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This paper explores whether and how governmental venture capital investors (GVCs) spur invention and
innovation in young biotech companies in Europe. To gauge invention we focus on the simple patent stock
at the company level, while innovation is proxied by the citation-weighted patent stock. Our findings
indicate that GVCs, as stand-alone investors, have no impact on invention and innovation. However, GVCs
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conclude that GVCs are an ineffective substitute, but an effective complement, of [IVCs. We also distinguish
between technology-oriented GVCs (TVCs) and development-oriented GVCs (DVCs). We find that DVCs
are better at increasing firm’s inventions, and that TVCs, combined with IVCs, support innovations.
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1. Introduction

The latest statistics by the European Venture Capital Associa-
tion show that, in 2013, about 40% of all funds raised by venture
capital investors (VCs) in Europe came from governments and that,
since 2009, taxpayer’s money has systematically been the single
largest source of funds to VCs in the continent (EVCA, 2014). Part
of this money is directly managed by national and regional public
authorities by means of dedicated investment vehicles: govern-
mental VCs (GVCs). Nearly every country in Europe, and many
of its regions, set up a GVC. While the specific objectives and
structure of these investment vehicles may vary, their underlying
aim is to compensate the scarcity of private VC investments, sup-
port regional development and promote innovation (Bottazzi et al.,
2004; Tykvova, 2006). Have these funds been successful in sup-
porting inventions and innovations in Europe? This paper is a first
attempt to answer this question in the context of the biotechnology
industry.

VCs are perceived by governments as a key ingredient
for achieving the objectives set by the Europe 2020 political
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agenda, especially in terms of innovation and growth (European
Commission, 2011).Therelationship between innovations and ven-
ture capital has been the subject of an extensive literature. On one
hand, the research suggests that VCs are attracted by innovative
companies (Baum and Silverman, 2004; Engel and Keilbach, 2007;
Hirukawa and Ueda, 2011). On the other hand, the literature shows
that inventive and innovative activity is positively affected by the
presence of VCs (Arqué-Castells,2012; Bertoni et al., 2010b; Kortum
and Lerner, 2000; Popov and Roosenboom, 2012).

Most of these studies, however, only look at the dominant
organizational form of VC: independent VCs (IVCs). IVCs are orga-
nized as limited partnerships in which the investment process is
run by a management company (the general partners) indepen-
dently from the ultimate investors (the limited partners). Their
aim is to generate financial returns, part of which (the carried
interest) remunerates the general partners (Sahlman, 1990). Con-
versely, GVCs are generally not organized as limited partnerships,
their management company is not independent from the ultimate
investor (the government), their objectives are not limited to finan-
cial returns and their remuneration is usually fixed (Cumming and
Maclntosh, 2006; Jddskeldinen et al., 2007). Because IVCs and GVCs
differ substantially in terms of objectives, skills and acquaintances,
we argue that their impact on companies’ inventive and innovative
activity will differ.

We will focus on five research hypotheses. First, we will exam-
ine whether GVC-backed companies give rise to more corporate
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inventions and innovations than non-VC-backed companies. As
invention and innovation often figure explicitly (or implicitly)
among the objectives of GVCs, we expect GVC-backed companies
give rise to more inventions and innovations than non-VC-backed
companies.

Second, we will investigate whether GVCs and IVCs contribute
to a different extent to corporate inventions and innovations. On
one hand, GVCs might give rise to more inventions in their portfo-
lio companies than IVCs, because a GVC has a longer time-horizon
and a stronger orientation to invention, and thus may be more will-
ing to devote resources to risky exploratory activities that give rise
to inventions (Sonnek, 2006). On the other hand, compared to their
governmental counterparts, IVCs may have better acquaintances,
incentives and skills at their disposal to provide companies with
resources and support (Bottazzi et al,, 2008; Jddskeldinen et al.,
2007; Luukkonen et al., 2013), making IVCs more effective than
GVCs in spurring inventive and innovative activity.

Our third hypothesis postulates that GVCs and IVCs are comple-
ments in their contribution to invention and innovation. To pursue
inventive activity, companies need to combine a long-term orien-
tation to invention and innovation and a rich set resources and
capabilities. We argue that this is the case when a company is
invested by both a GVC and an IVC. On one hand, an IVC may add
a significant amount of resources to a GVC-backed company. On
the other hand, the presence of a long-term investor like a GVC
may increase the ability of an IVC-backed firm to pursue long-term
innovation strategies (Hoskisson et al., 2002). A GVC will also add,
albeit to a lesser extent, non-duplicate resources to an IVC-backed
company. This is because GVCs and IVCs have access to different
networks of contacts, have different skills and experience and sup-
port differently their portfolio companies (Luukkonen et al., 2013).
Accordingly, we expect to observe more inventions and innovations
in companies where GVCs and IVCs coinvest than in companies
with only one investor type.

Our fourth and fifth hypotheses focus how GVCs differ in their
impact oninvention and innovation depending on their investment
objectives. We distinguish between two types of GVCs: technology-
oriented GVCs (TVCs), which have the explicit objective of fostering
innovation, and development-oriented GVCs (DVCs), which have
economic development as an investment objective. TVCs are orga-
nizations with the objective of fostering high-tech companies and
innovation in a specific region (e.g., Biom AG Munich, Germany)
or at the national level (e.g., ANVAR, France) or GVCs associated to
technology transfer offices of universities or research centers (e.g.,
ISIS Innovation, UK). DVCs, instead, are typically organizations that
have the objective of sustaining the economic development at the
regional (e.g., SRIW, Belgium) or at the national level (e.g., CDC Cap-
ital Investissement, France). The mandate to support invention and
innovation, which is explicit for TVCs, is only implicit for DVCs,
because invention and innovation contribute to economic devel-
opment. Therefore, we expect that TVCs will support invention
and innovation more than DVCs (Hypothesis 4) and that syndicates
between TVCs and IVCs will be more beneficial than syndicates
between DVCs and IVCs (Hypothesis 5).

To analyze these hypotheses, we employ a novel database that
includes 665 European biotechnology start-ups and young compa-
nies, 125 of which are VC-backed, and explore how GVCs affect their
patent stock development. The focus on the biotechnology industry
reduces the importance of factors (e.g., differences in the determi-
nants of venture capital backing and in the use and valuation of
patent) that could not be easily controlled for if we considered a
multitude of different industries (Cohen et al., 2000). Moreover, in
this industry, patents are an important protecting device for inven-
tions (Hall, 2009; Levin et al., 1987). Besides a simple patent stock,
which indicates corporate invention, we also examine quality-
weighted patent stock. The literature (Hall et al., 2005, among many

others) suggests that quality-weighted patent counts can be used
as a proxy for the value of innovation (i.e., invention that is com-
mercially exploited).

Our results on patent stock indicate that, in general, IVC-backed
companies generate more inventions than GVC-backed ones. We
do not find any significant difference between GVC-backed com-
panies and companies that are not VC-backed. The direct effect of
GVCs on invention is thus negligible. However, our analysis sug-
gests that GVCs may be beneficial to invention by complementing
the resources provided by IVCs. This result holds for both types of
GVCs and, contrary to our expectations, it is larger for DVCs than
for TVCs.

We then consider citation-weighted patent stock. The find-
ings confirm that GVC-backed companies do not outperform either
IVC-backed companies or non-VC-backed companies. Again, GVC-
backed companies do only better than non-VC-backed companies
when the GVC syndicates with an IVC. When we distinguish
between TVC and DVC, we find a positive effect for TVC-IVC syn-
dicates, but not for DVC-IVC syndicates. Together with the result
for the simple patent stock, this finding suggests that DVCs, in
syndicates with IVCs, promote inventions, but that most of these
inventions are not innovations. This is in contrast to TVCs which,
when syndicating with IVCs, are beneficial to both invention and
innovation. Our results are robust to different sampling and esti-
mation strategies, the observable and unobservable heterogeneity
of portfolio companies and the endogeneity of VC investments.

Our findings add to the literature studying the effectiveness
of GVCs. More systematic research in this area is needed (e.g.,
Lerner, 2009). Many previous works typically focus on one particu-
lar government program or one particular country (Alperovych and
Hiibner, 2014; Avnimelech and Teubal, 2006; Mara, 2011), while
our paper includes seven countries. Another contribution of our
paper is that we use a micro perspective, while many other works
that investigate GVCs impact use a macro perspective and focus
on the effect of institutional, legal, cultural and other factors (Groh
et al., 2010). Albeit a few recent papers use micro data in a multi-
country setting to investigate the effectiveness of GVCs, they focus
onissues other than inventions, such as growth (Grilli and Murtinu,
2014) and exit (Brander et al., 2014). We are not aware of any study
that would address the effectiveness of GVCs in spurring corpo-
rate invention and innovation in this framework. Finally, we add
to the literature by discussing how technology-oriented govern-
mental VCs differ from development-oriented governmental VCs
in their support of invention and innovation.

The rest of the paper is as follows. Section 2 discusses the the-
oretical framework. Section 3 gives an overview of our sample.
Section 4 describes the results of the empirical analysis. Section
5 provides a discussion and conclusion.

2. Theoretical framework
2.1. Governmental venture capital and innovation

Invention and innovation require resources that young high-
tech companies typically lack, but that VCs may offer (Hall and
Lerner, 2010). VCs provide financial resources thatrelax investment
constraints (Bertoni et al.,2010a, 2013). But VCs’ support to compa-
nies’ invention and innovation goes well beyond the mere provision
of finance. Portfolio companies profit from VCs’ industry-specific
expertise (De Clercq et al., 2006). Companies may also benefit from
VCs’ networks (Fried and Hisrich, 1995) towards potential alliance
partners, suppliers and customers when establishing, increasing
and reconfiguring their resource base. Networks are particularly
important for high-tech companies as an integral part of the detec-
tion of opportunities, the securing of resources, as well as the
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legitimization of the company (Elfring and Hulsink, 2003). The
access to VC's networks is crucial for the inventive and innovative
processes in the biotechnology sector, where the locus of inven-
tions is in many cases not in single firms but rather in networks of
learning (Powell et al., 1996) and alliances between new entrants
and incumbents are common (Gans et al., 2000). Importantly, VCs
provide their companies with access to qualified workforce (De
Carvalho et al., 2008).

There is, however, an extreme variety in the characteristics of
VCs and in the structure of their transactions. The extent to which
this variety results in different support to invention and innovation
is not yet entirely understood.

In this paper we focus on GVCs, which have, explicitly or implic-
itly, a mandate to support invention and innovation. Contrary to
IVCs, which are independent from the fund providers and have
purely financial objectives, GVCs have to respond to economic
policy objectives set by the public entity that established them.
Specifically, while IVCs are interested in invention and innovation
only to the extent to which they increase their return on the invest-
ment, GVCs caninterested in invention and innovation per se. There
are two reasons why GVCs are particularly interested in sustaining
innovation. First, because of knowledge spillovers, invention and
innovation have a social value beyond what is captured by the inno-
vative companies (Griliches, 1992). Addressing this market failure
is one of the fundamental reasons why GVCs are created (Lerner,
1999). Second, knowledge spillovers have a very important local
component (Anselin et al., 1997; Breschi and Lissoni, 2001), which
means that the positive externalities of invention and innovation
will benefit local companies the most. To this extent, a GVC may
support invention and innovation because they are instrumental
to regional or national economic development.

Our first research question is to understand whether companies
backed by GVCs give rise to more invention and innovation than
non-VC-backed companies. To a certain extent, GVCs have a simi-
lar investment process as traditional VC: they obtain equity stakes
in a selected group of companies, support them in their devel-
opment and eventually exit the investment (Cumming and Johan,
2013). Moreover, as we mentioned above, GVCs have the explicit
or implicit objective to promote inventions and innovations. We
thus expect GVCs to support the companies’ exploratory activities,
which spur invention and innovation and results in a positive effect
on patenting activities.

Hypothesis 1. GVC has a positive effect on invention and innova-
tion.

The support to portfolio companies beyond the mere provision
of finance may differ substantially between GVCs and IVCs because
they differ in their objectives, skills, resources and incentives, but
it is unclear which of the two investors will provide more valuable
resources for invention and innovation. Our second research ques-
tion is about how GVCs compare to IVCs in supporting invention
and innovation of their portfolio companies. This comparison gives
rise to two competing hypotheses.

On one hand, if we compare the objectives of IVCs and GVCs,
we can conclude that invention and innovation figure more promi-
nently among the objectives of GVCs. GVCs thus might be more
willing to devote resources to exploratory activities that give rise
to inventions, while this activity might be too lengthy, too risky and
too uncertain for IVCs (Sonnek, 2006), which would rather prefer
to invest their resources in turning these inventions into commer-
cially used products (Hellmann and Puri, 2000). Moreover, GVCs
have a longer time-horizon for their investments than IVCs, which
typically have to exit from portfolio companies 5-7 years from their
initial investment (Sahlman, 1990). These arguments imply that
GVC should have a stronger impact on patenting activity than IVC.

Hypothesis 2a. GVC has a stronger impact on invention and inno-
vation than IVC.

On the other hand other differences between IVCs and GVCs
may push in the opposite direction, leading us to an alterna-
tive hypothesis. First, in general IVCs possess better skills and
resources compared to their governmental counterparts in sup-
porting companies’ resource base building (Leleux and Surlemont,
2003; Lerner, 2002; Luukkonen and Maunula, 2007; Luukkonen
et al.,, 2013). Second, due to the structure of their remuneration
schemes (Jddskeldinen et al., 2007), IVCs have stronger incentives
than GVCs to actively support their companies. If these factors dom-
inate over the differences in objectives between IVCs and GVCs,
IVC-backed companies may be more effective in generating inven-
tions and innovations than GVC-backed ones.

Hypothesis 2b. [VC has a stronger impact on invention and inno-
vation than GVC.

2.2. Syndication of independent and governmental venture
capital investors

Our third research question is about the complementarity of
IVCs and GVCs. We argue that when GVC and IVC syndicate, they
may combine their objectives and resources in a way that is more
supportive to innovation than when they invest on a stand-alone
basis. A company backed by IVC and GVC will have a stronger ori-
entation to invention and innovation than an IVC-backed company
and a more complete set of resources than both a GVC-backed and
an IVC-backed company.

With respect to the orientation to invention and innovation,
Hoskisson et al. (2002) show how the differences in objectives
and time-horizons of different investors influence the innova-
tion strategies of their portfolio companies. Specifically, long-term
innovation strategies are more likely pursued when long-term
investors are present. In our case, this means that invention and
innovation, in IVC-backed companies, will benefit from the long-
term perspective and interest for innovation brought by a GVC. The
presence of a GVC may increase the willingness of IVCs to pro-
vide long-term financing as well. Such effect was demonstrated,
for example, by Lerner (1999) for the US Small Business Innova-
tion Research program or by Feldman and Kelley (2003) for the US
Advanced Technology Program.

As to the resources, the non-financial resources provided by
IVCs are not a duplicate of those provided by GVCs but are, at least
to a certain degree, different. IVCs can provide the company with
unique contacts to qualified workforce, potential alliance partners,
suppliers and customers. On the other hand, the GVCs may have a
better connection to public institutions, universities and research
centers. For instance, some GVCs, like Finlombarda (Milan, Italy),
have a close link with local public institutions and support com-
panies in obtaining public funding at local, national and EU level.
Other GVCs, like Sopartec (Louvain, Belgium) and ISIS Innovation
(Oxford, UK) have very close relationships with universities and
public research centers.

GVCs and IVCs also differ in the type of management support
they give to portfolio companies and the combination of their sup-
port may result in a more complete set of invention-enhancing
activities for portfolio companies. While the contribution provided
by IVCs tends to be more strategic and technological, GVCs may sig-
nal firm’s quality to stakeholders and attract additional financing
(Lerner, 1999; Luukkonen et al., 2013). While GVCs alone may lack
the incentives and ability to put the management sufficiently under
pressure to exert effort, a syndicate between an IVC and a GVC may
result in a combination of a pressure to deliver and a long-term
commitment, which could nurture inventions.
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Hypothesis 3. [VC and GVC are complementary and their effect
on invention and innovation is stronger than the sum of their indi-
vidual effects.

2.3. Technology-oriented and development-oriented
governmental venture capital investors

Our fourth research question is about whether different types of
GVCs have a distinct impact on invention and innovation. Because
innovation is by itself a policy objective (Lerner, 1999) promoting
innovation is a stated objective of some GVCs, which we call TVCs.
Typical objectives of TVCs include: developing innovation (e.g.,
BIOM, Germany), stimulating the growth of high-tech start-ups
(e.g., Alsace Creation, France), investing in technology-advanced
and innovative sectors (e.g., ENISA, Spain), supporting spin-offs
from public research centers (e.g., ISIS innovation, UK), and financ-
ing R&D (e.g., Bayern Kapital, Germany).

All the GVCs in our sample that do not explicitly state any
innovation-related objective have, instead, economic development
as their main objective. Examples of these VCs, which we call
DVCs, include SODIEX (Spain), Meusinvest (Belgium), CDC Capi-
tal Investissement (France), and NRW Bank (Germany). The fact
that DVCs do not have innovation as their main objective does not
mean that they are not interested in promoting innovation. Because
innovation is instrumental to economic development (Munari and
Toschi, 2014), even a DVC has, implicitly, the objective of support-
ing innovation.

According to the agency theory, the effectiveness of a VC will be
reduced when its objectives are broad and unclear (Lerner, 1999;
Leleux and Surlemont, 2003). We would thus expect that the effec-
tiveness of TVCs in supporting invention and innovation will be
more pronounced than that of DVCs, which have broader invest-
ment objectives and for which supporting innovation is not an
explicit goal.

Hypothesis 4. TVCs are more effective than DVCs in supporting
invention and innovation.

Along the same line, we would expect TVC to be more effective
than DVC to complement the skills and objectives of IVCs.

Hypothesis 5. The combination of TVC and IVC has a stronger
impact on invention and innovation than the combination of IVC
and DVC.

3. Data

We extract our sample from the VICO dataset. This database has
been developed with the support of the 7th Framework Programme
promoted by the European Commission (www.vicoproject.org),
and it has been used by several recent works (e.g., Croce et al.,
2013; Bertoni and Groh, 2014; Grilli and Murtinu, 2014; Cumming
et al., 2014; Grilli and Murtinu, 2015). The companies in the VICO
dataset were randomly drawn from commercial databases com-
monly used in scholarly work (e.g., Thomson One, VCPro-Database
and Zephyr) and from country-specific datasets (e.g., the yearbooks
of the Belgium Venture Capital and Finnish Venture Capital Asso-
ciations for Belgium and Finland, the ZEW Foundation Panel for
Germany, the RITA directory and Private Equity Monitor for Italy,
the Web Capital Riesgo Database for Spain, and Venture Source in
the UK). The data were cross-checked with information available on
VCinvestors’ and investee companies’ websites, press releases and
other public information sources. A central data-collection team
assured that the data were collected consistently and reliably.

The quality assurance effort and the use of a plurality of informa-
tion sources overcome the limitations of commercial databases. As
is well known, commercial databases provide inadequate coverage

Table 1
Sample composition.

All population ~ VC-backed  Non-VC-backed
No. of observations 7896 1097 6799
Distribution
Belgium 332 150 182
Finland 717 151 566
France 972 50 922
Germany 1735 354 1381
Italy 336 45 291
Spain 600 117 483
UK 3204 230 2974
Pre-bubble (1984-1997) 1190 58 1132
Bubble (1998-2000) 1056 103 953
Post-bubble (2001-2010) 5650 936 4714
Patent measures (mean)
Number of patents 0.075 0.164 0.061
Number of passive citations 0.024 0.047 0.020

Legend: Each observation is one company-year. Number of patents is a simple count
of patents granted to the company in a given year. Number of passive citations
weights each patent by the number of forward citations.

of VCinvestments outside of the US. In particular, they tend to over-
represent the role of IVC investors and give only partial coverage of
captive investors (e.g., [vanov and Xie, 2010; Da Gbadjij et al., 2014).

All companies in the VICO dataset were founded between 1984
and 2004, operate in high-tech sectors and were independent at
foundation.! All VC-backed companies in the VICO dataset were
less than 10 years old when they obtained their first financing
round, between 1994 and 2004. We extract all companies in the
biotechnology sector from the VICO dataset.

In order to classify the GVCs as TVCs or DVCs, we hand-collect
information about their investment objectives from their websites
and from VC directories (e.g., http://www.crunchbase.com/). We
classify an investor as TVC if we find that, among its objectives,
innovation, research and development or technology transfer are
explicitly stated. Examples include Alsace Creation (“It is partic-
ularly focused on technologically advanced and innovative fields
of activity”)? and Bayern Kapital (“The objective of Bayern Kapi-
tal is to finance research and development and market launch of
new products”)®. The GVCs that are not classified as TVCs all have,
among their objectives, economic development at the regional (e.g.,
SRIW, Belgium) or the national level (e.g., CDC Capital Investisse-
ment, France). Of the 52 GVCs in our sample, 34 are classified as
TVC and 18 are classified as DVC.

Table 1 provides an overview of our sample by country and
foundation period. Our panel dataset covers 7896 company-year
observations. 3204 observations (40.6%) are from the UK and 1735
(22.0%) are from Germany. This distribution is comparable with
that of the European biotech sector (OECD, 2006). 1097 observa-
tions belong to the VC-backed sample. In our VC-backed sample,
Germany, followed by the UK, has the largest number of observa-
tions. This is, again, in line with OECD (2006) data on venture capital
investments in biotech. As we cover the whole life of our sample
companies (up to 2010), most observations (5650) fall within the
period after the burst of the dotcom bubble in 2000.

To measure corporate inventions, we use patent stock. We
define the patent stock of each sample company in year t as follows:

patent stock, = patents; + (1 — §)patent stock;_q, (1)

1" A detailed description of the VICO database can be found in Bertoni and Marti
Pellén (2011).

2 http://www.invest-alsace.com/supporting-business.php

3 http://www.bayernkapital.de/english
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where patents; is the number of patents granted in year t and § is a
depreciation rate which we set equal to 15% (e.g., Griliches, 1998).
Several other empirical studies that investigate the relationship
between VC and inventions use patents as a proxy for inventions
(e.g., Arqué-Castells, 2012; Bertoni et al., 2010b; Mann and Sager,
2007). Swann (20009, page 25) suggests that “Inventions are the cul-
mination of research activity and are ideas, sketches or models of a
new product or process, that may often be patented”. While the asso-
ciation between patents and invention is widely accepted in the
literature, the question is whether patents can also be linked to
innovations. Albeit several papers use simple patent counts as a
measure of innovation (most recently, e.g., Acharya et al., 2014; Cao
et al., 2013), some authors argue that a patent reflects an invention
rather that an innovation because many patents are not success-
fully exploited in terms of a commercial use and, hence, do not
qualify as innovations.

Besides simple patent stock, we also employ quality-weighted
patent stock that we expect to be closely related to innovation (Hall
etal., 2005, among many others). To weight each patent, we use the
number of its passive citations, which counts the forward citations
of all patents granted to a company in a given year. Citation-
weighted patent stock may better capture the innovative output
of a company than simple patent stock because those patents that
are more often cited typically have a higher commercial value.
The empirical literature supports this reasoning and demonstrates
that passive citations are related to the value of innovation. For
example, Hall et al. (2005) argue that passive citations increase
the market value of companies measured by Tobin’s Q. Harhoff
et al. (1999) relate passive citations to economic value, which is
assessed through a survey among patent holders. Finally, Lerner
et al.(2003) and Aggarwal and Hsu (2014) use citations to measure
the importance of a patent.

We collect patent data from PATSTAT, a database delivering
information about worldwide applications and grants (with more
than 70 million records and over 80 countries), including names of
patent assignee, active and passive citations, patent publications,
years of application and grant, industry and country scope and other
relevant information.

In Table 1 we further report descriptive statistics that highlight
how VC-backed companies and their non-VC-backed counterparts
diverge in patent counts. The average number of patents granted
per year is 0.164 in VC-backed firms and only 0.061 in non-VC-
backed companies. A difference of a similar magnitude exists also
in terms of citation-weighted patents: 0.047 vs. 0.020.

4. Results
4.1. Univariate analysis

In order to test our hypotheses, we introduce a number of
time-varying VC-related dummies. The IVC dummy identifies IVC-
backed companies and it is equal to one after a company has
received a financing round from a stand-alone IVC or from a syn-
dicate whose lead investor was an IVC. When investments are
syndicated, we focus on the lead investor because it is the most
actively involved in the management of the company, while coin-
vestors play a marginal role (Wright and Lockett, 2003). We identify
531 IVC-backed observations. Similarly, the GVC dummy identi-
fies a company as GVC-backed (491 observations) after a financing
round from a stand-alone GVC or from a syndicate led by a GVC.
We also distinguish between TVCs (330 observations) and DVCs
(161 observations). In addition, we create dummies that specifi-
cally identify syndicates between IVCs and GVCs (IVCGVC), IVCs
and TVCs (IVCTVC) and IVCs and DVCs (IVCDVC). We obtain 208,

Table 2
Number of patents and passive citations.
Obs. Mean Std. dev. Min Max

Number of patents
Non VC-backed 6799 0.061 0.472 0 10
\Ye 531 0.245 0.968 0 13
GVC 491 0.092 0.328 0 3
...TVC 330 0.085 0.338 0 3
...DVC 161 0.106 0.308 0 1
IVCGVC 208 0.216 0.497 0 3
... IVCTVC 125 0.176 0.476 0 3
...IvCbvC 83 0.277 0.526 0 2
Number of passive citations
Non VC-backed 6799 0.020 0.341 0 17
\Ye 531 0.090 0.796 0 11
GVC 491 0.006 0.101 0 2
...TVC 330 0.006 0.110 0 2
...DVC 161 0.006 0.079 0 1
IVCGVC 208 0.111 0.989 0 11
... IVCTVC 125 0.168 1.268 0 11
...IvCbvC 83 0.024 0.154 0 1

Legend: Number of patents is a simple count of patents granted to the company
in a given year. Number of passive citations weights each patent by the number
of forward citations. IVC refers to companies that received VC from a stand-alone
IVC or a syndicate led by an IVC. GVC refers to companies that received VC from a
stand-alone GVC or a syndicate led by a GVC. TVC refers to companies that received
VC from a stand-alone TVC or a syndicate led by a TVC. DVC refers to companies
that received VC from a stand-alone DVC or a syndicate led by a DVC. IVCGVC, resp.
IVCTVC or IVCDVC, refer to companies that are backed by a syndicate between IVC
and GVC, resp.IVCand TVC or IVC and DVC. Non-VC-backed includes companies that
did not obtain any venture backing and to VC-backed companies in years before they
obtained VC financing.

125 and 83 observations in which the respective variable equals
one.

We use this classification to provide some descriptive evi-
dence about the patenting activity of different categories of sample
companies, as reported in Table 2 and Fig. 1. In the multivariate
regressions, we also control for the presence of other VCs (bank-
dependent and corporate VCs, which we do not distinguish as
separate categories due to their relatively low number) with a
dummy Other VC.

In Fig. 1 we report the increase in the patent stock of compa-
nies backed by different types of VCs over the patent stock that
the companies had at the time of the VC investment. In Panel A
of Fig. 1 we also report, for comparison, a trend line indicating the
expected increase in the patent stock of a non-VC-backed company
over the same time period (computed from the average year-on-
year increase in patent stock for the non-VC-backed sample). Panel
A shows that patent stock grows more in VC-backed companies
than in non-VC-backed ones and we observe differences among dif-
ferent types of VCs. IVC-backed companies have a higher increase
in patent stock than GVC-backed companies. The largest increase
is observed in companies that are backed by both IVC and GVC. In
Panel B we focus on differences between different types of GVCs,
and observe that the difference between DVC and TVC is negligible,
and that the patent stock grows more in syndicates in which IVC
coinvests with DVC rather than TVC.

Table 2 depicts the annual number of patents and pas-
sive citations for non-VC-backed companies and for companies
backed by different VCs. IVC-backed companies receive on aver-
age approximately four times more patents per year (0.245) than
non-VC-backed companies (0.061) and four to five times more cita-
tions (0.090 vs. 0.020). GVC-backed companies have more patents
(0.092) than non-VC-backed companies, but they strongly under-
perform in terms of citations (0.006). TVC-backed and DVC-backed
companies have similar patent counts and citations. We notice
the most intense patenting activity in companies invested by a
syndicate of an IVC and a DVC (IVCDVC): the number of
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Legend: The vertical axis reports the logarithm of 1 plus the increase in the patent stock of VC-backed companies over the patent stock they had at the time of the investment.
IVC refers to companies that received VC from a stand-alone IVC or a syndicate led by an IVC. GVC refers to companies that received VC from a stand-alone GVC or a syndicate
led by a GVC. TVC refers to companies that received VC from a stand-alone TVC or a syndicate led by a TVC. DVC refers to companies that received VC from a stand-alone DVC
or a syndicate led by a DVC. IVCGVC, resp. IVCTVC or IVCDVC, refer to companies that are backed by a syndicate between IVC and GVC, resp. IVC and TVC or IVC and DVC. No
VC, in Panel A, is reported as reference and is obtained from the average annual increase in patent stock of non-VC-backed companies.

patents per year reaches 0.277. Companies backed by a syn-
dicate of an IVC and TVC (IVCTVC) obtain only 0.176 patents
per year on average, but we obtain a completely different pic-
ture when we look at citation-weighted patents: IVCTVC-backed
companies are the best-performing group and they have on
average 7-times more citations than IVCDVC-backed compa-
nies.

Table 3 provides univariate tests of our hypotheses. GVC-backed
companies patent more than non-VC-backed companies as H1
predicts. However, we find that, contrary to what H1 suggests,
GVC-backed companies have a lower number of citation-weighted
patents than non-VC-backed companies. These results may suggest
that GVC-backed companies focus on exploratory activity, but that
their patents are of a low commercial use (i.e., they are inventions
that rarely become innovations). IVC backing is associated to more
inventions and innovations than GVC backing and the differences
in simple patent counts and citations are statistically significant,
which supports H2b. IVCGVC-backed companies outperform non-
VC-backed companies as well as companies financed solely by
GVCs. These findings suggest, in line with H3, that GVCs may

complement the skills and resources provided by IVCs. We do not
identify any significant difference between TVCs and DVCs unless
these investors syndicate with IVCs. We thus do not find support
for H4. The result that IVCTVC-backed companies underperform
IVCDVC-backed companies in terms of simple patent counts con-
tradicts H5. If we compare citation-weighted patents, this sign
changes (and becomes consistent with H5), and is close to statistical
significance (p-value of 0.106).

4.2. Multivariate analysis

To test our hypotheses in a multivariate setting, we regress the
patent stock and citation-weighted patent stock on the different
types of VCs discussed in the previous subsection. We use a log-
arithmic transformation of the dependent variables to reduce the
incidence of outliers, which is a common way how to handle patent-
ing data (e.g., Chemmanur et al., 2010). We also control for size of
the syndicate, company age and age squared, and time effects (by
using year dummies).
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Table 3
Mean comparisons for patents and passive citations.

Number of patents Number of citations

GVC>Non-VC-backed 1.92** —2.21**
... TVC>Non-VC-backed 1.21 -1.86**
... DVC>Non-VC-backed 1.78%* -1.81**
IVC>GVC 3.23%* 2.46%**
...IvC>TVvC 3.48"* 244
...IvC>DVC 2.72%%* 2427
IVC>Non-VC-backed 4.33% 2.03**
IVCGVC > Non-VC-backed 4,44 1.32*
... IVCTVC>Non-VC-backed 2.67%* 1.31%
... IVCDVC> Non-VC-backed 3.73% 0.25
IVCGVC > GVC without IVC 3.76*** 1.53*
... IVCTVC>TVC without IVC 1.98** 1.41*
... IvCDVC>DVC without IVC 3.62%* 1.43*
TVC>DVC 0.68 0.02
IVCTVC>ITVDVC —1.41* 1.25

Legend: The table depicts the t-values of a two-sample ¢ test with unequal vari-
ances. Number of patents is a simple count of patents granted to the company in a
given year. Number of passive citations weights each patent by the number of for-
ward citations. IVC refers to companies that received VC from a stand-alone IVC or
a syndicate led by an IVC. GVC refers to companies that received VC from a stand-
alone GVC or a syndicate led by a GVC. TVC refers to companies that received VC
from a stand-alone TVC or a syndicate led by a TVC. DVC refers to companies that
received VC from a stand-alone DVC or a syndicate led by a DVC. IVCGVC, resp.
IVCTVC and IVCDVC, refer to companies that are backed by a syndicate between IVC
and GVC, resp. PVC and DVC. Non-VC-backed includes companies that did not obtain
any venture backing and to VC-backed companies in years before they obtained VC
financing. ***, ** and * indicate that the coefficients are significant at the two-tailed
1%, 5% and 10% level, respectively.

One very important challenge in estimating the effect of VC on
any measure of firm performance is controlling unobserved het-
erogeneity. Specifically, results could be biased by unobservable
company-specific characteristics that determine both VC financing
and innovation (e.g., a better entrepreneurial team may be both
better in attracting VCs and more inventive and innovative) and
by the fact that VC is attracted by more innovative companies (e.g.,
Baum and Silverman, 2004; Engel and Keilbach, 2007; Bertoni et al.,
2010b). To control for these time-invariant unobservable firm char-
acteristics, we employ fixed-effects regressions (which also capture
country-specific effects).

Table 4 shows our results for patent stock. We run five models.
Model 1 focuses on differences between companies financed by an
IVC, companies financed by a GVC and non-VC-backed companies
and thus tests the first two research hypotheses. The coefficient
of the GVC dummy is insignificant. Contrary to H1, GVC-backed
companies do not have a higher patenting activity than non-
VC-backed companies. We find a positive and highly statistically
significant effect for IVCs. The patent stock of an IVC-backed com-
pany increases by 57% more than the patent stock of an otherwise
comparable non-VC-backed company.* An F-test suggests that the
IVC-effect is significantly higher than the GVC-effect. This supports
H2b that GVC-backed companies underperform IVC-backed com-
panies in terms of inventions.

In Model 2, we split the GVC dummy into the TVC and DVC
dummies, to test whether TVC-backed companies outperform DVC-
backed companies as H4 suggests. We find the opposite effect,
namely that DVC-backed companies outperform TVC-backed com-
panies. The patent stock of a DVC-backed company increases by
57% more than the patent stock of an otherwise comparable non-
VC-backed company.

4 To obtain this effect, we transform the obtained coefficient (B_IVC) to reflect
the logarithmic transformation of the dependent variable. More specifically, we
compute the mean relative change in the patent stock (pIVC — pOIVC)/pOIVC as
(exp(BIVC) — 1) x (1 +p0IVC)/pOIVC, with pOIVC being the mean patent stock in
companies that are not IVC-backed.

In Model 3 we focus on H3 and investigate whether syndi-
cates between IVCs and GVCs increase patenting beyond the effect
of pure GVCs and pure IVCs. To measure this effect we augment
Model 1 by including the IVCGVC dummy. We find that, in line
with H3, GVCs and IVCs complement each other. When they syn-
dicate, the observed effect is larger than the sum of the effects of
the two investors on a stand-alone basis and is statistically and
economically highly significant. The combination of an IVC and a
GVC increases the patent stock by 150% more than what would be
expected due to the individual effect of the two investors.

In Model 4, we explore separately IVCTVC and IVCDVC syndi-
cates. We find the complementary effect for both types of GVCs.
However, the IVCDVC effect on patent stock is larger than the
IVCTVC effect and the difference is statistically significant, which
contradicts H5 (but is consistent with our univariate results). The
increase in the patenting activity associated to IVCDVC syndicates
is not only statistically significant but also economically. The patent
stock of an IVCDVC-backed company increases by 200% more than
what would be expected due to the individual effect of the two
investors.

In Models 1-4 we control, using fixed-effects, for all time-
invariant unobserved heterogeneity among sample companies.
However, one might argue that time-variant unobserved hetero-
geneity (e.g., the hiring of a star scientist) might be correlated with
both the likelihood of receiving VC and with innovative activity,
biasing our results even when we use fixed effects. In order to con-
trol for time-variant unobserved heterogeneity we estimate Model
5 using a first-difference generalized method of moments (Arellano
and Bond, 1991). The generalized method of moments is widely
adopted in the growth and productivity literature to control for
the endogenous nature of VC (see, e.g., Bertoni et al., 2011; Grilli
and Murtinu, 2014). In the first-difference generalized method
of moments (DIF-GMM) approach, the regression model, which
includes the lagged dependent variable on the right-hand side, is
first-differenced to eliminate time invariant unobserved hetero-
geneity. A series of moment conditions is then imposed on the
first-differenced equations (one for each year of observation) and
the over-identified system is then solved to obtain the estimated
value of the parameters. The advantage of the DIF-GMM approach
is that it is very effective in instrumenting the first-differenced
endogenous variables combining external and internal instruments
(which include exogenous variables as well as the lagged levels of
endogenous variables).

We obtain the external instruments by calculating the relative
frequency of investments by different types of VCs in the VICO
dataset. The idea behind this instrument is that the activity of
different VC types varies across countries and years because of
changes in regulation, fundraising, exit conditions, and public mar-
kets (Gompers and Lerner, 1999; Gompers et al., 2005; Groh et al.,
2010). What makes these variations in VC activity a good instru-
ment is that they affect the likelihood that a particular VC type
invests in a given biotech company in a given country and year, but
they do not depend on the observed and unobserved characteris-
tics of the company itself. Specifically, we do the following. First,
we exclude from the VICO dataset all biotech companies to remove
endogeneity in the instrument. Second, we compute, for each
country and year, the frequency of IVC-backed, GVC-backed and
IVCGVC-backed companies in the non-biotech subsample. These
variables capture the relative frequency, in a given country an year,
of a particular type of VC. Other things equal, the likelihood that a
biotech company is invested by a particular VC type is proportional
to how active is that VC type in the country and year. The valid-
ity of these instrumental variables is ensured by the fact that they
capture structural variations of the venture capital industry across
countries and over time and are not correlated to the unobserved
characteristics of each specific biotech company in our sample. To
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Table 4
Effect of VC on patent stock.

Model 1 Fixed-effects Model 2 Fixed-effects Model 3 Fixed-effects Model 4 Fixed-effects Model 5 Difference GMM

IvC 0.10*** 0.10*** 0.06** 0.06** 0.20**
(0.03) (0.03) (0.03) (0.03) (0.10)
GVC 0.02 -0.01 -0.04
(0.03) (0.03) (0.07)
Other VC -0.07 -0.07 -0.08* —-0.08* -0.01
(0.05) (0.05) (0.05) (0.05) (0.05)
Syndicate size 0.12%** 0.12*** 0.07*** 0.07*** 0.05
(0.02) (0.02) (0.02) (0.02) (0.04)
Age 0.01*** 0.01*** 0.01*** 0.01*** 0.01***
(0.00) (0.00) (0.00) (0.00) (0.00)
Age? —0.00"** -0.00*** —0.00"** —0.00"** —0.00"**
(0.00) (0.00) (0.00) (0.00) (0.00)
TVC —-0.02 -0.04
(0.04) (0.04)
DVC 0.11** 0.08
(0.05) (0.05)
IVCGVC 0.27*** 0.22**
(0.04) (0.10)
IVCTVC 0.18***
(0.05)
IVCDVC 0.35%**
(0.05)
Lagged 0.47**
patent (0.04)
?eoacrkdummies Yes Yes Yes Yes Yes
HO: IVC=GVC 3.11* 2.55 3.58*
HO: TVC=DVC 4.69** 3.66*
HO: IVCTVC=1VCDVC 6.51**
N. observations 7891 7891 7891 7891 6562
AR1 —6.65"**
AR2 0.28
Hansen 367.47 [596]

Legend: Each observation is one company-year. We employ panel regressions with fixed effects. The dependent variable is the logarithm of one plus the patent stock, which
is computed as the number of new patents in a given year plus the patent stock in the previous year discounted by 0.85: IVC is equal to 1 after a company receives VC from a
stand-alone IVC or a syndicate led by an IVC. GVC is equal to 1 after a company receives VC from a stand-alone GVC or a syndicate led by a GVC. TVC (DVC) is equal to 1 after
a company receives VC from a stand-alone TVC (DVC) or a syndicate led by a TVC (DVC). IVCGVC, resp. IVCTVC or IVCDVC, are dummies equal to 1 when a company is backed
by a syndicate between IVC and GVC, resp. IVC and TVC or IVC and DVC. Syndicate size is the natural logarithm of 1 plus the number of VCs syndicating the investment in
the company. All VC-related variables are lagged by one year. Age is company age (in years). Standard errors are in round brackets and appear below the related coefficients.
The F-values of the hypotheses tests are depicted below the regression output. AR1 and AR2 are the Arellano-Bond tests for first and second order autoregression in first
differences. Hansen is the Hansen test of overidentification (degrees of freedom in square brackets). ***, ** and * indicate that the coefficients (F-values) are significant at the
two-tailed 1%, 5% and 10% level, respectively.

test the strength of the instruments we run a pseudo-first stage
regression by estimating three probit models (one for each VC
variable we instrument, namely IVC, GVC and IVCGVC) including
the relevant instrument and all exogenous variables in the regres-
sion (age and its square, country dummies and year dummies).
The instrumental variables are all positive and highly significant
(z-statistics based on robust standard errors are 9.68 for IVC, 3.94
for GVC, and 5.42 for IVCGVC, all with p-value < 1%), indicating that
the additional instruments are not weak.”

The results from Model 5 are in line with those of the corre-
sponding fixed-effect model. Patenting activity, which increases
in IVC-backed companies, does not increase in GVC-backed ones,
which is against H1, and the difference between IVC and GVC is
positive and significant, which supports H2b over H2a. Finally, IVC
and GVC are complementary, and the dummy that captures their
joint presence (IVCGVC) is positive and significant (albeit at a lower
level), supporting H3.6

In Table 5, we run the same five regressions for citation-
weighted patent stock. We do not find support for H1 as the

5 We choose the DIF-GMM over the SYS-GMM, because the difference-in-Hansen
rejects the null hypothesis that the additional moment conditions added in the
SYS-GMM are valid (x?(75)=205, p-value < 1%).

6 Unfortunately, we cannot replicate the DIF-GMM regression for the models in
which GVCis splitinto TVC and DVC, because this distinction is not included in VICO
and, hence, we do not have specific external instruments for these investors.

coefficient on GVC, TVC and DVC is almost always insignificant
(the only exception goes in the opposite direction) suggesting
that GVC-backed companies are not more innovative than com-
panies without VC backing. In Model 1, IVC is significant and
positive. The citation-weighted patent stock of an IVC-backed
company increases by 22% more than the patent stock of an oth-
erwise comparable non-VC-backed company, but the difference
between IVC and GVC turns out to be statistically insignificant. We
thus cannot provide support to either H2a or to H2b. In Model
3, we find support for a positive and highly statistically signifi-
cant effect for IVCGVC (51% larger increase in citation-weighted
patent stock), consistently with H3. This result is confirmed in
Model 5, where we account for a potential endogeneity by using
a DIF-GMM approach, albeit the significance drops at the 10%
level.

While Model 2 suggests that TVC and DVC alone are not sup-
portive to innovations (and no difference exists between them,
contradicting H4), in Model 4 we find a strong positive effect of syn-
dicates between IVCs and TVCs on innovative activity (88% larger
increase in citation-weighted patent stock), while the effect of
syndicates between IVCs and DVCs is insignificant. Moreover, the
difference between these two effects is highly statistically signifi-
cant, supporting H5. Thus, IVCTVC-backed companies outperform
IVCDVC-backed companies in terms of citation-weighted patent
stock, while they underperform when we look at the simple patent
stock (see Table 4).
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Table 5
Effect of VC on citation-weighted patent stock.

Model 1 Fixed-effects Model 2 Fixed-effects Model 3 Fixed-effects Model 4 Fixed-effects Model 5 Difference GMM

IvC 0.04** 0.04** 0.02 0.02 -0.11
(0.02) (0.02) (0.02) (0.02) (0.08)
GVC 0.01 -0.00 -0.07**
(0.02) (0.02) (0.03)
Other VC -0.07** -0.07** -0.07** -0.07** -0.01
(0.03) (0.03) (0.03) (0.03) (0.03)
Syndicate size 0.03*** 0.03*** 0.01 0.01 -0.02
(0.01) (0.01) (0.01) (0.01) (0.02)
Age 0.01*** 0.01*** 0.01*** 0.01*** 0.01**
(0.00) (0.00) (0.00) (0.00) (0.00)
Age? —0.00"** —0.00"** —0.00"** —0.00"** -0.00
(0.00) (0.00) (0.00) (0.00) (0.00)
TVC 0.03 -0.00
(0.02) (0.02)
DVC -0.02 -0.02
(0.03) (0.03)
IVCGVC 0.10"** 0.12*
(0.02) (0.06)
IVCTVC 0.17***
(0.03)
IVCDVC 0.04
(0.03)
Lagged patent stock 0.32***
(0.08)
Year dummies Yes Yes Yes Yes Yes
HO: IVC=GVC 1.22 0.99 0.35
HO: TVC=DVC 1.72 0.10
HO: IVCTVC=IVCDVC 10.96***
N. 7891 7891 7891 7891 6562
obser- —3.71%*
va- 0.08
tions 584.47 [596]

Legend: Each observation is one company-year. We employ panel regressions with fixed effects. The dependent variable is the logarithm of one plus the citation-weighted
patent stock, which is computes as the number of new patents weighted by forward citations in a given year plus the weighted patent stock in the previous year discounted
by 0.85.IVC is equal to 1 after a company receives VC from a stand-alone IVC or a syndicate led by an IVC. GVC is equal to 1 after a company receives VC from a stand-alone
GVC or a syndicate led by a GVC. TVC (DVC) is equal to 1 after a company receives VC from a stand-alone TVC (DVC) or a syndicate led by a TVC (DVC). IVCGVC, resp. IVCTVC
or IVCDVC, are dummies equal to 1 when a company is backed by a syndicate between IVC and GVC, resp. IVC and TVC or IVC and DVC. Syndicate size is the natural logarithm
of 1 plus the number of VCs syndicating the investment in the company. All VC-related variables are lagged by one year. Age is company age (in years). Standard errors are in
round brackets and appear below the related coefficients. The F-values of the hypotheses tests are depicted below the regression output. AR1 and AR2 are the Arellano-Bond

tests for first and second order autoregression in first differences. Hansen is the Hansen test of overidentification (degrees of freedom in square brackets). ***, ** and * indicate
that the coefficients (F-values) are significant at the two-tailed 1%, 5% and 10% level, respectively.

We perform a number of additional analyses to check the robust-
ness of our results. First, we analyze the extent to which our results
are robust to sample refinements. We re-run our ten models from
Tables 4 and 5 on restricted samples in which we exclude: com-
panies located in the UK (to check whether the results are driven
by the sample country with the largest venture capital activity);
all observations after one of the VCs exits (in order to account for
the fact that the patenting activity may be affected by this event);
all companies invested by a VC other than IVC or GVC. Some of the
results are of a weaker statistical significance but, all in all, our find-
ings are confirmed. Second, we use different values to depreciate
the patent stock’ and find that the choice of the depreciation rate
makes very little difference. Finally, all key results hold when we
use a random effect Poisson regression on patents granted instead
of linear model on patent stock.

5. Discussion and conclusions

Our paper sheds light on the effectiveness of government-
sponsored equity investments in supporting invention and

7 In the main regressions we use a depreciation rate of 15%, as in Bertoni et al.
(2010b), Griliches (1998), and Hall et al. (2000). Other commonly used values are
20% (Ahuja and Katila, 2001; Henderson and Cockburn, 1996) and 30% (Blundell
et al., 1995; Dushnitsky and Lenox, 2005).

innovation. Governments throughout Europe have established
venture capital funds, often with the explicit aim of supporting
innovation. Our study reveals a nuanced picture on their ability
to achieve this goal.

A first, and somewhat surprising, result of our study is that, con-
trary to our expectations and Hypothesis 1, GVC has, on average,
no impact on invention and innovation. GVC-backed companies do
not patent more than non-VC-backed companies. This holds true
for both simple and citation-weighted patent stock. This finding
relates to studies that use other performance metrics and show that
the performance of GVC-backed companies is, on average, unsat-
isfactory in terms of exit (Cumming and Johan, 2010; Cumming
et al.,, 2014) and productivity (Alperovych and Hiiber, 2014; Grilli
and Murtinu, 2014 Grilli and Murtinu, 2014).

When we compare GVC to IVC, we find that IVC-backed com-
panies patent more than both non-VC-backed and GVC-backed
companies (even though the difference between IVC and GVC is no
longer significant for citation-weighted patent stock). This result
supports our Hypothesis 2b over Hypothesis 2a. Taken together,
the evidence relating to the first two hypotheses suggest that GVC
is a poor substitute for IVC.

Albeit a GVC'’s investment process is often structured to resem-
ble that of an IVC and GVCs often have the explicit objective to
foster innovation, the lack of independence from the national or
regional government and the low-powered incentives that charac-
terize GVCs’ remuneration systems probably deter the most skilled



934 F. Bertoni, T. Tykvovd / Research Policy 44 (2015) 925-935

investment managers to work for these funds. This, in turn, harms
their ability to support invention and innovation in their portfo-
lio companies. From a policymaking perspective, this result means
that GVC is not the correct instrument to support invention and
innovation in a region where IVC is lacking.

Perhaps the most interesting result of our study is that GVC is
an effective complement for IVC. Consistently with our Hypothesis
3, the combined effect of IVC and GVC goes beyond the individual
effect of the two investors. This result is true for both simple and
citation-weighted patent stock, and for both fixed-effects and GMM
estimation, albeit for citation-weighted patent stock, the coefficient
from the GMM estimation is only significant at the 10% level. This
finding suggests that the objective to supportinvention and innova-
tion and the resources provided by a GVC to its portfolio companies
are not enough to boost their inventive and innovative activity if
GVC invests on its own, but that they are complementary to the
resources provided by an IVC. A recent stream of literature finds
similar results about the role of GVCs on other dimensions of firm
performance. Brander et al.’s (2014) findings from a large interna-
tional sample confirm that GVCs are beneficial to successful exits
only when they syndicate with private VCs and when the private
VC provides a large fraction of funds.® Cumming et al. (2014) obtain
similar results on a sample extracted from the VICO database. Grilli
and Murtinu (2014), using as well the VICO database, find that syn-
dicates between GVCs and IVCs are the most beneficial for firm
productivity growth. From a policymaking perspective, our results
mean that GVC is the correct instrument to support invention and
innovation in a region where IVC is abundant. Moreover, when
setting up GVCs in order to support invention and innovation, gov-
ernments should try to attract IVC first, and create mechanisms that
make GVCs co-invest with IVCs.

Finally, we study how GVCs differ in their impact on innovation
depending on their stated objectives. Given our interest on inven-
tion and innovation, we distinguish between those funds that have
innovation among their stated objectives (TVC) and those that do
not (DVC). Our Hypotheses 4 and 5 are not supported if we look
at simple patent stock, and only Hypothesis 5 is supported if we
look at citation-weighted patent stock. For simple patent stock, not
only TVCs’ impact on invention and innovation (both as a stand-
alone investor, and in syndication with IVC) is not larger than DVCs’
but, as a matter of fact, the opposite is true. For citation-weighted
patent stock, neither TVC nor DVC have a significant impact on a
stand-alone basis, but TVC's impact on innovation is positive and
significant (and larger than DVC’s) when syndicating with an IVC.
These results mean that DVC-backed companies have patents that
are, on average, of a lower quality than those of TVC-backed com-
panies. In other words, DVC seems to be explorative and effective
in supporting invention (in line with what Sonnek (2006) suggests
for GVC in general), but it is only with the combination of TVC and
IVC that innovation is effectively achieved.The explicit objective of
fostering high-tech companies and innovation has to be coupled
with the support of an IVC, which probably pushes the companies
towards the commercialization of their inventions. Without this
explicit objective, GVCs seem to motivate their companies to inten-
sive exploratory activities that, however, result in true innovations
only in few cases.

Our study opens several avenues for future research. First, while
our study was limited to European biotechnology sectors, further
research into other regions and industries is warranted, possibly

8 Beyond adifferent performance metrics, our study adds another important piece
of evidence to the results found by Brander et al. (2014). The presence of non-VC-
backed companies in our sample allows us not only to assess GVC versus IVC, but also
to compare GVC against the base case of a non-VC-backed company, while Brander
et al. (2014) sample consists of VC-backed companies only.

using other measures of innovation. Second, more research, based
onqualitative data and questionnaires, is also needed to understand
how GVCs and IVCs complement each other in supporting inven-
tion and innovation. Third, our distinction between DVC and TVC
unveils significant differences among different types of GVCs, and
calls for a more fine grained analysis about how their impact differs
depending on the geographical (e.g., regional, national or global)
and sectoral (e.g., all companies, only high-tech, only young) scope
of their investment mandate, their governance structure (e.g., pres-
ence external members in the investment committee) and their
investment process (e.g., investment horizon, contract terms).
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