process. The
researcher has to weigh up the fundamental tradiegdatenting: Patents can safeguard the
knowledge-base of a venture against early imitatlgndefining property rights over an
invention but at the same time they can facilitatgly imitation by disclosing critical
information (Harter, 1994; Arundel, 2001; KulttiaRalo, & Toikka, 2007). In this situation, a
researcher who aims to commercially exploit hiberdiscovery faces two basic options. The
first is to disclose the discovery to the reseanganization, let the technology transfer office
(TTO) file a patent and (hope to) obtain a licepser to firm founding (Thursby & Thursby,

2002). This involves losing control over the invent In the worst case scenario, any start-up
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plans can be inhibited because not all researdmnargtions license back to inventors (Shane,
2002). The other option is to conceal the discovieoyn the administration and create a

venture without filing a patent prior to foundingafidry, Amara, & Saihi, 2007; Jensen,

Thursby, & Thursby, 2003). This poses consideraitécal issues and legal risks (Bercovitz

& Feldman, 2008). Thus - why and when do academti@preneurs patent?

Scholars have sought explanations for why somearelsers patent more than others in
characteristics of the individual, the researchaargation, and the firm. Empirical studies on
individual characteristics have shown that sci¢sntiwho are male (Frietsch, Haller, Funken-
Vrohlings, & Grupp, 2009; Whittington & Smith-Doer2005; Thursby & Thursby, 2005),
older (Allen, Link, & Rosenbaum, 2007; Carayol, Z0&tephan, Gurmu, Sumell, & Black,
2007), conduct more applied research (Sellenth2®92 Calderini, Franzoni, & Vezzulli,
2007), have published intensively (Dietz & Bozem2d05), and have gained more industry
experience (D’Este & Perkmann, forthcoming; Mey906; Renault, 2006) are more likely
to patent. Studies on characteristics of the rebearganization have observed higher
patenting rates at institutions that facilitategmiing through active support (Baldini, 2009;
Sellenthin, 2009; Calderini et al., 2007) and pdevclear incentives by splitting revenues
with inventors (Renault, 2006). Once the firm isrided, characteristics of the firm may also
influence subsequent patenting behavior. Empistadies indicate that firms which are large
(Arora & Ceccagnoli, 2006; Brouwer & Kleinknecht929), export-oriented (Arundel &
Kabla, 1998), intensively conducting R&D (Brouwer Keinknecht, 1999; Scherer, 1983),
and operating in certain industries (Brouwer & Klaecht, 1999; Arundel & Kabla, 1998;
Mansfield, 1986) tend to more actively patent th@rentions.

Extant studies on patenting have either consideogehtists or established firms but
have, to date, neglected academic entrepreneursseGoently, prior findings might not be
generalizable to academic entrepreneurs for tweorea First, they have to weigh up the
interests of their (prospective) firms and intesesdtthe research organization. Entrepreneurial
rationales can collide with administrative reguas that stipulate disclosing and patenting
inventions with commercial potential. If a secrestyategy is vital for the new venture’'s
success, some academic entrepreneurs might beateatito bypass organizational routines.
Others might decide to delay filing a patent ufiter the firm is founded. Second, the

transition from the academic world that emphasippen knowledge sharing and peer
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recognition to the business world that emphasizese property and profits might change
the self-perception and strategic posture of acadeentrepreneurs (Jain, George, &
Maltarich, 2009). As a consequence, his or herepegice for protecting intellectual property
through patents might change.

This study explores empirically why academic emnepurs patent and how the
advancement through the founding process changesrgirof patenting. To illuminate
changes in patenting tendencies over time, ouryaisatovers two phases, including a three-
year-period before and after venture creation, eetsgely. Specifically, we analyze (inter-
temporal changes in) the effect of the scientifeddf pace of technological development,
technological uncertainty, entrepreneurial origotgtand patent effectiveness on the patent
propensity of the founding team. A unique data$@60 technology start-ups combined with
patent data, allows us to test our hypotheses toragext in which patenting is a critical
strategic decision and substantial patentable kihow-s involved.

This paper makes three contributions to the extiettature. First, it provides an
empirical test of the impact of several influenoesthe patent propensity of a special group -
academic entrepreneurs. Such a test bridges théedbetween two literatures that have
evolved in relative isolation and have either labla¢ scientists or incumbent firms. Second,
the study shows that the pace of technological ldpwgent, technological uncertainty, and
entrepreneurial orientation, affect patent decisidn doing so, it extents prior research that
has paid little attention to these factors. Thilg study spans both the pre-founding and the
post-founding phase, which facilitates detectingeptal dynamics in the strength of these
influences. The results complement prior reseaycshiowing that such changes are minimal.
The paper is divided into five sections. In thetrsection, we review the extant literature and
explain why the five influences should affect thieelihood that academic entrepreneurs
patent their inventions. In the third section, vesctibe the dataset and methods used in this
study. In the fourth section, we present the resaittd discuss their implications in the last

section.
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2 The different explanations

The extant literature on patenting has focused whtime scientists or established
firms. Academic entrepreneurs, in part, stand betwé&oth streams because they are
entrepreneurially-minded scientists who create fiens to commercialize their research.
Prior findings might, therefore, not generalize ttem. As firm formation involves the
challenge of converting an elementary idea to &tplde venture, other rationales may drive
the patenting of academic entrepreneurs. The @gsncould also change over time. Thus,
analyzing patenting behavior throughout the fouggirocess might yield new insights. Case-
based research by Vohora et al. (2004) proposephases of start-up development. Drawing

on this framework, we suggest that different disvef patenting may prevail in the phases.

In the first phase, scientific research within aadt institutions creates entrepreneurial
opportunities. Many universities have adopted “patent policies” to foster patenting of
their employees’ inventions (Baldini, 2009). Moreoy academics increasingly seem to
accept patenting as a legitimate activity that @npatible with other career interests
(Bercovitz & Feldman, 2008). Thus, scientists ields with patentable research should be
more likely to file patents. In the second phabke,dntrepreneurs and/or the TTO examine if
the opportunity has sufficient commercial valueviarrant further effort to exploit it. In fields
with a high pace of technological development, patean, in part, shield the start-up against
uprising competition, thereby helping to secureugalrom the invention (Hall & Ziedonis,
2001). Moreover, in situations of high technologicecertainty, effective patents often
provide the time required to develop marketableliegipons from the core technology
(Shane, 2004). In the subsequent phases, the gaatguires and deploys strategic resources,
continuously optimizes its approach to identifygaice and integrate requisite resources and
finally attains sustainable returns. These phaseslaaracterized by a steep learning curve
leading the entrepreneurs to think and act moegegjically. To the extent they adopt a more
strategic posture, a growing entrepreneurial oaigmt may replace a previously more
academic rationale in patenting. Moreover, theaotiffeness of patent protection plays a key
role throughout all phases (Shane, 2002).

Interviews with entrepreneurs and technology tramnsfficers also suggest that the five

factors — scientific field, pace of technologicaévdlopment, technological uncertainty,
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entrepreneurial orientation, and patent effectigsne can drive patenting by members of the
founding team. The subsections below provide metailkd arguments for why this should

be the case. To explore changes over time, we @@nigoth the pre- and post-founding phase.

2.1 Scientific field

We first consider the scientific field of the found team members. Patenting can
collide with traditional academic norms (Etzkowii998), involve the risk of receiving no
(exclusive) license (Shane, 2002), or may be a #irhal strategy for some start-ups
(Arundel, 2001). This might lead some inventors twtpatent. However, we argue that
academic entrepreneurs from scientific fields tiyptcally yield patentable results are more
likely to patent for several reasons. First, fatdrally funded research, invention disclosure is
stipulated by law and encouraged by many reseagdmations. Thus, academics patent to
be eligible for future government grants and to phynmwith legal requirements. Royalty-
sharing incentives, active support through techgyliwansfer offices (TTO), and negligible

costs also encourage inventors to patent (Berc&eldman, 2008).

Second, patents reflect research performance, abademics engage in patenting to
demonstrate their per se unobservable quality assaarcher. Scientists in a study by
Goktepe-Hulten and Mahagaonkar (forthcoming), fustance, patented not primarily for
immediate financial gains but to signal their agbkiment and to gain reputation in academia
and industry. Such quality signals are centrallte &cademic career system as they are
directly linked to financial rewards, tenure, andmotions. While publishing is still regarded
as the major mechanism for gaining scientific rapah and publication rates far exceed
patent rates (Dietz & Bozeman, 2005), publishing patenting provide different signals. A
publication in a prestigious journal shows that tnederlying research is novel to the
scientific community and has substantial intellatttalue, whereas a patent indicates that the
research is novel to the industrial community aad potential commercial value. Empirical
studies suggest that both are complementary ratier substitute activities for faculty
members (Meyer, 2006; Van Looy, Callaert, & Debaek@006; Thursby & Thursby, 2005;
Agrawal & Henderson, 2002) and that in many cabBessame research can yield patents as
well as publications (Jensen & Murray, 2005). Copsaitly, academics can draw on both

strategies to position themselves on the marketaé@demic positions. Because increased
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technology transfer has become an articulated tbgeof the university administration
(Etzkowitz, 1998), more directly applicable resbamay be desired. Patenting permits

researchers to signal that they are capable ofuzdimdy such research.

Third, patents spur relationships with industryt theovide access to critical resources.
For scientists without venturing intentions, thegrve as “chips to exchange” for
supplementary funding, access to equipment, andhtssapplicable for academic research
(Owen-Smith & Powell, 2001; Meyer-Krahmer & SchmptB98).

If, as we argue above, academic entrepreneurs d@emeral motivation to patent, the
patentability of their inventions should be the amajestriction. However, some scientific
fields, such as business or law, are not conduciwgelding patentable results. In contrast,
other fields, such as natural science, medicingineering, and computer science, have
higher patenting potential (Azagra-Caro, Carayol,|&ena, 2006; Dietz & Bozeman, 2005).
Founding teams composed of scientists from thedgsfishould exhibit higher patenting rates
than others. This rationale should prevail afteuniting because many academic
entrepreneurs retain their self-view as researcidrte engaging in commercialization

activities (Jain et al., 2009). This explanatioggests that, ceteris paribus,

Hypothesis 1. The higher the number of founders from scientifelds with patenting

potential, the more likely is the founding teanfit® patents prior to and after firm founding.

2.2 Pace of technological development

The second influence we consider is the pace ¢intdogical development that refers
to the speed of technological changes in a teclgicdbfield (sometimes also referred to as
technological turbulence, e.g., Jaworski & Kohl@9B). Scholars of technology evolution
have argued that new technologies are often bofederally funded research organizations.
With ongoing basic research, more researchersiand become interested in the technology
and refine it (Pavitt, 1984; Walsh, 1984). The pat#éechnological development grows and
firms increasingly enter markets with products aedvices based on the technology. In the
next phase, the technology matures, markets besatoeated, and the entry rate declines- the

pace of technological development drops again (O®82; Gort & Klepper, 1982).
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The pace of technological development should eréndhe likelihood that academic
entrepreneurs file patents for three reasons.,Fir§Os tend to encourage patenting in
rapidly-developing fields because the activity ne field indicates the potential value of an
invention — a key criterion to patent. Firms in fifedd prove that marketable applications of
the technology exist. They also serve as potelt@hsees, thereby increasing the prospect of
generating revenues. Second, in times of rapichtdolyical advances, niche markets emerge
and offer a fertile ground for market entry by nemns (Tushman & Anderson, 1986). As
industry rivalry increases and more competitorsirbég work on the same technology, the
threat of knowledge leakages and appropriation grawew firms are therefore required to
protect their core technology against imitation @edure their niche market through strong
proprietary rights to key technologies (Hall & Zads, 2001; Blind, Edler, Frietsch, &
Schmoch, 2006). Third, in this situation, new firare also increasingly competing with other
newcomers for external funding and market sharésis;Tsignaling technological quality
through patents becomes more important to attr@ietnpial investors and customers (Levitas
& McFadyen, 2009). Patents support the acquisitibexternal funding when the academic
entrepreneurs have no other evidence of the conmheatue of their invention (Hall, 2005).

Consequently, ceteris paribus,

Hypothesis 2. The higher the pace of technological developmdrg, more likely is the

founding team to file patents prior to and aftemffounding.

2.3 Technological uncertainty

The third influence, technological uncertainty,ersfto the perceived degree to which
the process of developing marketable products ftleencore technology is predictable and
controllable. If technological uncertainty is highe time, costs, and supportive technologies
necessary to develop products cannot be foresdtm @cademic start-ups commercializing
radical technologies are confronted with unceryaemd barriers that must be overcome to
successfully introduce the technology to marketidBh1994). Technological uncertainty
should increase the likelihood that academic engregurs file patents for three reasons. First,

in many technology fields one firm alone cannotdiarthe research involved in developing
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marketable products, but requires research parfnenms academia or industry. This poses
considerable risks of knowledge-leakages. Pataste@nducive to finding research partners
and successfully collaborating in R&D as they dgthbclear proprietary rights over the
shared knowledge (Hertzfeld, Link, & Vonortas, 2086undel, 2001). Second, alternative IP
protection strategies like secrecy or a time leadcompetitors assume that firms quickly
develop and market products to realize first-maarantages. In situations, where the time
to yield marketable products and the number ofltieguproducts is hardly predictable, such
strategies appear to be less applicable. Patetegbian allows academic entrepreneurs to
experiment with different alternative designs ofneoercial applications for a technology and
adopt it to market needs before competition setgShane, 2001). Third, technological
uncertainty lengthens time-to-market and increaties likelihood that the academic
entrepreneurs do not discover marketable applicatiof the technology. Patents allow
securing some minimum value from the technologyneveroduct development fails. The

arguments above suggest that, ceteris paribus,

Hypothesis 3.The higher the technological uncertainty, the niiay is the founding team
to file patents prior to and after firm founding.

2.4 Patent effectiveness

The fourth critical influence examined in this stud patent effectiveness, this is the
degree to which they protect against imitation twilitate enforcing legal rights in the case
of infringements. Patenting involves consideralig&s because it requires the disclosure of
critical information on an invention, thereby allony competitors to learn about promising
research areas or ways to patent around an inve@aiundel, 2001). Mazzoleni and Nelson
(1998) state that “patents encourage and providehile for disclosure and, more generally,
generate quick and wide diffusion of the technioérmation underlying new inventions”.
Moreover, the potential of patents to secure ecanoralue was found to vary across
technological fields and industries (Arundel & Kapl1998; Schankerman, 1998). The
decision to patent may therefore rest on the stheafjpatent protection relative to the risks

involved. If patents are strong, imitation riske aeduced and patenting activities are more
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actively pursued. This allows them to realize tlhlwamtages of patents, such as signaling
towards customers and investors or giving time gozduct development (Shane, 2001).
Conversely, if patents are weak, firms tend to myother strategies to protect their IP, such
as secrecy or a time lead on competitors.

Empirical studies suggest the effectiveness ofrpatas one explanation for industry
differences in patenting rates (Arundel & Kabla989 Schankerman, 1998; Brouwer &
Kleinknecht, 1999). Hall and Ziedonis (2001) fouthdt the strengthening of the US patent
rights in the 80s triggered an upsurge in patentinthe semiconductor industry. Arora and
Ceccagnoli (2006) found a positive relationshipwaetn patent effectiveness and patent
propensity of firms. According to other studiestgmding rates are higher in countries with
strong patent systems characterized by effectif@egment mechanisms and few restrictions
on patent rights (de Rassenfosse & van Pottelsbatgha Potterie, 2009; van Zeebroeck, van
Pottelsberghe de la Potterie, & Guellec, 2009).

As the technology is usually applicable for distipossible applications in different
industries (e.g. Gans & Stern, 2003; Gruber, Malavjl & Thompson, 2008), we expect the
patent effectiveness in the technological fieldtloé idea the start-up is based upon to
influence the propensity to patent prior firm fourgl After firm founding, we expect the
patent effectiveness of the industries the starfhmp consequently entered to influence

patenting behavior. Thus we posit that, ceterigopar

Hypothesis 4.The higher the patent effectiveness in a techncdbgeld (industry), the more

likely is the founding team to file patents priorand after firm founding.

2.5 Entrepreneurial orientation

The fifth explanation for variation in the patembpensity of academic entrepreneurs is
entrepreneurial orientation - this is the processtesctures, and behaviors of firms that are
characterized by innovativeness, proactivenessyiakdaking (Covin & Slevin, 1989; Miller
& Friesen, 1983). Innovativeness reflects the tang®f a firm to actively support new ideas,
novelty, experimentation, and creative solutiongimsuit of competitive advantage. Risk-

taking involves a firm’s tendency to take businedated chances regarding strategic actions
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in uncertain environments. Proactiveness is a firtahdency to anticipate and act on future
needs by introducing new products and servicescab&#he competition (Covin & Slevin,
1989; Lumpkin & Dess, 1996). While a broad stredmesearch has linked entrepreneurial
orientation to business performance (Rauch, Wiklundnpkin, & Frese, 2009), it should

also increase the patent propensity of academiegeneurs after firm founding.

Entrepreneurial-oriented firms tend to competelanhasis of their technological skills
in the belief that successful innovation emanates feffective R&D (Atuahene-Gima & Ko,
2001). They strive for a technology leadership eatfhan a follower strategy (Lumpkin &
Dess, 1996), which drives them to dedicate a higiare of their expenses to R&D than
other firms (Renko, Carsrud, & Brannback, 2009)c&ese of their focus on an exploratory,
risk-seeking approach to innovation, such firms lékely to be the first to arrive at new
inventions that can be protected by patents. Maeopatent protection creates favorable
conditions to experiment with new technologies irpasuit for more creative product
applications (Shane, 2001). Firms with well-prodecttechnological bases can therefore
follow a more aggressive growth strategy with adowisk of knowledge leakages. Patents
help to “stake claims” in the market and defendpalé position” in a possible technology
race that many start-ups have at the outset. kjredtrepreneurial-oriented firms were found
to increase their innovation capacity by formindeefive alliances (Marino, Strandholm,
Steensma, & Weaver, 2002). Patents are a signdémige to attract potential partners and
prepare a successful collaboration (Hertzfeld gt28l06; Arundel, 2001). These arguments
propose that, ceteris paribus,

Hypothesis 5. The higher the entrepreneurial orientation, theearlkely is the founding
team’s start-up to file patents after firm formatio

! The extant literature has defined entreprenewmi@ntation on the group- or firm-level. Conseqlenive

restrict Hypothesis 5 to the post-founding phase.
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3 Methods

3.1 Sample and procedure

This study examines a combination of survey anématata. We surveyed start-ups
created to exploit technology from publicly fundedsearch institutions in Germany,
including universities, universities of applied esute, and research institutions within the
Fraunhofer Society, Helmholtz Association, LeibSzience Association, and Max-Planck
Society (see Krabel und Mduller, 2009 for a deswipt After gathering contact information
from technology transfer offices, print media, theernet and annual reports from research
institutions, we contacted 542 start-ups via phtmerrange interview appointments. To
include only firms with the potential to patent, wenfirmed that the underlying business
model was based on a technological invention dgeeloby the founders in the research
organization. Trained interviewers then conduct&8 2ace-to-face interviews with one
member of the founding teams. Data on patent éffmuess was collected from patent
attorneys in Germany. We sent a standardized questire to 2,417 individuals listed in the
directory of German patent attorneys. Of those, U€dble questionnaires were returned (8%).
On average, the respondents had worked for 9.5% yeal. 8.82) as patent attorney and for
14.87 years (s.d. 10.33) in patent-related fields.

Patent data came from the database “PATSTAT” (uar€i9/2008) provided by the
European Patent Office. We considered patent agifits by members of the founding team
in the pre-founding phase (three full years praincorporation) and patent applications by
the start-up itself in the post-founding phasegghfull years after incorporation). The final
dataset consisted of 260 start-ups, of which 120) (6ad filed patents prior (after)
incorporation. Technological fields included softe/aimulation (33%), biotechnology
(23%), electronics (22%), nanotechnology/new maker(10%), and others (12%). The
average venture had been in business for five y@aesan = 4.93; s.d. = 2.34), had three
founders (mean = 3.27; s.d. = 1.90), and employeden full-time equivalents (mean =
11.29; s.d. = 12.61). This sample profile is comapée to related studies in the field (Nerkar
& Shane, 2003; Hmieleski & Baron, 2009).
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3.2 Measures

3.2.1 Dependent variables

Patent propensityefers to the tendency of an individual or a gréaidile patents for
inventions. In line with the extant literature (¢.Brouwer & Kleinknecht, 1999), we adopted
two alternative measures for the pre- and postdognphase. The first is a dummy variable
for the mere existence of patent applications leyfttunding team or start-up (0 = no patents
filed, 1 = patents filed). It reflects the founditepm’s willingness to use patents at all. The
second is the number of patent family applicatiohspatent family comprises all patent
applications based on the same invention in differprrisdictions: Grouping patent
applications into families avoids redundant coumysconsidering the same invention only
once in our data (Lettl, Rost, & von Wartburg, 2D0Bhis measure captures the extent to
which the founding team opts for patents. As it stabtially deviates from normal

distribution, we used a natural log transformation.

3.2.2 Independent variables

Information on thescientific fieldwas gathered by asking for the type and fieldhef t
highest degree of all founding team members. Weidened four fields in our analysis that
typically yield patentable research outcomes (@htscience, engineering, medicine, and
computer science). Theace of technological developmenta start-up’s technological field
was - like all other items, unless stated otherwisgeasured on a 7-point Likert-scale (1 =
“does not apply at all’; 7 = “applies fully and cplately”). We derived our four item
measure based on Sood and Tellis (2005). The sbederibes the extent of research
conducted in a specific technological field and tlegjuency of technological change. One
item of the original scale was deleted during sealefication. The measure is reliable at an
alpha of 0.78. An overview of all items and valdimformation is presented in the Appendix

A. We developed a scale foechnological uncertaintghrough a procedure proposed by

%2 To be considered as part of the same DocDB sifaphily, a patent application has to claim exadtlg same
priority applications. There may be exceptions fribs rule if the European Patent Office classifigzatent
application to a DocDB simple family due to facéidigy.
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Rossiter (2002), as no directly applicable esthblismeasure was available. This resulted in
three reflective items conceptually based on thekwd Bhide (1994) and Shane (2004: 186-
190). The measure is reliable at an alpha of 0.77.

To measurepatent effectivenespatent attorneys rated the degree to which patent
reliably protect against imitation and grant enéadole rights in several technological fields
and industries (7-point Likert-scale; 1 = *“very loeffectiveness”, 7 = “very high
effectiveness”). For technological fields, desadviptstatistics (presented in Appendix B) and
results from a factor analysis indicated the presesf two groups with low and high value,
respectively. Since considering all fields in tlegnession analyses posed multicollinearity
problems, we decided to use a dummy instead. Gparin the field of software & simulation
(mean 3.73, s.d. 1.55) and production & managenesttiniques (mean 3.63, s.d. 1.57)
received a value of O for low effectiveness, whergtart-ups in the remaining fields received
a value of 1 for high effectiveness. While the tstgos in our sample were only active in one
technological field, they sometimes operated in entbran one industry. In this case, the
average rating was chosen. In extending prior dieeaizations (e.g. Arora & Ceccagnoli,
2006), our measure prevents the threat of a commethod bias by surveying patent
attorneys rather than firms directly.

To operationalize dimensions @ntrepreneurial orientationwe derived our own
measures based on the established Covin and $988) scale. To acknowledge the special
situation of start-ups, we adjusted some item$iefariginal scale that referred to established
firms to the context of new firms. For, instande ttem “[my firm] typically initiates actions
which competitors then respond to” was replacethiyitem “our company undertakes great
efforts to find new applications for our core teclugies and to open new markets for our
existing products/services.” As the dimensionabfythe construct is an area of ongoing
debate (Rauch et al., 2009), we decided to factalyae the items to confirm the original
three-factor solution. After dropping items witaetor loading of a less then 0.40, the three
dimensions innovativeness (2 items), proactiven@sstems), and risk-taking (2 items)
emerged, with alpha levels of 0.75, 0.64, and O.&€pectively. The sum of these dimensions

forms the final measure for entrepreneurial origeota
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3.2.3 Control variables

To isolate the effect of our predictor variableg, wserted several control variables that
might affect patent propensity. Recent legislathanges, such as the Bayh-Dole Act from
1980 in the US, entitle research organizationsotoroercialize their employee’s inventions,
providing direct incentives to promote patentinfpeTGerman equivalent is tltemployee’s
Inventions Act(EIA, Arbeitnehmererfindungsgesetz; see HarhoffH®isl, 2007 for an
outline). A dummy variable coded 1 if the startwps founded after 2001 and O for those
founded before, controls for the impact of the dgto research societies, Fraunhofer Society
and Max-Planck Society, have established centdlmeenting offices for all, geographically
dispersed member organizations. Such centralizatsmilitates patenting if it leads to
economies of scale, accelerates the process, anelges the quality of services offered.
Alternatively, it discourages patenting if the gemghic distance constrains the patenting
process and complicates motivating inventors toergat We therefore controlled for
centralized supporwvith a dummy variable that is coded 1 if the motbeganization of the

firm had a centralized patenting office and O fayge that do not.

As larger start-up teams possess more resourcdsviElop patentable inventions, we
controlled forteam sizen terms of the number of founders in the pre-fing phase and the
number of R&D employees in the post-founding ph&sart-up experiences likely to shape
the tendency to patent because it permits acadamitsst the efficacy of patents and the
entrepreneurial role. We therefore included a dumanable that was coded 1, if at least one
member of the founding team had previously stagezbmpany and O if no member had.
Market potentialrefers to the extent to which marketable applcetican be drawn from a
core technology. Inventions with higher commergi@ue are more likely to result in patents
(Bercovitz & Feldman, 2008). Market potential wasasured with two reflective items and is
reliable at an alpha of 0.7@&xpert knowledgedescribes the extent to which the core
technology of the start-up was based on tacit kadgé of the founding team. Such
knowledge is often seen as a prerequisite for jugsa secrecy strategy, as an important
alternative to patenting (Arundel, 2001). The thiteen measure was reliable at an alpha of
0.71. Patents are conduciveventure capitalnvestments as they secure value of the firm and
signal technological quality (Wright, Lockett, CJase, & Binks, 2006). The same rationale

might drive venture capitalists on the board of n@ntures to encourage patenting. Thus, we
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inserted a dummy variable coded 1 if one or mordwe capitalists held a stake in the start-

up’s equity and O if no one had.

4 Results

Table 1 provides the descriptive statistics andetation matrix. Table 2 displays the
regression results. Calculations of the variandétion factor (VIF) reveal no serious
multicollinearity problems (VIF < 2.05)Diagnostic checking confirms that the assumptions

of regression analysis are met.

Hypothesis 1 suggests a positive relationship batwie number of founders from
scientific fields with patenting potential and pateropensity. The models indicate that
founding teams with a higher number of researcfrera natural science and medicine are
more likely to patent than those teams with mangrgists from engineering and software &
simulation. This result provides some support fgpéthesis 1. According to Hypothesis 2,
patent propensity increases with the pace of tdolgical development. Our findings differ
across time: In the pre-founding phase, a sigmficmpact on the number of patenfis{ .11,

p < .05) and a weakly significant impact on thestatice of patents was found (Exp(B) =
1.21, p < .10). In the post-founding phase, thea$f were not significant. Thus, Hypothesis 2
received some support.

As stated in Hypothesis 3, we expected that a hitggehnological uncertainty would

result in a higher patent propensity. This is cstesitly confirmed across all models, lending

% Logistic regression does not include collineastgtistics. We therefore relied on VIF statisticevided by

linear regression analysis after testing for noedirity in the logit.
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strong support for Hypothesis 3. We stipulated sitp@ impact of patent effectiveness on
patent propensity in Hypothesis 4. Consistent wiih expectations, the patent effectiveness
in the technological field was positively related hoth the existence of patents (Exp(B) =
5.54, p < .001) and the number of patent familyliappons ¢ = .36, p < .001). The results
for patent effectiveness in the industry were am{Exp(B) = 1.70, p < .08 = .12, p < .05,
respectively). Hypothesis 4 therefore receivedrgjreupport. For the post-founding phase,
Hypothesis 5 predicts a positive impact of entrepugial orientation on patent propensity.
The proposed relationship was positive and sigaficfor the number of patent family
applications [§ = .14, p < .05), but only weakly significant fdnet existence of patents
(Exp(B) = 1.11, p < .10). This lends some suppmHypothesis 5.

With regard to our control variables, EIA was negdy related to patent propensity
(Exp(B) =-.94, p < .01p = -.23, p < .001), suggesting a decline in patentn the aftermath
of the act. In the post-founding models, the numbkrmpatent family applications was
significantly related to start-up experienge=-.13, p < .05), market potentifd € .12, p <
.05), and venture capitap (= .19, p < .001). Moreover, we performed seveeal for all
models to check the robustness of our findingstFive redid the analyses restricting the pre-
founding and post-founding phase to two years leeford after incorporation. The results
showed no substantial differences regarding thenriiadings. Second, we added a variable
for the share of inventors who left academia tolwoil-time for the start-up. The variable
reflects the extent to which members of the fougdotus on academic or business careers.
As the pattern of our results did not change sulisiéy, but model fit decreased, we

removed the variable again.

5 Discussion

This article examined five influences on the paterdpensity of academic founding
teams before and after incorporation- the scienfigld, technological uncertainty, pace of
technological development, patent effectivenessd afonly after firm founding)
entrepreneurial orientation. Using data from 266ht®logy-based start-ups in Germany

combined with patent information from the PATSTAdtabase, we find that these influences
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are positively related to the tendency to file ptde Controlling for various confounding
influences, academics were more likely to pateremtie search for marketable applications
of the firm’s core technology was highly uncertathe technological field was rapidly
changing, the founding team operated in fields wsttiong patent protection, and the start-up
was high in entrepreneurial orientation. Moreovke, pattern of results did not substantially
differ between the pre-founding and the post-fongghase. Thus, the same influences seem
to drive patenting before and after incorporatiOme exception is the pace of technological

development which is significant only in the presfiing phase.

5.1 Limitations

This study is not without limitations. First, ifuminates a relatively short time period
of three years before and after incorporation teatechanges in the rationale for patenting.
Although in this phase the ground for the futuretted start-up may be laid, we have little
insight into how patenting behavior develops afitat. Future research is therefore necessary
to advance our knowledge of how and whether theenpapropensity of academic

entrepreneurs changes and affects patent politibgio growing start-ups.

Second, sampling solely from research organizatior@ermany may yield results that
are mostly generalizable to this context. Countiffeences, such as variations in
jurisdiction, university regulations, or the rows of technology transfer, might generate
different conditions for patenting, and may therefaffect patent propensity. While we have
no a priori reason to believe that the findings lddail to apply to other country settings, the
empirical investigation addressed only one settgnsequently, the generalizability of our

results to other country settings is questionahté future research proves otherwise.

Third, our study does only examine patent applceti without considering other
characteristics of patents. Thus, we have no irdtion on which patents are actually
granted. Similar data limitations precluded conitngl for the economic value of patents.
Future research could draw on such data to imastip what extent patenting is driven by

economic or other rationales.

Fourth, our dataset contains no information on Wwhof the patents filed in the pre-

founding phase were actually licensed-back and umsedhe start-up. Although our pre-
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founding models address patenting by the foundergeneral, not only for the purpose of
starting a business, such information could helgisentangle patents filed to create licensing
revenues from patents filed to prepare venturirityiies. However, our interviews with the
founders indicate that the majority of patentsdfilgithin three years prior to incorporation

were actually used by the new venture.

5.2 Implications for research

The results of this study have useful implicatidos different research areas. Many
scholars have observed that academic researcherstdmlely patent for monetary, but also
for non-monetary reasons, e.g. to establish ingustationships or to gain prestige within the
scientific community. This partly explains why mangsearchers file patents in areas in
which patents typically possess less economic vatui¢ghe underlying inventions are often
incremental improvements of existing technologiespmducts (Owen-Smith & Powell,
2001; Dietz & Bozeman, 2005). However, our studgvpies no conclusive results for
academic entrepreneurs. Future research shoukfdherexamine whether they are driven by
more academic or more entrepreneurial rationalemnvgatenting. At least our finding for the
negative impact of founding experience indicates frior exposure to the business world

might change their patenting behavior.

In addition, academic entrepreneurs are more likelpatent their inventions prior to
founding if the pace of technological developmest high, enabling them to protect
prospective niches and to obtain venture capitails Tinding extends the work by scholars of
technological change who have established a lirilvdln technology life cycles and firm
formation rates (Shane, 2001) by demonstrating tttestdevelopment phase of a technology
also influences the decision to patent. Contrarguo predictions, the relationship between
the pace of technological development and patentiag) not significant in the post-founding
phase. One possible explanation for the unexpemedhg is that the founders construct
patent fences to prepare the market entry. Afteorporation they focus on commercial
activities, while further R&D activities resulting patentable inventions are neglected within
the time scope of our study.
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The results also indicate that in situations ofhhigchnological uncertainty when the
time and resources required to develop marketgipécations from the core technology are
hardly predictable, academic entrepreneurs are tilaely to file patents. In prior studies,
incumbent firms were found to prefer alternativetpction strategies, such as lead time
advantage (Blind et al., 2006) or secrecy (Arung@eQ1l), to patent protection. In contrast, our
findings suggest that such strategies are lessicapp for new firms facing high
technological uncertainty as they must swiftly depeand market products, but these firms

cannot forecast the development time.

In Addition, our study adds to the literature ortrepreneurial orientation. Strategic
management scholars have linked the constructgméss performance (Rauch et al., 2009),
but more recent studies failed to show its impacfions’ product innovativeness (Renko et
al., 2009). As our findings indicate the context tethnology start-ups, entrepreneurial
orientation is positively related to the tendengypatent. Consequently, founding teams high
in entrepreneurial orientation seem to focus oremions with higher patenting potential or

patent more aggressively to secure a strong posiiithe technological field or market.

The result that patent effectiveness drives patgntby academic entrepreneurs
demonstrates the importance of strong intellecpwaperty protection in commercializing
academic inventions. Entrepreneurship researclaln@ady shown that a broad patent scope
increases new firm value (Lerner, 1994) and thebgindity of licensing to non-inventors
(Shane, 2002). However, university inventors wementl to also patent in fields with weak
patent protection, when pursuing academic inter@igen-Smith & Powell, 2001; Dietz &
Bozeman, 2005). While academic entrepreneurs lwalvalance academic and entrepreneurial
career requirements, this study provides evidehaetheir patenting decision is driven by an

economic rationale of patent effectiveness.

Finally, the study shows that three influencesiergdic field with patenting potential,
technological uncertainty, and patent effectiveresgnificantly affect patenting before and
after incorporation. Although some effect sizeghtlly increase in the post-founding models,
the overall change of these influences over timdovg. The finding that the patenting
rationale of academic entrepreneurs is relativédple within a three-year period around
incorporation is consistent with findings by Jatnaé (2009) that scientists largely preserve

their academic role identity when engaging in comuiaé activities. Given the limited time
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scope of our study, future research could examimetier and how these patenting rationales
change in the long run. Our study provides a &tep to bridging the divide between the two
literatures on university and firm patenting, asexamine academic entrepreneurs transiting

from the academic to the business world.

5.3 Implications for practice

This study also offers several practical implicaioSeveral states have passed acts to
stimulate patenting and research commercializabbnpublicly-funded institutions. Our
results show that after the passage of the Gernmpldyees’ Invention Act, academic
entrepreneurs are less likely to patent inventjomsr to incorporation. As an explanation,
some prospective entrepreneurs might delay thenpapgplication until after incorporation to
prevent the threat of not receiving (exclusivegiises. However, inspection of the data shows
that this is not the case for the start-ups insaumple. They seem to prefer to avoid patenting
at all in the aftermath of the act. This raisessgjoes on whether such acts yield opposing
effects and how policy-makers can align the intisre$ academic entrepreneurs and research

organizations.

The results for the relative, temporal stability sfme influences could motivate
academic entrepreneurs to reflect upon their ratemnfor patenting. The start-up success
may, in part, depend on the extent to which thegpathe “rules of the game” in the business
world. Consequently, academic entrepreneurs shengdre that academic influences do not
impede with firm interests in patenting start-ughieology.



The Patenting Behavior of Academic Founders 21

References

Agrawal, A. & Henderson, R. (2002). Putting patemtscontext: Exploring knowledge
transfer from MIT Management Scienei(1), 44-60.

Allen, S. D., Link, A. N., & Rosenbaum, D. T. (200Entrepreneurship and human capital:
Evidence of patenting activity from the academict@e Entrepreneurship: Theory &
Practice31(6), 937-951.

Arora, A. & Ceccagnoli, M. (2006). Patent protenticcomplementary assets, and firms'

incentives for technology licensinglanagement Sciend&2(2), 293-308.

Arundel, A. & Kabla, I. (1998). What percentage inhovations are patented? Empirical
estimates for European firmResearch Policg7(2), 127-141.

Arundel, A. (2001). The relative effectiveness datgnts and secrecy for appropriation.
Research Polic30(4), 611-624.

Atuahene-Gima, K. & Ko, A. (2001). An empirical mstigation of the effect of market
orientation and entrepreneurship orientation alignin on product innovation.
Organization Scienc#2(1), 54-74.

Azagra-Caro, J., Carayol, N., & Llerena, P. (200&tent production at a European research
university: Exploratory evidence at the laboratéeyel. The Journal of Technology
Transfer31(2), 257-268.

Baldini, N. (2009). Implementing bayh-dole-like lawFaculty problems and their impact on
university patenting activityResearch Polic38(8), 1217-1224.

Bercovitz, J. & Feldman, M. (2008). Academic entegfeurs: Organizational change at the
individual level.Organization Scienc&9(1), 69-89.

Bhide, A. (1994). How entrepreneurs craft strategleat work.Harvard Business Review
72(2), 150-161.

Blind, K., Edler, J., Frietsch, R., & Schmoch, (2006). Motives to patent. Empirical
evidence from GermanResearch Polic5(5), 655-672.



The Patenting Behavior of Academic Founders 22

Brouwer, E. & Kleinknecht, A. (1999). Innovative tput, and a firm's propensity to patent:
An exploration of CIS micro dat&esearch Policg8(6), 615-624.

Calderini, M., Franzoni, C., & Vezzulli, A. (2007f. star scientists do not patent: The effect
of productivity, basicness and impact on the denigb patent in the academic world.
Research Polic6(3), 303-319.

Carayol, N. (2007). Academic incentives, researgjamization, and patenting at a large
French universityEconomics of Innovation & New Technolddf(2), 119-138.

Covin, J. G. & Slevin, D. P. (1989). Strategic mgerment of small firms in hostile and
benign environment$Strategic Management Journdd(1), 75-87.

D’Este, P. & Perkmann, M. (forthcoming). Why do demics engage with industry? The
entrepreneurial university and individual motivaso The Journal of Technology

Transfer

de Rassenfosse, G. & van Pottelsberghe de la RotRr(2009). A policy insight into the
R&D-patent relationshipgResearch PolicB8(5), 779-792.

Dietz, J. S. & Bozeman, B. (2005). Academic carepegents, and productivity industry
experience as scientific and technical human dapiesearch Polic34(3), 349-367.

Dosi, G. (1982). Technological paradigms and teldgical trajectories: A suggested
interpretation of the determinants and directiohgegchnical changeResearch Policy
11(3), 147-162.

Etzkowitz, H. (1998). The norms of entrepreneusailence: Cognitive effects of the new
university-industry linkageskesearch Policg7(8), 823-833.

Frietsch, R., Haller, I., Funken-Vrohlings, M., &upp, H. (2009). Gender-specific patterns
in patenting and publishinResearch Polic38(4), 590-599.

Gans, J. S. & Stern, S. (2003). The product marketi the market for "ldeas"
Commercialization strategies for technology eneepursResearch Policg2, 333-350.

Goktepe-Hulten, D. & Mahagaonkar, P. (forthcominguenting and patenting activities of
scientists: In the expectation of money or repatétiThe Journal of Technology

Transfer



The Patenting Behavior of Academic Founders 23

Gort, M. & Klepper, S. (1982). Time paths in thé&wukion of product innovationg&conomic
Journal92(367), 630-653.

Gruber, M., MacMillan, I. C., & Thompson, J. D. (&). Look before you leap: Market
opportunity identification in emerging technologielfls. Management Scienc&4(9),
1652-1665.

Hall, B. H. & Ziedonis, R. H. (2001). The patentrgdox revisited: An empirical study of
patenting in the U.S. Semiconductor industry, 19995.RAND Journal of Economics
32(1), 101-128.

Hall, B. H. (2005). Exploring the patent explosidime Journal of Technology Transf&d(1),
35-48.

Harhoff, D. & Hoisl, K. (2007). Institutionalizedh¢entives for ingenuity - patent value and

the German employees' inventions &wsearch Polic$6(8), 1143-1162.

Harter, J. F. R. (1994). The propensity to paterth wlifferentiated productsSouthern
Economic Journab1(1), 195-201.

Hertzfeld, H. R., Link, A. N., & Vonortas, N. S. d@6). Intellectual property protection
mechanisms in research partnershigssearch Policg5(6), 825-838.

Hmieleski, K. M. & Baron, R. A. (2009). Entrepremguoptimism and new venture
performance: A social cognitive perspectiveceademy of Management Journa2(3),
473-488.

Jain, S., George, G., & Maltarich, M. (2009). Acauies or entrepreneurs? Investigating role
identity modification of university scientists inved in commercialization activity.
Research Polic8(6), 922-935.

Jaworski, B. J. & Kohli, A. K. (1993). Market oriettion: Antecedents and consequences.
Journal of Marketings7(3), 53-70.

Jensen, K. & Murray, F. (2005). Intellectual prdyelandscape of the human genome.
Scienced310(5746), 239-240.

Jensen, R. A., Thursby, J. G., & Thursby, M. C.O@0 Disclosure and licensing of university
inventions: ‘the best we can do with the s**t we tgework with'.International Journal
of Industrial Organizatior21(9), 1271-1300.



The Patenting Behavior of Academic Founders 24

Krabel, S. & Mueller, P. (2009). What drives scistst to start their own company?: An

empirical investigation of max planck society stigtis. Research Polic38(6), 947-956.

Kultti, K., Takalo, T., & Toikka, J. (2007). Secsewersus patentingRAND Journal of
Economics38(1), 22-42.

Landry, R., Amara, N., & Saihi, M. (2007). Pategtiand spin-off creation by Canadian
researchers in engineering and life scientég Journal of Technology Transfag(3),
217-249.

Lerner, J. (1994). The importance of patent scépeempirical analysisSRAND Journal of
Economic25(2), 319-333.

Lettl, C., Rost, K., & von Wartburg, I. (2009). Wlaye some independent inventors heroes
and others hobbyists? The moderating role of tdogiaal diversity and specialization.
Research Polic®8(2), 243-254.

Levitas, E. & McFadyen, M. A. (2009). Managing lidily in research-intensive firms:
Signaling and cash flow effects of patents andhadle activitiesStrategic Management
Journal 30(6), 659-678.

Lumpkin, G. T. & Dess, G. G. (1996). Clarifying thatrepreneurial orientation construct and
linking it to performanceAcademy of Management Revi2#(1), 135-172.

Mansfield, E. (1986). Patents and innovation: Anpgital study. Management Science
32(2), 173-181.

Marino, L., Strandholm, K., Steensma, H. K., & WegWK. M. (2002). The moderating effect
of national culture on the relationship betweerrepreneurial orientation and strategic

alliance portfolio extensivenedsntrepreneurship: Theory & Practic6(4), 145-160.

Mazzoleni, R. & Nelson, R. R. (1998). The beneéital costs of strong patent protection: A
contribution to the current debaResearch Policg7(3), 273-284.

Meyer-Krahmer, F. & Schmoch, U. (1998). Scienceelatechnologies: University-industry
interactions in four fieldskResearch Policy7(8), 835-851.

Meyer, M. (2006). Are patenting scientists the éxestcholars?: An exploratory comparison of
inventor-authors with their non-inventing peers mano-science and technology.
Research Policg5(10), 1646-1662.



The Patenting Behavior of Academic Founders 25

Miller, D. & Friesen, P. H. (1983). Strategy-makiramnd environment: The third link.
Strategic Management Journ&(3), 221-235.

Nerkar, A. & Shane, S. (2003). When do start-ujas &xploit patented academic knowledge
survive?International Journal of Industrial Organizatiai(9), 1391-1410.

Owen-Smith, J. & Powell, W. W. (2001). To pateniot: Faculty decisions and institutional
success at technology transféhe Journal of Technology Transta$(1), 99-114.

Pavitt, K. (1984). Sectoral patterns of technidahmge: Towards a taxonomy and a theory.
Research Policy3(6), 343-373.

Rauch, A., Wiklund, J., Lumpkin, G. T., & Frese, {2009). Entrepreneurial orientation and
business performance: An assessment of past rbsaatt suggestions for the future.
Entrepreneurship: Theory & Practic®3(3), 761-787.

Renault, C. (2006). Academic capitalism and uniersincentives for faculty
entrepreneurshiphe Journal of Technology Transf&t(2), 227-239.

Renko, M., Carsrud, A., & Brannback, M. (2009). Tha#ect of a market orientation,
entrepreneurial orientation, and technological bdpg on innovativeness: A study of
young biotechnology ventures in the United Statesia Scandinavialournal of Small
Business Manageme#?(3), 331-369.

Rossiter, J. R. (2002). The c-oar-se procedure drale development in marketing.
International Journal of Research in Marketit§(4), 305-335.

Schankerman, M. (1998). How valuable is patentqutain? Estimates by technology field.
RAND Journal of Economi@9(1), 77-107.

Scherer, F. M. (1983). The propensity to patdnternational Journal of Industrial
Organization1(1), 107-128.

Sellenthin, M. (2009). Technology transfer officasd university patenting in Sweden and
Germany.The Journal of Technology Transfe4(6), 603-620.

Shane, S. (2001). Technology regimes and new famnmdtion.Management Scienc/(9),
1173-1190.

Shane, S. (2002). Selling university technologyttd?as from MIT. Management Science
48(1), 122-137.



The Patenting Behavior of Academic Founders 26

Shane, S. A. 2004Academic entrepreneurship: University spinoffs amelalth creation

Cheltenham et al.: Elgar.

Sood, A. & Tellis, G. J. (2005). Technological esodn and radical innovatiordournal of
Marketing69(3), 152-168.

Stephan, P. E., Gurmu, S., Sumell, A. J., & Blagk, (2007). Who's patenting in the
university? Evidence from the survey of doctora&epients Economics of Innovation &
New Technolog$6(2), 71-99.

Thursby, J. G. & Thurshy, M. C. (2002). Who is sgJlthe ivory tower? Sources of growth in
university licensingManagement Scienek3(1), 90-104.

Thursby, J. G. & Thursby, M. C. (2005). Gender grai$ of research and licensing activity of
science and engineering faculfyhe Journal of Technology Transf&d(4), 343-353.

Tushman, M. L. & Anderson, P. (1986). Technologidacontinuities and organizational

environmentsAdministrative Science Quarter8i(3), 439-465.

Van Looy, B., Callaert, J., & Debackere, K. (200Publication and patent behavior of
academic researchers: Conflicting, reinforcing arety co-existingResearch Policy
35(4), 596-608.

van Zeebroeck, N., van Pottelsberghe de la Potteri& Guellec, D. (2009). Claiming more:
The increased voluminosity of patent applicationd as determinantfResearch Policy
38(6), 1006-1020.

Vohora, A., Wright, M., & Lockett, A. (2004). Crdal junctures in the development of
university high-tech spinout compani€esearch Policg3(1), 147.

Walsh, V. (1984). Invention and innovation in thkeemical industry: Demand-pull or
discovery-pushResearch Policy3(4), 211-234.

Whittington, K. B. & Smith-Doerr, L. (2005). Gendatd commercial science: Women'’s patenting in
the life sciencesThe Journal of Technology Transf&éd(4), 355-370.

Wright, M., Lockett, A., Clarysse, B., & Binks, M2006). University spin-out companies and ventupitel.
Research Policg5(4), 481-501.



The Patenting Behavior of Academic Founders 27
Table 1: Descriptive statistics and correlatidns
Variable MW SA 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
1.Patents ¢)° 4€ 50 -
2.Patents ) 25 .44 6377 -
3.Num. of patents (Ing) 71 .94 827 6€7 -
4.Num. of patents (Ing} 34 .67 587 877 737 -
5.Field natural science 1.2:1.42 3¢ 307 327 347 -
6.Field medicine 1€ .60.177 197 18" .1€7 -03 -
7.Field engineering .931.31-.0¢ -.07 -1C -08 -40"-18" -
8.Field computer science 31 .86-14" -11' -14" -13° -227-0¢ -0¢ -
9.Pace of techn. development3.7:1.41 .12 .09 .14° .12' .09 .0z .01 -04 -
10.Technological uncertainty 3.6(1.41 .15~ .23™ 16" 217 .08 -02 .0¢ -01 .01 -
11.Patent effect. (techn. field) .62 .48 .3¢ .34 3¢ .32 28" 227 -12" -397-01 -07 -
12.Patent effect. (industry) ~ 4.9¢1.02 .31 .26™ 3¢ .22 16" .217-07 -25" .05 -01 .44 -
13.Entrepreneurial orientation 13.913.21 .2¢™ .17" .28 .22™ 07 -12° 12" -02 .07 .1C' -03 .08 -
14.EIA° 3E .48-1¢7 -16" -247-2¢7 -12* -07 .15 .05 .0C -2¢7 .0¢ .01-1C -
15.Institutional suppoft 22 42 .1C .09 .13 .1c .06 -0g .1z' -04 .1¢7 .0¢ -02 .05 .06 -.04 -
16.Team size 3.271.9C .0e .06 .1C .08 247 .0¢ .2¢7 217 .12' 15 -1C -15 .03 -03 .1C' -
17.Number of R&D employees .83 .24 .0¢ .02 .02 -01 -02 .06 .06 .00 -04 .1C .18 .09-02 .26 .0C -.05 -
18.Start-up experiente .37 .48-02 -08 -02 -11' -02 .01 .04 .19 -02 .02 -0¢ -09 .07 .05 .08 .237 .02 -
19.Market potential 5.2¢151.02¢ .08 .0¢ .1t -07 .0z .11' -01 .1€7-08 .02 .01 .16 -.02 .04 -02 .02 -.01 -
20.Expert knowledge 5.071.39.12° .10 .14° .12' .07 05 .1C -02 -08 .02 .07 .04 24™-01 .11'-03 .02 -02 .17 -
21.Venture capitdl A¢ .39 .1¢7 197 327 2¢™ 12" 0 -08 -05 .07 .02 .14 .10'.17" -16" .1¢” .07 -04 .0z .12 .01

an = 260" t, = pre-founding phase, t post-founding phase; coding: 1 = at least orterpdiled, 0 = els€’. Coding: 1 = high effectiveness, 0 = efs€oding: 1 = firm
founded after EIA in 2001, 0 = elseCoding: 1 = centralized patenting, 0 = el€@oding: 1 = start-up experience, 0 = els€oding: 1 = at least one venture capitalist

holds stakes in firm equity, 0 = elé@ < .10, p<.05,” p<.01,

ke

p <.001 (two-tailed test).
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Table 2: Regression Results of patent propensitippto and after firm founding
Pre-founding phase Post-founding phase
Number of Number of
Patents patents (In) Patents patents (In)
B SEExpB) b SE. B SEExpB) b SE.

Field natural science 47" 16 161 .25° .05 507 .13 1.64 .317 .03
Field medicine 59° 29 181 .14 .09 81" 27 226 .17 .06
Field engineering .24 A7 128 .10 .05 .16 A5 1.17 .06 .03
Field computer science 31 22 136 .10 .07 .08 28 1.08 .03 .05
Pace of techn.development A9° 11 121 117 .04 .08 12 1.08 .03 .03
Technological uncertainty 23 11 126 117 .04 457 13 157 .187 .03
Patent effect. (techn. fiedl)  1.717 .36 554 .36" .12
Patent effect. (industry) 537 19 170 .12° .04
Entrepreneurial orientation A1 06 111 .14 .01
Employee's invention act (EIA}0.94" .32 .39 -237 .11
Centralized suppdit 42 36 152 100 .12
Team size -11 .10 90 -.04 .04
R&D employees -11 73 .90 -.03 .15
Start-up experien&e .06 31 106 .01 A1 -.50 .37 61 -12° .08
Market potential A6 13 117 120 .02
Expert knowledge .07 14 1.07 .03 .03
Venture capitdl 59 41 181 197 .09
Nagelkerke R .34 .36
Correct predictions (%) 72.70 81.90
adj. R 0.28 0.28

an = 260" Coding: 1 = at least one patent filed, 0 = €l$@oding: 1 = high effectiveness, 0 = elS€oding: 1
= firm founded after EIA in 2001, 0 = el$eCoding: 1 = centralized patenting, 0 = els8oding: 1 = start-up
experience by at least one founder, 0 = di€nding: 1 = at least on venture capitalist hotd&es in firm

equity, 0 = else.

'p<.10, p<.05 " p<.01,” p<.001 (two-tailed test).
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Appendix A — Items
Factor t-Value
loading
Pace of technological developmerit. = .78, CR = .78, AVE = .48)
Many companies conducted research within my compdaaghnology field. .53 8.48
The number of companies conducting their own R&Dmy company’s technology fie .58 9.38
was growing rapidly.
Many groups of researchers in public researchtuiigtns were active in my company .86 14.98
technology field.
The number of groups of researchers in public tutsbns conducting research in .76 12.98
company’s technology field was growing rapidly.
Technological uncertainty (o =.77 , CR = .80, AVE = .60)
It was easy to understand, which other technologigscompany required besides our « .41 6.72
technology to create marketable products (r).
The time to develop our core technology to markétalzould be clearly estimated. (r) .94 16.23
The costs to develop our core technology to mabiddiacould be clearly estimated. (r) .84 14.87
Innovativeness(a = .75, CR = .76, AVE = .62)
Our company has introduced many new products eicgsr over the past three years. .70 8.89
Changes in products or service lines have usuakynlguite dramatic. .87 10.08
Proactivenesqa = .64, CR = .70, AVE = .44)
Our company undertakes great efforts to find nepliagtions for our core technologies i .65 9.89
to open new markets for our existing products/sesi
Our company introduces new technologies and metHodsthe production of o1 .62 9.46
products/services long before our competitors do so
My company typically waits until other companiesranluce new products/services to .72 10.95
market before introducing new products/services. (r
Risk-taking (o = .70, CR = .71, AVE = .55)
Over the past three years, our company has engagesty many highrdsk projects witl .73 7.76
chances of very high returns.
Our company has emphasized taking bold, wide-rangind capitalatensive actions .75 7.84
positions itself and its products/services overpast three years.
Market potential (a = .76, CR = .78, AVE = .65)
The breadth of potential applications for the de@nology was enormous. .68 8.90
Applications for the core technology had enormouask®at potential. 91 10.48
Expert knowledge (o = .71, CR = .77, AVE = .53)
Members of the founding team were considerably liraa in technological breakthrou¢ .75 12.16
in my company’s technological field.
Knowledge about the operational principles of mynpany’s core technology was wid .68 11.05
disseminated in the scientific community. (r)
Competitors were able to very quickly learn abdwt tore technology from public sour .74 12.00

(books, journals, internet, etc.) to the point efrly able to implement it. (r)

r = reverse codedy = Cronbach’s Alpha; CR = Composite Reliability; B\= Average Variance Explained;

Model fit: y?/df = 1.59; GFI = .92; AGFI = .89, RMSEA = .05
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Appendix B - Descriptive statistics for patent effectiveness
Technological fields Industries

n' Mean s.d. n' Mean s.d.
microelectronics 157 5.31 1.30 construction 168 4.71 1.51
microsystems 147 5.44 1.22 chemicals 182 6.01 1.04
molecular electronics 1375.06 1.38 computers and office machines 173.97 1.59
nanotechnology 153 5.48 1.26 electrical engineering 1755.54 1.14
new materials 166 5.84 1.10 energy 154 5.09 1.24
photonics 136 5.24 1.27 optics and precision engineerin66 5.67 1.09
prod. and management techniqu248 3.63 1.57 aviation 150 5.01 1.40
software & systems 155 3.74 1.55 mechanical engineering 1845.94 .99
biotechnology 159 5.71 1.16 health care 190 5.99 .99
communications 160 5.03 1.25
pharmaceuticals 1786.37 .89
automotive 161 5.58 1.28

! The respondents only evaluated their fields ofetige.



