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We investigate whether foreign venture capital (VC) firms create value above and beyond
the value created by domestic VC firms in US initial public offering (IPO) firms. Con-
tributing to an emerging literature on the role and effects of foreign VC firms, we study
whether such VC firms enhance innovation by their investee firms. While high levels of in-
novation are a prerequisite for future value creation, as well as for maintaining the firm’s
competitive advantage, the extant literature nevertheless suggests that investors struggle
with valuing innovation input when firms are about to go public. Ultimately, this results in
greater rather than lower IPO underpricing. We argue that foreign VC firms, especially
those from countries with high patent activity, increase the innovation levels of their in-
vestee firms. In turn, their presence in the VC syndicate signals the greater likelihood
of the investee firm successfully turning innovation input (i.e. research and development
(R&D) expenditures) into innovation output (i.e. patents), resulting in lower IPO under-
pricing. Studying a sample of 995 US IPOs conducted during 2000-2016, we find strong
and consistent support for the above arguments.

Introduction value, as reflected by their better performance at
the initial public offering (IPO) (Suchard, 2009).
An extensive literature suggests that venture  VC firms may also benefit their investee firms by
capital (VC) firms make a difference in their in- providing access to networks and resources such as
vestee firms. They provide not only early-stage  knowledge. More specifically, VC firms may facil-
financing to new ventures, which would otherwise itate and improve their investee firms’ innovation
find it difficult to access outside financing, but  (see e.g. Chemmanur, Loutskina and Tian, 2014;
also management and strategic advice as well as  Corsi and Prencipe, 2019; Kortum and Lerner,
monitoring." In turn, this multi-faceted input into ~ 2000; Lerner, 2012; Luukkonen, Deschryvere and
the investee firms that VC firms provide creates  Bertoni, 2013).
A limitation of the above literature is its fo-
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paper development workshop at Western University for ~ ing literature on the role of foreign VC firms in
their helpful comments and suggestions. Special thanks the VC syndicates of IPO firms (see e.g. Chahine,

are due to Geoff Wood (Editor), Steve Foerster (discus- Saade and Goergen, 2019; Chemmanur, Hull and
sant), Douglas Cumming and an anonymous reviewer.
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Figure 1. Average number of patents per country during 1999-2015 [ Colour figure can be viewed at wileyonlinelibrary.com ]

The figure reports the average annual number of patents per country for the period 1999-2015. The scale for the y-axis is in logarithmic
form, with the base being 10. The rest of the world includes a total of 58 countries with the average annual number of patents ranging
from 0 for Puerto Rico to just below 10 for Liechtenstein. In the figure, the median is based on the data pooled across countries and
years, whereas in the regression analysis we recalculate the median for each year (i.e. we pool the data across countries only).

Krishnan, 2016; Khurshed et al., 2020; Nahata,
Hazarika and Tandon, 2014) suggests that for-
eign VC firms create value above and beyond the
value created by domestic VC firms. We advance
this literature by studying the role of foreign VC
firms in enabling and improving innovation, prox-
ied by greater research and development (R&D)
expenditures. While VC firms provide financing
as well as advice, thereby enhancing and improv-
ing innovation (e.g. Luukkonen, Deschryvere and
Bertoni, 2013), we argue that foreign VC firms,
via their access to local research, improve their in-
vestee firms’ innovative activity in ways that could
not be achieved by domestic VC firms, which do
not have access to this foreign research.

Why would foreign VC firms have an incre-
mental effect on innovative activity compared to
their domestic counterparts? Isobe, Makino and
Montgomery (2000) argue that foreign investors
in general are more committed to allocating re-
sources to technology transfer. Further, Corsi and
Prencipe (2017) hypothesize that foreign investors
attempt to overcome their liability of foreignness
by providing more innovation input to their in-
vestee firms. Dachs, Ebersberger and Lo6f (2008)
and Frenz and Ietto-Gillies (2007) find evidence
that foreign companies are more likely to innovate,
including innovation in products and processes.

Specifically, we expect that foreign VC firms from
countries with high innovation output, as proxied
by high patent activity, are likely to enhance and
improve the innovation of their investee firms as
reflected by greater R&D expenditures. We find
empirical support for this argument. We analyse
a sample of US IPO firms that went public be-
tween 2000 and 2016. The list of foreign VC firms
invested in our sample firms includes well-known
VC firms such as Novartis Bioventures Ltd. No-
vartis Bioventures Ltd is funded by Novartis AG,
a Swiss pharmaceutical company, which in 2018
ranked among the top 25 companies that spent the
most on R&D.2 In turn, Switzerland ranks num-
ber 9 in terms of the annual average number of
patents lodged (see Figure 1). Another foreign VC
firm invested in our sample firms is part of Sony
Corporation, which ranked number 41 globally in
terms of its 2018 R&D spend, with Japan hav-
ing the highest annual average number of patents
lodged. We find that R&D expenditures in the last
fiscal year prior to the fiscal year of the IPO?

2See  https://www.ideatovalue.com/inno/nickskillicorn/
2019/08/top-1000-companies-that-spend-the-most-on-
research-development-charts-and-analysis/ [accessed 8
October 2020].

3We measure R&D expenditures in the last fiscal year
prior to the fiscal year of the IPO, as later in the paper we
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(standardized by total assets for the same year) in-
crease with both domestic and foreign VC own-
ership. In addition, foreign VC ownership has
a significantly more positive effect on R&D ex-
penditures than domestic VC ownership. Further-
more, the positive effect of foreign VC ownership
stems from VC firms located in countries with high
patent activity. This gives further credence to our
argument that foreign VC firms enable their US in-
vestee firms to tap into local research, which would
otherwise not be accessible to them. Finally, the
positive effect on innovation input (i.e. R&D ex-
penditures) of foreign VC firms from countries
with high innovation output (i.e. high patent ac-
tivity) stems mainly from corporate VC firms. This
provides further credence to our argument: as cor-
porate VC firms are part of a larger corporation,
they have direct access to a corporate research de-
partment. Such access could also result in the ex-
patriation of technical staff from the corporate VC
firm’s parent company to the corporate VC firm’s
investee firm (see e.g. Isobe, Makino and Mont-
gomery, 2000). In other words, if our main argu-
ment is valid, the positive association between in-
novation and foreign VC ownership should mainly
stem from this type of VC firm, given the direct ac-
cess to research. Again, this is exactly what we find.

While the impact of increased R&D expendi-
tures on PO underpricing is uncertain (see e.g.
Zhou and Sadeghi, 2019), we find that greater
R&D expenditures are associated with more un-
derpricing, which in turn appears to be mitigated
by the presence of foreign VC firms.

Again, the main contribution of this paper is
to provide further evidence of value added by for-
eign VC firms, which is above and beyond the value
added by domestic VC firms. The novelty of this
paper is to focus on the role of foreign VC firms in
enhancing and improving the innovation by their
investee firms. We argue that foreign corporate VC
firms, given their link to a corporate research de-
partment, are best at assuming this role. This pa-
per adds to a growing literature, which suggests
that foreign VC firms provide their investee firms
with access to resources, such as local research,
which would otherwise not be available to the in-
vestee firms. We also contribute to the literature,
which provides evidence that the type of (foreign)

explain IPO underpricing by R&D expenditures. By using
lagged rather than contemporaneous R&D expenditures,
R&D expenditures are at least weakly endogenous.

S. Chahine et al.

VC firm matters. Our paper has important impli-
cations for management: new ventures whose suc-
cess relies on being innovative should ensure that
their VC syndicate contains foreign VC firms, espe-
cially corporate VC firms from countries with high
patent activity.

The paper proceeds as follows. The next section
reviews the relevant literature and develops the hy-
potheses. Then, in the third section, we describe the
sample selection and methodology. The fourth sec-
tion contains the empirical analysis, followed by
further tests in the fifth section. The final section
contains the discussion and conclusion.

Literature review and hypotheses

A growing literature suggests that foreign VC firms
create additional value for their investee firms as
compared to the value created by their domestic
counterparts. For example, Cumming, Knill and
Syvrud (2016) provide evidence on the value added
by foreign VC firms using a sample of portfolio
companies from 81 countries over the years 1995—
2010. They find that involvement by foreign VC
firms translates into a higher probability of TPO
exit and higher proceeds for their investees. Na-
hata, Hazarika and Tandon (2014) suggest that
the foreign VC firm bridges cultural differences be-
tween its country of origin and the investee firm’s
country of origin. Hence, foreign VC firms en-
able their portfolio companies to overcome the so-
called ‘liability of foreignness’ (Zaheer, 1995). The
latter is created by the unfamiliarity of investors
with the foreign country, including its culture and
language. Chahine, Saade and Goergen (2019) find
that foreign VC firms mitigate this liability: new
ventures with a VC syndicate with the right bal-
ance between domestic and foreign VC firms per-
form better at their IPO than other new ventures.
Chahine and coworkers also report that foreign VC
firms enhance the value added by foreign business
activities if the VC firms originate from the coun-
tries where the IPO firm has foreign business activ-
ities. Again, this suggests that foreign VC firms re-
duce the liability of foreignness their investee firms
face.

Concerning the effects of VC firms on innova-
tion by their investee firms, there are two compet-
ing hypotheses (e.g. Bertoni and Tykvova, 2015;
Hirukawa and Ueda, 2011). On the one side, there
is the ‘innovation-first’ hypothesis, according to
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which innovation precedes VC financing as VC
firms are attracted by innovative firms. On the
other side, there is the “VC-first’ hypothesis, which
states that VC financing comes first as it enhances
and improves innovation by the recipients of such
financing. Both hypotheses have empirical sup-
port. The ‘innovation-first” hypothesis is supported
by, for example, Baum and Silverman (2004), En-
gel and Keilbach (2007), and Hirukawa and Ueda
(2011). In turn, the ‘VC-first’ hypothesis is vali-
dated by Kortum and Lerner (2000, 2001), who
find that VC investment increases the number of
patent applications by the investee firm (see also
Arqué-Castells, 2012; Bertoni, Croce and D’Adda,
2010; Popov and Roosenboom, 2012). As there is
support for both hypotheses, it is safe to argue
that the direction of causality between VC financ-
ing and innovation flows both ways. Given our
focus on firms about to go public, as well as on
VC financing pre-dating the IPO date, we argue
that firms with VC ownership, whether domestic
or foreign VC ownership, are more likely to en-
gage in R&D. This discussion leads to our first
hypothesis.

HI: R&D expenditures are positively related to
both foreign and domestic VC ownership.

In turn, foreign VC firms from countries with
high innovation output (i.e. high patent activity)
are more likely to have a positive effect on the
R&D conducted by their investee firms than for-
eign VC firms from countries with low patent ac-
tivity. Indeed, foreign VC firms located in countries
with high patent activity likely have access to local
research. Such access may be via their networks,
which may include contacts at public universities.
Importantly, foreign corporate VC firms have more
direct links to research. They are part of an in-
dustrial corporation, which likely has its own re-
search department. Such VC firms would then be
well placed to create synergies between the R&D
conducted by their investee firms and the R&D
conducted by their parent company. Hence, our
second hypothesis follows.

H?2: The positive association between R&D ex-
penditures and foreign VC ownership is higher
for VC firms from countries with greater patent
activity.

A priori, greater R&D expenditures should sig-
nal better future performance and hence lower IPO

underpricing. However, there are at least two rea-
sons why there might be no negative link between
R&D expenditures and IPO underpricing. First,
firms tend to reach the peak of their innovation
at the time of their IPO (Bernstein, 2015). Impor-
tantly, the quality of their internal innovation de-
clines following their IPO. Second, the output from
R&D is highly uncertain. Hence, greater R&D ex-
penditures may exacerbate information asymme-
try around the IPO. In turn, this would increase
IPO underpricing. Both Guo, Lev and Shi (2006)
and Zhou and Sadeghi (2019) find support for this
argument as they observe a significant and posi-
tive relation between IPO underpricing and R&D
expenditures. Hence, we expect a positive link be-
tween PO underpricing and R&D expenditures.
This leads us to our third hypothesis.

H3: Greater R&D expenditures are associated
with greater underpricing.

While the input of innovation, that is R&D ex-
penditures, can easily be measured at the time of
the IPO, the future output of innovation, that is
patents, is difficult to predict (Guo, Lev and Shi,
2006). While Zhou and Sadeghi (2019) confirm the
existence of a positive link between IPO underpric-
ing and R&D expenditures, that is innovation in-
put, they also find a negative link between IPO un-
derpricing and patent activity, that is innovation
output. This suggests that investors are uncertain
about whether IPO firms are successful in turning
innovation input into innovation output, and ulti-
mately are successful in creating shareholder value.

While an extensive body of literature (e.g.
Megginson and Weiss, 1991; Stuart, Hoang and
Hybels, 1999) supports that VC firms certify the
quality of IPO firms, we argue that foreign VC
firms, via their presence, signal the quality of inno-
vation input. Foreign VC firms from countries with
high patent activity are particularly well placed
to play this role. This argument is consistent with
prior evidence on the positive role played by VC
syndicates in nurturing innovation (Tian, 2012).
This argument is further supported by Haeussler,
Harhoff and Mueller (2012), who show that firms’
patenting activities have a strong effect on the tim-
ing of VC financing. The authors further investi-
gate the quality of ventures’ patents and find that,
compared with ventures with lower patent qual-
ity, those with higher patent quality receive VC
investment faster. Hence, we expect that foreign
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VC firms, particularly those from countries with
high patent activity, moderate the positive link be-
tween IPO underpricing and R&D expenditures.
This discussion leads to our fourth hypothesis.

H4: Underpricing associated with R&D expen-
ditures is mitigated by ownership of foreign VC
firms coming from countries with greater patent
activity.

Finally, the effects of VC ownership on the per-
formance of IPO firms are unlikely the same across
types of foreign VC firms. From a resource-based
perspective, different types of foreign investors
likely have a differential effect on the outcomes
of their portfolio companies given differences in
their pool of resources. Importantly, corporate re-
search departments generate about two-thirds of
all research conducted in the USA (Lerner, 2012).
Within the VC industry, corporate VC firms are
known to create value added (Dushintsky and
Lenox, 2006; Gompers and Lerner, 2000) and
boost equity growth (De Clercq et al., 2006).
They also facilitate the development of innovative
firms (Chemmanur, Loutskina and Tian, 2014) by
providing their investees with valuable industry-
specific expertise and access to a distribution chan-
nel (Dushnitsky and Lenox, 2006; Hege, Palomino
and Schwienbacher, 2003), which enhances the lat-
ter’s probability of success (Nahata, 2008). Lerner
(2012) goes one step further by arguing that the
best way to encourage innovation is via corporate
VC firms, given the link of such VC firms to cor-
porate research departments.

Other types of VC firms — such as financial or
bank-affiliated, independent or private VC firms* —
are likely to lack the resources or long-term com-
mitment of corporate VC firms. For example, in-
dependent VC firms have a shorter time to exit, as
their future funding depends on successful exits.
Their access to funding is also relatively limited,
and they are more likely to exit through an IPO
(Guo, Lou and Perez-Castrillo, 2015; Wright, Nil-
son and Robbie, 1996). As such, they likely focus
on the short-term outlook of their investees and
might therefore forego longer-term risky invest-
ments that could benefit the firm’s future growth.

4Additional types of VC firms include pension funds,
endowments, foundations, consultancies, university-
affiliated programmes, incubators and government-
affiliated programmes.

S. Chahine et al.

Finally, financial and other VC firms may be con-
strained by the objectives of their fund providers,
which may prevent them from exclusively pursu-
ing financial profit maximization or the develop-
ment of their investees. For example, financial VC
firms may focus on forging relationships with fu-
ture banking clients to leverage the complemen-
tarities between their VC business and their tradi-
tional loan business (Ginsberg, Hasan and Tucci,
2011). They also have limited skills in mentoring
and supporting the performance of their portfo-
lio firms (Cumming and MaclIntosh, 2007; Johan,
2010). Hence, we argue that corporate VC firms
are more likely to encourage their investee firms to
invest in innovation, as reflected by greater R&D
expenditures.

H5: The positive association between foreign
corporate VC ownership and R&D expenditures
is greater than the equivalent association be-
tween foreign non-corporate VC ownership and
R&D expenditures.

Sample selection and methodology

We started by obtaining the list of all IPOs from
2000 to 2016 from SDC Platinum.’ This resulted
in a total of 2,738 IPOs. We then excluded privati-
zations, spinoffs, real estate investment trusts (RE-
ITs), other special purpose vehicles, unit trusts,
IPOs in the over-the-counter market, IPOs of fi-
nancial firms and those with an offer price of
less than $5. The population of regular IPOs is
1,943 TPOs. We then matched these data with data
from Compustat and Datastream on R&D expen-
ditures® and total assets for the last fiscal year
prior to IPO date. Due to 462 IPO firms with miss-
ing data on total assets and another 486 firms for
which we were unable to obtain the [PO prospec-
tuses, our final sample includes 995 IPOs.

Table 1 compares the sample to the population
of US IPOs in terms of the distribution across
time, based on the IPO year (Panel A), and across
industries, using the one-digit Standard Industrial

SOur data start in 2000 as the data on international patent
activities are available only from 1999 onwards.

®Missing data on R&D expenditures were collected from
the financial statements. If R&D expenditures were not
disclosed in the financial statements, R&D expenditures
were set to zero.
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Table 1. Data representativeness of sample

Panel A: Distribution across time

IPO sample IPO population
Year No. firms % Firms No. firms % Firms
2000 215 21.6 366 18.8
2001 19 1.9 59 3.0
2002 36 3.6 51 2.6
2003 34 34 51 2.6
2004 100 10.1 157 8.1
2005 83 8.3 140 7.2
2006 93 9.3 140 7.2
2007 90 9.0 165 8.5
2008 1 0.1 23 1.2
2009 3 0.3 44 2.3
2010 11 1.1 108 5.6
2011 7 0.7 80 4.1
2012 42 4.2 72 3.7
2013 72 7.2 121 6.2
2014 99 10.0 178 9.2
2015 56 5.6 112 5.8
2016 34 34 76 39
Total 995 100 1,943 100
Panel B: Distribution across industries
IPO sample IPO population

Industry sector No. firms % Firms No. firms % Firms
1 — Mining and 34 34 78 4.0

construction

products
2 — Light manufactured 335 33.7 432 222

products
3 — Heavy 201 20.2 439 22.6

manufactured

products
4 — Transportation and 59 5.9 169 8.7

public utilities
5 — Wholesale trade 77 7.7 150 7.7
7 — Services 231 23.2 551 28.4
8 — Health services 58 5.8 123 6.3
9 — Other 0 0.0 1 0.1
Total 995 100 1,943 100

This table presents the distribution of both the sample and the IPO population across time in Panel A and across industries in Panel
B. Panel A focuses on the year of the [IPO whereas Panel B is based on the one-digit SIC codes.

Classification (SIC) codes (Panel B). The percent-
ages of firms in our sample across both time and
industries are comparable to those of the popu-
lation of TPO firms, thus confirming the sample’s
representativeness of the population.

We retrieved the PO prospectuses for our sam-
ple from SEC EDGAR. We used them to deter-
mine the ownership and location of the VC firms.
We collected data on the founding years of the VC

firms from their respective websites. Finally, we ob-
tained the annual number of patents for the last
year prior to IPO date for the countries of the for-
eign VC firms from the Organisation for Economic
Co-operation and Development (OECD) database
on patents.’

"The database is available at https://stats.oecd.org/Index.
aspx?DataSetCode=PATS_IPC.
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Our main dependent variables include R&D ex-
penditures to total assets and IPO underpricing.
R&D to Total Assets is the ratio of R&D expen-
ditures over total assets during the last fiscal year
prior to the fiscal year of the IPO. We also test
the validity of our predictions by replacing R&D
to Total Assets by the pre-IPO firm-level patent
count, using the natural logarithm of one plus the
number of patents at the end of the year prior to
IPO date (Ln Number of Patents) obtained from
the patent database of Bena et al. (2017), which
uses patent data published by the US Patent and
Trademark Office (USPTO). We assign a value of
zero for the pre-IPO number of patents for IPO
firms not included in this database.

We measure PO performance by underpricing,
obtained from SDC Platinum. Underpricing is the
percentage change between the first day of trad-
ing closing price and the offer price. Our empiri-
cal analysis uses a three-stage least-squares (3SLS)
cross-sectional regression model, which controls
for the endogenous determination of VC owner-
ship in the first regression and VC ownership or
R&D expenditures in the second regression. There
are two sets of hypotheses. The first set relates to
the impact of foreign VC ownership and the level
of innovation output in the foreign VC’s country
of origin, that is the level of patent activity, on the
level of innovation input, that is R&D expendi-
tures (i.e. H1 and H2). The second set is about the
effect of the joint impact of R&D expenditures,
foreign VC ownership and the level of patent ac-
tivity on IPO underpricing (i.e. H3, H4 and HY).

R&D 3SLS regression model

The validity of our first set of hypotheses is tested
using the following 3SLS model:

V' C Ownership = Instrumental variables
+ Controls + & (1)

R&D to Total Assets = ay + ayDomestic VC
Ownership + ay ForeignV C Ownership
+Controls + & (2)

where V'C Ownership, Domestic VC Ownership and
Foreign VC Ownership are the total number of
shares owned by all VC firms, domestic VC firms

S. Chahine et al.

and foreign VC firms, respectively, expressed as
a proportion of the total number of shares out-
standing prior to IPO. The control variables in-
clude HH Index, which controls for industry con-
centration. Lower industry concentration, that is
higher competition, pushes firms to invest in R&D
to compete better (Weiss and Wittkopp, 2005). We
expect a negative association between R&D to To-
tal Assets and HH Index, measured as the sum of
the squared market shares of firm i in its industry,
based on the two-digit SIC codes, at the end of the
fiscal year prior to the IPO date. Both Eqgs (1) and
(2) control for firm characteristics. Firm size, that
is LnAssets, is the natural logarithm of total assets
at the end of the fiscal year prior to the fiscal year
of the IPO. IPO Firm Age, that is the age of the
IPO firm since inception, controls for uncertainty.
Finally, the Hi-tech dummy variable equals one if
the firm operates in a high-technology industry (as
per Loughran and Ritter, 2004), and zero other-
wise. All the regression models are cross-sectional
and include industry and year dummies.

The instrumental variables are Post-1980 Incep-
tion, VC Cluster and CEO-VC Experience. We ar-
gue that location, inception and CEO experience
affect the likelihood of the IPO firm receiving VC
funding but not the extent to which it has R&D ex-
penditures. The likelihood of receiving VC funding
has been shown to be higher if the IPO firm is lo-
cated in California, New York or Massachusetts,
which are all areas with VC clusters (Chen et al.,
2010; Powell et al., 2002). VC Cluster is a dummy
variable equal to one if the IPO firm is located
in such an area, and zero otherwise. Moreover,
younger PO firms, that is those established after
1980, and those with CEOs who have prior work
experience in the VC industry,® are more likely VC-
backed (Chahine and Zhang, 2020; Lungeanu and
Zajac, 2016). Post-1980 Inception is a dummy vari-
able equal to one if the IPO firm was founded after
1980, and zero otherwise. Finally, CEO-VC Expe-
rience is a dummy variable equal to one if the CEO
has worked for a VC firm, and zero otherwise.

To test the validity of our second hypothesis on
the differential effect of patent activity in the coun-
try of origin of the foreign VC firm, we split for-
eign VC ownership into two variables: Foreign V'C
Ownership in Countries with High Patents and For-
eign VC Ownership in Countries with Low Patents.

$We collect this information from the CEO biographies
published in the IPO prospectuses.
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We distinguish between high and low patent coun-
tries based on the median number of patents in the
countries of origin of the VC firms invested in the
sample.’

IPO underpricing 3SLS regression model

The validity of our second set of hypotheses re-
lated to underpricing is tested by the following
3SLS regression model:

VC Ownership = Instrumental variables
+ Controls + & 3)

R&D to Total Assets = ay + ayDomestic VC
Ownership + o Foreign VC Ownership
+Instrumental variable + Controls + &  (4)

R&D to Total Assets = oy + a1 Domestic VC
Ownership + o ForeignVCOwnership
+Instrumentalvariable + Controls + & (5)

The model uses the same instruments as in Eq.
(1) but also uses HH Index as an instrument in
Eq. (4). Equation (5) includes commonly used con-
trol variables in the ITPO underpricing literature
(e.g. Bruton et al., 2010; Chahine, Filatotchev and
Wright, 2007). Specifically, Price Revision is the
difference between the offer price and the mid-file
price range expressed as a proportion of the latter.
We also include LnMarket Capitalization, LnAs-
sets, IPO Age and Hi-tech as defined above. We
add a loss dummy and the leverage of the IPO
firm. Loss is equal to one if the firm has a net loss,
and zero otherwise. Leverage is equal to the ratio
of total liabilities over total assets. Both variables
are calculated at the end of the fiscal year prior
to the fiscal year of the IPO. Finally, we include
Underwriter Reputation using Loughran and Rit-
ter (2004)'° and Market Return, that is the return

°The country data on the number of patents are pooled
for each year and the country median is then calculated
for this year.

10We use the updated underwriter reputation ranking by
Jay Ritter using the methodology in Loughran and Ritter
(2004) and covering 1980-2015. Since our sample period
ends in 2016, we assign rank 9 (the highest rank) to under-
writers who consistently ranked 9 during 2000-2015. For
the remaining underwriters, we use their 2015 ranking for
2016.

on the equally weighted CRSP index over the 3-
month period prior to the IPO date to control for
market momentum (Helwege and Liang, 2004).!!
All regression models control for industry effects
(using the two-digit SIC codes) and for year effects.
All variables are defined in Appendix 1.

Empirical analysis

In this section, we first present descriptive statis-
tics. We then analyse the associations between
R&D expenditures, VC ownership and underpric-
ing in line with our hypotheses.

Descriptive statistics

Table 2 reports summary statistics, including the
mean, standard deviation and correlation ma-
trix for our main variables. The average firm in
our sample has R&D expenditures amounting to
28.1% of total assets. The average IPO firm has
1.18 patents at the end of the fiscal year prior to the
IPO date. VC ownership is on average 33.3% and
is mainly in the hands of domestic VC firms who
own 29.5 percentage points on average compared
to only 3.8 percentage points owned by foreign VC
firms. The annual average number of patents in
the countries of origin of the sample’s foreign VC
firms is 1,050. Figure 1 reports the average annual
number of patents across 1999-2015. The average
ranges from 18,051 patents per year for Japan to
10 for Argentina.'?

Focusing on the control variables, Table 2 also
shows that the average IPO firm has a market capi-
talization of $569.7m, and total assets of $475.6m.
Moreover, the firms are approximately 16 years
old at IPO, and 37.8% of them operate in high-
technology industries. Finally, the average for the
HH index is 0.045, and 53.6% of the firms were
founded after the year 1980, whereas 49% are lo-
cated in VC clusters and 15.1% have a CEO with
prior VC work experience.

Similar to Helwege and Liang (2004), we use the equally
weighted market return. As IPO firms are usually smaller
than the average listed firm, using a value-weighted mar-
ket return may lead to biased results on the impact of mar-
ket momentum on IPO firms.

1>The annual number of patents for Japan exceeds the
equivalent number for the USA in every year, except 1999.

© 2021 British Academy of Management and Wiley Periodicals LLC.

85U8017 SUOWILLID BAIRID 3|eotjdde ) Aq peusenob ake 9 VO '8sn 40 S9|NI 0} AR1q1T 8Ul|UO AB]1M UO (SUOTIPUOD-PUe-SWLBIALIY" A8 | 1M ARe.q 1 Ul |uo//SANY) SUONIPUOD Pue sws 1 8L 89S *[Z02/70/60] Uo A1 8ulluo A8IM ‘NONVEI T-I4VNIH AQ TSPZT TSS8-29vT/TTTT OT/I0p/ W00 A3 (1M Alelq 1 jpul|uoy/scy wouy pspeoiumod ‘T ‘2202 ‘TSS8.9%T



14678551, 2022, 1, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/1467-8551.12451 by HINARI-LEBANON, Wiley Online Library on [09/04/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

S. Chahine et al.

$SOT
PUR 230424977 ‘UONDZYDIIADY) 1YV “UOLSINGY 11 Su1drid.1apuy) 10J 1do0X9 ‘SUOIIBAIISQO 66 sopnoul ojdues Q) [oAd[ (% ]) %S Y3 Je JuedyIusis a1e (0Z1°0—) 060°0— M0[9q 10 (Z80°0)
7900 PAOQR SUOTR[ALIO)) SI[RLIBA SNOWOIOYDIIP Y} I0J PISN AI9M SIUIOYJI0I UONB[ALIOD [BLIIS-1q JUI0d SBAISYM ‘SI[QRLIBA SNONUNUOI 3} I0J PASN 2I9M SIUIIOYJI0I UOIIR[ILIOD UOSIBIJ

000°19L0°0880°0%L0°0— 601°0 ¢¥0'0— 000 €90°0—6£0°0—C¥0'0—9¥0°0—C00°0— LOO'0 €€0°0 6500 STI'0 I€1'0 0VO'0 LVI'O LPI'0O 600°0— $TO'0 ¥10°0 8S€0 ISI°0 aoudL_dxg DA-OHD €T

© 2021 British Academy of Management and Wiley Periodicals LLC.

000°100C°080C°0— €CC0 THO'0— 8¥1°0 0CCT0—590°0—060°0— 8000 C¥O'0 180°0 6900 ¢60'0 9CCO I€C0 8EI'0 9PC0 LYTO I¥I'0 6£0°0 8700 0050 06v°0 19S[D DA "TC
000°T0I€°0— 8¥C0 0500 SET'0—SLI'0— CTHO'0 LOO'0 L60'0—600°0—011°0— 180°0 9LI'0 90¢'0 6CE0 9¥T0 8¥E0 16€0 ISI'0 8SI°0 810°0— 66¥°0 9£S°0 uondaour 0861-150d 1T
000°T 06C°0—L00°0—9ST°0— 88C°0 6£0°0 CSI'0 8¢00 I¥0'0—S€00— 800 0SI'0 ¥PE0 $SE0 L6I°0 €8E°0 OIY'0 +vOI'0 LLEO ¥OI'0 89¥°0 SL9O SSOT 61

000°T 9¥0°0 001°0 ¥€€°0—IT0'0—LPI'0— 8S0°0 9500 +C0°0 ¥80°0—8EI'0—€FT0—09C'0—910°0—LT0'0—6C0°0—9L0°0—S9T'0— 00— T¥0'0 S¥0°0 Xopu] HH "0¢T

000°T §20°0— €¥0°0 8I10°0 610°0—800°0—99¢°0—180°0—+C0°0—+¥00°0—<0I'0—¥60°0— 1000—SIT'0—80I'0—€10°0— 8¢C'0 S60°0— S06'0 ¥LLO ogerondT g[

000°T #¥1°0—180°0— LI0O0 8800 680°0 9€I'0 ISO'0—CT60°0— 0600 [S0°0 $80°0— T90°0 +€0°0 SIT'0 00I'0— 0ITO S8%°0 8LEO Yo-TH "L1

000 T ¢CI'0 0TC0 120°0 TL0°0 620°0—0L0°0—C60°0—€SC0—SSTO—0CI0— ICE0—1€€0— 00— C9CT0—611°0—CEY' 1T LIO ST 98y Wit OdI ‘91

000°T LST'0 1100 0¥0°0 690°0—610°0—€0T'0—¥91°0—6L1°0— S10°0 S10°0—600°0—810°0—+#C0°0—0€0°0—8'098C 9°SLY S198SY [BIOL 'S

000'T 1200 #¥T0 691°0 LEO0—#80°0—LF0'0—690°0— LLO0O—9¥1'0—LST'0— 1200 ¥L1°0— L80'0 6'L06 L'69S  uonezieide) 1xIe p]

000°T THO'0— 9LT'0 STO'0—+C0'0—850°0—6S0°0—¥I10°0—€10°0—910°0—€C0°'0—6£0°0— THTO 1600 ¥SO°0 WINSY IR €1

0001 611°0 €20°0— 8000 TOI'0 €600 LEOO 8L0'0 €80°0 8200 TIT'0— LOI'0 1S9'T 120’8 uonendey syumiopun gl

000°T LLO'0O—601°0— LTO'0 110°0—T80°0—€00°0—920°0— 800°0 980°0— €T¥'0 9¥1°0 910°0— UOISIASY 9L [T

000 T L6S0 €500 6£C°0 S8C0 €0I'0 SOTO 9TI'0 $60°0 8CO'0— I'8¥SH 1'0S01 1ud1Rd USRI (]

000'T T8I0 ¥8%°0 6190 1810 €¥E'0 6€0°0 681°0 690°0—LI9°0T TOL9 38y DA USwIo] "6

0001 6v6°0 SIT'0 LSL'O TELO TO60°0 LETO 8600 1969 1LY SH a8y DA dnsowo(] ‘g

000'T TOE'0 TEL'O TIL'O #60°0 T1LTO 9900 900+9 £9TCS BY DA 'L

000'T 9TI'0 T0¥°0 8S0°0 CT6EI'0 80°0— $60°0 8€0°0  diysioumQ DA uS110g 9
000'T 6560 $90°0 TI€0 Ly0'0 80€0 S6T0 diysioumQ DA onsawo( g

000 T L80°0 IPE0 +EO0 €EE°0 €EE0 diysoumQ DA ¢
000'T 180°0 CTOT'0 09S'€ 08T'T SjudYed JO IqUINN “¢
000'T TL00 08€0 I8TO  SIOSSY [EJOL OV AW T
000'T €1¥'0 STTO Sumoudiopup |
€ T It 0T 6l 81 L1 91 SI Pl €l 4 I 0l 6 3 L 9 S 4 € 4 [ 'PIS UBSN

$21181ID1S 2411 d1LISIT "7 GV

168



Foreign Venture Capitalists and Access to Foreign Research 169

As to the pairwise correlations, Table 2 shows
that IPO Underpricing is positively related to R&D
to Total Assets, providing preliminary support for
H3. Further, both R&D to Total Assets and Num-
ber of Patents are positively correlated with VC
ownership, including both domestic and foreign
VC ownership, as well as foreign patents, thereby
preliminarily supporting H2. Thus, the level of
innovation input is positively associated with VC
ownership and the level of innovation output of
the country of origin of the foreign VC firm. As
to the instrumental variables, HH Index is neg-
atively correlated with R&D to Total Assets, but
not with Underpricing or VC Ownership, as ex-
pected. Moreover, Post-1980 Inception, VC Cluster
and CEO-VC Experience are significantly and pos-
itively associated with VC ownership but not sig-
nificantly correlated with R&D to Total Assets or
Underpricing, thus confirming the validity of our
instruments.

Focusing on the composition of foreign VC
firms involved in our study (not tabulated), we find
that there are 349 foreign VC firms involved with
228 IPO firms in which foreign VC firms hold an
average 11.3% pre-IPO ownership. Further, they
are on average approximately 20 years old at the
time of IPO.

Panel A in Appendix 2 shows that the major-
ity of the 349 investments made by the foreign VC
firms are made by independent foreign VC firms,
followed by corporate foreign VC firms, which ac-
counted for slightly more than a quarter of the
349 investments. Panel B reports the distribution
of the 228 foreign VC firms by type and origin.
The 228 foreign VC firms originate from 24 differ-
ent countries, mostly the UK (53), Canada (26),
Japan (25), France (19) and Switzerland (17). The
list of foreign VC firms includes well-known VC
firms such as Novo Holdings A/S (10 IPO firms),
TVM Life Science Ventures GmbH (10 firms), No-
vartis Bioventures Ltd (seven firms), Abingworth
Bioventures (seven firms), Nomura International
PLC (six firms) and Apax Partners Worldwide (six
firms). Novo Holdings A/S is wholly owned by
the Novo Nordisk Foundation, the largest finan-
cial endowment in Denmark and one of the largest
endowments in the world with a net worth of
$59.89bn in 2019; TVM Life Science is one of the
oldest transatlantic VC funds with teams in Mu-
nich and Montreal; and Apax is a major private-
equity company that has raised more than $50bn
since 1981. Finally, Panel C suggests that the to-

tal and average age of domestic VC firms is sig-
nificantly higher in mixed VC syndicates than in
purely domestic VC syndicates. Hence, there is no
evidence that VC syndicates with both domestic
and foreign VC firms are of lower quality. Finally,
Panel C suggests that the average age of foreign
VC firms in purely foreign VC syndicates is around
17 years, which is higher than the average age
(10 years) of domestic VC firms in purely domestic
VC syndicates.

Foreign VC ownership and R&D expenditures

Table 3 reports the results of the 3SLS estimation
of Egs (1) and (2), controlling for the endogenous
determination of V'C Ownership. Specification (1),
which is based on Eq. (1), shows that V'C Owner-
ship is positively and significantly associated with
VC Cluster and CEO-VC Experience (p = 1%),
confirming the validity of these two instruments.
It is also greater in hi-tech firms (p = 1%), whereas
it decreases with firm size (p = 1%). The Sargan x>
test of over-identifying restrictions (not tabulated)
has a p-value of 0.181 and 0.172 in Specifications
(2a) and (2b), respectively, suggesting that our in-
strumental variables are not associated with the er-
ror term in the R&D to Total Assets regression.

Further, Specification (2a), which is based on
Eq. (2), suggests that R&D to Total Assets in-
creases with domestic (p = 1%) and foreign VC
ownership (p = 1%), providing strong support
for H1. A Wald test for the difference in coeffi-
cients suggests that the positive effect of VC own-
ership on R&D to Total Assets is stronger for for-
eign VC ownership than domestic VC ownership
(p = 10%). R&D to Total Assets also decreases
with the HH index, firm size and for hi-tech firms
(p = 1%).

Specification (2b), which is based on an ex-
tended Eq. (2), replaces Foreign VC Ownership by
Foreign VC Ownership from High Patent Coun-
tries and Foreign VC Ownership from Low Patent
Countries. This enables us to test the validity of
H2. While R&D to Total Assets still increases
with Domestic VC Ownership (p = 1%), it also
increases with both foreign VC ownership from
high (p = 1%) and low patent countries (p =
10%). Importantly, the Wald test for the differ-
ence in coefficients shows that the positive effect
of high patent countries is significantly higher
(p = 10%) than that of low patent countries.
The Wald test for the difference between the
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Table 3. Foreign VC ownership and the association between R&D and foreign patent activity

VC Ownership R&D to Total Assets Ln Number of Patents
Dependent variable @) (2a) (2b) (3a) (3b)
Constant 0.386%** 0.746%** 0.771%%* 0.030 0.031
0.000 0.000 0.000 0.819 0.812
Domestic VC Ownership 0.231%%x1 2485 0.116 0.117
0.000 0.000 0.153 0.151
Foreign VC Ownership 0.351 %! 0.8727
0.002 0.000
Foreign VC Ownership from High Patent Countries 1.1843%3 0.851%**
0.004 0.202
Foreign VC Ownership from Low Patent Countries 0.237%% 0.927%*
0.092 0.045
LnAssets —0.019%** —0.077%** —0.077*** 0.022 0.022
0.001 0.000 0.000 0.119 0.119
IPO Firm Age 0.000 0.000 —0.001 —0.001
0.841 0.837 0.666 0.665
Hi-tech 0.108%** —0.170%** —0.168%** —0.105%* —0.105%*
0.002 0.000 0.000 0.048 0.048
HH Index —1.484%** —1.483%** —2.931%** —2.928%**
0.001 0.001 0.009 0.009
Post-1980 Inception —0.025
0.359
VC Cluster 0.080%**
0.000
CEO-VC Experience 0.060%**
0.006
Industry Effects Yes Yes Yes Yes Yes
Year Effects Yes Yes Yes Yes Yes
N 995 995 995 995 995
R? 0.395 0.335 0.336 0.213 0.213
Chi? 655.830 524.200 526.490 272.630 272.650
Prob. 0.000 0.000 0.000 0.000 0.000

This table presents the results of 3SLS regressions explaining VC ownership and R&D expenditures to total assets. Specifications (2a)
and (2b) and Specifications (3a) and (3b) consist of the second-stage regressions explaining R&D to total assets and the pre-IPO number
of patents, respectively; whereas the regression explaining VC ownership in Specification (1) is used as the first-stage regression. Both
the domestic and foreign VC ownership variables are orthogonalized to alleviate multi-collinearity concerns. The t-statistics are based
on White’s (1980) heteroscedasticity-consistent standard errors and covariances; p-values are reported in italics below the coefficients.
*** ** and * denote significance at the 1%, 5% and 10% level (two-tailed test). c: Pairs of coefficients significantly different from each
other at the 10% level.

coefficient on domestic VC ownership and that
on foreign VC ownership from high patent coun-
tries suggests that the positive effect of VC own-
ership on R&D to Total Assets is significantly
stronger (p = 10%) for foreign VC ownership
from high patent countries than for domestic VC
ownership.

Hence, while controlling for potential VC own-
ership selection bias, we find that both domes-
tic and foreign VC ownership are a catalyst for
IPO firms’ R&D expenditures, and this effect is
stronger for foreign VC ownership. Finally, the
effect stemming from foreign VC ownership is
mainly due to ownership by foreign VC firms

from high patent countries.'® To conclude, there is
strong support for H2.

13We repeat our tests allowing for alternative explanations
for the differential effect of foreign VC firms on innova-
tion output as proxied by the pre-IPO number of patents
for each IPO firm. Such alternative explanations include
the level of GDP per capita in the country of origin of
the foreign VC firm. We also split foreign VC ownership
into two variables: Foreign VC Ownership in High GDP
Countries and Foreign VC Ownership in Low GDP Coun-
tries. We still find that the positive association between in-
novation output and foreign VC ownership is higher for
VC firms coming from high GDP countries. This confirms
H2.
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The main premise of our paper is that foreign
VC firms enhance and improve innovation by their
investee firms. This is reflected in the greater in-
novation input as measured by R&D expenditures
in TPO firms with foreign VC ownership. We also
argue that foreign VC firms signal the quality of
the innovation input of their investee firms. This
would result in lower underpricing. The assump-
tion here is that greater innovation input in IPO
firms with foreign VC ownership eventually re-
sults in greater innovation output. Specification
(3a) suggests that the pre-IPO number of patents
is positively associated with foreign VC ownership
(p = 1%), thus providing strong support for our
implicit assumption. Further, Specification (3b)
shows that the pre-IPO number of patents also in-
creases with both foreign VC ownership from high
(p = 1%) and low patent countries (p = 5%). In
what follows, we focus on R&D expenditures.

We further include Leverage and Loss as addi-
tional control variables in the R&D to Total Assets
regression specifications (not tabulated). Although
the sample size drops to 793 observations, the re-
sults hold. Given this drop, we report the results
in Table 3 excluding these two variables. However,
we include both variables in the 3SLS regression
explaining underpricing in Table 4, as they are key
control variables for underpricing as per prior IPO
literature (e.g. Filatotchev, Chahine and Bruton,
2016; Leone, Rock and Willenborg, 2007).

IPO underpricing, R&D expenditures and foreign
VC ownership

Table 4 tests the validity of H3 and H4, using the
3SLS model consisting of Eqs (3), (4) and (5). The
second-stage regression in Specifications (6a) to
(6¢) explains Underpricing, whereas the first-stage
regression in Specifications (4) and (5) explains V'C
Ownership and R&D to Total Assets, respectively.
Specification (4) reveals that, consistent with Spec-
ification (1) in Table 3, VC ownership increases
with VC Cluster (p = 1%), CEO-VC Experience
(p = 1%) and Hi-tech firms (p = 1%), whereas it
decreases with LnAssets (p = 1%).

Furthermore, Specification (5) reveals that R&D
to Total Assets increases with both domestic (p =
1%) and foreign (p = 1%) VC ownership, thus pro-
viding further support for H1. Yet the effect is eco-
nomically stronger for the latter, as confirmed by
the Wald test (p = 5%). R&D to Total Assets is
negatively related to HH Index (p = 1%), an in-

strumental variable. R&D to Total Assets increases
in IPO firms making a loss in the year prior to the
year of the IPO (p = 1%), as well as increasing
with leverage (p = 5%). Conversely, R&D to To-
tal Assets decreases with firm size (p = 1%) and
in hi-tech firms (p = 5%). The Sargan x? test of
over-identifying restrictions (not tabulated) has a
p-value of 0.125, which confirms the validity of
our instrumental variables.

Further, Specifications (6a) to (6¢) suggest a neg-
ative association between underpricing on the one
hand, and domestic VC ownership (p = 10% or
worse) and foreign VC ownership (p = 5% or
worse)'4 on the other hand. The presence of both
domestic and foreign VC firms seems to signal the
quality of the IPO firm, thus reducing IPO under-
pricing. These results extend prior literature on the
role played by VC firms in reducing IPO under-
pricing (e.g. Barry et al., 1990; Brav and Gompers,
2003; Lerner, 1995; Megginson and Weiss, 1991).
Additionally, for Specification (6a) the Wald test
for the difference in coefficients suggests that, in
line with our previous results, the effect of VC own-
ership in reducing IPO underpricing is stronger (p
= 1%) for foreign VC firms than for domestic VC
firms. The effect is also economically more signifi-
cant: a one percentage point increase in foreign VC
ownership is associated with a decrease in IPO un-
derpricing by 0.52 percentage points compared to
only 0.11 percentage points for domestic VC own-
ership.

Specifications (6a) to (6¢) also reveal that, in line
with H3, IPO underpricing is positively associated
with R&D to Total Assets (p = 5% or better), yet
Specification (6¢) indicates that this association is
mitigated by the ownership of foreign VC firms
coming from countries with high innovation out-
put (p = 10%), which validates H4. Hence, foreign
VC firms from countries with high patent activity
seem to signal the quality of the innovation input.

In addition, Specification (6b) shows a negative
association between underpricing and Foreign VC
Ownership from High Patent Countries (p = 5%).
This effect is stronger than that of domestic VC
firms on IPO underpricing, as confirmed by the
Wald test for the difference in coefficients (p =
1%). Again, there is economic significance: a one

“The loss of significance in Specification (6¢) might be
due to the high correlation between Foreign VC Owner-
ship and the interaction between R&D to Total Assets and
Foreign VC Ownership in Low Patent Countries.
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Table 4. IPO underpricing, foreign VC ownership and the association between R&D and foreign patent activity

VC Ownership R&D to Total Assets Underpricing
Dependent variable 4) (5) (6a) (6b) (6¢)
Constant 0.279%#* 0.481 % —0.557#%%  —(.552%%%  —(.562%*
0.006 0.000 0.002 0.002 0.015
R&D to Total Assets 0.780%**  ().789***k  1.067**
0.000 0.000 0.030
Domestic VC Ownership 0.191 ##*° —0.110%*  —0.116*"  —0.075
0.000 0.075 0.088 0.290
Foreign VC Ownership 0.410%%+° —0.518%%#8
0.000 0.008
Foreign VC Ownership from High Patent Countries —0.467%%*  0.622
0.044 0.308
R&D to Total Assets x Foreign VC Ownership from High Patent Countries —3.266*
0.089
Foreign VC Ownership from Low Patent Countries —0.747 —6.166
0.470 0.111
R&D to Total Assets x Foreign VC Ownership from Low Patent Countries 17.877
0.132
Price Revision 0.910%**  (.908%**  ().948%**
0.000 0.000 0.000
Ln Market Capitalization 0.068***  (0.068***  (.056%**
0.001 0.001 0.006
Loss 0.07 % —0.042 —0.040 —0.003
0.001 0.245 0.279 0.938
Leverage 0.028%** —0.070%**  —0.071%** —0.061**
0.043 0.004 0.003 0.014
Underwriter Reputation 0.006 0.005 0.005
0.587 0.633 0.669
Market Return 1.088%**k  ],093%%*x ] (] 9Hk*
0.000 0.000 0.000
LnAssets —0.023%** —0.057***
0.001 0.000
IPO Firm Age 0.000 —0.001 —0.001 —0.001
0.620 0.395 0.363 0.386
Hi-tech 0.114%%* —0.080%x* 0.044 0.046 0.042
0.001 0.000 0.411 0.394 0.424
HH Index —1.623%xx*
0.000
Post-1980 Inception 0.011
0.743
VC Cluster 0.086%**
0.000
CEO-VC Experience 0.103%%*
0.000
Industry Effects Yes Yes Yes Yes Yes
Year Effects Yes Yes Yes Yes Yes
N 753 753 753 753 753
R? 0.323 0.359 0.268 0.266 0.332
Chi? 370.540 451.120 441.610 444.520  436.410
Prob. 0.000 0.000 0.000 0.000 0.000

This table presents the results of 3SLS regressions explaining VC ownership, R&D to total assets and underpricing. Specifications
(6a) to (6¢) consist of the second-stage regressions explaining underpricing, whereas Specifications (4) and (5) consist of the first-stage
regressions explaining VC ownership and R&D to total assets. Both the domestic and foreign VC ownership variables are orthogonal-
ized to alleviate multi-collinearity concerns. The t-statistics are based on White’s (1980) heteroscedasticity-consistent standard errors
and covariances; p-values are reported in italics below the coefficients. ***, ** and * denote significance at the 1%, 5% and 10% level
(two-tailed test), respectively. a: Pairs of coefficients significantly different from each other at the 1% level.
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Table 5. Foreign corporate VC ownership and the association between R&D and foreign patent activity

VC Ownership R&D to Total Assets
Dependent variable (7 (8a) (8b)
Constant 0.386%** 0.745%** 0.762%**
0.000 0.000 0.000
Domestic VC Ownership 0.217%**
0.000 0.000
Foreign Corporate VC Ownership 0.696**
0.034
Foreign Corporate VC Ownership from High Patent Countries 0.977%*°
0.049
Foreign Corporate VC Ownership from Low Patent Countries 0.074
0.762
Foreign Non-Corporate VC Ownership 0.635%**
0.001
Foreign Non-Corporate VC Ownership from High Patent Countries 0.309*°
0.063
Foreign Non-Corporate VC Ownership from Low Patent Countries 1.609
0.364
LnAssets —0.019%** —0.077%** —0.077%**
0.001 0.000 0.000
IPO Firm Age 0.000 0.000
0.842 0.905
Hi-tech 0.108 —0.170%** —0.181%**
0.002 0.000 0.000
HH Index —2.150%** —2.151%**
0.000 0.000
Post-1980 Inception —0.025
0.359
VC Cluster 0.080%**
0.000
CEO-VC Experience 0.060%**
0.007
Industry Effects Yes Yes Yes
Year Effects Yes Yes Yes
N 995 995 995
R? 0.395 0.335 0.336
Chi? 655.860 524.510 517.740
Prob. 0.000 0.000 0.000

This table presents the results of 3SLS explaining VC ownership and R&D to total assets. Specifications (8a) and (8b) consist of the
second-stage regressions explaining R&D to total assets, whereas Specification (7) consists of the first-stage regression explaining VC
ownership. Both the domestic and foreign VC ownership variables are orthogonalized to alleviate multi-collinearity concerns. The
t-statistics are based on White’s (1980) heteroscedasticity-consistent standard errors and covariances; p-values are reported in italics
below the coefficients. *** and ** denote significance at the 1% and 5% level (two-tailed test), respectively. c: Pairs of coefficients

significantly different from each other at the 10% level.

percentage point increase in foreign VC ownership
is associated with a reduction in underpricing by
0.52 percentage points compared to only 0.11 per-
centage points for domestic VC ownership.

As for the control variables, the results from the
underpricing regressions, that is Specifications (6a)
to (6¢), are consistent with prior literature on IPO
underpricing (e.g. Chahine et al., 2012). Under-
pricing increases with the offer price revision (p =
1%), firm size (p = 1%) and for IPOs completed

following a period of positive market returns (p =
1%), whereas underpricing decreases with leverage
(p = 5% or better).

Foreign corporate VC ownership and the
association between R&D and foreign patent
activity

Table 5 tests the validity of H5 by replicating
Table 3, while making a distinction between
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foreign corporate VC firms and non-corporate
VC firms. While not tabulated, average foreign
corporate VC ownership equals 1.22%, whereas
average ownership of all other foreign VC firms
amounts to 3.83%.

Specification (8a) suggests that R&D to Total
Assets is positively associated with Domestic VC
Ownership (p = 1%), as well as both Foreign Cor-
porate VC Ownership and Foreign Non-Corporate
VC Ownership (p = 5%), lending further support
for HI.

Specification (8b) distinguishes between foreign
VC firms from high patent countries and those
from low patent countries. Similar to Specification
(8a), it also distinguishes between corporate for-
eign and non-corporate foreign VC firms. In sup-
port of H2, Foreign Corporate VC Ownership from
High Patent Countries and Foreign Non-Corporate
VC Ownership from High Patent Countries are
positively associated with R&D to Total Assets (p
= 10% or better). Importantly, the Wald test for
the difference in the two coefficients indicates that
for foreign VC ownership from high patent coun-
tries, the positive effect on R&D to Total Assets
is significantly higher (p = 10%) than for foreign
non-corporate VC ownership. There is also an eco-
nomic difference as the coefficient on foreign cor-
porate VC ownership (from high patent countries)
is more than three times the size of the coefficient
on foreign non-corporate VC ownership. This con-
firms HS. Finally, the effects of the control vari-
ables are consistent with those found in Table 3.

Further tests

This section contains three further tests. The first
test investigates whether foreign VC experience
matters. While the main analysis focused on for-
eign VC ownership, foreign VC experience might
matter more, as it tends to be a better reflection
of the resources, such as access to research, that
a foreign VC firm may be able to offer. Hence, we
replace foreign VC ownership by foreign VC expe-
rience, as proxied by VC age, and re-run our main
regressions.

The second test verifies the robustness of our
main findings. It uses regressions explaining do-
mestic and foreign VC ownership as the first stage
in the 3SLS model to control for potential domes-
tic and foreign VC selection bias. Conversely, the
preceding 3SLS models did not make a distinction

S. Chahine et al.

between domestic and foreign VC ownership as we
aggregated both.

Finally, we conduct two further robustness tests
by (i) distinguishing between lead foreign VC firms
and non-lead foreign VC firms and (ii) exclud-
ing observations relating to foreign VC firms from
non-OECD countries.

Foreign VC experience and the association between
R&D and foreign patent activity

The experience of the VC firm has been identified
as influential in supporting portfolio companies
(e.g. Chahine and Saade, 2011). Indeed, VC experi-
ence is an important driver for the VC firm’s ability
to actively monitor its portfolio companies (Bot-
tazzi, Rin and Hellmann, 2008). VC experience is
also associated with increased innovation (Kortum
and Lerner, 2000), greater power in affecting the
behaviour and decisions made by the VC syndi-
cate, which in turn affect the decisions made by the
portfolio companies (Chahine and Goergen, 2011)
and ultimately improve IPO performance (Bot-
tazzi, Rin and Hellmann, 2008; Gompers et al.,
2008). In line with Chahine et al. (2019), we use
VC firm age as a proxy for VC experience, that is
the difference in years between the IPO date and
the VC firm founding date. We argue that older,
that is more experienced, foreign VC firms have a
positive impact on the innovation levels of their
US investee firms, whereas there is no such effect
for less experienced VC firms. When distinguish-
ing between foreign VC firms coming from coun-
tries with high and low patent activity, we expect
the positive effect on R&D expenditures to be lim-
ited to the former.

Table 6 presents the results of the 3SLS estima-
tion, which controls for the endogenous determi-
nation of VC experience. The first-stage regression
in Specification (9) shows that VC experience as
proxied by the natural logarithm of VC firm age
(LnVC Age) is positively and significantly asso-
ciated with VC Cluster and CEO-VC Experience
(p = 5%), confirming the results from Table 3. It
is also greater in hi-tech firms (p = 1%), while de-
creasing with firm size (p = 1%).

The question arises whether foreign VC owner-
ship still has explanatory power once we account
for foreign VC experience. As Table 2 suggests,
foreign (domestic) VC ownership and foreign (do-
mestic) VC age are highly correlated: the Pearson
correlation coefficient for the two variables equals
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Table 6. Foreign VC experience and the association between R&D and foreign patent activity

Ln Average VC Age R&D to Total Assets
Dependent variable ) (10a) (10b)
Constant 1.928%%** 0.681%** 0.682%**
0.000 0.000 0.000
Ln Average Domestic VC Age 0.038**+° 0.038***°
0.000 0.000
Ln Average Foreign VC Age 0.013%°
0.089
Ln Average Foreign VC Age in High Patent Countries 0.015%°
0.081
Ln Average Foreign VC Age in Low Patent Countries 0.004
0.800
LnAssets —0.092%** —0.077%** —0.077%**
0.000 0.000 0.000
IPO Firm Age 0.000 0.000
0.869 0.855
Hi-tech 0.386%* —0.183%** —0.181%**
0.016 0.000 0.000
HH Index —2.146%** —2.138%**
0.000 0.000
Post-1980 Inception —0.625%**
0.000
VC Cluster 0.246%**
0.003
CEO-VC Experience 0.177*
0.099
Industry Effects Yes Yes Yes
Year Effects Yes Yes Yes
N 995 995 995
R? 0.364 0.335 0.335
Chi? 577.260 513.570 514.260
Prob. 0.000 0.000 0.000

This table presents the results of 3SLS regressions explaining VC age and R&D to total assets. Specifications (10a) and (10b) consist of
the second-stage regressions explaining R&D to total assets, whereas Specification (9) consists of the first-stage regression explaining
VC age. Both the average domestic and foreign VC age variables are used as proxies for VC experience, and they are orthogonalized
to alleviate multi-collinearity concerns. The t-statistics are based on White’s (1980) heteroscedasticity-consistent standard errors and
covariances; p-values are reported in italics below the coefficients. *** and ** denote significance at the 1% and 5% level (two-tailed

test), respectively.

0.619 (0.757). Hence, we first regress foreign (do-
mestic) VC ownership on foreign (domestic) VC
age. We then include the residuals from this regres-
sion (not tabulated) in the second-stage regression
in Specifications (10a) and (10b) of Table 6. Spec-
ification (9a) shows that R&D to Total Assets is
positively associated with both domestic and for-
eign VC firm age (p = 1%). Additionally, Spec-
ification (10b) suggests that the positive associa-
tion between R&D to Total Assets and foreign VC
firm age is greater for VC firms coming from high
patent countries (p = 1%).!> Both Specifications

5The results hold when using foreign and domestic VC
age in two separate first-stage regressions and when in-

(10a) and (10b) show that the residuals of foreign
VC ownership and domestic VC ownership do not
significantly affect R&D to Total Assets. This sug-
gests that what matters is VC experience rather
than just VC presence (i.e. VC ownership).

Foreign versus domestic VC ownership and the
association between R&D and foreign patent
activity

The first-stage regression in our analysis so far ex-
plains VC ownership (both domestic and foreign

cluding Leverage and Loss in the R&D to Total Assets
regression.
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Table 7. Robustness test using foreign versus domestic VC ownership and the association between R&D and foreign patent activity

Domestic VC Ownership Foreign VC Ownership R&D to Total Assets
Dependent variable (11) (12) (13a) (13b)
Constant 0.325%%** 0.091%*** 0.745%** 0.770%%**
0.000 0.000 0.000 0.000
Domestic VC Ownership 0.218%%%  (,235%%x
0.000 0.000
Foreign VC Ownership 0.398%**
0.000
Foreign VC Ownership from High Patent Countries 1.200%%x
0.008
Foreign VC Ownership from Low Patent Countries 0.281*'
0.064
LnAssets —0.017%** —0.002 —0.077%**  —0.077***
0.001 0.200 0 0.000
IPO Firm Age 0.000 0.000
0.821 0.819
Hi-tech 0.105%** —0.004 —0.168%**  —0.166%**
0.002 0.741 0.000 0.000
HH Index —1A4T71%**  —1.470%**
0.002 0.002
Post-1980 Inception —0.019 —0.041%**
0.459 0.000
VC Cluster 0.067%**
0.000
CEO-VC Experience 0.064%** 0.003
0.005 0.677
Foreign CEO 0.078***
0.000
Industry Effects Yes Yes Yes Yes
Year Effects Yes Yes Yes Yes
N 995 995 995 995
R? 0.343 0.223 0.335 0.337
Chi? 523.320 289.110 522.310 524.260
Prob. 0.000 0.000 0.000 0.000

This table presents the results of 3SLS regressions explaining R&D to total assets, domestic VC ownership and foreign VC ownership.
Specifications (13a) and (13b) consist of the second-stage regressions explaining R&D to total assets, whereas Specifications (11) and
(12) consist of the first-stage regressions explaining domestic VC ownership and foreign VC ownership, respectively. Both the domestic
and foreign VC ownership variables are orthogonalized to alleviate multi-collinearity concerns. The t-statistics are based on White’s
(1980) heteroscedasticity-consistent standard errors and covariances; p-values are reported in italics below the coefficients. *** and *
denote significance at the 1% and 10% level (two-tailed test). c: Pairs of coefficients significantly different from each other at the 10%

level.

VC ownership), based on Eq. (1). However, do-
mestic and foreign VC ownership may be driven by
different factors. For example, the investments of
domestic VC firms are more likely to be driven by
their location within VC clusters, whereas foreign
VC firms are more likely to be attracted by poten-
tial investee firms led by foreign CEOs. Indeed, for-
eign investors are likely to trust foreign CEOs with
whom they share a similar ethnic and/or socio-
cultural background (Marsden, 1988).

These arguments have empirical support. First,
Powell er al. (2002) confirm the importance of

geographic proximity: the locations of research-
intensive biotechnology ventures and their VC
firms are highly clustered in a handful of key
US regions. Second, foreign VC firms are more
likely to be attracted by firms with a foreign
CEO as confirmed by Bloningen and Wooster
(2003). Although not shown in Table 2, the cor-
relation coefficients between domestic (foreign)
VC ownership on the one side and the VC clus-
ter dummy or the foreign CEO dummy on the
other side are 0.246 and 0.064 (0.138 and 0.298),
respectively.
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Table 7 presents the 3SLS model explaining
R&D to Total Assets via the second-stage regres-
sion and explaining domestic VC ownership and
foreign VC ownership via the two first-stage regres-
sions. Specification (13a) suggests that R&D to To-
tal Assets is still positively and significantly asso-
ciated with Domestic VC Ownership (p = 1%) and
Foreign VC Ownership (p = 1%), providing further
support for H1. Additionally, Specification (13b)
reveals that the positive association between For-
eign VC Ownership and R&D to Total Assets is
again higher for VC firms from high patent coun-
tries. This provides further support for H2.

Further robustness tests

We ran two further untabulated robustness tests.
The first test distinguishes between lead and non-
lead foreign VC firms within the VC syndicate.
A foreign VC firm is the lead VC firm if it in-
vested in the first financing round and holds the
largest pre-IPO ownership in case of more than
one VC firm involved with the first round. We find
that both lead and non-lead foreign VC ownership
are positively associated with R&D to Total As-
sets, but only the former reduces IPO underpric-
ing. The positive association between lead foreign
VC ownership and R&D to Total Assets is also ob-
served for foreign VC firms originating from both
high and low patent countries. However, non-lead
foreign VC ownership positively affects R&D to
Total Assets only if the VC firms originate from
high patent countries. Finally, IPO underpricing
decreases with the lead foreign VC ownership when
the foreign VC firm originates from a high patent
country.

The second untabulated test checks whether our
results are robust to excluding the 26 IPO firms
with involvement from the 39 VC firms coming
from non-OECD countries. We confirm our main
findings: both domestic and foreign VC ownership
positively affect R&D to Total Assets, and this pos-
itive association is greater for firms coming from
high patent countries.

Conclusion and discussion

While there is an extensive literature documenting
that VC firms create value in their investee firms by
providing advice and support as well as access to
networks and resources, this literature has tended

to focus on domestic VC firms. Nevertheless, the
emerging literature on foreign VC firms suggests
that such VC firms create value above and beyond
the value created by their domestic peers. In this
paper, we explore a new channel whereby foreign
VC firms generate value in their investees. We hy-
pothesize that foreign VC firms — in particular, for-
eign VC firms from countries with high patent ac-
tivity — have access to research generated in their
home country, which in turn benefits the innova-
tion levels of their investee firms.

While innovation is a necessary condition
for generating future value and maintaining or
strengthening the firm’s competitive advantage,
the literature also suggests that investors strug-
gle with valuing innovation input, that is R&D
expenditures. Indeed, studies on the impact of
R&D expenditures on IPO underpricing have
found a positive effect, suggesting that greater
R&D expenditures worsen rather than mitigate
information asymmetry in firms that are going
public, as reflected by greater IPO underpricing.
We hypothesize that foreign VC firms, especially
foreign VC firms from countries with high patent
activity, mitigate the effects of this information
asymmetry on IPO underpricing.

Studying US firms that conducted their IPO
during 2000-2016, we find evidence supporting the
above hypotheses. We find that ownership by for-
eign VC firms increases the R&D expenditures of
their investee firms. While confirming the previ-
ously documented positive effect of R&D expen-
ditures on IPO underpricing, we also observe that
this positive effect is reduced by foreign VC own-
ership. Further, this moderating effect stems from
foreign VC firms located in countries with high
patent activity. We also find that the beneficial ef-
fects of foreign VC firms stem mainly from for-
eign corporate VC firms. This makes perfect sense
as such VC firms are part of a larger corpora-
tion and can therefore easily tap into the research
generated by the research department of their
organization.

Our paper has important implications for man-
agers of new ventures, especially new ventures rely-
ing on innovation. Managers of such firms should
include foreign VC firms, especially those from
countries with high patent activity, in their VC
syndicate. This would not only ensure access to
research, but would also reduce the uncertainty
about the valuation of the firm at the time of going
public.
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