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We propose a model of investment, duration, and exit strategies for start-ups backed by venture
capital (VC) funds that accounts for the high level of uncertainty, the asymmetry of information
between insiders and outsiders, and the discount rate. Our analysis predicts that start-ups
backed by corporate VC funds remain for a longer period of time before exiting and receive larger
investment amounts than those financed by independent VC funds. Although a longer duration
leads to a higher likelihood of an exit through an acquisition, a larger investment increases the
probability of an IPO exit. These predictions find strong empirical support.

1. Introduction

Entrepreneurs and venture capitalists make investment decisions and choose the length
of their involvement in a start-up to maximize the chances of success and the value of
their ventures. Looking ahead, they also develop strategies to cash in on their companies.
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eras, Pedro Rey-Biel, Sara de la Rica, Pablo Ruiz-Verdú, Jo Seldeslachts, Anna Toldra-Simats, Arvis Ziedonis,
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In particular, these strategies allow venture capitalists to liquidate their shares. Planning
an exit strategy is as important as deciding how to start the enterprise.

There are two main exit routes for a successful start-up. The company can go
through an Initial Public Offering (IPO) or it can be sold to an existing firm via an
acquisition.1 Under an IPO, the venture obtains a stock market listing, which enables
the company to receive additional financing for its projects and enables insiders to
eventually sell their shares to the public. If the start-up is acquired, the insiders obtain
immediate cash in return for their shares. Understanding the main trade-offs faced by
start-ups at the exit stage is crucial because this understanding not only allows one to
determine how venture capitalists and entrepreneurs divest their companies but also
how the decisions are taken at the onset of the venture.

The optimal exit route for a start-up depends on multiple factors, such as the
expected profitability of the venture, the level of uncertainty, the asymmetry of infor-
mation between the insiders and outsiders (e.g., potential buyers and new investors),2

the possible conflicts of interest among insiders,3 the financial market conditions at the
time of the exit, and the characteristics of the venture capitalists. Whether the start-up
receives financing from Corporate Venture Capital (CVC) funds or only from Indepen-
dent Venture Capital (IVC) funds may be of particular importance. Some of these factors
are affected by the level of the partners’ investment as well as their decision concerning
the duration of the venture (i.e., the length of the relationship between the entrepreneur
and the VCs until the exit of the start-up). That is, there is a strong link between the
decisions concerning investment and duration and the exit route finally chosen by the
start-up.

We build a model that encompasses three crucial decisions in the lives of start-
ups (investment, duration, and exit) rather than focusing on other, albeit interesting,
aspects that appear at particular moments in time. This modeling strategy allows us to
obtain theoretical results concerning the aforementioned decisions, which we test using
data from U.S. start-ups. We propose a simple model that accounts for the high level
of uncertainty regarding the returns from an investment in a start-up, the existence of
private information in the hands of insiders, and the discount rates of the partners in
the start-ups. We choose to study a rather parsimonious model in which we abstract
from possible internal conflicts among insiders and the dynamic interaction between
investment and duration.

In our model, the amount of capital invested in a start-up influences the start-up’s
expected value. We assume that a higher investment leads to a higher expected value
of the start-up. Furthermore, the decision regarding the duration of the start-up affects
the market information about the probability of the venture’s success. We assume that
the potential value of the venture at the time of its exit will be known to every market
participant. Nevertheless, insiders have more precise information about the expected
profitability of a start-up because they know the probability of its success. Whether
outsiders are informed of this probability depends on how long the start-up remains in
the market before exiting.

1. Two other exit routes that are not as commonly used are Management Buy-out and Refinancing (or
secondary sales); see Schwienbacher (2010).

2. See Cumming and MacIntosh (2003) for a discussion about the information asymmetries between sellers
and the potential buyers of start-ups.

3. See, for instance, Gompers (1995); Kaplan and Strömberg (2003); De Bettignies (2008); and Macho-Stadler
and Pérez-Castrillo (2010).
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We show that the ventures with a higher expected value are more likely to attempt
an IPO, whereas those with a lower expected value prefer to seek an acquirer. Moreover,
the likelihood of exiting through an IPO increases with the potential value of the start-up
as long as that value is positive. In contrast, start-ups with a negative potential value are
liquidated. We link a start-up’s exit strategy with the investment decision and with the
market level of information. We show that a higher investment level induces a greater
likelihood of a successful exit. Of the successful exits, the higher the investment level is,
the higher the likelihood of an IPO exit. Moreover, the IPO exit rate is lower if outsiders
receive more precise information, that is, if the duration of the venture is longer. Finally,
we analyze the optimal investment and duration decisions of the start-up. In particular,
we show that both the level of investment and the duration of the venture decrease with
the discount rate of the venture capital.

In the empirical part of the paper, we test our theoretical results by analyzing the
differences in the investment, duration, and exit strategies of the start-ups depending
on the type of the venture capital fund. We focus on the fact that CVC funds are more
patient than IVC funds in realizing financial returns from their investments in start-
ups, and we analyze how this difference influences the strategies of the start-ups.4

Our empirical results confirm the theoretical predictions: CVC-backed start-ups receive
larger investment levels and have longer durations before their exit than start-ups that
only receive IVC financing. Moreover, these two consequences of the presence of CVC
funds in the start-ups have opposite impacts on the likelihood of an IPO exit: the larger
investment level increases the likelihood of an IPO exit whereas the longer duration
increases the probability of an exit though acquisition. Once these effects are considered,
the type of the VC fund has no significant influence on the exit decision.5

We acknowledge that, in the empirical tests, there exists an identification problem,
because start-ups are not randomly matched with different types of VC investors (i.e.,
CVCs vs. IVCs). To mitigate the endogeneity problem, we use both a treatment-effects
model to test the effect of the VC fund type on the investment, duration, and exit
strategies and an instrumental variable approach to test the exit strategy. In the first
stage estimation of the treatment-effects model, we identify that the probability of a
start-up receiving CVC funds, compared with only receiving IVC financing, increases if
the start-up is in an industry with a higher average liquidity level, a higher average net
cash flow, or if it is in a geographical area with more CVC funds compared to IVC funds.
CVCs also invest more in start-ups with a higher number of patent applications. After
controlling for such effects on the matching between start-ups and CVC financing, we
find that our main predictions from the theoretical model are confirmed. Moreover, we
construct two instrumental variables for the endogenous variable (start-ups financed by
CVC funds): 5-year average working capital at industry level (to capture liquidity) and
the average CVC investment as a ratio of the total investment in a geographical area.
The instrumental variable estimation shows very similar results.

The main message of the paper is that the joint analyses of the major decisions
taken by the start-up at several moments of its life helps us better understand how the
nature of the VC fund influences these decisions. Abstracting from differences in the

4. In the next section, we discuss the nature of CVC and IVC funds and the implications of the differences
between the two types of fund on their patience in terms of investments.

5. We provide additional evidence of the effect of the discount rate by also analyzing the influence of the
VC fund size on the investment level, duration, and the likelihood of an IPO. The effects are similar to those
induced by the presence of CVC funds, which agrees with our theory because the discount rate of a fund is
likely to decrease with its size.
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strategic incentives of VCs, we highlight that the nature of the VC fund influences the
level of investment and the duration of the venture. And these two decisions have a
strong and opposite impact on the likelihood of the start-up exiting through an IPO or
an acquisition. Therefore, the sign of the indirect effect of the nature of the VC fund
on the exit decision of the start-up depends on the strength of its two indirect impacts
through the investment and the duration.

2. Corporate Venture Capital Funds

Corporate venture capital is the direct investment of corporate funds in external start-up
companies. That is, through its CVC fund a company invests, without using a third-party
investment firm, in an external start-up that it does not own.

CVC appeared at the end of the Thirties in the United States and it has become one
of the most widespread forms of financing for new innovating firms (Lantza et al., 2011).
The number of CVC funds increased rapidly in the eighties, where many dynamic small
companies performed a fundamental role for innovation in high-tech sectors. Then,
large corporations questioned their expensive R&D programs and decided to invest in
innovative firms through private equity funds. In their 2008 study on a sample of the 142
largest market capitalizations of American and European technology-based companies,
Lantza et al. (2011) found that 60% (40%) of the American (European) groups have CVC
funds, with a median size of 140 (120) million dollars.

A primary advantage of CVC investments is the strategic flexibility they offer (Basu
et al., 2011). In general, they involve smaller irreversible investments of organizational
resources than internal R&D and are thus easier and cheaper to restructure or exit when
environmental conditions change (Folta, 1998). Moreover, the resources committed in
each venture are small, which allows them to enter into very uncertain initiatives.

Unlike traditional IVC funds, which are limited partnerships, CVC funds are sub-
sidiaries of corporations (Chemmanur et al., 2013). Several differences exist between the
two types of funds.

First, whereas the sole objective of an IVC fund is to actualize a financial return
on capital, CVC programs also care about strategic returns, such as the development of
new, related business (see Sykes, 1990; Yost and Devlin, 1993; Dushnitsky and Lenox,
2006; Hellmann et al., 2008). CVC operations allow companies to gain access to external,
entrepreneurial innovations. They also allow them to identify emerging markets and
potential applications of their own products. The strategic objectives can explain why
corporations choose to hire their own general partners as opposed to outsourcing the
job and simply taking the role of a limited partner of some IVC funds. Through the CVC,
a corporation can have a direct eye on any start-ups.

Second, because of the presence of the corporate parent, CVC funds can provide
more industry-related knowledge and support to start-ups than IVC funds, capitalizing
on corporate resources (Riyanto and Schwienbacher, 2006; Chemmanur et al., 2013).

Third, the structure of managers’ payments is quite different for CVC and IVC
funds. IVC fund managers typically receive (in addition to 1 to 2% fixed fees based
on the size of the fund) 20% of the profits of the fund, which can result in enormous
salaries and bonuses if the fund successfully exits via an IPO or acquisition. To maintain
a level fee structure across different units of the overall corporate enterprise, CVC funds
typically do not enjoy such performance fees. Their managers write contracts that more
often focus on downside protection than upside potential, relative to limited partnership
venture capital funds (Meyer and Mathonet, 2005; Cumming and Johan, 2009).



Investment, Duration, and Exit Strategies 419

Fourth, CVC managers are likely to be less concerned with fast financial returns
from their portfolio firms than IVC managers (Manso, 2011; Chemmanur et al., 2013). The
ability of IVC managers to raise additional funds depends on their reputations, which
are influenced by their history of success (Gompers, 1995; Dushnitsky and Shapira, 2010;
Crain, 2013). As Meyer and Mathonet (2005) report, an IVC managing team without a
reputation has a significant incentive to quickly establish a “track record” and could
therefore make too early exits.6

Finally, CVC investors have more unused resources, such as technology and mar-
keting resources, than IVC investors (Sahaym et al., 2010; Basu et al., 2011; Da Gbadji
et al., 2011).

The aforementioned differences between the two types of funds suggest that IVC
managers are more concerned with quick exits than CVC managers. Above all, CVC
managers are less anxious than IVC managers about financial returns, particularly with
fast financial returns. In our empirical sections, we relate the fact that a CVC is willing
to stay longer in the start-up before realizing returns than an IVC to a lower discount
rate and we analyze the consequences of this difference in the investment, duration, and
exit decisions.

The theoretical and empirical academic research on venture capital and on the
strategies followed by start-ups is growing. In particular, some recent papers analyze
the influence the type of start-up has on the optimal exit pathway. One of the key
results is that high-quality start-up companies go public while low-quality companies
are acquired, which provides an explanation for the IPO valuation premium puzzle
(see Bayar and Chemmanur, 2011, for a theoretical analysis and Bayar and Chemmanur,
2012, for an empirical test). Other characteristics of a start-up are also important for the
choice of the exit route (see Brau et al., 2003; Poulsen and Stegemoller, 2008; Bayar and
Chemmanur, 2011, 2012; Chemmanur et al., 2012). Start-ups are more likely to choose
IPO instead of acquisition if they are more established companies with a viable business
model and greater growth opportunities. The probability of an IPO is also higher for
start-ups in high-tech industries, and in industries characterized by low concentration
and where private benefits of control are larger. Finally, venture-backed start-ups are
more likely to go public compared to non-venture-backed firms.

However, the impact of the type of VC fund (i.e., CVC funds vs. IVC funds) on the
investment, on the exit and, in particular, on the duration strategy of start-ups has not
received much attention in the literature.7 We briefly discuss the contributions that are
most relevant to our paper.

With regard to the influence of VC fund characteristics on the level of investment
for a start-up, the theoretical model of Hellmann (2002) and the empirical analyses of
Gompers and Lerner (2000) and Masulis and Nahata (2009) find, as our paper, that start-
ups receive higher investment amounts from CVC funds than from IVC funds. Besides
investment, CVCs help their portfolio companies create value in several ways. Because
of their greater tolerance for failure and better knowledge of technology, CVCs invest in
younger and riskier companies and achieve a higher degree of innovation (Chemmanur
and Loutskina, 2008; Chemmanur et al., 2013). Also, when the start-ups have a strategic
fit with the parent corporation of the CVCs, they receive higher takeover premiums
when they become acquisition targets (Ivanov and Xie, 2010).

6. Funds that have performed well in the past tend to be oversubscribed. When a fund with a track record
raises a new fund, investors in previous funds quickly oversubscribe it (Meyer and Mathonet, 2005).

7. See Da Rin et al. (forthcoming), for a survey of the academic work on venture capital and, in particular,
for a review of the papers that examine the structures and strategies of VC funds.
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Concerning the choice of an exit route (i.e., IPO vs. acquisition), most papers suggest
that because of the CVC funds’ strategic returns, CVC-backed start-ups are more likely
to exit through an acquisition than IVC-backed start-ups. This argument has been put
forward by theoretical studies (Hellmann, 2002; Riyanto and Schwienbacher, 2006) and
has received empirical support from a study using a European dataset (Cumming,
2008). Based on survey evidence, Siegel et al. (1988) and Sykes (1990) also find that the
percentage of acquired CVC-backed start-ups is higher than the percentage of acquired
IVC-backed ventures. However, this result is challenged by Gompers and Lerner (2000)
and Chemmanur and Loutskina (2008), who find that CVC-backed start-ups exit more
frequently through the IPO market than IVC-backed start-ups do. Moreover, few start-
ups appear to be acquired by the parent companies of the CVC funds that financed
these ventures. In the ThomsonOne and the Securities Data Company Global New
Issues databases that we use, only 5% of the start-ups with CVC financing that exit via
acquisitions are bought by the parent company of the CVC fund. Maula and Murray
(2001) find a similar result.

Our paper contributes to a better understanding of the impact of the nature of
the VC on the decisions taken by start-ups. Instead of focusing directly on a start-
up’s decision concerning exit, we look at the direct influence of the nature of the VC
on the level of investment and on the duration and identify the impact of these two
channels on the exit decision. Our theoretical and empirical analyses confirm that the
level and the duration of investment are positively affected by the presence of CVCs.
Moreover, we show that investment and duration have opposite influences on the exit
decision: a higher investment and a shorter duration increase the likelihood of an IPO
exit. This novel strategy of analysis allows us, in particular, to provide an explana-
tion for the disagreement in the existing empirical literature regarding the exit choices
made by CVC- and IVC-backed start-ups. Indeed, if the indirect effect on the exit of
the presence of CVCs through the investment decision is stronger than that through
the duration decision, then CVC-backed start-ups are more likely to exit through an
IPO (as in Gompers and Lerner, 2000, and Chemmanur and Loutskina, 2008) whereas
if the indirect effect through the duration decision is stronger, then the likelihood of
an acquisition exit is higher for CVC-backed start-ups (as in Siegel et al., 1988, Sykes,
1990, and Cumming, 2008). Finally, to mitigate the common identification problem in
the CVC financing literature (i.e., start-ups and VC funds are not matched randomly),
we propose some possible effects on the match between start-ups and VC fund types
and construct two instrumental variables.

3. The Model

We propose a model to analyze the optimal investment and duration decisions, as well
as the exit strategy of a start-up (S) backed by a venture capital fund. We assume that the
entry by the fund in the start-up has already taken place, that is, we do not model the en-
try decision by the venture capital fund.8 As mentioned in the Introduction, we abstract
from possible internal conflicts among venture capitalists and managers/founders of the
start-up. The decisions made by the start-up at any stage aim to maximize its expected
discounted profits, that is, expected revenue minus costs (including investment costs).9

8. We will discuss issues related to the possible endogeneity of the entry decision by the venture capital
fund in the empirical part of the paper, especially in Section 9.

9. In Section 6, we discuss the implications of the nature of the VC on the objective function of the start-up.
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FIGURE 1. THE TIMELINE
This figure shows the timeline of the game. The start-up chooses an investment and a duration
strategy at the first stage, and determines an exit strategy at the second stage.

In our model, the start-up takes decisions at two moments: at the beginning of the
venture (t = 1) and at the exit of the venture (t = 2). We now describe the model, that is,
the sequence of events and the consequences of the start-up’s decisions, and we identify
and discuss the main assumptions. Figure 1 captures the timeline.

At t = 1, the start-up decides on the level of investment I and its duration d.
Although we acknowledge that the financing of a start-up is a dynamic process where, at
each period, the information on the current development of the start-up is used to decide
on the next investment, we simplify this process and assume that the total investment
amount and the duration are fully determined at the beginning of the model.10

We assume that the level of the investment I has a positive influence on the expected value
of the start-up, which is pV. We denote by V the potential net value of the venture, that
is, the revenues that the start-up can generate, once we subtract the additional expenses
required to continue with the firm (the variable V can be positive or negative), and we
denote by p the probability of success, that is, the probability of realizing V. We take
the view that the investment has a positive impact on crucial aspects of the start-up,
such as the number and quality of the patents, the product quality, and the size of the
network of input suppliers and customers. Better funding allows the hiring of more
qualified managers and workers, the buying of better equipment, and more in-depth
market studies to be conducted, etc. Therefore, the higher the investment level, the larger
the expected total revenue and/or the probability of survival.11

Our second main assumption is that the level of the duration d influences the information
accessed at the time of exit by potential acquirers about the expected value of the start-up. Start-
up owners and managers are reluctant to give potential acquirers too much access to
information and to the key engineers and other valuable members of the company before
the board determines an acquisition event because it would place the entire company

10. Therefore, our model does not account for some dynamic aspects of the start-up that are not relevant
for our purposes. Additionally, with stage financing, the uncertainty is somewhat but not completely miti-
gated. The simplified one-period model that we use to describe the investment and duration decisions is just
one extreme case in which more uncertainty exists at the time when the decisions are made. It allows the
consideration of investment, duration, and exiting decisions in a simple two-period model.

11. A similar hypothesis can be found, for instance, in Bergemann and Hege (1998), Hong et al. (2013),
and Conti et al. (2013).
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at risk.12 As a consequence, there will be asymmetric information about the value of the
start-up at the time of its exit. However, as argued, for example, by Felix et al. (2014)
the degree of asymmetry of information between insiders and potential acquirers is
expected to decrease over time.

We model the differential effect of investment and duration in a simple way. We as-
sume that I determines the distribution of the potential value of the start-up V whereas
d affects the information that flows to the acquisition market about p.13 A larger in-
vestment I shifts the distribution of V to the right: higher investment leads to higher
expected revenues pV. For the sake of simplicity, we assume that ex ante V is uniformly
distributed over the interval [ f (I ), V̂ + f (I )], where f (I ) is an increasing function of I .
Concerning the probability p of success (i.e., the probability of realizing V), we assume
that p is uniformly distributed ex ante over the interval [0, 1].

After investment has been made in the start-up and before the exit decision, the
uncertainty concerning V and p is resolved (that is, “Nature” chooses V and p). All of
the market participants can observe some of the information, but the insiders acquire
more precise information on the expected quality of the project than the outsiders do.
In particular, we assume that both the start-up and the outside market can observe the
realization of the value of V. However, although the start-up also learns p, the potential
acquirers only learn p with probability h(d), which increases as the duration d increases.
Therefore, although insiders and outsiders get information about the expected value of
the project pV, the insiders may retain some private information about it.

At t = 2, the start-up makes the exit decision. It has three possible exit routes:
liquidation, an acquisition, or an IPO.
� The liquidation value of the start-up is always 0.
� The deal price that the start-up obtains if it decides to seek an acquirer is the issue of a

negotiation between the two parties. We assume that the acquirer has bargaining power.
As discussed, for example, by Zingales (1995) and Bayar and Chemmanur (2011),
the market of potential acquirers is not perfectly competitive and acquirers can be
expected to have considerable bargaining power. They can pressure incumbents on
pricing concessions. Therefore, the deal price depends on the respective bargaining
power of the start-up and the acquirer. It also depends on the information obtained by
the acquirer. We assume that, in the Nash bargaining, the start-up obtains a share m
of the venture’s expected value from the acquirer. That is, for simplicity, we consider
that the profits of the outside option for both the start-up and acquirer are 0 and that
the bargaining power of the start-up is m (and that of the acquirer is 1 − m).14

� In an IPO, shares of the start-up are sold to public investors, whose bargaining power
is expected to be very small (see Zingales, 1995, and Bayar and Chemmanur, 2011).
Therefore, we assume that the IPO market is competitive. On the other hand, the IPO

12. See, for example, the discussion “Start-up dilemma: to sell or not to sell” by Roger Ehrenberg, founder
and Managing Partner of IA Ventures, in informationarbitrage.com.

13. Expressing the expected value of the venture as a product of two terms, p and V, allows us to separate
the effects of I and d in a simple manner. As indicated above, the crucial assumptions are that I mainly
influences the expected value whereas d mainly affects the level of information. Alternative modelizations of
these effects would lead to similar results. For example, we can assume that the investment has a positive effect
of p and the duration decreases the asymmetry of information concerning V without affecting the results of
the paper.

14. The outside option for both agents is typically not zero. In reality, if negotiations between the start-up
and the (potential) acquirer were to fail, the start-up could seek another buyer and the previous potential
acquirer could invest the resources in another venture. The assumption that the outside option gives zero
profits to both participants is made for simplicity. The relevant hypothesis is that both agents obtain a share
of the surplus.
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process is costly. Indeed, the valuation of the start-up in an IPO depends on the re-
sult of a thorough analysis concerning all possible aspects of the start-up. An IPO is
a process that requires underwriters, attorneys, accountants, financial printers, and
financial analysts. They exercise due diligence in aspects such as corporate valuation,
customers’ assessment, and market prospects, as well as on legal, financial, and intel-
lectual property matters. We use F > 0 to denote the substantial out-of-pocket expense
that is involved in preparing an IPO. The process generates a public signal about the
profitability of the venture that we denote by β̃, β̃ ∈ {H, L}. We assume a very simple
structure for the signal: a realization of β̃ = H represents a situation where the process
has been able to verify that the start-up will be a success, whereas β̃ = L represents
a situation where the IPO process has not been able to make the verification. The
probability of observing β̃ = H depends on the actual probability of success p and
we assume that it is equal to βp, with β > 0. If the realization of the signal is H, the
competitive market sets a price Z for the IPO that is equal to the start-up’s expected
value. If the start-up accepts the price, then a successful IPO is executed. If the signal
is L , no offer is issued.15

We make assumptions regarding the functions f (I ) and h(d) to ensure that the three
exit routes are possible. We assume that V̂ + f (0) > F/(β − m) and that f (I ) is concave
enough (specifically, limI−→∞ f (I ) ≤ 0). Also, the screening is informative enough: β >

m. Finally, the venture makes interior choices of I and d if limI−→0 f ′(0) = limd−→0 h′(0) =
∞ and h(d) is concave enough.16

We solve the model through backward induction, realizing that asymmetric infor-
mation may exist among the participants. Therefore, we use sequential equilibrium as the
solution concept because it combines subgame perfection ideas with Bayesian updating.

4. The Analysis of the Optimal Exit Strategy

In this section, we start at t = 2. At this stage, the potential value of the venture V is
realized and observed by all of the participants. Moreover, the start-up receives a private
signal concerning the probability of success p. The potential acquirer may or may not
have this information p (this information is accessed with probability h(d)). We study
the optimal exit strategy in both situations.

4.1 Optimal Exit Strategy with Informed Acquirers

It follows immediately from the description of the three exit routes that the firm is
liquidated if pV ≤ 0, in which case the value of the start-up is 0.17 We now compare the
start-up’s expected profits under the other two exit strategies when pV > 0.

15. We assume that a start-up that receives a low signal does not receive any offers. We make this
assumption for the sake of simplicity. For those start-ups that receive a signal L , the situation is often similar
to the market for lemons in Akerlof’s (1970) model; that is, taking into account the set of start-ups that accept
the offer, there is no price under which market profits are non-negative (for an analysis, see Guo, 2010).

16. If β < m, then the IPO route is never chosen. If V̂ + f (0) < F/(β − m), then those start-ups with low
investment levels never take certain exit routes. If limI−→∞ f (I ) > 0, then those start-ups with high investment
levels never undergo liquidation. However, our qualitative results would remain the same, despite the changes
in the hypotheses. Similarly, if limI−→0 f ′(0) = limd−→0 h′(0) < ∞, then the optimal decision concerning I
and/or d may be the corner solution I = 0 and/or d = 0, which would complicate the analysis without
adding new insights.

17. We use the convention that a start-up that is indifferent between being liquidated or not chooses
liquidation. Similarly, a start-up that is indifferent between going to an IPO and looking for an acquirer at
t = 2 goes to an IPO.
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If the start-up negotiates with an acquirer that knows p, the expected value of the
start-up pV is common knowledge and the bargaining between start-up and acquirer
will produce a deal price of mpV.18 If the start-up goes through an IPO, it pays F and
receives a valuation that depends on the realization of the signal β̃. If β̃ = L , which
happens with a probability of (1 − βp), the start-up does not receive any offers. If the
realization is β̃ = H, then the competitive investors’ market offers Z = V, which the
start-up accepts.

Therefore, the start-up obtains higher expected profits by issuing an IPO rather
than negotiating with an acquirer if and only if

βpV − F ≥ mpV. (1)

Proposition 1, whose proof follows the previous discussion, describes the optimal
exit strategy in this case.

Proposition 1: Consider a start-up characterized by (V, p) in a situation where the potential
acquirers have learned p. The start-up’s optimal exit strategy is as follows:

1. If pV ≤ 0, the start-up is liquidated and realizes the payoff Uo(V, p) = 0.
2. If pV ∈ (0, F/(β − m)), the start-up goes to the acquisition market. It obtains a deal value

Uo(V, p) = mpV.
3. If pV ≥ F/(β − m), the start-up invests F and goes to the IPO market. Moreover,

(a) If the public signal is H, then the start-up receives an offer Z = V from the IPO market
and accepts it;

(b) If the public signal is L, then the start-up does not receive any offer from the IPO market.

Therefore, in this case, the start-up’s expected payoff is Uo(V, p) = βpV − F .

The basic trade-off between an IPO and an acquisition is that although the IPO
process is costly, it also allows the owners of profitable ventures which receive a high
signal to realize a larger share of the ventures’ value. Start-ups with a sufficiently high
probability of success are ready to pay the cost of the process.

We notice that the higher the expected value pV, the more willing the start-up is
to go to the IPO market. Moreover, an efficient IPO process, reflected by a low-cost F
and a powerful screening capability β, and a higher bargaining power m increase the
attractiveness of an IPO exit.

4.2 Optimal Exit Strategy with Uninformed Acquirers

If the potential acquirer does not know the value of p, the optimal strategy of a start-up
searching for an exit can only be analyzed by finding the Bayesian Nash equilibrium of
a game where one of the parties (the start-up) has private information relevant to the
relationship (the probability of success).

In this situation, as before, the start-up is liquidated if and only if pV ≤ 0. Con-
cerning the start-ups with pV > 0, one subset of “types” p seeks an acquirer whereas the
complementary subset issues an IPO. For a start-up going to an IPO, on the one hand,
the IPO offer is Z = V if the signal is β̃ = H, and the start-up accepts the offer. On the
other hand, there will be no offer if the signal is β̃ = L .

18. See, for instance, Osborne and Rubinstein (1990) and Muthoo (2002) for bargaining protocols that lead
to this payoff for the “seller,” that is, for the start-up.
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We now analyze the bargaining situation between a start-up (whose type belongs
to the subset of types that seek an acquirer) and the acquirer. The latter cannot observe
the type of the start-up. Additionally, from the point of view of the negotiation, all the
types are indistinguishable (there is no room for signaling, as the cost of the signal
would be the same for every possible type). Therefore, the negotiation between the
acquirer and the start-up is similar to another one where the acquirer faces one start-up
whose (known) value corresponds to the expected value of the subset of types that, at
equilibrium, seek an acquirer. And the deal price will be the share m of that expected
value.19

Given that the equilibrium deal price does not depend on the actual probability p of
the start-up, the difference between the potential profits from an IPO and those from an
acquisition increases with the value of pV. Therefore, there is a cut-off equilibrium value
p∗(V) such that the start-up goes to an IPO if p ≥ p∗(V) whereas it seeks an acquirer
if p < p∗(V). Given the start-up equilibrium behavior, the expected value of pV of the
start-ups that seek an acquirer is p∗(V)V/2 and the deal price is mp∗(V)V/2.

A start-up with the potential value V and whose probability of success is equal
to p∗(V) must be indifferent with regard to whether it goes to an IPO or looks for an
acquirer. Therefore, p∗(V) is characterized by

βp∗(V)V − F = mp∗(V)V/2, (2)

when the solution to the equation is lower than 1 and p∗(V) = 1 otherwise. Proposition 2
describes the equilibrium behavior of start-ups in a situation where outsiders do not
know the value of p.

Proposition 2: Consider a start-up characterized by (V, p) in a situation where the potential
acquirers do not know the value of p. The start-up’s equilibrium exit strategy is as follows:

1. If pV ≤ 0, the start-up is liquidated. It realizes the payoff Uoo(V, p) = 0.
2. If pV ∈ (0, F/(β − m/2)), the start-up goes to the acquisition market. It obtains a deal

value Uoo(V, p) = 1
2 mV if V ≤ F/(β − m/2) and Uoo(V, p) = mF/[2(β − m/2)] if V >

F/(β − m/2).
3. If pV ≥ F/(β − m/2), the start-up invests F and goes to the IPO market. Moreover,

(a) If the public signal is H, then the start-up receives an offer Z = V from the IPO market
and accepts it;

(b) If the public signal is L, then the start-up does not receive any offer from the IPO market.

Therefore, in this case, Uoo(V, p) = βpV − F .

5. The Impact of Investment and Duration on the Likelihood
of an IPO and on the Rate of Success

We now analyze how a start-up’s optimal exit strategy is influenced by its investment
and duration decisions.

19. To be more precise, denote W the expected net value of the subset of start-ups that, at equilibrium, go to
the acquisition market. Consider a bargaining protocol (a game of alternating offers) between an acquirer and
a start-up whose probability is known by the acquirer and whose net value is W. Suppose that the subgame
perfect equilibrium strategies in the bargaining protocol lead to a deal price of mW (this may happen as
the time between offers converges to zero, see Osborne and Rubinstein, 1990, and Muthoo, 2002). Then, the
same strategies constitute a subgame perfect equilibrium in the game between an acquirer and a start-up
whose probability p is unknown to the acquirer and whose expected net value is W. In this equilibrium, the
start-up follows the same strategy independent of its “type.”
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FIGURE 2. THE OPTIMAL EXIT STRATEGY
This figure depicts the optimal exit strategy. For high values of p and V, an IPO is the optimal
exit route. Going to the acquisition market is the optimal start-up strategy for low values of p
and V. In the shadow region, start-ups turn to an IPO if the outsiders have not learned the value
of p. However, start-ups prefer to go to the acquisition market if outsiders do know the value of
p.

A higher investment level implies a shift in the distribution of V toward higher
values. As shown in Propositions 1 and 2 (see also Figure 2), the higher the value V is,
the more likely the exit is to occur through an IPO rather than through an acquisition,
regardless of whether the potential acquirers know the value of p. Therefore, a higher
investment level should imply a higher IPO rate among successful cases. It should also
lead to a greater likelihood of a successful exit. Proposition 3 presents these two results.

Proposition 3:

1. The likelihood of an IPO among successful exits increases with the investment I .
2. The rate of successful exits increases with the investment I .

A longer duration indicates that the market has more precise information about
the probability of the start-up. In our model, this increased availability of information
is reflected by a higher likelihood that the acquisition market knows the probability of
success p. The next proposition investigates whether an IPO exit is more likely with in-
formed or uninformed acquirers. The proof of the proposition is derived from equations
(1) and (2).

Proposition 4: The probability of issuing an IPO is higher if the potential acquirers have not
learned the value of p than if they have learned the value of p.

Figure 2 explains Proposition 4 and depicts the optimal exit strategy highlighted
in Propositions 1 and 2. For high-value start-ups, that is, for high levels of pV, an IPO is
the optimal exit route, regardless of the information known by the potential acquirers.
Similarly, going to the acquisition market is always the optimal start-up strategy for low
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but positive values of pV. In the intermediate (shadow) region of Figure 2, start-ups
turn to an IPO if the outsiders have not learned the value of p. However, start-ups prefer
to go to the acquisition market if outsiders do know the value of p.

The intuition for the existence of the intermediate region in Figure 2 is as follows.
When it chooses the best exit, a start-up trades off the possibility of a high IPO valuation,
at a cost, versus the deal price obtained from an acquirer. Both the IPO valuation and the
IPO cost are independent of the acquirer’s information, but the deal price is not. If the
acquirer observes the true value of p, the deal depends on pV. However, if it does not
observe the true probability of success, the deal depends on the expected value of the
start-up, which is independent of the true value of p. Hence, the deal is a relatively good
one for low-valued start-ups whereas it is a relatively bad one for high-value start-ups.
A start-up that is indifferent between the two exit routes when information about p is
public (a high-value start-up) is strictly better-off issuing an IPO if the acquirer does not
know p. The same holds for start-ups whose value is somewhat lower. As a consequence,
an uninformed acquisition market is more likely to promote IPO exits.

Longer durations cause more information about p to become available to outsiders.
According to Proposition 4, this relationship implies, ceteris paribus, a reduction in the
likelihood of an IPO exit. We state this argument in the following corollary:

Corollary 1: The likelihood of an IPO among successful exits decreases as the duration d
increases.

We note that, according to our model, the duration has no effect on the level of V.
Therefore, the rate of successful exits is not influenced by the duration d.

6. Investment and Duration Decisions

In this section, we address the optimal initial decisions made by the start-up at t = 1. The
analysis presented in Section 3 allows us to compute the expected income Uo(V, p) or
Uoo(V, p) of a start-up whose potential, publicly known value is V and whose probability
of success is p, depending on the degree of information known by the outsiders. We now
calculate the expected profits for a given duration d and a given investment I , which
is denoted as U(d, I ). Performing the calculation requires us to take the expectation of
the expected income over the possible values of V (whose distribution function �(V; I )
depends on I and p):

U(d, I ) = e−rd
∫

V

∫
p [h(d)Uo(V, p) + [1 − h(d)] Uoo(V, p)] dpd�(V; I ) − I

= e−rd [h(d)EUo(I ) + (1 − h(d))EUoo(I )] − I ,
(3)

where we denote

EUo(I ) =
∫

V

∫
p

Uo(V, p)dpd�(V; I ), (4)

EUoo(I ) =
∫

V

∫
p

Uoo(V, p)dpd�(V; I ). (5)

We can interpret EUo(I ) as the expected profits at the exit time of a start-up that
has invested I at t = 0 and whose realized probability p is always known by its potential
acquirers. Similarly, EUoo(I ) is the start-up’s expected profits if the realization value of
p is unknown to outsiders. h(d), the probability that the information is known by the
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potential acquirers, increases with the duration. Moreover, the longer the duration d is,
the lower the expected profits at t = 0 because of discounting.

Lemma 1 shows that EUo(I ) is always higher than EUoo(I ). That is, the start-up’s
expected profits are higher when the potential acquirers learn p than when they do
not. Although interesting by itself, this result is particularly useful in the analysis of the
optimal duration and the investment decisions.

Lemma 1: EUo(I ) > EUoo(I ) for every I > 0.

The asymmetry of information between start-ups and potential acquirers makes
it more profitable for some ventures (i.e., those whose probability of success lies in the
interval (p∗(V), p(V))) to go to the IPO market, though they would obtain a better deal
in the acquisition market if the information were symmetric. Therefore, in expectation,
the start-up’s profits are higher if information about p reaches the potential acquirers
(i.e., EUo(I ) ≥ EUoo(I )).

The optimal duration and investment decisions (d∗, I ∗) are interior. Therefore,
they satisfy the first-order conditions ∂U

∂d (d∗, I ∗) = ∂U
∂ I (d∗, I ∗) = 0. In Proposition 6, we

examine the effect of the discount rate r on (d∗, I ∗).

Proposition 5: The optimal duration d∗ and investment I ∗ decrease as the discount rate r
increases.

Proposition 5 is intuitive. Keeping the level of investment constant, a longer du-
ration means a higher income because of the better information by the acquirers (see
Lemma 1) but at a latter moment. Therefore, the optimal duration and the discount rate
should go in opposite directions. Similarly, keeping the duration constant, the optimal
investment level should decrease with the cost of the money, hence, with the interest
rate. Therefore, if the start-up cares less about the future, it invests less in the venture
and for a shorter period of time.

The proposition also allows us to discuss the (indirect) effect of r on the likelihood
of an IPO exit. A lower interest rate r implies both a higher investment level and a longer
duration which, according to Proposition 3.1 and Corollary 1, have opposite impacts on
the likelihood of an IPO exit. On the one hand, a larger investment leads to more exits
through IPOs. On the other hand, a longer duration implies a better-informed potential
acquirer, which leads to more acquisitions.

7. CVC- versus IVC-Backed Start-Ups: Empirical Implications
from the Theoretical Model

The analysis presented in the previous sections highlights the direct effects of the dis-
count rate on the investment and duration decisions and its indirect effect on the likeli-
hood of the different exit routes. In this section, we link these results with the discussion
on the differences between the start-ups that receive investments from CVC funds and
the start-ups that receive only IVC funding.

Decisions on a start-up depend on the objectives of the managers, founders, and
investors. As we have already mentioned, in this paper we abstract from the conflicts of
interest that may arise because of differences in objectives among managers/founders
on one side and investors on the other side. If we focus on the “discount rate” that the
start-up uses to take its decisions, the main factor of influence is the discount rate applied
by the investors. Then, we argue that a start-up that receives CVC financing uses a lower
discount rate than a start-up that receives only IVC financing because, as discussed in
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Section 2, CVC funds are typically less compelled to recover their investments early in
the process (Manso, 2011; Chemmanur et al., 2013).

Based on the previous discussions, we associate a lower discount rate to the start-
ups that receive CVC funding. We use our theoretical results to propose empirical
hypotheses concerning the differences between CVC- and IVC-backed start-ups with
respect to investment amount, duration before exit, exit strategy, and success rate.

First, Proposition 5 shows that the start-ups with lower discount rates choose
higher investment levels. Therefore, we should observe higher investments in CVC-
backed start-ups than in IVC-backed start-ups. We state this empirical implication in the
following hypothesis.

Hypothesis 1. CVC-backed start-ups receive higher investment amounts than IVC-backed
start-ups.

Second, Proposition 5 also implies that CVC-backed start-ups (having lower dis-
count rates) choose to stay longer before they exit. This argument is reflected in Hypoth-
esis 2.

Hypothesis 2. CVC-backed start-ups have longer durations than IVC-backed start-ups.

Third, our theoretical model shows that the characteristics of VC funds indirectly
impact the exit strategies of start-ups. As previously mentioned, CVC-backed start-ups
invest more in their projects than those backed by IVC financing. The model predicts
that a higher investment level increases the probability of an IPO exit (see Proposition
3.1). Furthermore, a start-up with CVC backing also stays longer, which makes it less
likely to exit via an IPO, according to Corollary 1. We test the previous theoretical results
using Hypothesis 3.

Hypothesis 3a. The investment amount has a positive effect on the probability of an IPO exit.
Hypothesis 3b. The duration of a start-up before it exits has a negative effect on the probability

of an IPO exit.

Fourth, higher investments imply higher rates of successful exits (see Proposition
3.2). Hypothesis 4 states this implication from our theoretical model.

Hypothesis 4. The investment amount has a positive effect on the probability of a successful
exit.

8. Data and Measures

We obtain the venture capital data from the ThomsonOne private equity database. This
database contains detailed information regarding the characteristics of U.S. start-ups
and their venture capital investors, such as exit routes (IPO vs. acquisition), exit dates,
type of venture capital funds (CVC vs. IVC), investment amount, fund size, etc.20 To
make sure that we get correct exit information, we obtain the list of IPO exits and
acquisition exits from the Securities Data Company (SDC) Global New Issues Database.

20. In ThomsonOne private equity database, there are other exit routes besides IPO and acquisition, such
as Management Buy-Out, which are dropped in our study. They account for 7% of all successful cases. In order
to eliminate the possibility that the exit routes dropped in the data are driven by VC firms’ characteristics (CVC
vs. IVC), we carry out a univariate comparison. The evidence shows that the probability of exiting by other
methods, besides IPO and acquisition, is not significantly different for CVC-backed start-ups and IVC-backed
start-ups (i.e., the difference is around 1% and it is not statistically significant).
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We then merge the IPO list and the acquisition list from SDC with the exit information
from ThomsonOne.21 We only keep the start-ups that have exit information (IPO or
acquisition) in both databases. If a start-up has different exit information (i.e., different
IPO date, different effective date or different IPO price, etc.) from the two databases, we
use the information from the SDC New Issues Database.

Furthermore, we obtain patent information of start-ups from the NBER Patent
Citation database (Hall et al., 2001). The database provides detailed information on
patents granted by the United States Patent and Trademark Office (USPTO) from 1976 to
2006, such as patent application year, granted year, citing and cited patents, etc. Because
the NBER patent database only covers patents that were granted, the coverage of the
patents filed in the latest years is partial. Hence, our final dataset excludes start-ups
with a first investment year after 2004. We manually match the patenting database with
the ThomsonOne private equity database based on both the start-up name and patent
application year.22 From the patenting database, we use the number of patents applied
(or the number of citations received by all the applied patents) by a start-up before
securing any VC investments, as a measure of the start-up quality/innovativeness. The
NBER patent database has two types of truncation problems. First, the lag between
patent applications and patent grants is on average two years but the variation is large.
To mitigate this truncation problem, we use the number of patents applied instead of
the number of patents granted as the proxy for innovativeness, excluding start-ups with
a first investment year after 2004. Second, the patent database ends in 2006. Then, more
recent patents have less time to accumulate citations than patents created in earlier years.
To deal with this problem, we follow Hall et al. (2001) and Atanassov (2013) and we use
the “time-technology class fixed effect” method. We scale the citations by the average
number of citations for all patents issued in the same technology class in the same year.

We also gather information from Compustat for financial data and Morgan Stanley
Capital International (MSCI) for the stock market information.

After merging the five data resources, we obtain our final sample, which consists
of 4, 311 successful U.S. start-ups with first investment year from 1980 to 2004.23 The
final sample is a cross-sectional dataset at start-up level. 24

The main independent variable of interest assesses whether a start-up receives
financing from CVC funds. To define whether a VC fund is CVC or IVC, we start from
the information of the type of investors provided by ThomsonOne database. Using

21. We merge these two databases because of some authors’ concern about the accuracy of the exit
information in ThomsonOne (see, for instance, Da Rin et al., 2013). We also run all the regressions in this paper
only with the exit information from ThomsonOne, and the results are very similar.

22. To merge the ThomsonOne data with the patent database, we manually check the names of the start-
ups, one by one, in both databases. This is because different databases use slightly different names for the
same company. By checking the names manually, we merge company names such as “3 Dimensional Pharm
Inc” from the patent database with “3-Dimensional Pharmaceuticals, Inc.” If firms have similar names from
the two database but we are not sure whether they are the same firms, we double check the firms history and
address using Google and LexisNexis.

23. Our theoretical model predicts that CVC-backed start-ups have higher investment levels and stay
longer before exiting. This model considers both successful exits (IPOs and acquisitions) and unsuccessful
exits (liquidation). However, we obtain the same results when we only consider the successful exits in the
theoretical model. In Subsection 9.5, we use an enlarged dataset (with both successful and unsuccessful
start-ups) to test Hypothesis 4, though the dataset is poor in quality because of the information restriction
of ThomsonOne. Therefore, we test our main theoretical predictions (Hypotheses 1 to 3) based only on the
successful start-ups.

24. We run all the regressions using start-up level data in the paper to match with the theoretical analyses
in the previous sections. It is a cross-sectional dataset instead of panel data because each start-up has one IPO
date or acquisition date.
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the definition from ThomsonOne, we have 549 CVC firms in our merged sample. As
CVCs are subsidiaries invested by non-financial corporations, we manually identify the
parent corporations of CVC firms and the industry classification (SIC code) of those
parent corporations based on different information sources (such as Google, LexisNexis,
etc). We redefine a VC firm as CVC if the firm has only one parent corporation and its
industry classification is not a financial institution. We exclude those CVCs for which
we cannot identify their parent corporations or those CVCs with parent corporations
classified as financial institutions. With the new CVC definition, we have 437 CVC firms
in the final sample. We use two measures to identify the characteristics of start-ups.25

The first measure is the dummy variable CVC that takes a value of 1 if a start-up has at
least one CVC investor and 0 if it is fully financed by IVCs. The second measure is the
continuous variable CVC_Per calculated as the percentage of the investment amounts
from CVC funds scaled by the start-up’s total investment amount. This measure proxies
for the degree of participation by CVC funds in a start-up.

To test whether CVC funds have different investment amounts, duration periods,
and exit strategies compared with IVC funds, we construct three dependent variables
at the start-up level: the total investment amount, the duration before the exit, and the
exit route (IPO or acquisition). To measure the amount invested in a start-up (Investment
Amount), we add up the disclosed investment amounts across all rounds.26 We define the
duration before the exit (Duration) as the difference in days between the start-up’s exit
date (IPO date or acquisition date) and the date on which it received its first investment
from VC investors.27 Finally, a start-up’s exit strategy is denoted by the indicator variable
IPO, which equals 1 if a start-up exits through an IPO and 0 if it exits through an
acquisition.

Based on the prior literature, we control for a set of variables that may explain
the investment, duration, and exit strategies. Masulis and Nahata (2009) argue that if a
start-up and the parent company of the CVC investor are in the same industry, the latter
is likely to have more information about the potential value of the venture than it would
if the two firms operated in different industries. This argument leads to the endogeneity
concern that CVC funds invest more because they have more precise information about
the start-ups. To control for such effects, we include an indicator variable, CVC Strategic
Re., which is 1 if the parent company and the start-up have the same four-digit SIC
code (i.e., they are competitors in the same industry), and 0 otherwise.28 Moreover, to
mitigate the endogeneity concern that CVC firms are good at selecting better start-ups
than IVC firms, or that they invest in more R&D intensive projects, we include the control
variable Patents in Stock, which measures the number of patents applied by a start-up
before receiving any VC investments, as a proxy of the quality/innovativeness of the
start-up.29

We also control for both syndicate size (i.e., the number of VC firms in one syn-
dicated deal) and syndicate leader type. A syndicated deal involves two or more VC

25. See Chemmanur et al. (2013) for reference.
26. The ThomsonOne database displays both the disclosed and the estimated investment amounts for

start-ups. To calculate the total investment amount for a certain start-up, we use the disclosed amount.
27. We also run some regressions with the variable Duration (Years) instead of Duration(Days).
28. We also define the indicator variable CVC Strategic Re. using a two-digit SIC code. The regression

results are similar to those defined with a four-digit SIC code. These empirical results are available upon
request.

29. As a robustness check, we use the total number of citations (adjusted for truncation problem) received
by a start-up before the first investment round instead of the number of patents. Our results remain similar
and are available upon request.
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firms that take equity stakes in an investment for a future joint payoff (see, for example,
Toldra, 2010). A larger value of the variable Syndicate Size indicates that there are more
investors in the start-up, which may influence the investment amount or the time before
exit. The syndicate leader is the main fund in the syndicated deal. This fund organizes
the syndicate and arranges and manages the project. The variable Syndicate Leader CVC
takes the value 1 if the fund that provides the maximum investment amount in a syn-
dication is a CVC firm and 0 otherwise (Masulis and Nahata, 2009). If a CVC fund is
the leader, it has more decision power. Furthermore, more mature VC funds have more
experience, a better reputation, and richer resources, which are likely to lead to higher
investment levels in start-ups. Thus, in the regressions we also add the age of the VC
fund as a proxy for the VC experience. The variable VC Fund Age is measured as the
average fund age across all funds investing in the start-up.

To control for the influence of the stage of start-up development when the first
investment happens on the investment amount and duration, we include an indicator
variable, Early Invest Stage, which is 1 if the first investment is made at the seed or
an early stage of the start-up’s development. We also take into account the internal
situation of the start-up at the time of exit. For instance, Aghion and Bolton (1992) and
Cumming (2008) note that the balance of controlling power between the entrepreneur of
a start-up and the VC investors may influence the exit strategy. Entrepreneurs are likely
to prefer IPOs over acquisitions because the entrepreneurs can continue to enjoy the
private benefits of running the firm in the event of an IPO, whereas venture capitalists
may prefer acquisitions over IPOs because of the significant costs involved in preparing
IPOs. Thus, the likelihood of IPOs increases as the controlling power of entrepreneurs
increases. To account for this effect, we include the indicator variable Later Exit Stage
in the regression. This variable is equal to 1 if the start-ups exit at the expansion or
later stages and 0 if they exit at the seed or early stages. The intuition behind this
variable is that entrepreneurs tend to have more control over their technologies and/or
business operations if their start-ups exit in the expansion or later stages of the business
cycle (Smith, 2005; Schwienbacher, 2010). Furthermore, we control for the stock market
performance three months prior to the start-ups’ exit dates (3-month MSCI). Presumably,
a strong stock market performance can increase the value of IPO exits. Another concern
is that the 2002 Sarbanes-Oxley Act raised the cost of going to an IPO, which may
influence start-ups’ choice of exit strategies. In our data sample, the percentage of IPO
exits to acquisition changes a lot after the year 2002. For all the start-ups with IPO or
acquisition exits, 51% of the start-ups have an IPO exit prior to 2002 whereas only 11%
of them exit with an IPO after 2002. To take into account this effect and other possible
macro-market influences, we control for the year fixed effect in all regression models.

According to our sample, there are around 60 industries based on 2-digit SIC
codes, among which 14 industries have more than 20 start-ups in each industry. The
major industries are the Business Service, Chemicals and Allied Products, Industrial
Machinery and Equipment, Electronic Equipment, Communications, and Engineering
Services, where venture capital investments are more common.30 About half of the start-
ups in the sample are from the Business Service industry (SI C = 73). To control for the
possibility that our results are mainly driven by this particular industry, we include an
indicator variable, Industry 73, in the analysis. Industry 73 takes the value of 1 if a start-up

30. We do not exclude the start-ups classified as financial institutions (i.e., SIC code between 6000 and
6999) in the following empirical analysis, but we check the robustness of our results by excluding the financial
institutions, the results remain the same. The results without financial institutions are available upon request.
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Table I.
Summary Statistics

No. of Obs. Mean Std. Dev. Min Max
CVC 4,311 0.30 0.46 0 1
CVC_Per 4,311 0.17 0.31 0 1
IPO 4,311 0.34 0.47 0 1
Investment Amount 4,311 33.60 81.74 0.02 4,653.06
Duration (Days) 4,311 1,729.28 1,100.72 50 8,310
Duration (Years) 4,311 4.74 3.02 0.14 22.77
Investment Rounds 4,311 4.37 2.88 1 27
Syndicate Size 4,311 5.94 4.36 1 35
Syndicate Leader CVC 4,311 0.03 0.16 0 1
VC Fund Size 4,311 216.40 384.56 0.09 6,011.62
VC Fund Age (Years) 4,281 7.95 5.14 0 24.33
IVC Fund Age (Years) 4,311 7.16 5.98 0 29
CVC Strategic Re. 4,311 0.04 0.20 0 1
Industry MB 4,311 13.73 21.87 0.78 432.1
3-Month MSCI 4,311 2,925.32 1,304.45 183.71 4,881.96
Later Exit Stage 4,311 0.82 0.38 0 1
Early Invest Stage 4,311 0.72 0.45 0 1
Industry 73 4,311 0.47 0.50 0 1
Patent in Stock 4,311 0.50 2.52 0 56

This table reports the descriptive statistics for the sample of CVC- or IVC-backed start-ups with either IPO or acquisition exits from 1980 to 2004.
The main data sources are the ThomsonOne private equity database, the NBER Patent Citation database, Compustat, and Morgan Stanley Capital
International (MSCI). In our sample, around 30% of the start-ups are partially financed by CVC funds, whereas the rest are financed exclusively
by IVC funds. Moreover, 34% of the start-ups exit through IPOs and 66% exit through acquisitions

belongs to the Business Service industry and 0 otherwise. We also include the industry
market to book value, denoted by Industry MB, to control for the effect of industry-level
growth opportunities on the investment amount and duration strategy.

Appendix B provides the definition of all the variables used in the regressions.
Table I presents the summary statistics of the variables. In our sample, around 30%
of the start-ups are partially financed by CVC funds, whereas the rest are financed
exclusively by IVC funds. Moreover, 34% of the start-ups exit through IPOs, and 66%
exit through acquisitions.

The Pearson pairwise correlation between the indicator variable CVC and Invest-
ment Amount is 0.14 and between CVC and Duration is around 0.12. The correlation
between Duration and Investment Amount is only 0.07. These correlations mitigate the
concern that the main variables are highly correlated and may cause potential multicol-
inearity problems in the multivariate analysis of exit strategies.31

9. Empirical Results

9.1 Univariate Evidence

We start our analysis by providing some univariate evidence on the differences in
the investment and duration strategies of CVC- and IVC-backed start-ups. Table II
presents a univariate comparison of these two groups of start-ups. There are significant
differences between them across several dimensions. For instance, CVC-backed start-
ups have higher investment levels than IVC-backed start-ups. The average amount

31. The correlation matrix of all the variables is available upon request.
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Table II.
Comparison between CVC and IVC Funds

IVC CVC Difference t-Statistics

IPO 0.33 0.35 −0.014 −0.86
Investment Amount 25.95 51.84 −25.88 −12.29∗∗∗
Duration 1,642.02 1,937.76 −295.74 −7.99∗∗∗
Investment Rounds 3.98 5.29 −1.30 −13.89∗∗∗
Syndicate Size 4.65 9.02 −4.37 −29.78∗∗∗
VC Fund Size 219.50 208.99 10.51 0.99
VC Fund Age 7.85 8.19 −0.34 −2.17∗∗
IVC Fund Age 6.84 7.91 −1.07 −5.57∗∗∗
Later Exit Stage 0.79 0.89 −0.10 −9.02∗∗∗
Early Invest Stage 0.68 0.82 −0.14 −10.48∗∗∗
Industry 73 0.44 0.53 −0.09 −5.19∗∗∗
Patent in Stock 0.44 0.63 −0.19 −2.06∗∗

This table reports the univariate analysis of the characteristics of CVC- and IVC-backed start-ups. CVC-backed start-ups have higher investment
levels than IVC-backed start-ups. There is also a large gap between the average duration periods of these two types of start-ups. CVC-backed
start-ups have more investment rounds, larger syndicate size, start investment at earlier stages, tend to exit at later stages of the business cycle,
and own more patent applications before the first investment round. ∗∗∗ , ∗∗ and ∗ denote statistical significance at 1%, 5%, and 10% level. Please
see Appendix B for variable definitions

invested in CVC-backed start-ups is approximately US$52 million, whereas the average
amount invested in IVC-backed start-ups is approximately US$26 million. Consistent
with Gompers and Lerner (2000), the difference in investment amounts between these
two groups is approximately US$26 million and is statistically significant at the 1%
level. Furthermore, there is a large gap between the average duration periods of these
two types of start-ups. The average duration for CVC-backed start-ups is 1,938 days,
whereas the average duration for IVC-backed start-ups is 1,642 days. This difference is
statistically significant. However, the difference in the IPO exit rates is not significant.

Concerning other variables, in contrast with IVC-backed start-ups, CVC-backed
start-ups have more investment rounds and larger syndicate size, start investment at
earlier stages and tend to exit at later stages of the business cycle. CVC-backed start-ups
also own more patent applications before they receive the first investment from VC
funds. This implies that there exists an identification problem, that is, CVCs invest in
start-ups with better innovation quality compared with IVCs. We mitigate this problem
by controlling for the total number of applied patents before the first investment year in
all the regressions, as well as using the instrumental variable estimation and treatment-
effects regression model.

9.2 Fund Characteristics and Investment Strategy

We now examine the impact of CVC funds on the investment strategy of start-ups in
a multivariate framework (Hypothesis 1). First, we use the following ordinary least
squares model to estimate this effect:

ln Investment Amounti = α0 + α1CVCi +
10∑

k=1

αk Zki + εi . (6)

In the above model, the variable Investment Amount denotes the total investment
amount at the start-up level. The indicator variable CVC captures whether a start-up
receives CVC financing.
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Second, we address the problem that start-ups are not randomly matched with
VC investors. Whether a start-up is CVC-backed or not is determined by observable or
unobservable fund and start-up characteristics. In turn, such characteristics can lead to
start-ups’ choice for investment, as well as for duration and exit strategies, which are
not completely explained by the fund characteristics. For instance, Gans et al. (2002) and
Gans and Stern (2003) indicate that a higher relative cost of acquiring complementary
assets reduces the possibility of IPO exits for start-ups. Because CVC-backed start-ups
may have better access to complementary assets compared with those only backed by
IVC funds, there can be more IPO exits related to CVC financing than IVC financing.
We mitigate this endogeneity problem to some extent by controlling for the quality of
start-ups prior to their receiving investment from VC funds. We use the total number of
patent applications before the first investment round as a measure of quality. However, it
is just a proxy of the start-ups’ quality and the concern for endogeneity is not completely
eliminated.

To further mitigate the identification problem, we use the treatment-effects regres-
sion model. It is a generalized version of the traditional two-step Heckman selection
model (Heckman, 1979), which accounts for the effect of unobservables, that is, omitted
variables that simultaneously affect the investor type and the investment, duration, and
exit strategies (Maddala, 1983; Li and Prabhala, 2007; Bayar and Chemmanur, 2012).
In the first stage regression, we seek to find out what influences the match between
start-ups and CVC/IVC funds. The dependent variable of the first stage is the dummy
variable CVC . The explanatory variables should capture the start-up characteristics and
general market conditions that influence CVC/IVC investments in start-ups. The first
variable that we include measures corporate liquidity. We claim that the probability of
CVC financing is affected by the corporations’ liquidity and extra cash (Da Gbadji et al.,
2011). The intuition is that CVC funds are more willing to invest in start-ups in a year
and industry where there is plenty of liquidity or extra cash. We measure the accounting
liquidity in an industry in a given year using working capital (Harrison et al., 2011).
We construct the variable 5-Year Avg WC, which captures the five-year average working
capital in an industry right before CVCs invest in start-ups. With the same logic, we
also construct the variable 5-Year Avg Net CF (five-year average net cash flow) in a year
and industry to measure the extra cash. In addition, a start-up is more likely to receive
CVC financing if that start-up is looking for VC financing in a year and geographic
area when there is plenty of CVC funding. We measure the geographic area by the U.S.
Metropolitan Statistical Areas (MSA). The variable Avg MSA CVC Inv/Total Inv captures
the aggregate CVC funding near the start-ups’ operating location in a given year. The
variable is constructed as the total investments made by CVC funds in the year and the
geographic area that the start-up operates as a percentage of the total VC investments
for that year in the same geographic area. We also control for the total number of patents
applied by the start-up and the investment stage before it receives VC investments.
Industry and year-fixed effects are also controlled for.32 The result of the first stage
regression is reported in Table III.

We find that all the explanatory variables have statistically significant effects on the
probability that the start-ups receive CVC investments. Higher industry-level liquidity
and cash flow increase the probability of CVC investment. Moreover, start-ups are more
likely to be associated with CVCs if there is a higher share of CVC investments in the

32. Please refer to Appendix B for the detailed definition of the explanatory variables for the first stage
treatment-effects estimation.
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Table III.
Determinants of CVC Investment in Start-Ups

DV: CVC Dummy Variable

5-Year Avg WC 0.004∗∗∗
(5.69)

5-Year Avg Net CF 0.022∗∗∗
(4.81)

Avg MSA CVC Inv/Total Inv 1.888∗∗∗
(14.39)

Patents in Stock 0.046∗∗∗
(6.07)

Seed Stage −1.76∗∗∗
(−16.01)

Early Stage −1.40∗∗∗
(14.47)

Expansion Stage −0.59∗∗∗
(−6.25)

Year Fixed Effects Yes
Industry Fixed Effects Yes
N 3,598

This table reports the results of the first stage treatment-effects regression. Probit regression is estimated to predict the probability of a start-up to
receive CVC investment in any investment round vs. only IVC financing. The dependent variable is the dummy variable CVC taking a value of
1 if a start-up has at least one CVC investor and 0 if it is fully financed by IVCs. All available information that can influence the probability for a
start-up to receive CVC financing is included as independent variables. Please see Appendix B for variable definitions. The Z-values are reported
in parentheses. ∗∗∗ , ∗∗ and ∗ denote statistical significance at 1%, 5%, and 10% level

same MSA. Finally, CVCs tend to invest more in start-ups with a higher number of
patent applications.33

Panel A of Table IV presents the results of the regressions that estimate Hypothesis
1 using OLS regression and Panel B shows the results of the second stage estimation of
the treatment-effects model, by controlling for the inverse Mills ratio, which captures
the unobservable effect on the match between CVC/IVC and start-ups. For Panel A,
there are three models depending on the different independent variables included. For
Panel B, there are only two models because the first stage estimation does not allow an
endogenous variable that is not a dummy.

In Model 1, the estimated coefficient of CVC is positive and statistically significant
at the 1% level. This finding is consistent with the theoretical prediction that CVC funds
invest more in start-ups than IVC funds do. The economic magnitude is also significant.
The amounts invested in start-ups financed by CVC funds are 18% greater than the
amounts invested in those financed by IVC funds. Moreover, if the syndicate leader
of a start-up is a CVC investor, the start-up experiences an additional 34% increase in
its investment level. In Model 2, we redefine the VC fund age and calculate it as the
average age of IVC funds. Managers of younger IVC funds are more eager to show
success than managers of older IVC funds. Therefore, the effect of the age of the fund
should be stronger for IVC funds than for CVC funds that may stay in business for

33. In the treatment-effects estimation, the number of observations is around 700 less than in the OLS
regression. This is because we have missing observations for the variable 5-Year Avg Net CF before year 1987
in Compustat. To eliminate the concern that the results in the treatment-effects estimation can be driven by
different sample size from the OLS regression, we run the same OLS regression for the smaller sample set
and we obtain very similar results. We do the same to the duration and exit strategies. The OLS results are
available upon request.
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Table IV.
Investment Strategy

Panel A Panel B
OLS Treatment-effects

Model 1 Model 2 Model 3 Model 1 Model 2

CVC 0.177∗∗∗ 0.165∗∗∗ 0.312∗∗∗ 0.295∗∗∗
(5.02) (4.72) (4.63) (4.40)

CVC_Per 0.190∗∗∗
(3.68)

Investment Rounds 0.106∗∗∗ 0.106∗∗∗ 0.108∗∗∗ 0.111∗∗∗ 0.112∗∗∗
(18.74) (18.92) (18.89) (17.11) (17.38)

Syndicate Size 0.132∗∗∗ 0.132∗∗∗ 0.135∗∗∗ 0.139∗∗∗ 0.139∗∗∗
(31.96) (32.24) (32.90) (28.37) (28.66)

Syndicate Leader CVC 0.343∗∗∗ 0.334∗∗∗ 0.341∗∗∗ 0.403∗∗∗ 0.394∗∗∗
(4.16) (4.08) (3.99) (4.55) (4.49)

ln(VC Fund Size) 0.355∗∗∗ 0.357∗∗∗ 0.355∗∗∗ 0.352∗∗∗ 0.353∗∗∗
(31.05) (31.44) (31.00) (29.44) (29.76)

VC Fund Age 0.014∗∗∗ 0.014∗∗∗ 0.013∗∗∗
(5.51) (5.44) (5.22)

IVC Fund Age 0.016∗∗∗ 0.015∗∗∗
(7.10) (6.44)

CVC Strategic Re. 0.035 0.032 0.067 0.035 0.031
(0.51) (0.46) (0.98) (0.5) (0.45)

ln(Industry MB) 0.032 0.034∗ 0.034∗ 0.037∗ 0.039∗∗
(1.63) (1.75) (1.78) (1.84) (1.96)

Early Invest Stage −0.014 −0.018 −0.017 0.012 0.007
(−0.47) (−0.61) (−0.58) (0.33) (0.21)

Industry 73 −0.202∗∗∗ −0.203∗∗∗ −0.202∗∗∗ −0.223∗∗∗ −0.224∗∗∗
(−6.38) (−6.47) (−6.36) (−6.61) (−6.68)

Patent in Stock 0.017∗∗∗ 0.016∗∗∗ 0.017∗∗∗ 0.015∗∗∗ 0.014∗∗∗
(3.22) (3.17) (3.29) (2.84) (2.75)

Inverse Mills Ratio −0.119∗∗∗ −0.119∗∗∗
(−2.69) (−2.69)

Year Fixed Effects Yes Yes Yes Yes Yes
N 4,281 4,311 4,281 3,572 3,598
Adj. R2 0.64 0.64 0.64 N/A N/A

This table reports the results of the regressions that estimate whether CVC-backed start-ups receive more investment amount compared with
those fully financed by IVCs. Panel A presents the results of OLS regressions and Panel B presents the results of the second stage treatment-effects
regressions, by controlling for the inverse Mills ratios. The dependent variable for all the regressions is ln(Investment Amount). It is the total
investment amount received by a start-up before its IPO or acquisition exit. The main independent variable in Models 1 and 2 is the dummy
variable CVC, which takes a value of 1 if a start-up has at least one CVC investor and 0 if it is fully financed by IVCs. In Model 3, whether a start-up
receives CVC financing is measured by a continuous variable CVC_Per, which is the percentage of the investment amounts from CVC funds scaled
by the start-up’s total investment amount. Different from Models 1 and 3, Model 2 measures VC funds experience based on average IVC fund age,
rather than the average fund age across all funds investing in the start-up. Please see Appendix B for other variable definitions. The t-statistics (for
Panel A) and the Z-values (for Panel B) are reported in parentheses. ∗∗∗ , ∗∗ and ∗ denote statistical significance at 1%, 5%, and 10% level

strategic reasons other than success. The results are robust to this alternative definition
of fund age. Furthermore, in Model 3, we use the percentage of CVC investments as an
alternative measure to capture the influence of CVC financing. The results are similar
to those of Models 1 and 2.34 We find that more investment rounds, larger fund sizes,
larger syndicate sizes, industries with more growth opportunities, higher number of
patent applications before the first investment (i.e., more innovativeness), and being in

34. The number of observations in each regression is slightly different because we have missing informa-
tion for the ages of some CVC funds.
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an industry different from the Business Service industry lead to increased investments
in start-ups. We do not find any significant effect of the CVC funds’ relationships with
the start-ups (competitive or not) on the amounts invested in the start-up.35

Panel B shows the results of the second stage treatment-effects estimations, which
are qualitatively similar to previously discussed OLS results. The inverse Mills ratios
are statistically significant at the 1% level, which implies that there exists selection bias
in the estimation of investment strategies. After controlling for the inverse Mills ratios,
we still find that CVC has a positive and very significant effect on the total investment
amount. Taken together, the results of Panels A and B in Table IV strongly support the
prediction that CVC-backed start-ups are associated with higher investment levels.

9.3 Fund Characteristics and Duration Strategy

Our theoretical model predicts that the start-ups financed by CVC funds stay longer than
those financed by IVC funds (Hypothesis 2). To test this prediction, we use a duration
model because the dependent variable represents the period of time before the exit. We
assume a Weibull distribution of the residual values and parametrically estimate the
duration model.36 The hazard rate h(t) and the survivor function S(t) for the Weibull
distribution are described as follows:

h(t) = pt p−1exp(αx) S(t) = exp(−exp(αx)t p) (7)

In equation (7), t stands for the number of days between the first investment date
(initial time point) and the exit date, which is the duration in our sample. In addition,
exp is the exponential transformation and p is the shape parameter. The explanatory
variables and their coefficients are denoted by vectors x and α. As before, the main inde-
pendent variable of interest is CVC , which indicates whether the start-up has financing
from CVC funds. We include the same set of control variables used in the regression that
estimates the effect of CVC funds on the total investment amount.37 Similar to the invest-
ment strategy, we estimate the effect of fund characteristics on the start-ups’ duration
strategy using both the survival model and the survival model with a treatment-effects
estimation. In the survival model, a F ailure is defined as the start-up exiting on or before
t. Our dataset is not censored. This means that all the start-ups exit (either through an
IPO or acquisition) before the study is carried out. Thus, each start-up is considered to
be a F ailure case in the model. The only difference is how long it takes the start-ups to
exit, which is captured by the duration variable t. A hazard rate greater than 1 for an
explanatory variable indicates that there is a higher probability for start-ups to “F ail ′′

which means that start-ups stay a shorter period before exit. An hazard rate smaller
than 1 means a slower exiting process. In the treatment-effects estimation, we add the

35. Instead of using Industry 73 and Industry MB to control for the industry effect, we run a similar
regression controlling for the industry fixed effect on the investment strategy and find that the empirical
results are very similar to the ones in Table IV. These empirical results are available upon request. We do not
control for Industry MB, industry and year fixed effects at the same time because of multicollinearity concerns.

36. The assumption of a Weibull distribution is based on the Akaike Information Criterion (AIC) and
the Bayesian Information Criterion (BIC). We also tried the semi-parametric estimation (COX estimation) of
the survival model. However, the post-estimation PH-test rejected the proportional hazards assumption of
the COX estimation.

37. To control for the industry effect on duration, we use the same strategy that we use for investment
amount. We include either industry market-to-book value or industry fixed effect. The results remain similar.
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Table V.
Duration Strategy

Panel A Panel B
Survival Treatment-effects

Model 1 Model 2 Model 3 Model 1 Model 2

CVC 0.988 0.984 0.912∗ 0.909∗
(−0.27) (−0.37) (−1.70) (−1.77)

CVC_Per 1.074
(1.12)

Investment Rounds 0.865∗∗∗ 0.864∗∗∗ 0.866∗∗∗ 0.852∗∗∗ 0.850∗∗∗
(−19.01) (−19.25) (−18.81) (−17.91) (−18.28)

Syndicate Size 0.994 0.994 0.991∗ 0.982∗∗∗ 0.983∗∗∗
(−1.27) (−1.25) (−1.82) (−2.85) (−2.74)

Syndicate Leader CVC 1.122 1.094 1.064 1.145 1.109
(1.17) (0.91) (0.61) (1.22) (0.94)

ln(VC Fund Size) 0.962∗∗∗ 0.967∗∗ 0.963∗∗∗ 0.975∗ 0.980
(−2.81) (−2.49) (−2.78) (−1.75) (−1.42)

VC Fund Age 1.00 1.00 1.003
(0.01) (0.08) (0.83)

IVC Fund Age 1.005∗∗ 1.009∗∗∗
(1.97) (3.18)

CVC Strategic Re. 0.984 0.987 0.961 0.982 0.981
(−0.19) (−0.16) (−0.49) (−0.22) (−0.23)

ln(Industry MB) 0.846∗∗∗ 0.849∗∗∗ 0.845∗∗∗ 0.862∗∗∗ 0.867∗∗∗
(−7.65) (−7.5) (−7.69) (−6.18) (−6.01)

Early Invest Stage 1.008 1.008 1.007 1.158∗∗∗ 1.149∗∗∗
(0.24) (0.22) (0.19) (3.18) (3.03)

Industry 73 1.167∗∗∗ 1.166∗∗∗ 1.164∗∗∗ 1.168∗∗∗ 1.169∗∗∗
(4.01) (4.01) (3.96) (3.61) (3.65)

Patent in Stock 0.999 0.999 0.999 0.996 0.996
(−0.08) (−0.09) (−0.15) (−0.58) (−0.58)

Inverse Mills Ratio 0.884∗∗∗ 0.889∗∗∗
(−3.16) (−3.04)

Year Fixed Effects Yes Yes Yes Yes Yes
N 4,281 4,311 4,281 3,572 3,598
Log likelihood −4,039.4 −4,069.7 −4,038.8 N/A N/A

This table reports the results of the regressions that estimate whether CVC-backed start-ups stay longer than IVC-backed start-ups before a
successful exit. Panel A presents the hazard rates of a survival model (parametrical estimation) based on a Weibull distribution of the residual
values, and Panel B presents the hazard rates of the second stage treatment-effects regressions based on a survival model, by controlling for the
inverse Mills ratios. In the survival estimation, a hazard rate greater than 1 indicates a higher probability for start-ups to exit earlier. A hazard
rate smaller than 1 means a slower exiting process (i.e., staying longer before exiting via IPO or acquisition). The dependent variable for all the
regressions is Duration for start-ups, defined as the number of days between the first investment date and the exiting date. The main independent
variable in Models 1 and 2 is the dummy variable CVC, which takes a value of 1 if a start-up has at least one CVC investor and 0 if it is fully
financed by IVCs. In Model 3, whether a start-up receives CVC financing is measured by a continuous variable CVC\_Per, which is the percentage
of the investment amounts from CVC funds scaled by the start-up’s total investment amount. Different from Models 1 and 3, Model 2 measures VC
funds experience based on average IVC fund age, rather than the average fund age across all funds investing in the start-up. Please see Appendix
B for other variable definitions. The Z-values are reported in parentheses. ∗∗∗ , ∗∗ and ∗ denote statistical significance at 1%, 5%, and 10% level

estimated inverse Mills ratio from the first stage as a controlling variable in the second
stage estimation.

The hazard ratios of both estimations are shown in Table V. Panel A includes three
regression models of normal survival estimation. The results of the treatment-effects
estimation are presented in Panel B.

Similar to the results in Table IV, the inverse Mills ratios of the treatment-effects
models implies an identification problem in the estimation of duration strategies. Al-
though the effect of CVC on duration is not significant in the normal survival estimation,



440 Journal of Economics & Management Strategy

the results from the treatment-effects estimation after controlling for the inverse Mills
ratio show that the CVC-backed start-ups stay significantly longer before exiting than
the IVC-backed start-ups, which is consistent with Hypothesis 2. For both the survival
estimation and the treatment-effects model, the start-ups with more investment rounds
and a larger syndicate size stay much longer than those with less investment rounds and
a smaller syndicate size. Moreover, start-ups that receive funds from larger VC funds
and in industries with more growth opportunities stay longer prior to exit. However,
the start-ups receiving funds from older IVC funds seem to stay for a shorter period of
time. For both estimation methods, the impact of the competitive relationship between
CVC funds and start-ups on duration is not significant. Together with the similar finding
concerning the level of investment, this result suggests that whether CVC investors have
more information about the start-ups and whether the CVC’s parent company and the
start-up are competitors do not appear to affect the investment and duration strategies.
Finally, more innovative start-ups (i.e., those with more applied patents at the beginning
of the investment round) do not stay significantly longer before exit than less innovative
ones.

9.4 Fund Characteristics and Start-Up Exit Strategies

In this section, we test the direct effect of CVC funds and their indirect impacts through
investment and duration decisions on start-ups’ exit strategies (Hypothesis 3) using the
following model:

Exiti = α0 + α1CVCi + α2 ln Duration(Days)i

+ α3 ln Investment Amounti +
9∑

k=1
αk Zki + εi .

(8)

The dependent variable Exit is an indicator variable that takes the value 1 if a start-up
exits through an IPO and 0 if it exits through an acquisition. The main independent
variables of interest are CVC , Investment Amount, and Duration (Days). We control for
variables such as average fund size, number of total patent applications before the first
investment, stock market condition, industry characteristics, year fixed effect, etc., as we
discussed in Section 8.

To estimate the effect of VC fund characteristics on start-up exit strategies, we first
use the logistic regression and OLS estimation. Then, to control for the identification
concern related to VC investor type selection, we use both a treatment-effects estimation
similar to the investment and duration strategies, and an instrumental variable esti-
mation. The first stage treatment-effects estimation is the same as the results shown in
Table III. In the second stage estimation, we include the inverse Mills ratio as a controlling
variable.

For the instrumental variable approach, we construct two instruments which we
also used as explanatory variables in the first stage estimation of the treatment-effects
model. The first instrument is the variable Avg MSA CVC Inv/Total Inv. It measures the
share of CVC investments over total investments in the geographical area of the start-up.
The intuition is that the likelihood of CVC financing should increase with this share.
We believe that the instrument reasonably satisfies the exclusion restriction because the
share of CVC funding supply at MSA level can hardly influence the start-up level exit
strategy.
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The second instrumental variable is the 5-Year Avg WC, which is constructed based
on the intuition that CVC funds are more willing to invest in start-ups in a year and
industry where there is plenty of liquidity. We believe that this variable influences
the probability of start-ups receiving CVC investments and it should not affect the
probability of a start-up’s exit strategy in several years.

The results of the regressions that estimate Hypothesis 3 using the logistic estima-
tion, treatment-effects estimation and instrumental variable estimation are presented in
Tables VI, VII, and VIII, respectively.38 With logistic and OLS estimations, we present
seven regression models depending on different definitions of some explanatory vari-
ables. For the treatment-effects estimation, we present models with the dummy variable
CVC as the independent variable because of the first stage estimation. In the instrumen-
tal variable estimation, we show models with the endogenous independent variable
CVC or CVC Per . These results are robust to the three above-mentioned econometric
specifications and provide strong support for Hypotheses 3a and 3b.39

Table VI shows the regression results of logistic and OLS estimations. In
Model 1, we investigate the effect of CVC financing on the exit strategy of start-ups
without controlling for the duration effect and investment amount effect. We find that
start-ups backed by CVC funds are more likely to have an IPO exit than those backed
by IVC funds. This positive effect is statistically significant. On the contrary, in Model
2, we control for the duration effect and investment amount effect but not for the in-
vestor type. The result shows that duration has a statistically significant and negative
effect on the likelihood of IPO exit whereas investment amount has a statistically sig-
nificant and positive effect. When we control for investor type, as well as duration
and investment in Models 3, 5, 6, and 7, the effect of CVC funds on an IPO exit is
not statistically significant when either the CVC indicator variable or the percentage
of investment amounts made by CVC funds is used. These results, together with the
results from Models 1 and 2, provide strong support for Hypothesis 3 and suggest
that the type of investor does not directly impact the exit strategy over and above the
effects of duration and investment amount. However, CVC funds indirectly influence
the exit strategy through the investment amounts provided to the start-up and the
duration of the start-up. Specifically, the coefficient of Ln(Investment Amount) is posi-
tive and statistically significant. In terms of economic magnitude, a 1% increase in the
investment amount increases the probability of an IPO exit by 0.078%, as evidenced
in Model 7. Furthermore, a longer duration leads to a significantly lower probability
of an IPO exit. A 1% increase in the duration decreases the probability of an IPO by
0.024%.

In Model 4, we include a quadratic form of the duration to test the non-linear
effect of duration on the exit strategy. The coefficient of this quadratic duration term
is positive and statistically significant, which suggests that the negative effect of the

38. The number of observations in each regression is different because we have missing information for
some CVC fund ages. In addition, observations with an exit year in 1981 and 1983 are dropped automatically
in the logistic estimation for no IPO exits for the two years. For treatment-effects estimation, there are around
700 missing observations from the five-year average net cash flow before 1987.

39. In Tables VI–VIII, we include results estimating the same hypothesis with different econometric models
(Logistic, OLS, treatment-effects and Instrumental Variable). The specifications are slightly different because of
the different methodology characteristics. For instance, Model 2 is not included in Tables VII and VIII because
both IV estimation and treatment-effects regression require a first stage regression depending on the investor
type (CVC vs. IVC), which is omitted in Model 2’s regression. Model 6 is not included in Table VII because
the first stage estimation of treatment-effects regression does not allow an endogenous variable that is not a
dummy.
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duration on the probability of an IPO exit is stronger if the duration is shorter. To
better understand this quadratic effect, we run similar regressions for the start-ups with
durations less than eight years and more than eight years, respectively. These subsample
analyses confirm that the effect of duration on the likelihood of an IPO exit has two
regions. The effect is linear and significant for the start-ups whose durations are less
than eight years. Conversely, the effect is insignificant in a linear or quadratic manner
if the duration for the start-up is more than eight years. In our dataset, the average
duration of the start-ups is approximately four to five years, and more than 86% of the
start-ups in our sample stay for less than eight years. Therefore, the quadratic effect of
the duration does not alter our conclusions regarding the effect of duration on the exit
strategy.

Furthermore, the results provide additional evidence of the effect of the discount
rate on the exit strategy. Specifically, the effect of the VC fund size on the probability
of an IPO is not statistically significant if both the duration and investment effects are
controlled for in Models 2 to 7. However, in Model 1, when we remove the duration
and investment amount, the estimated coefficient on Ln (VC Fund Size) is positive and
statistically significant. The effect of the VC fund size is particularly interesting because
the discount rate of a fund is likely to decrease with its size as larger funds have more
resources than smaller funds. Thus, the fund size should have an effect on investment,
duration, and exit strategies that is similar to the effect of the type of investor. According
to Tables IV and V, the fund size also positively impacts the investment amount and the
duration as the variable CVC , although Tables VI shows that fund size does not directly
affect the exit strategy.

The sign of the control variables are also as expected. For instance, a stronger stock
market performance three months before exit significantly increases the likelihood of
IPOs. The estimated coefficient of the variable Later Exit Stage is positive and statistically
significant. This finding is consistent with the results of the prior literature, which states
that start-ups are more likely to exit through IPOs if entrepreneurs have controlling
power (Cumming, 2008). Interestingly, start-ups with more patent applications at the
beginning of the VC investment have a higher probability of exiting through an IPO
than those with less applications. This confirms that higher quality start-ups exit more
often through IPOs. Whether the start-ups and the parent companies of CVC funds are
in the same industry has no significant impact on the exit strategy.

The second-stage regression results of treatment-effects model is included in
Table VII. The coefficients of the inverse Mills ratios are not statistically significant
in the estimation of the exit strategies. This confirms that the results in Table VI are quite
plausible. The results after controlling for the inverse Mills ratio are qualitatively the
same as those of the logistic estimation. If neither the investment nor duration effect is
controlled for, CVC-financed start-ups have statistically more IPO exits than those only
financed by IVCs. Once the investment and duration effects are controlled for, the VC
fund type loses its influence on start-up exit strategies. Similar to the logistic regressions,
I nvestment Amount and Duration have opposite effects on the probability of IPO exits.
Both effects are statistically significant.

Table VIII shows both the first and second stage regression results using the IV
approach for Models 3 to 6 of Table VI. The results from the first stage regressions
suggest that the instruments significantly explain the CVC variable. Both 5-Year Avg
WC and Avg MSA CVC Inv/Total Inv are positively and significantly associated with the
investor type (CVC vs. IVC) in all model specifications. The robust F-statistic is around
174 for Models 3 to 5 and 111 for Model 6. The robust F-statistics are well above the
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Table VII.
Exit Strategy—Treatment-effects Estimation

Dependent Variable: IPO

Model 1 Model 3 Model 4 Model 5

CVC 0.09∗∗∗ 0.017 0.015 0.02
(3.40) 0.67 (0.56) (0.76)

ln(Duration) −0.035∗∗∗ −0.034∗∗
(−3.32) (−3.24)

Duration Year −0.021∗∗∗
(−3.40)

(Duration Year)2 0.002∗∗∗
(2.59)

ln(Investment Amount) 0.098∗∗∗ 0.098∗∗∗ 0.098∗∗∗
(15.29) (15.31) (15.32)

ln(VC Fund Size) 0.034∗∗∗ −0.006 −0.005 −0.006
(6.13) (−0.96) (−0.92) (−1.04)

VC Fund Age 0.003∗∗ 0.001 0.001 0.014∗
(2.55) (0.5) (0.56) (1.66)

IVC Fund Age 0.0003
(0.33)

Syndicate Leader CVC 0.06 0.062 0.063 0.06
(1.47) (1.57) (1.58) (1.53)

CVC Strategic Re. 0.042 0.03 0.03 0.03
(1.30) (0.97) (0.98) (0.99)

ln(3-Month MSCI) 0.034∗∗∗ 0.385∗∗∗ 0.381∗∗∗ 0.389∗∗∗
(3.09) (3.60) (3.57) (3.64)

ln(Industry MB) 0.024∗∗ 0.014 0.014 0.013
(2.11) (1.23) (1.26) (1.21)

Later Exit Stage 0.128∗∗∗ 0.053∗∗∗ 0.054∗∗∗ 0.053∗∗∗
(7.33) (2.90) (2.99) (2.91)

Industry 73 -0.106∗∗∗ −0.076∗∗∗ −0.076∗∗∗ −0.073∗∗∗
(−6.4) (−4.70) (−4.70) (−4.54)

Patents in Stock 0.006∗∗ 0.005∗∗ 0.005∗∗ 0.005∗∗
(2.46) (2.07) (2.09) (2.04)

Inverse Mills Ratio −0.026 −0.025 −0.023 −0.025
(−1.47) (−1.44) (−1.37) (−1.46)

Year Fixed Effects Yes Yes Yes Yes
N 3,572 3,572 3,572 3,598

This table reports the results of the second stage treatment-effects regressions that estimate the direct effect of CVC funds and their indirect
impacts through investment and duration decisions on start-ups’ exit strategies (IPO vs. acquisition), by controlling for the inverse Mills ratios.
The dependent variable for all the regressions is a dummy variable IPO. It is 1 if a start-up exits via IPO and 0 if the exit route is acquisition. The
main independent variables are the dummy variable CVC, which measures whether a start-up is backed by CVCs or only by IVCs; ln(Investment
Amount), which is the total investment amount received by a start-up before its IPO or acquisition exit; and Duration, which is the number of days
for start-ups to stay between the first investment date and the exiting date. In Model 1, we study the effect of CVC financing on the exit strategy
of start-ups without controlling for the investment amount effect and duration effect. Investor type, as well as duration and investment effects are
controlled in Models 3 to 5. In Model 4, the duration effect is measured by a quadratic form to test the non-linear effect of duration on the exit
strategy. Different from other models, Model 5 measures VC funds experience based on average IVC fund age, rather than the average fund age
across all funds investing in the start-up. Please see Appendix B for other variable definitions. The Z-values are reported in parentheses. ∗∗∗ , ∗∗
and ∗ denote statistical significance at 1%, 5%, and 10% level

critical value suggested by Stock et al. (2002) to be a strong instrument.40 Furthermore,
the Hansen-Sargan J-statistics from the over-identifying test have p-values larger than
0.58. These results assure the appropriateness of the two instrumental variables.

40. Stock et al. (2002) develop the suggested critical F-statistics for different numbers of instruments. In
the case of two instruments, the F-statistic should be at least 11.59 to ensure that the instruments are not weak.
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Table IX.
Rate of Successful Exits

Dependent Variable: Failure

Model 1 Model 2
LOGIT LOGIT

CVC −0.015
(−0.22)

CVC_per 0.12
(0.89)

ln(Duration) −0.023 −0.021
(−0.65) (−0.59)

ln(Investment Amount) −0.005 −0.011
(−0.17) (−0.40)

Syndicate Leader CVC 0.078 0.045
(0.49) (0.29)

ln(VC Fund Size) −0.011 −0.009
(−0.41) (0.35)

CVC Strategic Re. 0.18 0.12
(0.44) (0.30)

Later Exit Stage 0.064 0.064
(0.73) (0.73)

Industry 73 −0.175 −0.184
(−0.16) (−0.17)

Year Fixed Effects No No
Industry Fixed Effects Yes Yes
N 7,432 7,432
Pseudo R2 0.005 0.005

The table presents the results of the logistic regressions that estimate the effects of CVC investors on the successful exit rate. The dependent variable
is Failure, which is 1 if a start-up has neither an IPO exit nor an acquisition exit and 0 if it exits through an IPO or an acquisition route. The main
independent variables are the variables CVC, which measure whether a start-up is backed by CVCs or only by IVCs; ln(Investment Amount) which
is the total investment amount received by a start-up before its IPO or acquisition exit; and Duration which is the number of days for start-ups
to stay between the first investment date and the exiting date. In Model 1, we measure CVC vs. IVC financing using the dummy variable CVC,
which takes a value of 1 if a start-up has at least one CVC investor and 0 if it is fully financed by IVCs. In Model 2, whether a start-up receives
CVC financing is measured by a continuous variable CVC\_Per, which is the percentage of the investment amounts from CVC funds scaled by the
start-up’s total investment amount. Please see Appendix B for other variable definitions. The Z-values are reported in parentheses. ∗∗∗ , ∗∗ and ∗
denote statistical significance at 1%, 5%, and 10% level

9.5 Fund Characteristics and Rate of Successful Exits

Our theoretical model also predicts the indirect effects of the amounts invested by CVC
funds on the rate of successful exits by start-ups (Hypothesis 4). To test these effects, we
use a dataset that includes both the successful and unsuccessful start-ups in the United
States with the first investment year from 1980 to 2004. We construct a new dependent
variable, Failure, which is equal to 1 if a start-up has neither an IPO exit nor an acquisition
exit, as indicated by the ThomsonOne database and SDC Global New Issues Database,
and 0 if it exits through an IPO or an acquisition route. If this is the case, the duration of
the start-up is defined as the number of days between the first and last investment dates.
We control for a set of explanatory variables similar to that in the IPO exit regression.41

Table IX presents the results of the logistic regressions of Hypothesis 4. In
Models 1 and 2, we use the CVC indicator variable and the percentage of the amount
invested by the CVC funds to measure whether a start-up is backed by CVC funds. We

41. We exclude some control variables, such as the industry market-to-book value and fund age, because
of data insufficiency. Furthermore, we do not observe the dates on which the start-ups are defined as a failure.
Hence, we also remove the control variables that require exact defunction dates.
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find that funds’ characteristics, duration, investment amount, and the identity of the
syndicate leader (i.e., whether the CVC is the syndicate leader) do not have significant
influence on the probability of failure. This discrepancy may be due to the abovemen-
tioned poor quality of the ThomsonOne dataset with regard to the set of failures because
of information restrictions. Our theoretical predictions regarding the impact of CVC
funds on the exit strategy are closer to those of Chemmanur and Loutskina (2008), who
find that CVC investments in start-ups lead to a higher, albeit not significant, rate of
successful exit. Furthermore, a higher investment level increases the rate of success,
as predicted by our theoretical model. Other empirical studies also confirm that CVC-
backed start-ups perform better than IVC-backed start-ups. For example, Dushnitsky
and Shapira (2010) find that CVC-backed start-ups exhibit a higher rate of successful
portfolio exits. Depending on the CVC portfolio manager’s compensation incentives,
the increase in the rate of successful exits ranges from 9.7% to 20%.

10. Conclusion

In this paper, we study the optimal initial and exit decisions made by start-ups. In
particular, we focus on the difference in behavior between CVC-backed start-ups and
IVC-backed start-ups.

In our theoretical analysis, we find that CVC-backed start-ups have longer dura-
tions before their exits and larger investment levels than those financed by IVC funds. In
turn, these properties lead to higher rates of successful exit and to two opposite impacts
on the likelihood of an IPO exit. A longer duration, which implies the existence of more
information in the acquisition market, increases the probability of the start-up searching
for an acquirer. Conversely, higher investment levels, which increase the value of the
start-up, encourage an IPO exit.

We find strong empirical support for our theoretical predictions by using data from
the ThomsonOne, the SDC Global New Issues, and the NBER Patent databases. The
presence of CVC financing leads the start-ups to higher levels of investment and to stay
longer before exiting. Moreover, the effect of the venture capital funds’ characteristics on
the start-ups’ exit strategies can be explained by the investment and duration decisions.
Shorter durations and greater investment levels lead to a greater likelihood of IPO exits.
With these effects taken into consideration, it can be seen that the exit decision is not
significantly influenced by whether the venture capital fund is corporate or independent.

In our empirical analyses, we have taken into account the endogeneity concern that
start-ups are not randomly assigned to CVC or IVC funds. We mitigate the endogeneity
problem by controlling for the quality of the start-ups before receiving VC investment.
Further, we use the treatment-effects model and instrumental variable estimation to
account for potential unobservables. In particular, we propose a new instrument, the
average working capital in an industry, which we believe can help in other empirical
research questions. However, we acknowledge that it is difficult to completely solve the
endogeneity problem in our model. Therefore, our results should be taken with caution.

Appendix A: Theoretical Proofs

Proof of Proposition 2: The proof follows the discussions before Propositions 1
and 2. We notice that equation (2) gives a solution p∗(V) ≤ 1 if V ≤ F

β− m
2

, in which case
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p∗(V) = F
(β− m

2 )V . Therefore, in this region of V, the deal price for a startup with potential

value V is m p∗(V)
2 V = mF

2(β− m
2 ) . If V > F

β− m
2

, then p∗(V) = 1 and the deal price is 1
2 mV. �

Proof of Proposition 3.1: Given that V is uniformly distributed over the interval

[ f (I ),
∧
V + f (I )], we have that 1 − F (0) =

∧
V + f (I )

∧
V

. Therefore, the rate of IPO exits over the

total successful exits is either

V̂
(V̂ + f (I ))

∫ V̂+ f (I )

F
β−m

[
1 − F

(β − m) V

]
1
V̂

dV, (A1)

or

V̂(
V̂ + f (I )

) ∫ V̂+ f (I )

F
β− m

2

[
1 − F(

β − m
2

)
V

]
1
V̂

dV, (A2)

depending on the information about p. Moreover,

∂

∂ I

(
V̂(

V̂ + f (I )
) ∫ V̂+ f (I )

F
β−m

(
1 − F

(β − m) V

)
1
V̂

dV

)

= f
′
(I )(

V̂ + f (I )
)2

((
V̂ + f (I ) − F

(β − m)

)
−

∫ V̂+ f (I )

F
β−m

(
1 − F

(β − m) V

)
dV

)

= f
′
(I )(

V̂ + f (I )
)2

(∫ V̂+ f (I )

F
β−m

F
(β − m) V

dV

)
> 0.

Therefore, the expression (A1) is increasing in I . A similar argument allows us to prove
that (A2) is also increasing in I .

The proof of Proposition 3.2 is immediate. �
Proof of Lemma 1: The expected utilities EUo(I ) and EUoo(I ) are computed as the
integral over the set Aof all the possible values of (V, p) that can exist given I . We divide
this set into three subsets: We denote A1 the subset composed of all values for which the
start-up seeks an acquirer in both cases; we denote A2 the subset of all values for which
the start-up goes to an IPO in both cases; and we denote A3 the subset of values of (V, p)
for which the start-up seeks an acquirer if the acquirer knows p whereas it goes to an
IPO if the acquirer does not know p.

First, the value of the start-up profit function is the same in EUo(I ) and EUoo(I )
in (V, p) ∈ A2 because Uo(V, p) = Uoo(V, p) in this region of parameters. Second, the
integral of the expected value for all the parameters (V, p) in A1 must also be the same
in EUo(I ) and EUoo(I ) because, for any V, if the acquirer does not know p, the deal
price reflects the expected value given the set of ps that go to the acquisition market,
multiplied by the bargaining power m. Finally, in A3, the value of the start-up in the
expression EUo(I ) is higher than in EUoo(I ) for the reason we have provided in the main
text: if the acquirer does not know p, the equlibrium deal price for the parameters in A3
is lower than the expected value in the start-up goes to an IPO.

Therefore, EUo(I ) is always higher than EUoo(I ). Moreover, the inequality is strict
as long as A3 is non-empty, which always holds if IPOs can happen (as ensured by our
assumptions). �
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Proof of Proposition 5: The optimal values d∗ and I ∗ are characterized by

∂U
∂d

(d∗, I ∗) = 0, (A3)

∂U
∂ I

(d∗, I ∗) = 0. (A4)

We differentiate equations (A3) and (A4) and solve the system to obtain that, at
(d∗, I ∗),

∂ I ∗

∂r
= −�I

	
(A5)

∂d∗

∂r
= −�d

	
, (A6)

where

�I = ∂2U
∂d2

∂2U
∂ I∂r

− ∂2U
∂ I∂d

∂2U
∂d∂r

�d = ∂2U
∂ I 2

∂2U
∂d∂r

− ∂2U
∂ I∂d

∂2U
∂ I∂r

and

	 = ∂2U
∂ I 2

∂2U
∂d2 −

(
∂2U
∂ I∂d

)2

.

Before the analysis of the second derivatives of the function U(d, I ), we analyze
the functions EUo(I ) and EUoo(I ).

Taking into account that d�(V; I ) = 1
V̂

, and Propositions 1 and 2, we have

EUo(I ) =
∫ F

β−m

0

∫ 1

0
mpVdp

1
V̂

dV +
∫ V̂+ f (I )

F
β−m

∫ F
(β−m)V

0
mpVdp

1
V̂

dV

+
∫ V̂+ f (I )

F
β−m

∫ 1

F
(β−m)V

(βpV − F ) dp
1
V̂

dV

= 1
2V̂

∫ F
β−m

0
mVdV + 1

2V̂

∫ V̂+ f (I )

F
β−m

m
F 2

(β − m)2 V
dV

+ 1
V̂

∫ V̂+ f (I )

F
β−m

(
1
2
βV − 1

2
βF 2

(β − m)2 V
− F + F 2

(β − m) V

)
dV

= 1
2V̂

∫ F
β−m

0
mVdV + 1

V̂

∫ V̂+ f (I )

F
β−m

(
1
2
βV + 1

2
F 2

(β − m) V
− F

)
dV, (A7)

and similarly,

EUoo(I ) =
∫ F

β− m
2

0

∫ 1

0

1
2

mVdp
1
V̂

dV +
∫ V̂+ f (I )

F
β− m

2

∫ F

(β− m
2 )V

0

1
2

m
F(

β − m
2

)dp
1
V̂

dV
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+
∫ V̂+ f (I )

F
β− m

2

∫ 1

F

(β− m
2 )V

(βpV − F ) dp
1
V̂

dV = 1
2V̂

∫ F
β− m

2

0
mVdV

+ 1
V̂

∫ V̂+ f (I )

F
β− m

2

(
1
2
βV − 1

2
(β − m) F 2(
β − m

2

)2 V
+ F 2(

β − m
2

)
V

− F

)
dV. (A8)

From the expressions of EUo(I ) and EUoo(I ) we obtain

EU ′
o(I ) = f ′(I )

V̂

(
1
2
β

(
V̂ + f (I )

) + 1
2

F 2

(β − m)
(
V̂ + f (I )

) − F

)
, (A9)

EU ′
oo(I ) = f ′(I )

V̂

(
1
2
β

(
V̂ + f (I )

) − 1
2

(β − m) F 2(
β − m

2

)2 (
V̂ + f (I )

) + F 2(
β − m

2

) (
V̂ + f (I )

) − F

)
.

(A10)

As it is intuitive and easy to check, EU ′
o(I ) > 0 and EU ′

oo(I ) > 0.
We now analyze the sign of the second derivatives of the function U(d, I ).

∂2U
∂d2 (d∗, I ∗) = e−rd [h′′(d) − rh′(d)][EUo(I ) − EUoo(I )]. (A11)

In equation (A11), h′(d) > 0 and h′′(d) < 0. Moreover, Lemma 1 implies that EUo(I ) >

EUoo(I ). Therefore, ∂2U
∂d2 (d∗, I ∗) < 0.

∂2U
∂ I∂r

(d∗, I ∗) = −d < 0. (A12)

∂2U
∂ I 2 (d∗, I ∗) = e−rd [h(d)EU ′′

o (I ) + (1 − h(d))EU ′′
oo(I )] < 0 (A13)

because

EU ′′
o (I ) = f ′′(I )

V̂

(
1
2
β

(
V̂ + f (I )

) + 1
2

F 2

(β − m)
(
V̂ + f (I )

) − F

)

+ 1
2

f ′(I )2

V̂

(
β − F 2

(β − m)
(
V̂ + f (I )

)2

)
< 0.

Similarly, EU ′′
oo(I ) < 0 if f (I ) is concave enough.

∂2U
∂d∂r

(d∗, I ∗) = −e−rd [h(d)EUo(I ) + (1 − h(d))EUoo(I )] < 0. (A14)

Finally

∂2U
∂ I∂d

(d∗, I ∗) = −r + e−rd h′(d)[EU ′
o(I ) − EU ′

oo(I )],

with

EU ′
o(I ) − EU ′

oo(I ) = f ′(I )
V̂

1
2

F 2(
V̂ + f (I )

) m2

4 (β − m)
(
β − m

2

)2 > 0.
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Therefore, investment and duration may be complement or substitute, depending on
the comparison of the two terms. If they are complements, that is, ∂2U

∂ I∂d (d∗, I ∗) ≥ 0, then
�I > 0 and �d > 0. If they are substitutes, the same inequalities hold as long as the
functions h(d) and f (I ) are sufficiently concave, which also imply that 	 > 0 (	 is
always positive in any strict maximum).

Therefore, ∂ I ∗
∂r < 0 and ∂d∗

∂r < 0, as we aimed to prove. �

Appendix B: Variable Definitions

Variables Definitions

CVC Indicator variable equal to 1 for CVC-backed start-ups
and 0 for IVC-backed start-ups

CVC Per Percentage of investment by CVC funds in each start-up
IPO Indicator variable equal to 1 for an IPO exit and 0 for an aquisition exit
Investment Amount Total investment amount at start-up level, measured by

disclosed equity amount (USD Million) summed over investment rounds
Duration (Days) Difference in days between the exit date and the date at which

a start-up receives the first investment from VC funds
Duration (Years) Duration (Days) divided by 365
Investment Rounds Number of investment rounds for a start-up
Syndicate Size Number of VC funds that invest in a start-up
Syndicate Leader CVC Indicator variable equal to 1 if the VC that provides the

maximum amount of investment is a CVC and 0 otherwise
VC Fund Size Average size (US$ Million) of VC funds that finance the start-up
CVC Strategic Re. Measure of CVC strategic competitors,

indicator variable of 1 if a CVC has the same 4-digit
SIC code as its start-up, and 0 otherwise

VC Fund Age (Years) Average fund age across all of the funds that invest in a start-up
IVC Fund Age (Years) Average fund age across IVC funds that invest in a start-up
Industry MB Industry market-to-book value at the year

at which the first CVC fund invests
3-Month MSCI MSCI return 0-3 months prior to the exit date
Later Exit Stage Indicator variable equal to 1 if a start-up exits at expansion

or later stage and 0 otherwise
Early Invest Stage Indicator variable equal to 1 if a start-up receives the first

investment at seed or early stage and 0 otherwise
Industry 73 Indicator variable equal to 1 if a start-up is from the

Business Service industry and 0 otherwise
Patent in Stock Total number of patents applied by start-ups

before they receive the first investment from VC funds
5-Year Avg WC Average working capital over 5 years before a certain year

in a certain industry
5-Year Avg Net CF Average net cash flow over 5 years before a certain year

in a certain industry
Avg MSA CVC Inv/Total Inv Average CVC investment over total investment

amount in a year for an MSA
Seed Stage Dummy variable equal to 1 if start-up is at the seed stage

when receiving the first investment and 0 otherwise
Early Stage Dummy variable equal to 1 if start-up is at the early stage

when receiving the first investment and 0 otherwise
Expansion Stage Dummy variable equal to 1 if start-up is at the expansion stage

when receiving the first investment and 0 otherwise
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