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Abstract
Do entrepreneurial ventures that adopt open business model (i.e., ?0pen source?) obtain a different quality of VC
financing, and receive a different level of VC governance and monitoring post investment? We conduct the analysis on a
sample of 514 software entrepreneurial ventures that received VC funding in 6,555 different deals extracted from
VentureXpert. The data indicate entrepreneurial ventures with open business model receive funding from VCs that are
more highly industry-specialized; more experienced, had greater IPO success, raised more capital and are more
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connected in syndication network. Also, they are monitored more intensively through more frequent staged investment
rounds.
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1. INTRODUCTION

High-tech entrepreneurial ventures are characterized by pronounced levelsrofaiitio
asymmetry and uncertainty (Hall, 2Q@2all & Lerner, 2010).Accordingly, their access to traditional
sources of financing is limited (Berger & Udell, 1998), hence venture cafit@lsare considered of
crucial importance (Gompers & Lerner, 1999). VCs are active investors, whignsentrepreneurial
ventures thoroughly and are involved in monitoring and management of entreprerentrieds after

investment (Gorman and Sahlman, 1989

The probability of success based on observable characteristics is a key fawoy @ ¢valuation of
entrepreneurial ventures (Stuart et al, 1999). One axfettharacteristics is the business model that
entrepreneurial ventures adopt to commercialize the technology (Kaplan and Sgro2i4)
Business model refers to the ways ventures capture and create value from gingngehnology
(Teece, 2010). Traditionally technological ventures create value through closed bumsous
(CBM) in which innovation is protected by mean of Intellectual propegiyts (IPRs) in orderot
achieve monopoly rents (Barney, 1991). In this model VCs helps entrepreneurial venjunatedt
and scale up their projects in order to achieve the super normal profits. Horeeeetly ventures
opened up their innovation processvhich allow them to access external knowledge sources along
with internal ones (Chesbrough, 2003). The new innovation process requires meckizatismsture
should employ to access external knowledge and create value. Chesbrough (2006) ithfese t
mechanismas “open business model” (OBM). The OBM differs from the traditional model of value
creation, which creates value through isolating mechanism and monopoly rent, in fwctiist
features. First, in OBM innovation is a joint effort of exterawadl internal knowledge sources. Second,
revealing technology and knowledge is an essential means of collaboration betweesl exigrn
internal knowledge sources (Alexy and George, 2013).0B#! allows ventures by reaching outside
boundaries of organization captures and create value through increasing wen@eatormance
(Larsen and Salter, 2006), cutting cost (Lakhani and von Hippel, 2003) and improving the afualit
products (Chesbrough, 2003). On the other hand revealing technology and knowledailligniof
ventures to capture value through traditional appropriability mechanisms (i.e.n®)Rathe fullest
extent. Hence the main concern is the complexity of business model and finding ageagrate a
sustainable return from investment in technologies which are freely avapalolly ©r fully) to other

players.

The prominent examples of ventures using OBM are open source software (O$Bjeantrrial

ventures (Alexy and George, 2013; Chesbrough and Appleyard, 2007). The novel aspect of OSS



business model is reliance on communities of users in order to support their inngvatesses
(Bonaccorsi et al., 2006; Dahlander and Magnusson, 2005, 2008; Stam, 2009). OSS businéss model
associated with complexity and risk due to weak intellectual property pootend a complicated
institutional setting (Lerner and Tirole, 200&ann, 2006; West and Gallagher, 2006). There are
growing numbers of OSS entrepreneurial ventures which are looking for external rglanci
Anecdotal evidence shows OS8frepreneurial ventures have been able to attract VCs’ attention and

capital by acquiring more than $3.6 billion in the period of 1997-2010 (Afef0). Some VCs

consider OSSis a “new ecosystem™?

. There are VCs who monitor OSS entrepreneurial ventures
extensively and look for business opportunities (e.g. North Bridge)focus entirely on OSS
entrepreneurial ventures (i.e. Bastos Verfjurbility to raise VC financing by OSS entrepreneurial
ventures constitute an empirical puzzle because it defies importana®raj sitellectual property
protection in VC financing of high-tech entrepreneurial venturbs this paper, we study OSS
business model in comparison with proprietary entrepreneurial ventures (CBNEh wevelop

proprietary software within the boundaries of the firm and the source codes are not revealed

Prior research which has explored OBM, by using qualitative and anecdotal evidencestegbecul
benefits of OBM (e.g. Chesbrough, 2006). However, scholars have rarely explored thedirdnci
ventures adopting OBM (see Alexy & George, 2011, for an exception). In this paper, waatees
entrepreneurial ventures which adopted OBM, by asking two general research quétiess:
adoption of OBM by entrepreneurial ventures affect the quality of VC finaraingntrepreneurial
venture obtains? Is governance of the investors different than that of ergrgfaementures with

closed business model?

We draw our theoretical argument on the risk and complexity associated wipreneurial ventures

with OSS business model. We argue how challenges in OSS business model systéwityoind

revenue model cause complexity and risk. These challenges are the consequence of OSS business
model peculiar characteristics of community based technology development and taeli&anoe on
intellectual property(Aslett, 2009, Perr et al, 2010, O’Mahony and Ferraro, 2007; Dahlander and
Magnusson, 2008, Lerner and Tirole, 2008)hce OSS entrepreneurial ventures are facing with
higher risk and complexity, therefore, marginal effect of quality of V@riger. On the other hand

high risk and complexity and potential for high return makes high quality s imclined to invest

! “Sevin Rosen Funds general partner Nick Sturialeiore his firm received no fewer than 30 business plaors hew open source
companies in 2005 http://www.seattlepi.com/news/article/Venture-Capi@glen-source-startups-are-hot-1183525.php#ixzz2 9kifFZ

2 http://www.businessweek.com/stories/200B02/open-source-nows-arn-ecosystem
% http://www.northbridge.com/open-source

“ http://bastosventures.com/
® Qualitative and quantitative studies highlightedithportance of proprietary technology in VC finamgi(MacMillan et al. 1985, 1987;
Mann, 2005, Engel and Keilbach, 2007; Mann and S&§€7; Hsu and Ziedonis, 2012).
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in OSS ventures since they havkigher risk tolerance and better resources and expertise to deal with

complexity.

We draw our analysis based on a sample of 514 North AmeXi€xbacked software
entrepreneurial ventures extracted from SDC Platinum (VentureXperth wateived the first round
of VC investment in the period of 1994-2008. In order to identify OSS entreprenemtatres, we
have relied on different sources of data (described in detail in the data setkienfinal sample
includes 6,555 dyadic portfolio company (RG)VC, which 2,029 of them belong to OSS
ertrepreneurial ventures (from 124 OSS entrepreneurial ventures).The data in@isateaVinvest in
OSS entrepreneurial ventures have significantly higher quality than nw@stiin proprietary ones.
We measure VC quality by industry specific specialization, general experigt@eexperience,
capital under management and betweenness cerftraitgyndication network. Furthermore, we
observe OSS entrepreneurial ventures receive VC financing in more round® Gther hand, there
are no significant differences in syndication size. One might argue the ¢casulie biased du®
unobserved heterogeneity (for example OSS entrepreneurial ventures are highveoalitys which
are able to attract high quality VCs). In order to address this problem wa takeber of steps. First,
in robustness check we control for the exit as a quality proxy. In additooprtrol for endogeneity
using Heckman treatment model, instrumental variables and switching regressions werezityploy
propensity score matching in order to control possible biases in the sahgleresults are

qualitatively similar.

This study also contributes to the strand of literature that invessigfa¢ relationship between
entrepreneurial venture’s characteristics and VC investment. Prior literatures studied role of patents
(Mann & Sager, 2008; Hsu & Ziedonis, 2008), product market strategy (Hellmann an@dom)
employee growth (Davila et al., 2003), entrepreneur experience and education (Hsuarad07)
litigation (Cumming et al., 2011). While prior research highlighted ingpae of business model in
VC financing (e.g. Kaplan and Stromberg, 2004), but empirical studies treat entrelerenitires
homogenous regarding their business mod&l& contribute to this studies by focusing on different

business models (open VS. closed) of entrepreneurial ventures and its impact on VC financing.

The paper is structured as follows. Section 2 reviews briefly literature andopevel
hypothesis. Section 3 describes the sample and the data collection procedure; defingblbe aad
the methodology used in the analysis. Section 4 presents the results of empiryséd andl section

5 discusses the conclusions.

® Betweeness centrality represents VCs on whom many othersretyidb make connections within the network. Highetweeness
represent ability of VC to bring together VCs wittngalementary abilities or access to deal flows. More ketaxplanation can be found
in Hochberg et al, (2007).

3



2. Theory and Hypotheses
2.1. Open Sour ce Software

Traditionally firms create value through closed business model in which innovaitfmotected by

mean of IPRs in order to achieve monopoly rents (Barney, 1991). Recently a tnetided toward
opening up innovation process and loosening IPRs in order to improve the innovation process by
acquiring knowledge outside firm boundaries (Chesbrough, 2003). There are several sources of
external knowledge. A branch of literature on open and distributed innovation has farused
communities of users as a major source of innovation witftocus on open source software
development (e.g von Hippel and von Kroug, 2003). In this section, we will provideef bri

background of the phenomena and its importance for research.

Proprietary software, which is developed within the boundaries of the firm and the sourcaende

not revealed, dominated the software development model since 1980s. Recently, OSS phenomenon,
that several developers scattered around the globe contribute voluntarily inoodégeelop software

that their codes are available to everybody, attracted attention of scholars ditidmees. The great
success of some OSS products such as Linux, Firefox and Apache web server has mada OSS as
market trend in the software industry (von Hippel & von Krogh, 2003; O’Mahony, 2003).
Sourceforge.net, a single platform for OS projects, has more than 324,000 proje8td anmillion
contributors. The first commercialized open source software was introduced in 19f5i (Ebal,

2008). Ever since not only many entrepreneurial ventures entered the markeg¢riiooggnerate
monetary profits from new business modé(Sruber & Henkel, 2006), but also large firms released
several source codes to the communities (Bonacorssi et al., 2006). A recent sud@\erécutives

in the software industry forecasts in 2016 more than 50% of software purchades @SS,

Firms engaged in community collaboration have tiginctive features: “the use of collaborative
development structures that extend beyond the boundaries of a single firm &k thfereliance on
intellectual property (“IP”) rights as a means of appropriating the value of the underlying
technologies” (Mann, 2006). The former helps firms to access knowledge which otherwiseghey

not able to acquire. Consequently they can generate high quality technology and teatnetsand

Tirole, 2002, 2005). Additionally collaboration with community of users reduces the ofost
innovation since firms are able to utilize resources outside firm’s boundaries with significantly lower
marginal cost (Chesbrough, 2003, 2006; von Hipple, 1988, 2005; Lakhani and von Hippel, 2003). In

other words, by using external sources of knowledge a firm can monetize an iomonahout

7 Red Hat Inc., a global leader in providing open sewsolutions to commercial customers, reported reven$29f million for the fourth
quarter of 2011, 21% increase from last year quartgy: (fmww.verticalnews.com/premium_newsletters/Investrwaekly-News/201B4-
14/35741V.htm).

8 http://northbridge.com/2012-open-source-survey
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incurring the complete cost of development (West, 2006). Also, active partoipatcommunity
collaboration gives firms visibility and assist to build a technical reputatdest, 2007). Aslét
(2009) provide evidences that practitioner notice benefits of OSS business amdmier

development and distribution cost, reduced sales cycle and better-quality software.

Due to mentioned characteristics of OSS business model, it appears thaiomailiksues of market
entry barriers, smallness and newness are less relevant for OSS entrepreneuréd (idankel and
Gruber, 2006). These characteristics raise other challenges and complexitiés sivbuld be
addressed for achieving succeds the following section drawing on prior literature we highlight

challenges and complexity of open source business models.
2.2. Open Sour ce Business M odel

The recent surge on importance of business model in economic and management literature lead to
several studies trying to provide a definition of business model (for a summary of lger@tuzott et

al, 2011). In this paper we resort on these studies e #usiness model as “the way firm operates

to create and capture value” (Teece, 2010) and focus on two dimensions of OSS business model:
system of activities (Amit & Zott, 2001) and revenue generation model (Teece, 2010) which
differentiate it from traditional proprietary models.

An important feature of OSS business model is collaboration with community of developers with no
contractual ties to the focal firm. This peculiar characteristic engenders additoraexity to the
system of activities of entrepreneurial ventures. The OSS entrepreneurial ventdresuseeother
forms of coordination (rather than formal means of control and bureaucratic governance) o orde
align community with the strategic objectives of the firm and to avoid discontinuity imdjeet
(O’Mahony and Ferraro, 2007; Dahlander and Magnusson, 2008).

A broad range of community collaboration models exist. Entrepreneurial ventaresamzse to play
an active role in community and contribute to development of open source projectsy/dirfor
example by allowing the employees to spend (fully or partially) time on @@weint of open source
projects or by hiring the most prolific developers in the community (Sponsoredopess)|

(Dahlander and Wallin, 2006). Sponsored developers provide visibility and access to the development

? Aslett (2009) based on a survey of 61 representatives freastiment firms summaries the top risk of OSS entreprexieeritures as
following: the difficulty in converting downloads fmaying customers (57.4%), difficulty in generating revef@re5%), lack of intellectual
property controls (44.3%), lack of barriers to direct petition (41.0%), lack of control over the futureedition of development (32.8%).

0 Joomla, a content management system (CMS), which is arfpbwaline application in building web site, is aoject that startedro

August 17, 2005 by developers which were not happly @@mmunity management of Mambo project. The forkegept (Joomla) leads to
stop in the Mambo project in 2008 (http://royal.pingdcom/2008/09/11/10-interesting-open-source-softwaitesfand-why-they-

happened/).

" This is possible by initiating a new community or citmtting to existing ones (Dahlander, 2007).



process and informigl influence the projectd’Mahony and Bechky, 2008).The managerial challenge

in this model is to be able to respect norms and values of community, obey licengettargl
acceptance of community (Dahlander and Magnusson, 2005). This is possible by use of democratic
and pluralistic mechanism in the governance of communities (O’Mahony and Ferraro, 2007,
O’Mahoney and Bechky, 2008). Entrepreneurial ventures such as SugarCRM, SleepyCat and JBoss
can be categorized in this section (Perr, et al, 2010). Alternatively ventureseavailable codes
developed by community without any significant contribution to the core OS&prBjahlander and
Magnusson (2005) refer to this approach as parasitic, which can lead to negatesénic@gmunity

and even create conflict with community which perceives the venture as a freeThikercan
endanger a sustainable business mad&lahoney and Bechky (2008) identified major challenges

which can lead to divergence between ventures and the community. The main chaltengbie
entrepreneurial venture would like to align community with their stradeglytimetable and improve
predictability in the software development, the community prefers to maintain comifioumgl
working norms and individual technical autonomyhis issue can be crucial for entrepreneurial
ventures which require raising money and this is possible only by committing to provide a road map or
milestones (O’Mahoney and Bechky, 2008).

As regard to the revenue generation models, a wide array of real world OSS business models exist
(Perr et al, 2010; Alexy and George, 2013; Aslet@®0n this paper we focus on two main

categories of “selling complementary products and service” and “dual licensing”.

In the former company collaborate in the development of OSS in order to increase the demand for
their complementary products /serviteFhe major example of this one is Red Hat which monetize

on providing supports and updator Linux. The wide diffusion of Linux will increase the demands

for Red Hat services. This can be done also by sales of hardware which use OSS. In thafitdase pr
generated through sales of hardware while use of OSS canassdice development cost. The
interesting examples of this case are entrepreneurial venture which use the Linux operatindpalystem t
are tailored for devices such as mobile phones and machine controls (Gruber and Henkel, 2006).
The main challenge here is to manage the complementarities between OSS and product/service. This
implies that entrepreneurial venture require to manage this relationship in orddaito sus
complementarity of OSS with their product/services in order to be able generatermtu®SS
technologies which are characterized as weak appropriability regime (Teece, 1986). This is
problematic since venture does not have control over OSS community. The change in direction of
development in OSS community can fade away the complementrarity of product/services which

venture provides. Moreover ventures should provide complementary product/services (high quali

12 Complementary Product/Services can be a wide rangéeoing such as Professional services/consulting, suppaitvices (Perr et al.,
2010).
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which are not fully competitive. Since in the fully competitive market they cannot extract super
normal rent from their product/services. This is also relevant for community since it provides
incentives for the venture to sponsor the community (Katz and Shapiro, 1994). Hence they need to
protect their complementary product/service. In case of hardware the situation is simibgritetgory
ventures since they can use IPRs. While if the venture provides services, it cannot beddogtect

means of IPR. In the latter the venture must use strategic means for protecting its cempetitiv
advantage (Cohen et al, 2000). Methods such as network effects, lead times, first-mover advantages
along with access to complementary assets, are more valuable for this OSS entreprentunedsl

(Dahlander and Magnusson, 2005, Bonaccorsi and Rossi, 2003).

The dual licensing model refers to differentiating the licenses of product for difeergomers (Perr

et al, 2010; Alexy and George, 2013). It is very similar to versioning where a free version isavailabl
to individuals and a premium version is available for companies (Shapiro and Varian, 18@8a). T
examples of entrepreneurial ventures that adopted this model are MySQL and Sleepycat (Goldman
and Gabriel, 2005; Perr at 2010). Customers are able usually to self select by freely downloading
OSS. The challenge is transferring self selected customers through free downloads to paying
customers (Perr et al, 2010, Aslett, 2009). The second challenge is to manage network esternaliti
between the free version and premium version of the software (Shapiro and Varian, 1998b). This
implies that value of premium version to the customers increase by number of people using free
version (Gandal, 1995). Since wider user networks of free versions provide testing aadifeedb
which consequently improve quality of product and also facilitate exchange of file and know-how with
larger crowd (Bonaccorsi and Rossi, 2003). In addition wider diffusion of free version r@scaico
create indirect externalities (Farell and Saloner, 1985). This implies improving doititpatf

premium version with other applications which are developed based on the OSS core. The
compatibility increases the value of premium version to adopters (Katz and Shapiro, 1994) and
increase probability of self-selection in premium version (Gandal, 1995). Hendgrimotihel

network externality implies that not only ventures need to match low quality/low gdifferéntiation

with premium version) for free version but have to encourage people to use thediaee veorder to
increase value of premium version. Since entrepreneurial venture has limited control anengdgm

the change in direction of community can endanger venture sustainability in two ways. First
community can improve quality of the free version signifiatiiat premium version has no

additional value to the paying customers. This is important since differentiating beteeeeprision

and premium version is a key factor for creating demand for premium version (Shapiro and Varian,
1998a). On the contrary communitgan reduce the quality of free version so that it diminishes the
network externalities. Tis can lead to reduction in demand for premium version and indretse

development cost.



In summary, even though OSS entrepreneurial ventures are able to generateukigbywalroducing

high quality products with lower cost, but they are associated with compiexggnerating resrue

from these products. On the other word, while OSS business model in comparison with proprietary has
better value creation due to access to a large community of developers, it hias \iafae capture

since technology is freely available (partly of fully) (Casadesus-Mdisand Llanes, 2011). Alexy

and George (2013) by using a legitimacy lens show involvement in OSS business (medsisred

as the announcement of OSS) which diverge from existing categories, lead toeneggmttion of

investors due to higher uncertainty.

2.3. Research Hypothesis:

The growth of OSS as a new ecosystem attracts attention of industry analysts anthitfCare
focusing on OSS entrepreneurial venture and looking for business opportunities (ehgBiitige,
Bastos Venture, and The 451 Group).The distinct characteristics of O®prengaurial ventures
which are associated with high risk and complexity from one side and potential highfrem the
other side, make them attractive for VCs (Gompers and Lerner, 1898)e section drawing on
finance and management literature, we argue why we expect different qumalityovernance in VC

investment in OSS entrepreneurial ventures and proprietary ones.
2.3.1.VC quality®

Prior research shows VCs not only provide capital to entrepreneurial ventuadsdateate
value for entrepreneurial ventures through active monitoring and coachidg, (R@04; Sapienza et
al, 1996, Sapienza, 1992; Gompers and Lerner, 1999; Gorman and Sahlman, 1989 and MacMillan et
al, 1988). VCs are not homogenous in their monitoring and coaching ability dndesjitect to the
value which they add to an entrepreneurial venture (Sahlman, 1990, Hs), 2igbér quality VCs
can add value to entrepreneurial firms through three mechanisms. First, VCs addwhleter
monitoring and coaching. Second, through acceadaxger network of suppliers, potential customers
and executives (Hellman and Puri, 2002; Hochberg et al, 2007). Finally, since there is ialbstant
information asymmetries about entrepreneurial venture, the quality and i@putfat/C can be used
as asignal of quality to the outside market and investors (Megginson and Weise, 19@tgfofe in
the search for potential investors, entrepreneurial ventures will lookigdr quality investors
(Bygrave and Timmons, 1992;sd 2004; Sorenson, 2007).sHl (2004) provides evidence that

entrepreneurs are willing to give up higher value offers in order to witihkhigher quality VCs. By

13 this paper we refer to VC quality to all dimensionsahttan distinguish a VC from its peers regarding valiged such as experience
(general and industry), capital under management, ssiecel network centrality.
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looking at a hand-collected sample of entrepreneurial ventures, which received haworene
financing offer, he shows offers by high quality VCs are 3 times more ligddg accepted while high

quality VCs can acquire equity in entrepreneurial ventures with 10-14% discount.

It has been shown values added by VCs are more valuable for entrepreneurial wehithesre at

the early stagé (Sapienza and Timmons, 1989; Timmons and Bygrave, 1986) and involve greater in
innovation (Sapienza, 1992; Hellmann and Puri, 2002; Tian and Wang, 2011). These finding verifies
access to high quality VCs are particularly valuable for entrepretheerntures which are associated
with higher risk and complexity. Therefore, we can expect since the managoanipkexity and risk
associated with OSS business model require new organizational routines and macegupgililies
(Bonaccorssi et al, 2006); the marginal effect of VCs quality and value adgeg@rtivide is larger.

For example, complementary assets and speed to market play vital roles in the su€®Ss o
entrepreneurial ventures, therefore, the networks, strategic input and manegpeirtise of VCs
matter more for them. On the other hand since these is a new and complex business model and suf
from lack of legitimacy as a reliable business model (Alexy and George, 2013atbimanh effect of

VC’s quality signaling is more significant in comparison with entrepreneurial ventures that develop a
proprietary technology. Hence if we consider two entrepreneurial ventithether same initial value

of g, the marginal effect of VC quality is larger for the one with OSSnbsssimodel (B) in
comparison for proprietary one (a). It implies the post-money value of entrepreneurial venture
(Sorenson, 2007) with OSS business madatitional on receiving high quality VC (Bq) is larger

than value of proprietary entrepreneurial veed (oq). Therefore OSS entrepreneurial venture are
able to offer larger share of their venture to VC in the hope ofefutalue and attract high quality
VCs. Additionally, since the OSS business model require managerial abiliiies v quality VCs

lack, they are not able to add value to OSS entrepreneurial ventures. Therefor! thelf select

into less complex entrepreneurial ventures (in this case proprietary).

Another dimension is related risk associated with OSS business model. VCs evsluate meturn
associated with an investment opportunity and decides whether to invest orthetcomtext of VC
investment under sevet@certainty can be claimed that VC’s resource endowment and expertise can
adjust risk tolerance of VC firms positively (Tian and Wang, 2011). On the wtivel the preferred
level of risk, change by VCs’ quality. Therefore, high quality VCs are more likely to invest in
entrepreneurial ventures which are associated with higher risk and complexity (Ruhrnkauagg
1991).There are two main reasons for the aforementioned argument. First, VC’s quality will allow
them to raise further fund despite possible disastrous performance of high rikkiqodirms

(Gompers and Lerner, 1999). Additionally, it has been shown that expertise and experiensestcan as

4 Prior literature based on surveys verifies that rikoss is significantly larger for early stage firms byging betweeri70% 53%
(Ruhnka and Young, 1986; Wetzel, 1981).
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VCs in controlling risk (Gupta and Sapienza, 1992) in addition to gaining accessvtwkseand
information (Bygrave, 1988). This implies regarding risk, high qualitysV@ave similar
characteristics of risk neutral investors where expected utilityhefitvestment is equal to the
expected value of the investment (Varian, 1992) while low quality VCsskaverse. Since the OSS
entrepreneurial ventures are riskier in comparison with their proprietary caanmsgeng would expect
high quality VCs are more likely to invest in them. Quality can also incrisesékelihood of the
succesS, the return on investment and reduce the risk of failure (increasexpieeted value of

investment).

Saying that we can conclude, because OSS entrepreneurial ventures area fhighgrisk and
complexity and are more demanding in case of managerial skills, it is mosethkelthey receive
investment from VCs with higher Quality. Overall, the aforementionednaggts suggest the first
hypothesis:

H1: Entrepreneurial ventures with OSS business model are more likelyctivee

financing from higher quality VC investors.
2.3.2.VC governance

VCs in order to deal with the intrinsic risk associated with entrepriatherentures and
minimizes downward risk of investment, use governance practices such as syndicaticagiagd st
(Gompers and Lerner, 1999; Sahlman, 1990; Trester, 1998).

Staging A well-known feature of VC investment is staged financing and preserving the option
to abandon the project rather than upfront investment of all required ¢&aitdman, 1990). Staging
more frequently allows VCs to monitor entrepreneur efforts and actions, reghroeyaost (Gomper,
1995) and downward risk by avoiding inefficient continuation through the exit ofifiamg and
Zhou, 2004;Li, 2008). Value of this option is highly correlated with risk of investngent 2008).
Gompers (1995) in the light of agency theory showddcrease in industry ratios of tangible assets to
total assets, higher markietbook ratios and greater R&D intensities is associated with more frequent
monitoring through staging. The prior literature verified impactagiag on efficiency of investment
decisions and improvement of outcome (Tian, 2011; Kaplan and Stromberg, 2003, 2004). Bergemann
and Hege (1998) discussed the impact of staged financing on reducing informatioreagsnamd
learning true potential of ventures. This implies that in each round VC canre&e about the
entrepreneur and his/her venture, therefore can make better investment decsidgimte funding or

abandon the project.

15 «value-added often provides the margin of success oMerea (Chapter 9,Bygrave and Timmos,1992)
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The risk and complexity associated with OSS entrepreneurial ventures can leadtéo gr
uncertainty about returns of investment. Therefore, high risk associated with investment inctesase val

of the option to abandon the project and consequently the likelihood of staging.

H2a: VCs that finance entrepreneurial ventures with OSS business medebes likely to

provide intensive monitoring and governance through more frequent staging.

Syndication: Another prominent feature of VC investment is syndication where twoooe
VCs enter to a deal. In the period of 1980-2005, about 70% of VC investmentsepreméurial
ventures were syndicated (Tian, 2012). Syndication is a common practice in any @miestchis not
limited to VC financing. For example, any joint venture can be considered as syndicatiomdSah a
Stiglitz (1986) provided a model which reveals two separate evaluations ablein the decision
process. Sah and Stiglitz (1986) have not considered venture capital finance, botottedircan
explain syndication of VCs to some extent (Brander et al, 2002). Scholars baigegrtwo main
motives for syndication iVC investment: risk sharing through portfolio diversification and resource
and information sharing by accessing information and resources which thdéy nug have
themselves (Bygrave, 1987; Gompers and Lerner, 1999). Lerner (1994) showed experienced VCs
syndicate first round of investment with experienced peers. In the first roundvestinent
information asymmetry and uncertainty about the return is high, thereforeatjord will help to
reduce the risk and access resources for better screening and coaching. Brand20Gs) aby
studying Canadian VC investment provided supporting evidence in favor of valad add risk

sharing hypotheses.

In view of the exacerbated risks, uncertainty and business complexity w88 O
entrepreneurial ventures, we expect that VCs financing such ventures will proxédénent through
syndication. Because the syndication will allow VCs to reduce downward rishves$ting by
spreading it among inventors and can add value and help to deal with complexity andnindsyrtai
bringing together more expertise and resources (Brander et al, 2002), This mnopssitirmally

stated as the following hypothesis:

H2b: V\Cs that finance entrepreneurial ventures with OSS business medabae likely to

provide intensive monitoring and governance through syndication.

In this subsequent section of this paper, we empirically investigate developedédsgsotby

examining the quality of VC finance and VC governance post investment.
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3. Data and Methodology
3.1. Data

To build the sample of firms analyzed in the present paper, we first considérbecied software
entrepreneurial ventur€sincluded in the SDC Platinum (former VentureXpert) database which met
the following criteria: i) they were located in the North America (U8® Canadaji) they received
their first round of VC investment in the period 1994-2008, and iii) they weredf@ wld or younger

at the time of the first VC round. 4336 companies met these three criteria.

In order to detect OSS entrepreneurial ventures, we resorted to threendieurces of
information. First, following O’Mahony (2002) and Dahlander (2007), we examined the business
descriptions provided by VentureXpert. 14 ventures turned out to have adopted an OSS busines
model. We identify these ventures by searching the wopgn sourcein the business description
and after reading it, the ones that clearly referred to entrepreneemiaires developing OSS were
labeled as OSS entrepreneurial ventures. Second, we added to this group the 67 enitaépreneur
ventures that wermentioned in “The 451 group” report (Aslett, 2009, 2010) as OSS ventures. Aslett
(2009, 2010) provide an insight about OSS entrepreneurial ventures which were raskeivie VC
investment in the period of 1997-2010. Among approximately 130 ventures mentionedépdkts,
we were able to ideify 67 of them which are included in the sample extracted from SDC. In this
sample, 11 ventures were mentioned also in VentureXpert. Third, in accowdémd¢ke procedure
used by Fosfuri et al. (2008), we extracted from the Gale Group PROMT and ASAP datdbases
articles about new product announcemgritst met the following criteria: i) the article was published
in the period 1994-2011, ii) it referred to the SIC code 7372 (software), aridinidluded one or
more of the following words: "Open source”, "OSS", "FLOSS (free libre operces@aftware)",
"Linux", "Apache", or "free software". We extracted about 1500 product announcements. Itoorder
classify a product announcement as relatingt®SS company, all of the extracted announcements
were carefully read by a trained research assistant and checked by one of the(Apthendix 1
shows examples of the product announcemehishis way, we selected 54 additional companies.
Altogether, we identified 124 OSS comparii&3his group includes entrepreneurial ventures which
received scholarly and public attention such as SugarCRM, Red Hat Inc, Jasperfofati©or and

SpikeSource, Inc.

6 our sample does not include entrepreneurial venturéshveid not receive VC. Indeed, we do not study WeetOSS entrepreneurial
ventures are more or less likely to attract VC investmtran their proprietary software counterparts. Ratfeefocus our analysis on the
quality of the VC investors which are attracted bySGfitrepreneurial ventures and the governance imf\feinvestments, conditional on
having obtained VC.

" In order to detect whether an article was abouva product announcement, we checked whether thewfioly words were included in
the article: “product announcement”, “product introduction”,”’product/service review”, and “software evaluation”.

8 This sample is larger than those used by prior stuttiat focused on OSS entrepreneurial ventures. Famiest Wen et al. (2012)
identified 85 OSS companies and Dahlander (2007) 65 @®&panies.
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In order to build a control group composed of proprietary software entreprensmniates,
we considered all software product announcements extracted from the Gale Group PROMT and ASAP
databases which met the above mentioned criteria i) and ii). Then we searttfes®idocuments for
the name of the remaining 4,212 VentureXpert companies while excluding the 124 companies
identified as OSS companies. To be sure these ventures do not have any OSS product \We manual
read the documents. In this way, we were able to identify 390 proprietary softwaraeseneial
ventures’.

The final sample includes 514 software entrepreneurial ventures which recé@ed
investment from 1,035 unique VC firms. The analysis is at the dyad level. We com&d@s55
dyads that correspond to an investment by VC firm i in an entrepreneurial ver@2i®29gof these
dyads refer to OSS entrepreneurial ventures while the remaining 4,52€orefeiprietary software

entrepreneurial ventures.

3.2. Variables
3.2.1.Independent Variables

The key independent variable in the empirical analysis is a dummy variable that &qifiehe
portfolio company in the focal dyad is an OSS entrepreneurial venture and i@ # proprietary

software entrepreneurial venture (OSS).

3.2.2.Dependent Variables

VC quality: It is agreed that the quality of VC firms is quite heterogeneous, with s@ne V
firms having better screening, monitoring and coaching ability because of gieadstment
experience. Accordingly, the first set of dependent variables measures the gualyinvestors

through several proxies of their investment experiefice

General experiengéas the cumulative number of rounds of investments in which VC firm i
was involved prior to the investment in portfolio company j since 29&nce each/C round

involves interaction with and evaluation of entrepreneurial ventures, in each roufidmig@cquire

¥ To be sure they are proprietary we also read theinbas description provided by VentureXpert.

2 There are alternative measures of experience sucheasfabe VC firm and the number of companies in whith firms investel
(Gompers 1996 and Hochberg et al, 2007). Following&en (2007) we do not consider these variables sin@xémple age does not
differentiate between active and inactive investoisil&ly number of companies can be misleading since imersts can happen in early
stage or late stage. While VC firms which enter idyestages and help ventures to grow gain experience&hwvean be more relevant in
value-added service to the future investments in casgarto VCs which invest in the late stagéCs that enter in the early stage
participate in more investment rounds. Hence, considenimgber of companies VC invested in, cannot distingh&tiveen VCs which
invest from the early stage and VCs that invest onlyerdte stages.

21 |In order to calculate the general experience, stghspecialization and IPO experience, we limitetishmple to after 1980. Since till late
70s the VC market was very small and by change in policy at 1979, in which the U.S. Department of Labor clarified the “prudent man”
stipulation in the Employment Retirement Income Secuidlyto allow pension funds to invest in VCs, the VC neaigeow dramatically
(Gompers and Lerner, 2001).
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knowledge and expertise regarding different aspects of the VC market and factenrscinf) success
or failure of portfolio companies. This valuable knowledge and expertise hescapbsitive impact
on the screening, monitoring and coaching ability of the VC firm (Hsu, 2006jddition to learning,
while participating in more rounds VC firms gain access to a larger rewvquotential suppliers,
customers and executives, which in turn can be helpful to their portfolio companies (Sorensen, 2007

Industry experiengeis the ratio of the cumulative number of VC rounds in information
technology entrepreneurial ventures in which VC firm i was involvedhaatdtal number of its VC
rounds prior to the investment in portfolio company j. It captures the specaliz#tivVC firms in
information technology sector.

IPO experiengemeasures the number of rounds the focal VC firm invested in entrepreneurial
ventures which went public. An IPO is considered as the most successful et fiowestments
(Sorensen, 2007; Brander et al, 2002). $® \thriable reflects the ability of VC firms to select high
quality entrepreneurial ventures and/or to monitor, coach and position them afievdklenent
(Cumming et al, 2011).

Capital under managemegms calculated as the logarithm of the total amount invested by VC
firm i in its portfolio companies in the 5 years prior to the finsestment in company j. We use this
variable as a proxy for the ability of the focal VC firm to attract inmesit, which in turn is allegedly
correlated with performance and reputation of the VC firm.

Connectednegs it is well known that VC firms often syndicate their investments wilfeio
VC firms rather than investing alone, thereby creating a network of investelatibmships with
other VC firms. Hochberg et al. (2007) have shown that VC firms that empog influential network
positions exhibit better performance than other VC firms. Connectgdnesasures how well
networked VC firm i was at the time of its investment in company j. lsmurpose, we calculated
the co-investment relationships VC firm i had with other VC firms in theeBauling years. For the
main analysis, we consider betweeness cenfralBetweeness centrality measures ability of VC to
bring VCs with complementary skills togethdro make sure data are compdeabver time, we

normalized this figure by dividing it by the number of possible relationships.

Governance: We considered the governance of VC investment as reflected by use of staging
and syndication. The VC literature has documented that in order to minimize dodvnigk and
create efficient incentives for entrepreneurs, VC firms give portfolio cormpdnnding in several
rounds of financing rather than as an upfront investment of the entire recgiéal.cThis practice

allows them to preserve the option to abandon the project if the entrepreventiak fails to reach

It is calculated formally, let pjk be the proportionadifpaths linking actorgandk that pass through actor i. Actios betweenness is
definedas2pjk V i#j+#k We also used Normalized degree of centralitg Tdriable determines the number of unique VC firms with

which a VC firm has co-invested. Formally, Let il if at least one syndication relationship exists betwé€ani and j, and zero
otherwise. VC’is degree then equal§ bij (Hochberg et al., 2007). The results are qualitdyisimilar. They are not reported in the paper
and are available upon request.
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the agreed milestones (Sahlman, 1990; Gompers, 1995). To capture the risk percép@dirros
regarding the investee entrepreneurial ventures we congidesatiables; Number of rounds defined

as the total number of VC rounds received by the focal entrepreneurial ventures, with a greater number
of rounds being associated with greater perceived risk. Similarly, VC firmsdsakwith their peers

in order to spread the investment risk, obtain better information on andeaaturate evaluation of

the investee entrepreneurial venture, and provide it with more added vatymoMdy the extent of
syndication with the variable Syndication size, definethe number of VC firms that co-invested in

the same round (Lerner, 1993).
3.2.3.Controls

In the empirical model, we control for characteristics of VC firms, erdrequrial ventures,
investment deal and the general economic environment.
Characteristics of VC firms, A leadC investor plays a crucial role in VC investment. A lead

VC investor take a more active role than other investors in the interaction with entrepraheuri
ventures and makes key decisions (e.g. whether to syndicate). Lead jnsesaummy variable that
equals 1 when VC firm i is the lead investor and 0 othendiiserder to determine who is the lead
investor, following previous literature (e.g, Sorenson, 2007) we cosaditterVVC firm that makes the
largest total investment in the focal entrepreneurial venture across all VC emthddead investor.

VC firms differ depending on their ownership and governance (e.g. Dimov_andidida]
2010), which in turn influence their objectives and investment strataffiescontrolled for the VC
type through 5 dummy variables that indicate that the investor is a pVi€ate corporate VCabank
affiliated VC, an individual (including angel investors) or other VC type.
Characteristics of entrepreneurial venture, We also control for the staghich it was at the first
round of the investment (Early stage). Early stage investments are riskigpéfzogmd Lerner, 1999)
since entrepreneurial ventures usually lack a financial performance and regdreffart to achieve
success . The VCs and entrepreneurial ventures tend to cluster in special regions. lthtAensidca
majority of VC investments are in California and Massachusetts; henaegnirel for geographical
location of entrepreneurial ventures by two dummy variables of Calif@miaMassachusetts which
indicate whether they are located in California or Massachusetts. Severas stuowed the role of
patents in attracting VC investment (e.g. Mann and Sager, 2007). When the infoimpgdection
exists, the patents matter more as signal of quality (Hsu and Ziedoniy, EOL entrepreneurial
ventures Patent measures the number of patent applications by entrepreneuri@lj\yanu to the

year in which it received the VC investment. Considering the applicationngtead of the grant year

2 Some previous studies on syndication measure the size sfiidicate with the number of VC firms that investethafocal
entrepreneurial ventuig(Sorenson and Stuart, 2001; Cumming et al, 2011 )xdbuistness, in this paper we also used this definition of
syndicate size (Syndication size 2). In addition, se 8yndication as dummy variable denoting syndicatezstments (Brander et al,
2002). In both cases, the results are similar. For brehdtyesults are not reported and are available upprese
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is justified since application is closer to innovation time and patenting preceduor take several
months (Hsu and Ziedonis, 2011; Tian and Wang, 2011). We also control for the sub-seaor of th
software industry in which the entrepreneurial venture j operated, based on TheAkerican
Industry Classification System (NAICS) provided by VentureXpert. We used doreeny variables
which indicate whether entrepreneurial venture primary sub-sector is "Software Puhli$®aftsvare
Reproducing, or “Others”.

[Table 1 about here]

Characteristics of the deal, at the time of the first round of iM@&stment, information
asymmetry is substantially greater than in correspondence with subsequent roundstHadeedipt
of the first VC round gives to uninformed third parties a signal ofgithed quality of the focal
entrepreneurial venture, thereby reducing the extent of the information asiesniiet, 2008). First
round is a dummy variable indicating that the focal dyad relates to thedirstl of funding. We also

control for the age of entrepreneurial venture at the time of the VC investAns)t*

. Information

asymmetries between entrepreneurs and investors are greater for youngeafitack a track record
(Sorensen, 2007).

Finally, we consider several variables that reflect general market and macroscaooriitions.

Number of dealgsis a proxy for the size of the VC market and S&P index controlsubligpmarket

situation (Cumming et al, 2011). Following Nahata (2008) we resort to two yurariables to

account for the booming information technology market in the period 1998-2000 andriet anash
due to the financial crisis in the period 2007-2009. Table 1 provides a summarycstatist

definition of main variables.

For robustness purpose in order to control for differences in quality of esregpral ventures
following Bengtsson and Hsu, (2010) we examine whether it is favorable fore®®&preneurial
ventures to exit successfully. We do so by looking at the current stakrgrepreneurial venture
whether it goes public, bought by other companies, still active or went defBfxrtis the most
successful exit option and provide highest return to investors (Gompers and, U&9@)y. The

second best option is through acquisition. Following prior studies we use a duamatyle equal to
one if entrepreneurial venture exited through IPO or were acquired (Gompers and L@#@%er,
Sorensen, 2007; Nahata, 2008; Tian, 2012).

3.3. Descriptive Statistics
Table 2 illustrates descriptive statistics of variables. It also illustrateariaie analysis of
differences in the value of the dependent variables between OSS and proprietasgresof

entrepreneurial ventures.

2 There are some mistakes in the entrepreneurial ventures’ founding year as reported by VentureXpert. Whenever we face with companies
for which the year of foundation is posterior to $fear of the first VC round, we replaced the foundjegr with the year of the first VC
round.
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The VC firms which invest in OSS entrepreneurial ventures (Propriedargyerage participated in
414.12 (288.29) prior investment rounds. Similarly, VC firms which invest in @8&®preneurial
ventures (Proprietary) on average 79.78 (73.35 %) of prior investments weirgormation
technology. This verifies in general that VC firms are highly specializexhimdustry (Gupta and
Sapienza, 1992).

The average IPO experience of VC firms invested in OSS entrepreneurial sdifttoprietary) is
88.34 (61.97). Data indicates that VC firms invested in OSS entrepreneurialegefRroprietary) on
average have 182 (9.43) capital under management (in logarithm of total amount investhd last

5 year). Similarly we can see that VC firms invested in OSS entreprenaantales (Proprietary) on
average have 0.61% (0.49%) betweenness centrality. The univariate analyms teaif quality of

VC investors is higher for OSS entrepreneurial ventures. The differences mggaehn and median

of both groups (OSS vs. Proprietary) are statistically significant at 1% level.

Regarding governance we look at number of rounds and syndication size. VC funding was given
OSS entrepreneurial ventures (Proprietary) in 6.68 (5.83) rounds, while thennediqual to 6 (5)
rounds. Both mean and median are significantly different at 1% level. The mgamdafation size in
OSS entrepreneurial venture (Proprietary) is 4.72 (4.89). The median of syndicatias &ifor all
software entrepreneurial ventures.

For robustness, weie use a dummy variable whether VCs co-invested with at least one peer or
invested solely. 92.91% ( 86 %3 of OSS entrepreneurial ventures (Proprietary) receive VC funding
from more than one VC firm. For all software entrepreneurial venture the ars@®BtL#%, which is
similar to the reported amount by Tian (2012) for all entrepreneurialine=ntvhich exited through
IPO.

Regarding control variables, 82% percent of entrepreneurial ventures die aotyfpatent prior to the
first round of investment and 66% of them do not file any patents in all investmerds. This is
slightly lower than what Mann and Sager (2007) showed in the period of 1997-1999, 91% afksoftwa
entrepreneurial ventures do not file any patent prior the first round of inweistm7.28% of
observations belong to entrepreneurial ventures located in California and 16.51%sacMesetts

Private VCs accounts for 71.45% of observations.

[Table 2 about here]

3.4. Empirical Methodology

In this study we focus on impact of collaboration with community of user¥®@nnvestment.
Respectively, we study quality of VC firms and terms of financing. Imalllels (j) is referring to

entrepreneurial venture, (i) is representing VC firm.
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3.4.1.VC quality

In this section we study impact of collaboration with community of users ontyqadlfinancing
entrepreneurial ventures which they are able to acquire. We analyze this imlltdveng

specification
VCQuality;=pot+ B 1 OSS+ B, DEALj+ B3 VCi+ B4 PG + Bs Y+ gj

In this model VCQualityijrefers to quality of VC firm (i.e., General experience, Industry specific
experience, IPO experience, VC capital under management and connectedness). dudhig/an

treat General experience, IPO experience and VC capital under management as cordimaldas

and estimate the model by Ordinary Least Square model (OLS). Since industry speeifience

and connectedness can get value between 0 and 100 we are able to treat them as double censored
variables. Thereforave use the Tobit regression model (Long, 1997). Since in our sample we have
several observations belonging to an entrepreneurial venture we cluster errorseatoemeneurial

ventures.
3.4.2.Governance

We also look at governance of investment. Since the measures we used areiptesjeve, we use

count models for analyzing governance of investment as following:

In this settingGOVj; is representing two variables of number of rounds which funding was given to
entrepreneurial ventures and syndication size. Given there is no high disjrersionvariables, the
general assumptions underlying Poisson models, suggesting adopting Poisson model vAljeweti
repeated all models with negative Binomial model in order to test robustness of our results to choice of
models. The results are similar. All error terms are clustered around entepal venture.
Additionally, as an alternative for syndication size we use a dummy variabéxigience of more

than one VC firm in the deal; therefore we use a Logit model (The resultstaspoded for brevity

and are available upon request). Table 3 reports the pair wise correlationvafiales in both

models.

[Table 3 about here]
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4. Results
4.1. VC quality

Table 4 indicates results from OLS and Tobit model which regress measurés gfidity on a
dummy variable that represent whether entrepreneurial venture has business model lmgsed on
source (OSS). The model also includes control variables which controlCfarh®racteristics; five
dummy variables indicate whether investor is Private VC, Corporate VC, Bffilate VC,
Individuals or other type, in addition to a dummy variable which indicate if V€aid Investor. As
well as entrepreneurial venture characteristics, including a dummyyiimgjdirst round of investment
was early stage or not, two dummy variable indicating whether entrepreneunakvisrin California
or Massachusetts and three dummy variables indicating the sub-sector of eatnegr@anture and
number of patent application prior funding. We also control for deal charéictevidich are whether
it is first round of investment or not and age at the round of funding. Additipredycontrol for
macroeconomics variables which can have impact on VC investment. We imzlodeer of VC
deals, the return on S&P 500 index, a dummy whether year of investment is in informectiooldgy
bubble (1998-2000) and a dummy for financial crisis (2007-2009).

Models 1, 2, 3, 4 and 5 indicate that the OSS entrepreneurial ventures are assothateghesi
guality VC, consistent with H1. Higher quality is identified through gainexperience (total number
of prior deals across all industriedJC’s industry specific experience (number of prior deals VC
invested in information technology relative to total number of priolsiie®O experience (number of
rounds invested in entrepreneurial venture which went public), capital under manadegagithiic

of total amount invested in entrepreneurial ventures) and connectedness (betweenradiy itent
syndication network). In the model 1 the effect is significant at 10% Mile in model 2, 3, 4 and

5 effect is significantat 1% level. The results are not only significant statistically but also
economically. OSS entrepreneurial ventures receive funding from VC vinieh on average have
invested in 72.10 more deals which account about 25% more than average general experience of
sample. In addition have 3.63% higher industry specialization. Similarly hav@ @®re IPO exits
which imply VC firms that invest in OSS entrepreneurial ventures have oagav85% more IPO
experience in comparison with the mean of sample. When we look at capital undgemamiathe
coefficient imply that VC firms that invest in OSS entrepreneurial verttaxe on average 0.56
Million dollars more capital under management and their betweenness cergralit$% more which

means they are about 30% more connected relative to the mean of sample.

[Table 4 about here]

Regarding other variables, we can observe impact of patent on quali@ foim. This is in line with

finding which shows impact of intellectual property rights on VC investment (MadrSager, 2007,
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Hsu and Ziedonis, 2011As it was expected, lead investors are more experienced. Similarly Private,
Bank and Corporate VC are more experienced. Entrepreneurial ventures in California and
Massachustts receive funding from higher quality VCs. In the bubble average quality ofirdG
dropped since there was a surge in the number of entrepreneurial ventures y simfiteathcial crisis

the quality of VC firms increase since business opportunities and fund sanigikanly well respected

VCs are able to raise fund and invest.
4.2. Governance

As it was argued above (H2a and H2h order to analysis the governancev@ investment we use
two variables of number of rounds VC funding was given to entreprengarifre and syndication
size. Since the number of rounds is measured as total number of VC investmeatéined ands
not time variant, we limit the analysis to only dyads in the first roundvafsiment. Therefore, the
sample drops to 1,177 observations. For the analysis we use count models @oEswpijical
results in model 1 and 2 show OSS entrepreneurial ventures receive VC funding in more rounds. Since
it was shown that OSS entrepreneurial ventures receive investment froen biglity VCs, one
might argue the observed differences can betdufference in risk tolerance of VCs with different
gualities. In order to solve this problem in model 2 we control for VC quai @xperience), the
results are still pointing in more rounds of investment for OSS entrepreneenglres. The
coefficients in both models are statistically significant at 1% level. Thdiceaf in model 1 implies
that OSS entrepreneurial ventures receive VC funding on average in 1.loonags.rin general, we

find supportive evidence for H2a.

We do not observe significant differences in syndication size between OSS enwépterentures
and proprietary ones. The Model 3 and 4 verifies that there are no significargrsiferamong OSS

entrepreneurial ventures and proprietary ones. We cannot claim any support for H2b.
[Table5 about here]

The control variables show entrepreneurial ventures that receive VC fundingiragk, the numbers
of rounds reduce. In software publishing and software reproduction sub sectors the mumnbsr
increase. From model for syndication size we can see more patent applieadcassociated with

larger syndicas By increase in VC market size syndication size increases.

25 . . . . . . .
For robustness we also consider negative binomial mduekesult are robust to choice of econometric modelaa@dvailable upon
request.

20



4.3. Robustness Checks

In order to check robustness of our results we run several different alternative analyses.

First, thereis heterogeneity among OSS entrepreneurial ventures. In order to study the heitgrogene
of OSS entrepreneurial ventures we imply two approaches. Primarily, in constuatisgmple we
used three sources. This allows us to separate OSS entrepreneurial vemivoetifferent groups. In

the first group, we focus on a more conservative definition of the OSS entrepaiknentures and
consider only entrepreneurial ventures the business model of which is based on openasource
described by VentureXpert &y “The 451 group” reports (i.e. we include only firms identified in
steps 1 and 2 of the procedure described above). These firms are de noted by a vaimé edtad
dummy OSS 1.We put the rest of entrepreneurial ventures which we were abdentfy at least one
open source product for them in the separate group (0SS2). While the coefliciedtiof models is
larger for OSS1 which their business model is entirely based on OSS:stlwé difference between
coefficients of OSS1 and OSS2 shows there are no significant differences béwteegroups.

Appendix 2 reports the model for quality of VC and governance.

Secondly, Fosfuri et al (2008) shows that endowment of intellectual property of ventureitmpact
decisions on releasing OSS products. Hence, we divided OSS dyadsgtotips. The one in which
entrepreneurial ventures filed a patent prior to investment (OSS with patent) and the bioh in w

did not filed any patents prior to investment (OSS no patent). Similar to previous robustneskeheck
test of difference shows there is no significant differences between two groups. Appendix 3heports

result for VC quality and governance.

Propensity Score Matchingin the empirical setting we compared the entrepreneurial venture based
on whether they develop product with collaboration with community of users or nobrdér to
ensure that the non-randomness of the sample does not bias results towartdtitson, we employ
propensity score matching, by using nearest neighbor methodology on VC charactirésits
investor, Private, Corporate, and Individual), entrepreneurial venture charade(imtimber of
patents, age at investment round, geographical location and sub sectors), detdristiagaFirst
investment) and macroeconomics factors (VC market size, Bubble and Firaistsal As appendix

4 and 5 depicts the sample size drops to 5,462 observations belonging to 388 entrepreneuesl ventur
while 101 of them are OSS. The results of univariate analysis on matched séhmpendix 4)
confirm VCs that invest in OSS entrepreneurial ventures are more experiencedenbmsth H1,

and OSS entrepreneurial ventures receives funding in  more rounds and fremsjardication,
consistent with H2a and H2b. The results are not only significant statisticalifdoueconomically.
While by controlling for confounding factors in Appendix 5 we can see that reseiltpualitatively

similar to analysis of full sample in previous part (Supports for H1 and H2a but no suppdtbjor H
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One might argue that they are unobserved heterogeneity in the quality of emerefa ventures. In
other word, there are unobserved factors which can impact the quality @ffv&which invest, since
higher quality VCs are able to identify better ventures. One of thes® fagjors can be quality of
entrepreneurial ventures and business opportunity they offer. Even though the @ality
entrepreneurial ventures is uncertain and hard to evaluate ex-a@sswne that they are observed
factors such as quality of entrepreneurial team, technology and business opportunitjovguiate
extend can predict the success of entrepreneurial venture. Therefore, we fwnuahblity d
entrepreneurial ventureneasured by successful exit, (Merger and acquisition & IPO). The results

supportH1 and are qualitatively similar. The results are not repatetare available upon request.

Endogenity check: since selecting to be OSS or proprietary for ampremgerial venture is not
random, endogeneity may be a potential problem. First following Vella and Verbeek £1,999ng
instrumental variables and Heckman treatment model in estimating VC oialigppendix 7 we
explain the models formally) we control for endogeneity. In both models we comsitey stage
model (control function) where entrepreneurial ventures choose to adopt open souresshusidel
or not based on intensity of the individuals with PhD degree in computer seiedagith hacking
abilities in the region. We measure the intensity by dividing number of aylomes and PhD
graduates in computer science to active work foice=ach US staf@ The logic here is the driving
forces of open source entrepreneurial ventures are highly skilled individupl®gramming and
software development. We resort on this idea that the highly skilled programmédrs fraind among
PhD graduates and self educated hackers. The results verify that VCs that mve@S8Si
entrepreneurial ventures have higher quality and when we control for endogeneity twitte thed
statistical significance of coefficient are enhanced. Appendix 6 report thé odsiistrumental
variable and Heckman treatment mottel general experience of V€ The negative and significant
coefficient of lambda (L) implies that there is a negative correlation between unobserved factors in
selection equation (error term) and VC quality. Hence, by control for enditg the coefficient of

main dependent variable increases.

Alternatively we use a switching regression model. In this model VC quaétnllowed to differ
according whether entrepreneurial venture is OSS or proprietary (Bertschek emed, RQ04)
Therefore, we resort on two regimes of OSS and proprietary. This iflpobyg considering a

selection model which determines the probability of an entrepreneurial @etdube OSS or

%% \We were not able to find similar information about aaa, therefore we limit our sample to US based entrepri&l ventures, The
sample include 6400 observations (155 observation less tiggmabsample).

2" The results for other variables are not reported forityrand are available upon request from authors.
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proprietary (regime equatidfi) Switching regression allows us to estimate the VC quality of OSS
entrepreneurial ventures if the same ventures were in proprietary f&githe appendix 8 shows
conditional distribution of the VC quality (Capital under management). The metlmdsals to
control whether OSS and proprietary entrepreneurial ventures are systematiéaignfif This is
possible by using the selectivity terms (inverse Mills ratio) caledldtom regime equation (see
appendix 9 for the formal description of model). The inverse Mill ratjgtutas unobservable
information. Then we are able to regress VC quality of inverse mills aatiocontrol variables for
OSS and proprietary entrepreneurial ventures separately. Appendix 8a represents donditiona
distribution of VC quality for OSS entrepreneurial ventures. The soliddipsent the kernel density
of VC quality of OSS entrepreneurial ventures from OSS regime while the dashedpresent the
kernel density of VC quality of OSS entrepreneurial ventures if theg preprietary. Similarly in the
appendix 8b we observe VC quality for proprietary entrepreneurial ventures. ichéngotepresent

the kernel density of VC quality of proprietary entrepreneurial veatfitom proprietary regime while
the dashed line represent the kernel density of VC quality of proprietagpesmeurial ventures if
they were OSS. Both graphs show changes from OSS to proprietary (Proprietary te &S8ciated

with increase (decrease) in the VC quality.
5. Conclusion and Discussion

In this paper, in an explorative fashion we investigate impa@BN on the quality of VCs and the
Governance of deals. This research is nat¢id by the fact that there are growing numbers of
entrepreneurial ventures which are adopting OBM in order to support their innovabicesges
These ventures are known by two distinctive features: of lack of reliand® andl development in
collaboration with agents outside firm boundaries (Mann, 2006). Research have shown entiaprene
ventures by relying on communities of users are able to access to resouiside firm boundaries

and generate high quality technology and products in lower cost (Lerner and Tirole, 2002;
Chesbrough, 2003, 2006; von Hipple, 1988, 2005).

On the other hand, since entrepreneurial ventures cannot use traditional appitgpriechanisms to
the fullest extent and should deal with agents, who do not have contractual tiestarepreneurial
ventures, they are facing higher uncertainty and complexity in comparison with enéepal

ventures.

® Similar to the previous model entrepreneurial venturessi to adopt open source business model or not basegmsitinof the
individuals with PhD degree in computer science art hécking abilities in the region.

29 Chemmananur et al (2011) refers to this type of analysis as “what-if” questions.

% This procedure is explained in detail in Heckman@%hd Maddala( 1983).
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We draw our conclusion based on a sampleldfsoftware entrepreneurial ventures that received VC
funding in 6,555 different deals. Empirical analysis shows software entreprenemtiatevthat that
adopted OBM receive funding from higihquality VCs. The result can be driven from two different
explanations. FirstlyVC’s resource endowment and expertise help VCs to tolerate higher risk level

and help to deal with business complexity. Secondly, high quality VCs are ableeém snore
efficiently and match with high quality entrepreneurial ventures (Hsu, 2004). We tested the second one
by looking at successful exit (Merger and acquisition & IPO). The empaitalysis rolled out the
second explanation since there are no differences in both variables between OSS aetriPropr

entrepreneurial ventures.

In case of governance, results depict OSS entrepreneurial ventures ageaeeeive VC funding in

more rounds, but we did not find any significant differences in case of syndication size.

Staging more frequently allows VCs to monitor entrepreneur efforts and actddnse agency cost
and reduce downward risk by avoiding inefficient continuation through the exinopte results can
be explained by that the higher risk and complexity associated with investmemaisidikelihood of

staging since value of the exit option is highly correlated with risk of investiner008).

A possible explanation for observing no differences in syndication size despitteekpegher risk
and complexity associated with OSS entrepreneurial ventures can be that syndicationeeee incr
coordination cost and lead to delay in decision making (Gompers and Lerner, 1999)swmicte i
severe for OSS entrepreneurial ventures which have a complex business modela®farijwed the
speed to market has higher importance for OSS entrepreneurial ventures. Since synditaiiuse
delay in decision making process, it is possible that VCs are less inclined tocasgridi avoid delay

in decision making.

In this study contribute to two stream of literature. First, there are grdwidigs of literature which
have studied OBM, with special focus on OSS. The initial studies focused on understhnding
motivation of contributors (e.g. Lerner and Tirole, 2002; von Hippel and von KroRQ03;
O’Mahony and Ferrero, 2007). By the growing number of firms that commercialize OSS software
researchers investigate determinant of introducing open source products (Fcsfu?iO88; Wen et
al, 2011), challenges and strategies for benefiting from open source communities (Dahtehder
Magnusson, 2005; 2008; West and Gallagher, 2006; Bonaccorsi et al, 2006) and impact on
performance of ventures (Piva et al, 2012; Stam, 2009). However, scholaratedyexplored the
financing of firm involving in community collaboration (see Alexy & Geor2@11, for an exception).
Our study differs from Alexy and George (2011) in two distinctive featurest While, Alexy and
George (2013) focus on adoption of OBM by publicly listed firms, we study entrepreneuniaies,

which are designed on delivering product and services based on OBM. Secondly, in tomtaxy
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and George (2013) that explores the impact of OBM on the market valuempfwig focus on
different dimensions of VC investment in OSS entrepreneurial ventures in comparigon
proprietary ones. Finally, we contribute to this literature by offering unique tathe best of our
knowledge the most comprehensive, on OSS entrepreneurial ventures and by providing understanding
on which type of VC and how they invest in OSS entrepreneurial ventures.

Second, the paper contributes to the strand of literature that investitat relationship between
entrepreneurial venture’s characteristics and VC investment. Mann & Sager (2008), Hsu& Ziedonis

(2008) and Engel and Keilbach (2007) study the role of patents on valuatientrepreneurial
ventures, the propensity of receiving VC financing, the terms of finargidgreturn on investment
measured by exit status. Hellmann and Puri (2000), by focusing on product market strategy, show VCs
are more willing to invest in innovator entrepreneurial ventures ratherrttitar ones. Davila et al
(2003) studied the interaction between employee growth of entrepreneurial ventures and VC
financing. Hsu (2007) looks at entrepreneur experience and education. He find$opniding
experience, education in PhD level and social network of founder increaseketliwdd of VC
funding. Cumming et al (2011) studied the impact of litigation on VC investrignpirical studies

treat entrepreneurial venture homogenous regarding their business models. tk¥eiteoto this
studies by focusing on different business models (open VS. closed) of entrejptergstures and its

impact on VC financing.

We end with some thoughts about future research. We have been able to identify entiapreneur
ventures which collaborate with community of users.iBbas been shown there is a large variance in
business models of OSS entrepreneurial ventures. By growing number of OSS esxregren
ventures, one might study relationship betw&&D investment and different business models. In
addition, in utilizing communities firms can apply different strategiesexample Dahlander (2007)
showed entrepreneurial venture can utilize existing communities or indiatew community.
Moreover, the entrepreneurial ventures can be categorized based on levelityf inciommunity.

The future study can identify different categories of community collaboratiohevaluate whether

investors differentiate between them or not.

In this study we only focused oWiC investment while future studies can study impactvaf

investment on performance of OSS entrepreneurial ventures in comparison witetargmme. The
performance can be measured by several different proxies such as number of privduncis)| f
performance, exit and exit valuation. It would be also interestingtudy OBM by looking at a

different industry in which similar setting can be identified.
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Tables.

Table 1-Summary Statistics and Variable Definitions
. Std. .
Dependent variables N Mean Min  Max
dev
VC quality
VC’s general Number of investments in all industries pric
. . VentureXpert 5465 328.67 54791 O 6663
experience (1) funding date
Number of deal VC invested in information
VC’s industry )
» ; technology relative to total number of
specific experience . . . . VentureXpert 5465 75.41 22.87 0 100
@ investments prior funding date (in
percentage)
. number of rounds invested in entrepreneur
IPO experience (3) ) ) VentureXpert 5465 70.43 13255 O 908
venture which went public
Capital under Logarithmic of total amount VC invested in
management (log)  entrepreneurial venture in the 5 years prio VentureXpert 5462 9.78 4.42 0 16.63
4 investment date ( $ Thousands)
Between centrality in syndication network ¢
Connectedness (5) ) 5465 0.53 1.23 0 11.09
preceding 5 years.
Governance
Number of funding  The number of round entrepreneurial ventu
) ) VentureXpert 1177  4.09 2.74 1 18
rounds (6) received VC funding
o . The number of VC firms co-invested at the
Syndication size (7) ) ) VentureXpert 6555 4.84 3.17 1 18
same deal in an entrepreneurial venture
Independent Variable
A dummy=1 if entrepreneurial venture has Promt, ASAP,
0SS (8) open source product or its business model  VentureXpertand 6555 0.31 .46 0 1
entirely based on open source “Open to Invest”
Control Variables
VC characteristics
A dummy=1 if VC firm made largest amoun
Lead investor (9) of funding across all rounds in entrepreneur VentureXpert 6555 0.27 0.44 0 1
venture
five dummy variables which indicates
VC type (10), (11), _ .
(12), (13) whether VC is a Private VC, Corporate VC VentureXpert
' Bank Affiliated VC, Individuals or Others
Entrepreneurial Venture Characteristics
A dummy=1 if first round of VC funding is in
Early stage (21) VentureXpert 6555 0.78 0.41 0 1
seed or early stage
o A dummy variables indicating entrepreneuri
California (15) o o VentureXpert 6555 0.47 0.50 0 1
venture is in California
A dummy variables indicating entrepreneuri
Massachusts (16) o VentureXpert 6555 0.16 0.37 0 1
venture is in Massachetss
Three dummy variables indicating whethel
Sub-sector (17),  entrepreneurial venture primary sub-sector
) VentureXpert
(18) "Software Publishers" or "Software
Reproducing" or “others”.
Patents (19) The cumulative number of patent applicatic EPO.org 6555 1.82 5.98 0 70
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prior to funding year
Deal Characteristics
First round (20) A dummy=1 if it is first round of VC funding
Investment date- entrepreneurial venture
Company age (14) )
founding year
Macroeconomics conditions
VC market size Logarithmic number of VC deals in time of

(22) funding
S&P index (23) The rerun on S&P 500 index

Bubble (24) A dummy=1 if year of funding is 1999-200(
Crisis (25) A dummy=1 if year of funding is 2007-200¢
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VentureXpert

VentureXpert

VentureXpert

Standard & Poor

6555

6555

6555

6555

6555
6555

0.18

4.07

10.12

0.14

0.32
0.23

0.38

2.98

0.38

0.19

0.47
0.42

0 1
o 21
876 10.72
T 037

0.37
0 1
0 1



Table 2- Differences in VC quality and VC governance of OSS and Proprietary entrepreneurial

ventures.
Variable N Mean Median Test of equality (P-Value)
Mean Median
All PC 5465 328.67 124
0SS 1754 414.12 169 0.00 0.00
Proprietary 3711 288.29 105
VC’s industry specific experience (%)
AllPC 5465 75.41 80.47
0SS 1754 79.78 85.75 0.00 0.00
Proprietary 3711 73.35 76.99
IPO experience
All PC 5465 70.433 15
0ss 1754 8834 16 0.00 0.00
Proprietary 3711 6197 14
Capital under management (Log)
All PC 5465 9.783
0ss 1754 10.52 0.00
Proprietary 3711 9.43
Connectedness (%)
All PC 5465 0. 53 0.15
0ss 1754 0.61 0.17 0.00 0.00
Proprietary 3711 0.49 0.14
Number of funding rounds
All PC 6555 6.10 6
0ss 2029 6.68 6 0.00 0.00
Proprietary 4526 5.83
Syndication size
All PC 6,555 4.84
0SS 2029 4.72 4 0.04 0.83
Proprietary 4526 4.89
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Table 3- Pair wise Correlation Matrix

o @ © @ 6 ® "o & (O (@10 @11 @12 @13) @14 @15 (@16 @17 @18 (19 (200 (1) (22) (23) (24) (25
@ | 100
@ |-013 1.00
3 | 084 -011 1.00
4 | 042 008 039 1.00
(5) | 055 -005 057 029 1.00
(6) | 005 003 -0.01 010 -0.02 1.00
() | -004 003 -0.02 -0.03 002 003 1.00
® | 011 013 009 012 005 012 -002 1.00
(9 | 014 002 015 016 000 -012 -025 -0.01 1.00
(10)| 001 004 004 012 -021 002 -013 -0.03 0.14 1.00
(11)| -010 015 -0.12 -013 014 -001 011 004 -0.13 -0.63 1.00
(12)| 015 -015 012 003 021 000 008 001 -0.05 -0.58 -009 100
(13)| -0.03 -001 -0.03 -0.03 -0.02 000 000 000 -0.01 -0.11 -002 -0.02 1.00
(14)| 005 003 -001 013 -002 028 -003 005 -0.01 004 -004 000 000 1.00
(15)| 005 010 009 007 003 002 005 012 -0.04 001 006 -0.05 003 -0.05 1.00
(16) | -0.04 002 -0.05 004 001 004 -002 -0.02 004 003 -003 000 -0.02 003 -043 1.00
(17)| 007 006 000 010 -0.03 011 -006 015 002 001 -001 000 -0.01 009 004 003 1.00
(18)| -0.09 -003 -0.04 -0.06 002 -005 004 -020 -0.05 000 000 001 002 -0.04 -007 014 -058 1.00
(19)| 014 -001 009 006 005 010 009 -0.01 -0.05 -001 002 001 000 018 -002 -008 -0.04 -0.11 1.00
(20) | -0.04 -008 -0.02 -0.13 000 -029 -023 -0.06 012 004 -004 -0.03 000 -0.31 -003 -004 -0.03 -0.01 -0.10 1.00
(21)| 003 009 000 005 -003 010 006 013 -0.08 003 -002 -0.02 -0.04 -015 005 011 010 -0.02 -0.06 -008 1.00
(22)| 001 010 -0.01 004 -003 004 019 004 000 -012 008 006 -0.01 010 -001 000 010 -0.22 005 -014 -0.02 1.00
(23)| -006 -011 -0.01 -0.07 006 009 009 -0.27 -0.07 -0.07 004 006 002 -010 -003 016 -0.18 027 -002 -009 002 -013 1.00
(24)| -009 -003 -0.03 -0.14 004 -014 022 -019 -0.04 -014 011 008 -0.01 -0.20 -002 000 -012 005 -002 004 -0.07 059 021 1.00
(25)| 016 009 005 016 -0.03 016 -010 025 005 008 -004 -0.05 -0.01 032 008 -003 024 -027 012 -016 011 007 -0.32 -031 1.00
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Table 4-VC quality regression

General experience

Industry Specific experience(%) IPO experience Capital under management(log)

Normalized Betweeness Centrality(%)

(OLS) (Tobit) (OLS) (OLS) (Tobit)
0SS 72.095 3.637 25.588 0.562 0.180
(41.205)* (1.528)*= (10.297)** (0.217)**= (0.063)***
L ead investor 171.607 -1.254 42.522 1.529 0.137
(32.937)**= (1.236) (9.135)**= (0.176)** (0.050)***
Private VC 204.906 11.918 53.435 2.727 0.381
(22.716)**= (3.685)** (5.611)**= (0.408)*** (0.056)***
Corporate VC 62.182 24.539 2.916 0.964 0.964
(27.789)** (4.355)** (5.198) (0.481)* (0.169)**=*
Bank VC 519.479 -1.210 110.967 3.250 1.436
(128.630)*** (4.647) (15.156)**=* (0.537)** (0.208)***
Individual VC -64.960 4.338 -20.498 0.055 -0.023
(41.227) (9.400) (11.012)* (0.950) (0.121)
Early stage 15.305 3.572 -3.550 0.282 -0.079
(32.050) (1.569)** (8.553) (0.233) (0.067)
California 46.530 4.707 21.347 0.777 0.135
(36.507) (1.619)** (9.254)* (0.200)*** (0.060)**
M assachussets -27.580 3.717 -5.643 0.661 0.161
(43.251) (1.921)* (10.430) (0.272)* (0.080)**
Soft publishing 22.856 1.404 -4.564 0.473 -0.008
(39.635) (1.621) (10.203) (0.211)* (0.063)
Soft reproduction -16.918 2.841 -4.100 0.316 0.001
(34.533) (1.905) (9.831) (0.245) (0.070)
Patents 12.416 -0.021 2.341 0.042 0.011
(3.889)*** (0.122) (0.797)**= (0.015)** (0.005)**
First investment -36.409 -2.766 -9.340 -1.101 -0.069
(19.025)* (1.255)** (5.232)* (0.186)*** (0.049)
Company age -6.369 -0.060 -1.830 0.055 0.005
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VC market size

S& Pindex

Bubble

Fin crisis

Constant

sigma

R2

36

(4.930)
39.525
(34.189)
47.483
(87.719)
-79.652
(35.201)**
136.267
(44.778)
-399.397
(340.779)

0.11
5,465

(0.176)
7.862
(1.937)%+
-10.225
(3.712)%+
-3.390
(1.728)*
-0.418
(1.413)
-19.146
(19.637)
24.910
(0.681)*+

5,465

(1.181)
-3.099
(9.213)
22.559
(23.554)
-1.386
(8.734)
7.676
(9.131)
26.463
(91.707)

0.08
5,465

5,462

(0.033)*
1.413
(0.305)%+
0.362
(0.497)
-1.547
(0.269)*+
0.384
(0.197)*
-8.573
(3.025)%+

0.12

(0.008)
-0.316
(0.079)*
0.203
(0.161)
0.166
(0.073)*
0.032
(0.053)

1.249
(0.067)*

5,465

Note. In all models clustered Robust Std. Err. Is Repantedrentheses, ***or ** * indicate statistical significance at the 10%, 5%, #¥el, respectively



Table 5 VC Governance Poisson regression

rounds rounds syndication size syndication size
1 2 3 4
(O 0.248 0.243 -0.020 0.001
(0.072)**= (0.077)** (0.072) (0.066)
L ead investor -0.389 -0.359 -0.301 -0.312
(0.046)**= (0.050)*** (0.030)** (0.033)***
Private VC 0.109 0.130 0.176 0.014
(0.052)** (0.102) (0.056)*** (0.054)
CorporateVC -0.041 0.052 0.305 0.109
(0.100) (0.136) (0.051)** (0.073)
Bank VC -0.017 -0.032 0.275 0.121
(0.113) (0.153) (0.058)*** (0.068)*
Individual VC -0.062 0.280 0.178 0.091
(0.074) (0.233) (0.081)** (0.194)
Early stage 0.025 0.108 0.102 0.081
(0.078) (0.082) (0.066) (0.066)
California 0.075 0.066 0.033 0.051
(0.070) (0.072) (0.076) (0.069)
M assachussets 0.244 0.208 -0.017 -0.003
(0.091)**=* (0.092)** (0.085) (0.076)
Soft publishing 0.176 0.181 -0.031 -0.030
(0.077)* (0.081)** (0.082) (0.079)
Soft reproduction 0.130 0.181 0.015 0.019
(0.085) (0.092)** (0.078) (0.078)
Patents -0.007 -0.009 0.007 0.007
(0.012) (0.016) (0.003)** (0.003)**
First investment -0.458 -0.442
(0.050)*** (0.046)**=*
Company age -0.050 -0.045 -0.013 -0.012
(0.018)**=* (0.018)** (0.010) (0.009)
VC market size 0.028 0.026 0.183 0.174
(0.113) (0.126) (0.093)** (0.093)*
S& Pindex 0.356 0.311 -0.009 -0.028
(0.204)* (0.219) (0.134) (0.134)
Bubble -0.051 -0.039 0.144 0.163
(0.103) (0.108) (0.081)* (0.083)**
Fin crisis -0.100 -0.100 -0.089 -0.124
(0.107) (0.107) (0.096) (0.070)*
PO exprience 0.000 0.000
(0.000)
Constant 0.990 0.905 -0.387 -0.145
(1.127) (1.281) (0.892) (0.918)
N 1,177 898 6,555 5,465

Note. In all models clustered Robust Std. Err. Is Repantpdrentheses, * ,** or *** indicate statistical sifjoance at the 10%, 5%, 1%

level, respectively.
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Appendices:

Appendix 1: two examples of OSS product announcements extracted from PROMT

ewWeek, May 19, 2003 pNA
crossover 2.0 Lets Linux Run More windows Apps. (from codeweaver)(Brief Article)
Full Text: COPYRIGHT 2003 ziff pavis Media Inc.

As the de facto standard in desktop operating systems, windows is generally the platform of choice--often to the exclusion of others--for
commercially developed applications, including many upon which companies rely heavily.

Although good open-source alternatives to windows-only applications have been appearing in growing numbers, sometimes only the windows
version will do.

Codeweavers Inc.'s crossover office 2.0, which shipped last month, enables Linux users to run certain windows native applications, most
notably Adobe tems Inc.'s Photoshop, IBM's Lotus Software division's Notes and Microsoft Corp.'s Office XP (including Microsoft's
Access, which the previous version of Crossover office did not support).

crossover office, which is priced at $55, is based on Wine, an open-source Windows API implementation that enables Linux users to run many
applications developed for Windows.

Core Security Readies Web App Security Tool: Core Security Technologies
applications

Full Text: COPYRIGHT 2007 Ziff Davis Media Inc.

Core Security Technologies is unveiling an open-source tool called Core Grasp Aug.
2, which is aimed at protecting Web applications from attack.
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Appendix 2-Robustness Check by differentiating between OSS entrepreneurial ventures which their busieéssentirely based on OSS (OSS1) and
entrepreneurial venture we found only one OSS release (0SS2)

Industry Specific experience(% General experience IPO experience Capital under management(log Normalized Betweeness Centrality(%  rounds syndication size
OSss1 3.024 108.314 30.336 0.888 0.222 0.321 -0.097
(1.589)* (59.251)* (15.317)* (0.269)**= (0.077)**= (0.089)*** (0.103)
0Ss2 4.212 36.155 20.876 0.239 0.093 0.185 0.131
(1.695)* (45.893) (12.132)* (0.278) (0.077) (0.094)** (0.076)*
Lead investor -0.668 171.077 42.452 1.524 0.094 -0.393 -0.291
(1.109) (32.745)** (9.101)** (0.175)**= (0.047)** (0.046)** (0.025)**=*
Private VC 11.995 201.065 52.932 2.692 0.243 0.107 0.039
(3.139)** (22.206)*** (5.561)** (0.411)**= (0.028)*** (0.052)** (0.052)
Corporate VC 21.496 57.510 2.304 0.921 0.899 -0.036 0.116
(3.646)*** (26.976)** (5.122) (0.480)* (0.149)** (0.100) (0.042)**=*
Bank VC -0.458 519.627 110.986 3.251 1.288 -0.003 0.121
(4.092) (128.666)*** (15.182)** (0.542)**= (0.190)*** (0.114) (0.054)**
Individual VC 6.872 -77.392 -22.128 -0.058 -0.114 -0.060 -0.037
(8.482) (44.321)* (11.636)* (0.938) (0.059)* (0.074) (0.071)
Patents -0.026 12.614 2.367 0.044 0.011 -0.007 0.009
(0.104) (3.963)*** (0.803)*** (0.016)**= (0.005)** (0.012) (0.002)***
Early stage 3.071 16.622 -3.377 0.294 -0.083 0.020 0.138
(1.402)** (32.443) (8.614) (0.235) (0.063) (0.078) (0.082)*
California 4.797 39.027 20.363 0.710 0.098 0.064 0.108
(1.427)%* (37.878) (9.712)* (0.204)**=* (0.057)* (0.070) (0.079)
M assachussets 4.207 -30.131 -5.978 0.638 0.126 0.241 -0.133
(1.686)** (43.358) (10.510) (0.269)** (0.074)* (0.089)*** (0.088)
Soft publishing 1.392 20.836 -4.829 0.455 -0.039 0.179 -0.008
(1.412) (39.684) (10.149) (0.213)** (0.059) (0.078)** (0.090)
Soft reproduction 2.646 -19.849 -4.484 0.289 -0.025 0.131 0.010
(1.648) (34.097) (9.699) (0.243) (0.065) (0.086) (0.098)
First investment -2.668 -38.314 -9.590 -1.118 0.004 -0.264
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Company age

VC market size

S& Pindex

Bubble

Fincrisis

Constant

R2

(1.073)*
-0.054
(0.164)
8.219

(1.678)+
-8.730

(3.218)++
-3.679

(1.516)*
0.539
(1.331)

-24.412
(17.034)

0.10
5,465

(18.991)**
-5.889
(5.008)
33.480

(34.630)
49.947
(88.102)
-73.662

(35.792)**
120.955

(45.285)%*

-331.681
(344.689)

0.11
5,465

(5.223)
-1.767
(1.198)
-3.891
(9.285)
22.882

(23.590)
-0.601
(8.775)

5.669
(9.275)

35.341
(92.285)

0.08
5,465

(0.185)%*
0.059
(0.033)*
1.358
(0.303)%*
0.384
(0.494)
-1.493
(0.268)**
0.246
(0.205)

-7.963
(3.005)***

0.13
5,462

(0.043)
0.003
(0.008)
-0.362
(0.071)%+
0.167
(0.150)
0.234
(0.064)*+
-0.012
(0.050)

3.651
(0.707)%*

0.09
5,465

-0.049
(0.018)**
0.005
(0.116)
0.352
(0.203)*
-0.022
(0.108)
-0.127
(0.109)

1.221
(1.151)

1,177

(0.032)%*
0.003
(0.009)
0.120
(0.085)
0.390
(0.124)
0.018
(0.059)
-0.097
(0.101)

0.831
(0.794)

6,555
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Note. In all models clustered Robust Std. Err. Is Repantpdrentheses, *, ** or *** indicate statistical sigicdince at the 10%, 5%, 1% level, respectively.



Appendix 3- Robustness Check by differentiating between investment dyads bejaadd$S entrepreneurial ventures with patent (OSS with patent) and with no patent
(OSS no patent)

General experience Industry Specific experiend@o) IPO experience Capital under management (log Normalized Betweeness Centrality(%  rounds syndication size

OSS no patent 69.818 4.270 22.945 0.466 0.182 0.224 -0.142
(44.621) (1.484)**= (11.649)** (0.249)* (0.080)** (0.074)**= (0.070)**

OSSwith patent 74774 2.892 28.698 0.676 0.178 0.418 0.103
(53.667) (2.201) (13.186)** (0.264)** (0.081)** (0.160)*** (0.089)

Lead investor 171.703 -1.282 42.633 1.533 0.137 -0.390 -0.298
(33.146)** (1.233) (9.188)** (0.176)**= (0.050)*** (0.046)** (0.029)***

Private VC 204.936 11.912 53.470 2.729 0.381 0.101 0.171
(22.744)%=* (3.687)**= (5.617)** (0.408)**=* (0.056)*** (0.052)* (0.056)***

Corporate VC 62.248 24.525 2.994 0.967 0.964 -0.041 0.300
(27.730)** (4.356)**= (5.196) (0.481)* (0.169)**= (0.100) (0.052)***

Bank VC 519.321 -1.162 110.784 3.244 1.436 -0.044 0.261
(129.082)*** (4.647) (15.208)*** (0.535)*** (0.209)**=* (0.105) (0.058)***

Individual VC -65.200 4411 -20.776 0.045 -0.023 -0.069 0.172
(41.363) (9.435) (11.142)* (0.943) (0.121) (0.074) (0.081)**

Patents 12.378 -0.011 2.297 0.041 0.011 -0.010 0.005
(3.913)** (0.125) (0.796)** (0.015)**= (0.005)** (0.016) (0.003)*

Early stage 15.085 3.632 -3.805 0.273 -0.078 0.027 0.090
(31.695) (1.564)*= (8.460) (0.234) (0.066) (0.077) (0.064)

California 46.508 4.713 21.321 0.776 0.135 0.076 0.033
(36.521) (1.620)** (9.263)** (0.200)*** (0.061)** (0.069) (0.075)

M assachussets -27.661 3.741 -5.737 0.657 0.161 0.239 -0.020
(43.216) (1.921)* (10.415) (0.272)** (0.080)** (0.089)*** (0.085)

Soft publishing 23.001 1.365 -4.395 0.480 -0.008 0.175 -0.023
(39.689) (1.605) (10.261) (0.212)** (0.064) (0.077)** (0.079)

Soft reproduction -16.845 2.822 -4.015 0.319 0.001 0.129 0.018
(34.650) (1.897) (9.897) (0.245) (0.070) (0.085) (0.076)

First investment -36.143 -2.840 -9.031 -1.090 -0.069 -0.445
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(18.943)* (1.248)*=
Company age -6.441 -0.039
(5.036) (0.179)
VC market size 39.705 7.811
(34.515) (1.942)**=
S& Pindex 47.338 -10.188
(87.920) (3.712)**=
Bubble -79.645 -3.392
(35.217)* (1.733)*
Fincriss 136.443 -0.469
(44.323)*=* (1.402)
Sigma 24.906
(0.682)***
_cons -400.846 -18.735
(343.445) (19.632)
R2 0.11
N 5,465 5,465

(5.200)*
-1.913
(1.223)
-2.890
(9.277)
22.391

(23.642)
-1.377
(8.763)

7.881
(9.011)

24.781
(92.218)
0.08
5,465

(0.187)%*
0.052
(0.034)
1.420
(0.306)**
0.356
(0.498)
-1.547
(0.269)*
0.391
(0.197)*

-8.635
(3.032)%*
0.12
5,462

(0.049)
0.005
(0.008)
-0.316
(0.079)*
0.203
(0.161)
0.166
(0.073)*
0.032
(0.053)
1.249
(0.067)*
2.920
(0.794)%*

5,465

-0.049
(0.018)**
0.030
(0.112)
0.358
(0.204)*
-0.052
(0.103)
-0.101
(0.108)

0.979
(1.114)

1,177

(0.050)*+
-0.017
(0.010)*
0.187
(0.092)**
-0.017
(0.131)
0.148
(0.079)*
-0.079
(0.094)

-0.397
(0.886)

6,555

Note. In all models clustered Robust Std. Err. Is Repantpdrentheses, * ,** or ***
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Appendix 4 - univariate analysis after propensity score matching

Outcome Expected sign OSS | Proprietary | Differences | Std. Error | t-stat

General experience + 414.31 360.87 53.437" 26.05 2.05
Industry specific experience + 79.80 75.28 451 1.00 4.50
IPO experience + 88.39 71.38 17.017 5.94 2.86
Capital under management + 10.52 9.62 0.90 .19 4.72
Connectedness + 0.61 .51 0.10 0.05 1.73

# Rounds + 6.74 5.91 0.82" 0.13 6.32
Syndication size I 471 421 0.51" A2 4.30

Note. *, ** or *** indicate statistical significancat the 10%, 5%, 1% level, respectively




Appendix 5 -regression of VC quality and governance after Propensity Score matching

General Industry Specific IPO Capital under management Normalized Betweeness rounds syndication
experience experience(%) experience (log) Centrality(%) size
0Sss 72.375 3.637 25.659 0.562 0.181 0.249 0.003
(41.213) (1.528)** (10.305)** (0.217)% (0.063)*** (0.076)%* (0.066)
Lead investor 171.528 -1.256 42.506 1.529 0.136 -0.355 -0.311
(32.929)*** (1.235) (9.133)*** (0.176)*** (0.050)*** (0.050)*** (0.033)***
Private VC 206.055 12.288 53.503 2.727 0.375 0.139 0.012
(22.752)*** (3.728)** (5.626)** (0.408)*** (0.054)*** (0.102) (0.054)
Corporate VC 63.285 24.906 2.976 0.964 0.957 0.055 0.105
(27.856)** (4.391)%** (5.213) (0.481)** (0.169)*** (0.136) (0.073)
Bank VC 522.002 -0.792 111.352 3.250 1.434 -0.008 0.122
(128.997)*** (4.686) (15.184)*** (0.537)*** (0.208)*** (0.148) (0.069)*
Individual VC -63.936 4.701 -20.453 0.055 -0.030 0.273 0.087
(41.278) (9.422) (11.031)* (0.950) (0.120) (0.232) (0.194)
Patents 12.423 -0.019 2.341 0.042 0.011 -0.008 0.007
(3.888)*** (0.123) (0.797)**= (0.015)*** (0.005)** (0.016) (0.003)**
Early stage 15.548 3.619 -3.519 0.282 -0.079 0.106 0.081
(32.080) (1.569)** (8.558) (0.233) (0.067) (0.082) (0.066)
California 46.815 4,734 21.402 0.777 0.136 0.070 0.052
(36.502) (1.619)*** (9.257)** (0.200)*** (0.060)** (0.072) (0.069)
M assachussets -27.496 3.764 -5.660 0.661 0.162 0.206 -0.004
(43.273) (1.930)* (10.436) (0.272)** (0.080)** (0.093)** (0.076)
Soft publishing 23.171 1.437 -4.504 0.473 -0.008 0.179 -0.030
(39.671) (1.621) (10.208) (0.211)** (0.063) (0.081)** (0.079)
Soft -16.740 2.907 -4.100 0.316 0.000 0.176 0.018
reproduction
(34.550) (1.907) (9.835) (0.245) (0.070) (0.092)* (0.077)
First investment -36.336 -2.738 -9.340 -1.101 -0.069 0.000 -0.443
(19.030)* (1.254)** (5.233)* (0.186)**= (0.049) (0.000) (0.046)***
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Company age

VC market size

S& Pindex

Bubble

Fincrisis

Constant

Sigma

R2
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-6.367
(4.933)
39.997
(34.243)
47.908
(87.788)
-80.320
(35.262)*
135.830
(44.740y+*
-405.731
(341.488)

0.11
5,462

-0.063
(0.176)
7.978
(1.942)++
-10.204
(3.717y++
-3.522
(1.727)*
-0.452
(1.414)
-20.737
(19.716)
24.896
(0.681)%**

5,462

-1.827
(1.182)
-3.064
(9.227)
22.640
(23.569)
-1.462
(8.749)
7.592
(9.134)
25.970
(91.889)

0.08
5,462

0.055
(0.033)*
1.413
(0.305)++
0.362
(0.497)
-1.547
(0.269)++
0.384
(0.197)*
-8.573
(3.025)++

0.12
5,462

0.005
(0.008)
-0.315

(0.079)++

0.207
(0.161)

0.165

(0.073)*

0.030
(0.053)

2.917

(0.790)++
1.249
(0.067y++

5,462

-0.045
(0.018)*
0.026
(0.126)
0.314
(0.218)
-0.043
(0.107)
-0.105
(0.107)
0.917
(1.281)

898

Note. In all models clustered Robust Std. Err. Is Repantpdrentheses, *, ** or *** indicate statistical sigéince at the 10%, 5%, 1% level, respectively

-0.012
(0.009)
0.171
(0.093)*
-0.029
(0.133)
0.165
(0.083)*
-0.123
(0.070)*
-0.118
(0.917)

5,462



Appendix 6 — Endogeneity check by using instrumental variables (IV) and Heckneaiment (CF) model (Dependent

Variable:VC’s general experience)

Probit selection v CF
0Sss 470.484
(98.456)***
OSS predicted 457.826
(96.589)***
PhD intensity 1.281
(0.162)%**
Hacker intensity 0.031
(0.004)%*
Lead investor -0.046 181.134 181.643
(0.043) (15.259)*** (15.204)***
Private VC -0.018 214.835 214.240
(0.117) (12.701)*** (40.293)***
CorporateVC 0.323 30.832 29.850
(0.130)** (20.634) (47.675)
Bank VC 0.265 355.565 353.920
(0.133)** (40.206)*** (48.135)**=*
Individual VC 0.330 -77.987 -79.041
(0.358) (28.680)*** (129.761)
Early stage 0.392 -37.717 -38.575
(0.050)*** (18.981)** (21.128)*
Soft publishing 0.023 5.844 4.764
(0.048) (17.789) (17.151)
Soft reproduction -0.407 16.464 15.323
(0.054)%** (20.103) (20.644)
Patents -0.006 11.103 11.244
(0.004)* (1.768)*** (1.230)%**
First investment -0.218 -29.094 -25.792
(0.058)*** (18.351) (20.329)
Company age -0.003 -3.187 -3.055
(0.007) (2.345) (2.548)
VC market size -0.149 -10.474 -10.949
(0.054)*** (3.378)*** (4.931)**
S& Pindex -1.599 198.267 209.691
(0.122)%* (54.777)*** (63.444)***
Fincrisis 0.440 65.718 64.015
(0.050)*** (27.494)* (25.678)**
_cons -0.817 -0.817
(0.620) (0.633)
lambda -220.293
(59.004)***
N 5,336 5,336 5,336
R2 0.37

Note. In all models clustered Robust Std. Err. Is Repantpdrentheses, *, ** or *** indicate statistical sigieéince at the 10%, 5%, 1%

level, respectively
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Appendix 7: Formal description of instrumental variable and Heckman treatment model
In robustness section we used a method to solve for possible endogeneity problem. In this part we try
to explain formally how the model works:

We investigate the VC quality(ythat entrepreneurial ventures received depending on whether the
firm adopted an OSS business model or relied on proprietary modg)) (OSS

Yi=py OSS$+ By %+e; (1)
where B; and fj are unknown parameters and g; iS zero mean error terms .

In this paper following (Vella and Verbek, 1999) we consider;@S8eatmentariable. This will
allow us to estimate equation (1) via instrumental variables and control function approach {Q&). |
both cases we estimate selection equation as following:

OSS=yz+u, (2

Where zis a set of variables of whether an entrepreneurial venture choose OSS business model or not.
It is enough to include an instrument with nonzero coefficient in the equation (3) and iteatify
experimental treatment average (Vella and Verbek, 1998)independent of and normally

distributed.

This procedure will allow us to solve endogeneity problem which implies if we estimate equation 1
without correcting for endogeneityand ucan be correlated and lead to biased estimate of B in

equation (1).

In the first approach from equation (2) we estimate predicted probabilities ofrfCGEBjobit model
and insert Eq(1). The predicted value of OSSjcorrelated with ybut not with ¢; . Hence we can
estimate (1) by OLS.

yij = Bj 0SS, + Bijxj +¢&ij (3)

In the second approach we use control function method (Heckman, 1978, 1979), which can be shown

formally as following: let us consider the conditional expectatiory giwen on OSSand zis:
E(yij| 0SSj,zi) = Bj’ 0SSj + Bij xj + E(ni| 0SSj,zi)  (4)
Where we have:

E(ni| 0SSj,zi) = 0SSj E(gij | 0SSj = 1,zi) + (1 — 0SSj) E(eij | 0SSj = 0,zi) (4)

Under the joint normality assumption, the two conditional expectations on the right side aditelne w

as:
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E(gij | 0SSj,zi) = ajeli(zim) (5)

Where

_ ¢ (~zim) —¢(zim)
M(@m) = 0852 T A= 055D 5000 ©)

Ai(zm) Is generalized residual of the Probit model (see Gourieroux et al, 1987) which describes the
treatment decision, whete(.) represents the probability density function dnd) is cumulative

density functioni;(zr) will be estimated from equation (6). In the next step we have two options.

First we interact estimated Ai(z7) (1) and OS§$and estimate equation 1. Alternatively we can agd (

as a single regressor in equation (1). the second option require an additional assumptionahat stand
deviation of treated and none treated are equal.
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Appendix 8a (Graph at right) and 8b (Graph at left): The VC quality in the OSS and proprietary regime

Kernel density estimate Kernel density estimate
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actual OSS entrepreneurial ventures
————— if OSS entrepreneurial were in proprietary regime

————— if Proprietary entrepreneurial ventures turn to OSS
Actual proprietary entrepreneurial ventures

Appendix 8C: Actual and Hypothetical VC quality in the OSS and proprietary regime (dependent variable Capital under

management)
Actual VC quality for OSS entrepreneurial ventures Hypothetical VC quality for OSS entrepreneurial tugas difference
Mean 9.89 8.56 1.33"
Actual VC quality for proprietary entrepreneurigntures Hypothetical VC quality for Proprietary entreprerialventures difference
Mean 9.12 20.71 -11.58"
Note.*, ** or *** indicate statistical significance at theéd%, 5%, 1% level, respectively
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Appendix 9: Formal description ofSwitching Regressiénmodel
We investigate the VC quality(ythat an entrepreneurial venture received depending on whether the
firm adopted an OSS business model or relied on proprietary modg) (OSS

¥i= B OS$+ 6 %+e; (1)
Wherepj and fj are unknown parameters and ¢; iS zero mean error terms.

In this paper following (Bertschek and Kaiser, 2004) we consrderagimes of OSS and proprietary.
The VC quality in OSS regime is:
Yii= 0u Xten IFOSSFL  (2)

And in proprietary regime is:
VYio= 5]0 Xj+8i0 if OSSj=0 (3)
Where 1 and 0 refer to where entrepreneurial ventures are OSS or proprietary.

Firm decide to choose OSS model if the cost involvedigGmaller than gain (here VC quality) thus
latent variable is:

I; = a(yil — yi0) — Ci+ui (3)

It represents the difference in quality of VC and cost arising from adopting OSS business model,
where yis an i.i.d normally distributed optimization error. Therefore the selection mechanism for
observing OSS business model is:

1 ifI;>0

0S5) = {0, otherwise

(4)
By substituting Eqg. 1 and 2 in Eg. 3 we have:
I = axj(8il1 - 6i0) — Ci +vi = Zin +vi (5)

Wherevi = a(eil — €i2) + ui , has a normal distribution on with N,ézossj).This implies we can
jointly estimate Eq. 1, 2 and 5 using a full information maximum likelihood estimator.dtctve
are able to estimate whether entrepreneurial venture is in OSS or proprietary reginaeRrsinig

model and the likelihood function can be shown as following (Zax, 1999; Maddala 1983

g a

L=y, <OSSj {m (@@1i) +In (@)} + (1 - 0SS)) {m (1 — ®0i) + In (ﬁf"))}) (6)
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Where @ (.) is cumulative normal distribution function ai) is a normal density distribution

function.

. piE
Yji = i
2
/1—p]-

2
O1y

is correlation betweesy andvi , and similarly we can estimapg . After calculating the

P1=7

10v
parameters we can calculate conditional expectations (Lokshin
And Sajaia, 2004)

E(il]0SSj = 1,x)) = 6ilxj +o1pi s (7)

E(yi1|0SSj = 0,xj) = 8il xj + o1p; _1?(5)2(23[) (8)

) o N e $(zim)
E(yi0|0SSj = 1,)) = 8i0 5j + 00 5755 (9)

E(yi0]0SSj = 0,xj) = 8i0 xj + aopO% (10)
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