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PREFACE

The growing importance of private equity is closely related to the core mission of
the Amsterdam Center for Corporate Finance, which centers around the financial
management of corporations and the functioning of the financial sector. Private equity
has become an indispensable part of the modern financial markets. For these reasons,
the ACCF dedicates the eleventh issue of its Topics in Corporate Finance series to this
important topic.

Private equity has become an important funding source for corporations in various
stages of development. Venture capital, and seed-capital in particular, are types of private
equity that aim at funding new initiatives. Private equity for more established operations
is much in the news as well. Almost daily we read in the newspapers that a private equity
firm has taken control of a particular business activity, often in need of future expansion
or restructuring. The investment behavior of these private equity investors is the subject
of this booklet.

In this study, Professor Douglas Cumming (Severino Center for Technological
Entrepreneurship, Rensselaer Polytechnic Institute), Grant Fleming (Wilshire Private
Markets Group) and Armin Schwienbacher (University of Amsterdam) focus on the
investment behavior of private equity fund managers. What drives their investment
choices? What types of activities do they invest in, and what determines this. Moreover,
to what extent is private equity a predictable asset class for institutional investors? We
should not interpret predictability in terms of low risk but in terms of adhering to ex
ante announced objectives and investment guidelines. These questions are of considera-
ble importance for assessing the growth potential of the industry, and ultimately for the
viability and availability of private equity as a source of funding.

We trust that you will find the insights interesting and hope that you enjoy reading it,
so that it may contribute to bridging the gap between theory and practice.

A.W.A. Boot
October 2005
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Topics in Corporate Finance

SUMMARY

This booklet is a collection of two recent studies on the investment behavior of private
equity fund managers. It contributes to a better understanding of how changes in finan-
cial markets and the real economy affect the way fund managers in the private equity
sector adjust their investment decisions.

Private equity has grown substantially over the 1990s as a viable alternative asset class
for all kinds of institutional investors. Limited partners in a private equity partnership
are able to achieve superior risk-adjusted returns, particularly if manager selection is
confined to the upper quartile of ability. As such, institutional investors ranging from
pension funds to university endowment funds tend to allocate up to 5% (and sometimes
as much as 10%) of their capital to private equity and venture capital. To facilitate the
investment process of institutional investors (as limited partners), private equity funds
are invariably established with stated objectives in terms of the focus for investments
at particular stages of entrepreneurial firm development and industry. Investors pay
very close attention to the stated objectives of the funds in which they invest in order
to manage the risk/return profile of their portfolio. At the same time, general market
conditions play a crucial role in determining investment decisions and incentives for the
venture capital fund managers. In particular, exit conditions are important for facilitating
the exit of venture capitalists from the portfolio companies.

Given the importance, academic research has denoted much attention in the last
few years in understanding the investment behavior of venture capitalists as active and
value-adding portfolio managers. We offer two analyses on that topic. The first study
“Liquidity Risk and Venture Capital Finance” provides theory and evidence in support
of the proposition that venture capitalists adjust their investment decisions according to
liquidity conditions on IPO exit markets. We refer to technological risk as a choice variable
in terms of the characteristics of the entrepreneurial firm in which the venture capitalist
invests, and liquidity risk as the current and expected future external exit market condi-
tions. We show that in times of expected illiquidity of exit markets (high liquidity risk),
venture capitalists invest proportionately more in new high-tech and early-stage projects
(high technology risk) in order to postpone exit requirements. When exit markets are
liquid, venture capitalists rush to exit by investing more in later-stage projects. We further
provide complementary evidence that shows conditions of low liquidity risk give rise to
less syndication. Our theory and supporting empirical results facilitate a unifying theme
that links related research on illiquidity in private equity.

The second study “Style Drift in Venture Capital” introduces the concept of style drift
to private equity investment. A style drift is defined as an investment that deviates from
the fund’s stated objectives. These are typically included in the partnership agreements
and pertain to dimensions such as the focus for investments at particular stages of entre-
preneurial firm development, geography and industry. We present theory and evidence
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pertaining to style drifts in terms of a fund’s stated focus on particular stages of entrepre-
neurial development. We present a model that derives conditions under which style drifts
are less likely among younger funds, in order to signal ability and commitment to stated
objectives for the purpose of raising follow-on funds. We also show ways in which changes
in market conditions can affect style drifts, and show differences for funds committed to
early stage investments versus funds committed to late stage investments. The Venture
Economics data examined provide strong support for our theoretical predictions as to
when private equity investors will style drift. Finally, we find some evidence of a positive
relation between style drifting and investment performance. This suggests, due to the
potential reputation costs of deviation, style drifts are more common for investments that
are more likely to yield favorable realizations.

This research draws policy implications for the development of viable private equity
markets. The liquidity of exit markets, in particular of stock markets for young high-
growth firms, seems a crucial ingredient in making attractive investments in the private
equity sector. This ought to reduce risk and thus foster investments in entrepreneurial
firms. Moreover, while style drift seems to be common and a concern for institutional
investors (especially in the first years of a new fund), its importance needs to be put into
perspective given that much of it is driven by significant changes in market conditions.

A last note is warranted. In practice the terms private equity and venture capital typi-
cally refer to distinct assets classes, but also often used interchangeably. In this study, we
also use both terms interchangeably.
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1. LIQUIDITY Risk AND VENTURE CAPITAL FINANCE

1.1 Introduction

Policymakers around the world often express concern why there is not more invest-
ment in privately held early-stage companies.! Further, the extreme cyclicality of early-
stage investment, and what the drivers are, remains a relatively unexplored issue in
private equity and venture capital research.? This paper introduces a new and somewhat
counterintuitive theory to facilitate an understanding of these issues. The U.S. data exa-
mined herein support the theory.

Venture capitalists invest in small private growth companies that typically do not have
cash flows to pay interest on debt or dividends on equity. VCs invest in private companies
over a period that generally ranges from 2-7 years prior to exit. As such, VCs derive their
returns through capital gains in exit transactions. IPO exits typically provide VCs with the
greatest returns and reputational benefits to VCs (Gompers, 1996; Gompers and Lerner,
1999, 2001) .3 Liquidity risk in the context of VC finance therefore refers to exit risk, parti-
cularly IPO exit risk. That is, liquidity risk refers to the risk of not being able to effectively
exit and thus being forced either to remain much longer in the venture or to sell the
shares at a high discount.* The risk of not being able to effectively exit an investment is an
important reason for why VCs require high returns for their investments (Lerner, 2000,
2002; Lerner and Schoar, 2004, 2005). It is therefore natural to expect that exit market
liquidity affects VCs’ incentives to invest in different types of entrepreneurial firms.

Liquidity risk is of course not the only type of risk that VCs face when deciding
to invest in a particular project. The other types of risk may be grouped into a broad
category of what we refer to in this paper as fechnological risk, or the risk of investing
in a project of uncertain quality (particular types of technological risk could include
the quality of the product technology as well as the quality of entrepreneurs’ technical

1 Practitioner summaries of public policy initiatives are available on links from www.evca.com (for Europe),
www.ventureeconomics.com (for the US) and www.cvca.ca (for Canada). Various policy initiatives are summarized in
Gilson (2003) and Lerner (1999).

2 Ina collection of their groundbreaking work, Gompers and Lerner (1999) study fundraising, fund structure, staging,
syndication, monitoring, and venture capital backed IPOs. This work provides the basis for all private equity and
venture capital research, including our own paper.

3 Acquisition exits (sales to a large strategic acquirer) can also be a profitable form of exit, although perhaps typically
less desirable in terms of profitability and less desirable to the entrepreneur who would otherwise prefer to be the
CEO of a publicly traded corporation (Black and Gilson, 1998). Less successful investments might be sold by the VC
to another investor (a “secondary sale” whereby the entrepreneur maintains her share of the company), or repur-
chased by the entrepreneur (a “buyback exit”). Many VC investments (20-30%) are written off (Gompers and Lerner,
1999, 2001; Cochrane, 2005; Das et al., 2003).

4 Market microstructure models refer to the latter as the cost of immediacy, which represents the price discount that the
holder of the asset has to incur if he wants to sell it now instead of waiting to get the market price. More generally,
Harris (2003) distinguishes between four different dimensions of liquidity: (i) width (difference between the buy
price and the sell price); (i) immediacy (how fast large volumes of shares can be traded); (iii) depth (amount of
shares that can be exchanged without affecting prices); and (i) resiliency (how quick prices go back to “normal price
level”).
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and managerial abilities). This paper considers whether changes in external conditions
of liquidity risk give rise to adjustments in VCs’ undertaking of projects with different
degrees of technological risk. In particular, we investigate whether exit market liquidity
affects the frequency of VC investment in nascent early stage firms and high-tech firms
with intangible assets. We provide a theory and supporting empirical evidence that show
the willingness of VCs to undertake projects of high technological risk is directly related
to conditions of liquidity risk. We further provide complementary evidence that shows
external conditions of high liquidity risk give rise to more prevalent syndication, which
shows that while VCs assume more technological risk in periods of low liquidity, they
take steps to mitigate this risk through syndication. We show the theory and evidence in
regards to liquidity risk introduced herein provides a unifying theme that links the results
in a number of related papers on venture capital finance.

We introduce a theoretical model that shows VCs will rationally trade-off liquidity
risk with technological risk by investing more in early-stage projects when liquidity of
exit markets is low and thus exit risk high. The intuition underlying our model is as
follows. By adjusting their portfolio of investments for long term positions, VCs reduce
their exposure to liquidity risk. This is important in explaining the choice of projects
according to their stage of development (early-stage versus expansion-stage), and on the
decision whether to invest in completely new projects or to limit investments to ongoing
projects. In contrast, when liquidity of exit markets is high VCs tend to invest proporti-
onately more in later-stage projects in order to rush for exit and thus to hold short term
positions and technologically less risky projects. The theory therefore gives rise to a
somewhat counterintuitive conjecture of a positive correspondence between conditions
of external exit market liquidity risk and VCs’ contemporaneous undertaking of a greater
amount of technological risk.

It is important to point out that the ultimate source of the liquidity risk analyzed in
this paper is the difference in time preferences between VC and management, since
there is a greater incentive for VC to cash out earlier than management. The time hori-
zon of a VC is typically shorter because of his exit requirements. If VCs were long term
investors and would not wish to exit already after a few years, liquidity risk would not
matter and incentives between VCs and management would probably be better aligned
(provided managers are capable and wish to remain in place).

With respect to early-stage investments, there are therefore two opposite effects
documented in this paper. On the one hand, more liquidity increases the likelihood of
investing in new ventures; but on the other hand, it reduces the likelihood that these new
ventures are in the early-stage. In other words, liquidity increases the absolute number
of new investments but reduces the proportion of ventures that get early-stage finance
relative to the total number of investments. These results thus indicate VCs adjust their
expected demand for liquidity based on the expected supply. If they expect low liquidity
in the future, they reduce today their future demand for liquidity by reducing the abso-
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lute number of new ventures and by postponing the demand for liquidity for a portion
of the new investments by financing ventures in their early stages.

We empirically test our theory by examining how investment decisions evolve over
time by looking at the period from 1985 to 2004 in regards to the stage of entrepre-
neurial firm development, as well as the technological focus of investment. We use
investment data from the VentureXpert database to test our research hypotheses. We
document the existence of a negative relationship between liquidity of exit markets and
the likelihood of investing in new early-stage projects. The proxy used for liquidity is the
annual IPO volume. Our estimations indicate that an increase of liquidity by 100 IPOs
in a year reduces the likelihood of investing in new early-stage projects (as compared to
new investments in other development stages) by approximately 1.5% - 2.3% depending
on the specification. These values are not excessively large, but are nevertheless econo-
mically significant as it is well documented that the IPO markets themselves experience
very large swings (for recent work, see, e.g., Bradley, Jordan and Ritter, 2002; Helwege
and Liang, 2002; Lowry, 2003).

At first thought, it may seem counter-intuitive that there is a negative relation between
the liquidity of IPO markets and early-stage investments. The oftrepeated casual empiri-
cism (see, e.g., practitioner articles on www.ventureeconomics.com) is that there is more
early stage investment when stock markets are performing better (i.e., IPO markets are
more liquid). In our analysis we provide independent controls for stock market conditi-
ons (with and without simultaneous consideration of IPO volume), and show a positive
correspondence between the NASDAQ composite index and the likelihood of early-stage
investments. This latter result is somewhat analogous to the money chasing deals phe-
nomenon analyzed by Gompers and Lerner (2000), but is an independent effect and
different from central liquidity issues considered in this paper.’

Further to our evidence on liquidity risk and early stage investment, we show that
conditions of exit market liquidity impact the decision to invest in new projects versus
follow-on investment in continuing projects pursuant to staged financing (in the spirit
of Gompers, 1995). An increase in IPO volume by 100 increases the probability of invest-
ment in a new project (as opposed to a follow-on project) by approximately 1.2% — 4.1%
depending on the specification (similar to the evidence in Gompers and Lerner, 2000).
Taken together with the first effect of IPO volume mentioned above, this means that
there are two opposite effects when liquidity risk increases: first, there are proportiona-
tely more new early-stage projects, and second, since VCs invest in fewer new projects,

5 In a recent paper, Gompers, Kovner, Scharfstein and Lerner (2005) work on issues related to ours. That paper
considers a sample up to 1998 in order to exclude the Internet bubble. Our sample, described below in sections
1.4 - 1.6, considers the period 1985-2004 and excludes the period surrounding the Internet bubble as a robustness
check. Consistent with seminal work (Gompers and Lerner, 1998) and subsequent studies (e.g., Jeng and Wells,
2000, Armour and Cumming, 2005, and Cumming and MacIntosh, 2005), Gompers, Kovner, Scharfstein and Lerner
(2005) argue that the pattern of venture capital investing follows economic trends in a fairly rational way.
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there are more follow-on projects in the VCs’ portfolio. The weight of follow-on invest-
ments in the overall portfolio will therefore be greater when liquidity risk is high since
fewer new investments are made, while follow-on investments are often continued and
are most likely already at the expansion-stage and later-stage of development.

We further provide complementary analyses of the relation between liquidity risk and
syndication, in the spirit of Lerner (1994) and Brander et al. (2002). When liquidity risk
is low, investment is less risky and thus we expect a less pronounced incentive to syndi-
cate. Conversely, when liquidity risk is high, VCs prefer to mitigate risk by syndicating
with more partners in order to better screen their projects and provide complementary
value-added assistance across undertaken projects. The data examined support this con-
jectured effect of liquidity on syndicate size. An increase in IPO volume by 100 gives rise
to approximately 0.2 fewer syndicated partners.

The remainder of this paper proceeds as follows. In section 1.2 we discuss the liqui-
dity concept for private equity, and explain how our model and empirics relate to prior
research on the topic. Section 1.3 provides a model that shows the effect of external
exit market liquidity on the VC’s assumption of technological risk. Three core testable
hypotheses are summarized in section 1.3. In section 1.4, we present and describe the
data. The empirical tests and results are provided in section 1.5. Thereafter we discuss
limitations and future research, and provide concluding remarks.

1.2 Liquidity Concept for Venture Capital and Private Equity

For financial assets like publicly listed equity, there seem to be consensus about the
concept of liquidity. Four different dimensions have been suggested to define the con-
cept for traded assets (Harris, 2003; Kyle, 1985): width, immediacy, depth, and resiliency.
Loosely speaking, liquidity refers to the ability to trade at low (explicit and implicit)
transaction costs. Kyle (1985) further stresses the importance of continuous trading and
frictionless markets to achieve perfect liquidity of assets.

As for real estate or art objects, private equity is infrequently traded and thus the
standard concept of liquidity hardly applies.® Private equity investments are not continu-
ously traded, since by definition they are private prior to the IPO. An important element
that distinguishes private from public equity is that IPO markets are characterized by “hot”
and “cold” issue phases and through clustering waves. In this paper, liquidity is related to
the possibility of exiting by either listing the company on a stock market or finding a strate-
gic buyer. The notion of liquidity used here is closest to the dimension of immediacy, since
liquidity here represents the likelihood of being able to divest (cost of immediacy). Das et al.
(2003) show that this illiquidity may induce a substantial non-tradability discount.

6 Recently, new approaches have been suggested to value illiquid assets and build a VC index (e.g., Peng, 2001a,
2001b).
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Throughout this paper, we use the number of IPOs per year on the NASDAQ, NYSE
and AMEX as proxy for liquidity of exit markets.” Although this proxy only considers
the IPO markets, it also gives a good idea of what happens on corporate M&A markets.
There are strong links between stock markets and corporate M&A markets. In particu-
lar, stock market conditions are also crucial for acquisitions (“trade sales”) for different
reasons: (1) an IPO may represent an outside option for highly profitable ventures that
have the potential to go public (in this case it directly affects the price in an acquisition);
(2) capital inflow into the VC market is strongly correlated with stock market conditions
(this affects total investments and therefore also the absolute number of trade sales); (3)
stock market conditions determine the cost of capital for acquisitions when the buyer is
listed; and (4) stock markets also mirror general economic conditions. Therefore, we
should expect M&A markets to closely follow the IPO cycle. Also, an IPO is very often
(but not only) what VCs aim at when investing in a new venture (Gompers and Lerner,
1999, 2001). In fact, when we introduced controls for the liquidity of M&A markets,® we
encountered a number of collinearity problems with our other liquidity measures. As
such, consistent with Gompers and Lerner (1999, 2000, 2001), our focus is on the liqui-
dity of IPO exit markets.

Our theory and supporting empirical evidence facilitate a unifying theme that links
related research on illiquidity in private equity, including studies on VC fundraising,
investing and exiting. In regards to VC fundraising, Lerner and Schoar (2004) introduce
an innovative model and provide new data that show VCs chose greater technological
risk (using the terminology in our paper) in order to screen deep pocket investors.
Their intuition underlying the Lerner and Schoar result is that institutional investors
that face illiquidity constraints may not be able to provide additional capital in the VC’s
next round of fundraising, which would increase the cost of capital for the VC if the VC
had to approach new outside investors. Our results are consistent, in that we may view
the effectiveness of this screening tool as being subject to external exit market liquidity
conditions. In periods of low exit market liquidity risk (in boom periods), the incentive
of a VC to assume greater technological risk as a screening tool would be diminished,
since institutional investors tend to be less subject to capital constraints in boom periods.
Conversely, in period of high liquidity risk, a greater number of institutional investors
will be faced with constraints (i.e., a greater proportion do not have deep pockets in bust
periods), and therefore the VC’s assumption of greater technological risk facilitates a
more effective screening tool for institutional investors that have deep pockets.

Our paper is further related to a number of papers that fall in the category of
VC investing and value added advice. Kanniainen and Keuschnigg (2003, 2004) and
Keuschnigg (2004) provide theoretical work indicating liquidity affects VC portfolio size

7 Jenkinson and Ljungqvist (2001) denote this same proxy as the annual “IPO volume”. We further consi-
der alternative definitions of the annual IPO volume based on data posted on Jay Ritter’s website:
http://bear.cba.ufl.edu/ritter/ipodata.htm>, as discussed below.

8 Our M&A liquidity market controls were based on data available from the Mergerstat review (www.mergerstat.com).
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and the demand for and supply of VC. Cumming (2006) provides consistent evidence
that VC portfolio sizes per manager are larger in boom periods. Neus and Walz (2005)
provide a theory that relates exit market liquidity to VC dispositions, consistent with evi-
dence in Gompers and Lerner (1999). Kortum and Lerner (2000), and Lerner (2002)
provide evidence that VCs add less value and contribute less to innovation among their
entrepreneurial investee firms in boom periods (e.g., the Internet bubble) relative to
more normal times. Gompers and Lerner (2000) provide evidence of “money chasing
deals” in boom periods, where VCs have excess capital and there are too few quality
projects. Our theory and evidence is supportive of all of these papers. VCs funded an
impressive number of later-stage projects during the Internet bubble of 1998-2000 where
exit was not a problem, while today they are more selective (proactive) and again prefer
ventures with break-through technology. During the bubble period, many ventures of
low innovation were funded and for which time-to-market is shorter; after the bubble burst,
low innovation ventures did not receive funding as VCs were much more selective. Our
paper provides a theory and supportive evidence that this change in investment behavior
is largely attributable to conditions on the exit markets (i.e., their cyclicality).

Our evidence in regards to VC syndication and liquidity is also related to a number
of papers on liquidity and transaction structures. Black and Gilson (1998) discuss the
relation between exit market liquidity, VC contracting and the development of VC mar-
kets. Bascha and Walz (2001) provide a theory relating IPO exit markets to the use of
convertible securities in venture finance. Lerner and Schoar (2005) relate liquidity and
other market characteristics to the structure of VC contracts in developing countries. In
seminal work, Gompers (1995) shows staging decisions are related to market conditions,
and Lerner (1994) shows syndication is affected by incentives to mitigate risk, among
other things (see also Gompers and Lerner, 1999, 2001).

Finally, our evidence is consistent with the view that illiquidity is one reason why VCs
require high returns on their investments (Gompers and Lerner, 1999a, 2001; see also
Barry et al., 1990; Megginson and Weiss, 1991; Lerner and Schoar, 2004; Cochrane, 2005;
Das et al., 2003). Our evidence is consistent, in that the greater assumption of technolo-
gical risk occurs at times when we may infer the relative cost to finance innovative deals is
lower. That is, in bust periods when illiquidity is high, it is generally viewed that the deal
cost (in terms of the amount that a VC must pay for a given equity share in a company)
is low; therefore, in bust periods, the cost of financing the more innovative companies is
lower. This is consistent with our finding of a higher proportion of financings of early-
stage firms in periods of exit market illiquidity.

1.3 The Model and Testable Hypotheses

This section provides a theoretical framework for the empirical predictions that are
empirically tested in the rest of the paper. Note that we refer to technological risk as a
choice variable in terms of the characteristics of the entrepreneurial firm in which the
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VC invests, and lLquidity risk as the expected external exit market conditions. Testable
hypotheses derived from the model are formally stated.

Suppose a start-up venture requires external funding for two consecutive rounds; the
first one is called early-stage, the second one later-stage. In each round, an amount of
funding is needed, I; > 0 for the first round and /, > 0 for the second round. The pro-
bability of failure at each stage/round is (I — p) > 0 and determines the technological risk
of the project; we assume this risk is (/ — p) for a later-stage investment and (1 — p?) for
an early-stage investment. To keep exposition as simple as possible, and without loss of
generality, we assume a discount rate of zero and all parties are risk-neutral. The market
value of the start-up at the end of the second rounds is V> 0if successful, and 0in case of
failure. When financing the project since the 1% round, suppose that the VC gets all the
value V. On the other hand, denote by 0 < s < I the proportion of Vthat the VC would get
when joining the project at the laterstage only. To have the desired trade-off we require
that p > s (otherwise later-stage projects are always more profitable).? Abstracting from
exit issues, the NPV of an early-stage investment therefore is [p?-V—I; — pI,] and the NPV
of a later-stage investment is [p-sV —I,].

Suppose further that the VC wants to exit after the 27 round; let us denote by A the
probability of being able to exit in time (the liquidity risk), which here (for simplicity) can
take two values, depending whether the IPO market is “hot” (%) or “cold” (¢). Given this
distinction, we of course have 0 < ¢ < h < 1. Also, let us define the mean of A by m (for
instance, consider it as the long-run, average liquidity risk). Suppose also that the VC can
assess liquidity risk of the current round but not beyond. This implies that when investing
in a laterstage project, he can assess whether A is % or ¢ but will use the expected value
m for any early-stage project.

In the event that the VC faces exit problems (which, in this case, occurs with pro-
bability (I —A)), he suffers a discount (e.g., a cost of immediacy) of § on the firm value.
By definition, 0 <8 < 1. The VC then faces the following trade-off, with their respective
expected payoff:

- Invest in an early-stage project:  p>V —1; — pl, — (1 —m)p*-0V
- Invest in a later-stage project:  p-sV—1I, — (1 —A)p-OsV

Obviously, the VC will always prefer & over ¢ in case he invests in the later-stage as
longas & > c

psV—1I,— (1 =h)pdsV > psV—1I,—(1-c)p-dsV
This means that if it is better for the VC to invest in a later-stage project under state A = ¢,
he will also prefer a later-stage project under A = 4. On the other hand, a preference for

9 Note that finance is committed much longer for early-stage projects. We implicitly assume here that the VC cannot
re-invest the funds from later-stage projects in the next round. A more complete analysis should include the fact that
funds invested in later-stage projects can be redeployed more quickly in new projects. In that case, it would potentially
weaken the results stated here but not reverse them.
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a laterstage project under A = & does not imply the same investment decision for A = ¢.
More generally, investing in an early-stage project may be better whenever

p-sV—1y— (1 =N)pOsV < p>V -1, — ply — (1 —m)p>-0V (1)
or, when rearranging:
[PV = p-sV] + [(1 = M)pdsV = (1 = m)p? V] — [1; — (1 = p)Iy] > 0 2)

The two terms in the first squared brackets represents the additional gains for the VC
when investing in early-stage, the terms in the second squared brackets is the difference
in cost of immediacy, and the terms in the last squared brackets are the additional invest-
ment costs when getting involved in the early-stage.

For instance, a natural assumption could be to state that the VC is indifferent bet-
ween an early-stage and a later-stage investment whenever there is no fluctuation in the
liquidity risk over time; i.e., whenever h = ¢ = m. Then, there would be no incentive to
strategically diversify the portfolio among early-stage and later-stage projects over time.
The condition would then require that

PV(p = -1 =8(1 = m)] =1, — (1 = p)I, (3)

Suppose now again that i > m > ¢. In this case, it is straightforward to check that under
condition (3) the VC will be better off investing in a later-stage (early-stage) project whe-
never the current liquidity risk is low (high). This simple framework allows us to derive
empirical predictions on the likelihood of investing in early-stage projects. This can be
easily seen after simplifying Equation (2), which yields:

PVAPLT = (1 =m)] = s[1=d(1 =M} > I = (1 = p)I,

It follows that investment in early-stage projects (with higher technological risk p?instead
of p) is more likely whenever liquidity risk is high (A = ¢) and the market value of the
firm (V) is high.

The theoretical framework indicates VCs trade-off liquidity risk with technological
risk by investing more in early-stage projects when the exit markets become less liquid.
On the other hand, when liquidity is high, they rush to exit by investing more in expan-
sion-stage and later-stage projects. Such a strategic behavior yields a negative relationship
between liquidity of exit markets and investment in new early-stage projects. Thus, we
formulate the following prediction:

HYPOTHESIS 1 (EFFECT ON NEW EARLY-STAGE INVESTMENTS): For new invest-
ments, the likelihood of investing in early-stage projects decreases with the liquidity of exit markets.

It is important to point out that related stock market variables may lead to alterna-
tive predictions in regards to the decision to invest in early-stage projects. Gompers and
Lerner (2000) show that the supply of funds to the VC market is positively correlated with
stock market returns. As supply increases, the required returns to new venture project
decreases (the “money chasing deals” phenomenon), and early stage projects could more
likely receive financing in periods of boom stock markets. In order to focus on our cen-
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tral issue pertaining to liquidity and early-stage projects in a simple model, our analytical
model abstracted from changing deal prices with different market conditions. Without
examining the data, one could speculate as to different predictions regarding NASDAQ
market conditions and deal prices, which are not necessarily the same as the liquidity
effect described above. In our empirical tests, we control for stock market conditions
(NASDAQ levels), economic growth (real GDP) as well as IPO market conditions to study
and control for these different effects, and to formally test our central hypotheses.

Our second hypothesis involves the decision whether to invest in new projects irres-
pective their stage of development. The intuition is again based on Gompers and Lerner
(2000). An increase in the liquidity of exit markets increases the expected returns to
investment. After all, conditions on exit markets are highly affected by growth expectati-
ons of the overall economy. When exit markets are more liquid, VCs require a lower rate
of return for their investments (given that they then face less risk), increasing the pool
of projects worth being funded. This drives up the propensity of VC funds to start new
investments, and should affect all the stages of development in the same way. Therefore,
the likelihood of funding new companies is also increased, and thus is positively affected
by liquidity of exit markets. This is summarized in HYPOTHESIS 2:

HYPOTHESIS 2 (EFFECT ON NEW INVESTMENTS): The likelihood of investing in new

projects (irrespective of their development stage) increases with the liquidity of exit markets.

Regarding the relative importance of early-stage investment, notice that if
HYPOTHESES 1 and 2 hold we should expect an ambiguous effect on the overall port-
folio of the VG, since from HYPOTHESIS 1 we should expect a decrease in the fraction
of new early-stage projects when liquidity of exit markets is high but HYPOTHESIS 2
would imply more early-stage projects in absolute value. For instance, denote by o, the
fraction of new projects in the early-stage, where subscript i refers to the state of liquidity
of exit markets. Thus, ¢ = 2~ when liquidity is high (hot issue market) and i = ¢ if liqui-
dity is low (cold issue market). Denote also by N, the absolute number of new projects
financed and by F the number of current follow-on investments. Then, HYPOTHESIS 1
says that a, > o, while HYPOTHESIS 2 says that N, > N,. The proportion of new early-
stage investments as a fraction of all the projects in the VC’s portfolio is then equal to
a,;N; / [F + N;], where obviously this ratio depends on the state . Comparing this ratio
for both states & and ¢ shows no clear-cut and largely depends on the current number
of follow-on investments in the overall portfolio of the VC. Since N, > N,, the minimum
threshold level for o, decreases with F:10

O, 0N < JEEN,
F+N, F+N, 1+ F/N,

10 For instance, assume that o, = 0.20, o, = 0.5, N}, =10, N, = 2, and Fis either 5 or 10 (assume also for simplicity that
no follow-on investments are in the early-stage anymore). Then, the condition mentioned above is satisfied for /'=5
but not F =10.
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This means that there are two opposite effects when liquidity risk increases: first, there
are proportionately more new early-stage projects (cf. HYPOTHESIS 1), and second,
since VCs invest in fewer new projects (cf. HYPOTHESIS 2), there are more follow-on
projects in the VCs’ portfolio. The weight of follow-on investments in the overall portfo-
lio will therefore be greater when liquidity risk is high since fewer new investments are
made, while follow-on investments are often continued and are most likely already at the
expansion-stage and later-stage of development.

The first two hypotheses are related to portfolio composition, liquidity and techno-
logical risk. The last hypothesis pertains to VC decisions to potentially mitigate these
risks through syndication. The analysis of syndication is not central to the theme in the
paper, but is quite complementary to the analysis of new versus follow investment and
early- versus late-stage investment as it considers whether VCs adjust their deal structures
in response to liquidity conditions.

HYPOTHESIS 3A (SYNDICATION FOR DIVERSIFICATION PURPOSES): The syndi-
cate size increases with the liquidity of exit markets as a way to diversify the portfolio.

HYPOTHESIS 3B (SYNDICATION FOR SCREENING PURPOSES): The syndicate size

increases as the liquidity of exit markets decreases in order to improve the screening process.

HYPOTHESES 3A and 3B provide opposite predictions regarding the effect of exit
markets liquidity on the syndicate size. The effect can be positive for risk diversification
purposes, or can be negative to improve the screening process of business plans. In
HYPOTHESIS 3A, an increase in liquidity requires greater portfolio diversification if
HYPOTHESIS 1 holds, since later-stage investments require greater amounts of funds.!
This is also what is required whenever VCs are constrained in the amount of capital they
can invest in any single portfolio company (by restrictive covenants from institutional
investors; see Gompers and Lerner, 1996, 1999). On the other hand, HYPOTHESIS 3B
conjectures a negative relationship through screening effects. More liquid exit markets
represent lower risk for the investment, which weakens the requirements for good scree-
ning and thus the need for syndicating with other VC as a way to improve screening of
projects (cf. the “second opinion” rationale mentioned by Lerner, 1994, and Brander et

al., 2002).

1.4 Data

In this section, we present the data we use in this paper for testing our research hypothe-
ses. We also analyze here how the investment behavior of VCs evolved over time. Finally,
we present summary statistics of the data used throughout this paper.

11 An alternative rationale for a positive relationship stems from the often-heard preference of some VCs in bad times
to retain the remaining of their available funds for their own projects. This is well possible as raising new funds gets
difficult in cold issue markets.
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1.4.1  Data Source

The data source considered is the VentureXpert dataset of Venture Economics. A total
of 18774 investment rounds (and 4065 first-round investments) that span the period
from January 1, 1985 until December 31, 2004 were randomly selected. Information
available for each portfolio company and each round include date of investment round,
its amount, its stage, the industry sector of the portfolio company and the number of
investors involved in financing the given round. Limitations with these data are discussed
in section 1.6.

The unit of observations considered in this paper is an investment round in an
entrepreneurial firm. In our dataset, syndication does not result in additional rows for
the same entrepreneurial firm, but staging does result in additional rows (and we check
robustness by considering only first-round investments). In our dataset, each entrepre-
neurial firm has at least one limited partnership VC as an investor. We wanted at least
one limited partnership VC as an investor in the entrepreneurial firms considered in
order to focus on the effect of exit requirements (liquidity risk) on investment behavior.
Since investments of other types of VCs do not necessarily have the same need to exit
as for limited partnership VCs. VCs such as corporate VCs or government VCs (Lerner,
1999; Gompers and Lerner, 1999), often have funds that last longer than the typical 10
years so that the pressure to exit from their investments is lower. This inevitably affects
the impact of liquidity risk. By limiting the sample to limited partnerships, we make sure
that liquidity (or exit) risk matters in all our investments. We believe our focus on limited
partnerships allows us to directly examine the issue of liquidity risk. Therefore, we do
not include fund characteristic variables in our empirical analyses.!? As discussed further
below, we did not find material differences across funds with the exclusion or inclusion
of different types of syndicated funds in the dataset.

We use the definition for investment stages provided by VentureXpert, which distin-
guishes between four broad classes of stages:
i.  Early-Stage: this includes seed, start-up early, R&D early, other early, first stage,
R&D equity and other R&D stages.
u.  Expansion-Stage: this includes expansion, R&D expansion and second stages.
wi. Later-Stage: this includes third stage, bridge, bridge loan, other later-stage, open

12 There is one exception to this. We did consider including a variable for the proportion of investments from an
investor of a certain type, but did not find this materially affected the empirical results of interest in our paper. We
do not report such variables, also in part mainly because it is unclear as how the economics of such variables would
work: the minor presence of a syndicated government investor, for example, may have a major effect on the invest-
ment decision or a minor effect, depending on unobservable factors not picked up by Venture Economics (and
therefore the appropriate definition of such a variable is at best very unclear). We check the robustness of our results
to different investor effects by considering a subsample of the data of limited partnerships only and non-syndicated
investments only. As shown below, the results in this paper are robust. In a somewhat related paper, Cumming,
Fleming and Schwienbacher (2004) consider each investor effects (where each syndicated investor is a different row
in the data) and study the notion of ‘style drift’ in private equity; the questions addressed in that paper are from the
‘fund characteristics’ perspective. In this paper, we focus on the entrepreneur characteristics (where each row in the
data is a different entrepreneur) and macroeconomic variables to study which types of firms receive venture finance
depending on the economic environment.
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market purchase, private investment in public company and other expansion-
stages.

iv.  Other Stages (including Buyout/Acquisition): this includes acquisition, acquisition
for expansion, leverage buy-out (LBO), turnaround, special situation, secondary
purchase, VC partnership and unknown stages.

In what follows, we will focus the analysis on the first three classes of development,
since these are the ones that really deal with technological risk. For robustness checks,
we alternatively use a more restrictive sample by comparing early-stage with expansion-
stage investments only. Note that the last class, the so-called “other stages”, even includes
all observations for which no information is available about the investment stage (this
forth class of stages only represents 5.3% of all the investment rounds in our sample). In
other words, when analyzing the investment decision of VCs, we will concentrate on the
first three classes (early-stage versus either expansion-stage or laterstage) and in some
cases (for robustness purposes) exclude the third class (so that we only look at early-stage
versus either expansion-stage). Overall, we have a total of 18774 investment rounds and
4065 first-round investments.

1.4.2  Definition of Variables

The variables used in the regression analysis are defined in Table 1. The main variables
are: EARLY_STAGE is a dummy variable equal to one if the considered investment round
is in the early-stage (otherwise, equal to zero); EXPANSION_STAGE is a dummy variable
equal to one if the investment round is in the expansion-stage (otherwise, equal to zero);
LATER_STAGE is a dummy variable equal to one if the investment round is in the later-
stage (otherwise, equal to zero); AMOUNTS is the total amount of funds invested in
the given round (in millions of 2000 US$); NBR_INVESTORS gives the number of VCs
involved in raising AMOUNTS (the size of the syndicate in a given round); NBR_IPO
represents the number of IPOs in the US during the year in which the investment round
was done, as reported by Jay Ritter on his IPO website <http://bear.cba.ufl.edu/rit-
ter/ipodata.htm> (see also Ritter and Welch, 2002, Table 1); NEW_INVESTMENT is a
dummy variable equal to one if the investment is a firstround investment (otherwise,
equal to zero); FOLLOW_ON ( := 1 - NEW_INVESTMENT) is a dummy variable equal
to one if the considered investment round is a follow-on investment (otherwise, equal
to zero); and GDP represents the real annual growth rate of the U.S. economy during
the year in which the considered investment is done. Finally, we also include industry
dummies in all the regressions to control for industry-specific (technological) risk:
INTERNET (Internet communication, e<commerce, Internet services, Internet software
and programming), COMPUTER (hardware and software), BIOTECH (biotechnology),
and MEDICAL (medical and health-related).
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Table 1. Definition of Variables
This table defines the variables used in the empirical analyses, figures and subsequent
tables in this paper.

EARLY_STAGE A dummy variable equal to one if the considered investment round is
in the early-stage (otherwise, equal to zero)

EXPANSION_ A dummy variable equal to one if the investment round is in the expan-

STAGE sion-stage (otherwise, equal to zero)

LATER_STAGE A dummy variable equal to one if the investment round is in the later-
stage (otherwise, equal to zero)

AMOUNTS The total amount of funds invested in the given round (in millions of
2000 US$)

NBR_INVESTORS The number of venture capitalists involved in raising AMOUNTS (it
gives the size of the syndicate in a given round)

NBR_IPO The number of IPOs in the US during the year in which the investment
round was done. When (+n) is added, this means the number of IPOs
in n years after the time in which the investment round was done.

P_IPO The predicted number of IPOs in the US one year in the future, based
on prior current underpricing and the current number of IPOs.
P_IPO(t) = By + By - [PO(t-1) + By - Underpricing(t-1) + B3 - Real GDP
(t-1) + €(t). Details are provided in section 4 of the text.

NEW_ A dummy variable equal to one if the investment is a firstround invest-

INVESTMENT ment (otherwise, equal to zero)

FOLLOW_ON (=1 - NEW_INVESTMENT) A dummy variable equal to one if the con-
sidered investment round is a follow-on investment (otherwise, equal to
Z€ro)

GDP The real annual growth rate of the U.S. economy during the year in

which the considered investment is done

INTERNET A dummy variable equal to one if the entrepreneurial firm is in the
communication, e-commerce, Internet services, or Internet software
and programming sectors (otherwise, equal to zero)

COMPUTER A dummy variable equal to one if the entrepreneurial firm is in the
hardware and software sectors (otherwise, equal to zero)

BIOTECH A dummy variable equal to one if the entrepreneurial firm is in the
biotechnology sector (otherwise, equal to zero)

MEDICAL A dummy variable equal to one if the entrepreneurial firm is in the

medical and health-related sectors (otherwise, equal to zero)

13
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1.4.3 Graphical Analysis

Figure 1 shows the number of observations available in each year for the full sample of
18774 investment rounds, as well as the sample of all new investments (4065 observati-
ons). More generally, it shows the great increase in VC investments during the second
half of the 1990s, followed by a sharp decrease after 2000. Not so surprisingly, the corre-
lation on an annual basis between the two data series is very strong, namely +93%. When
overall investment increases, so do investments in new companies.

Figure 2 presents the total number of IPOs that took place in the US during the
period of 1985 to 2004. These include IPOs on the NASDAQ, NYSE and AMEX. In what
follows in this study, we use these data as liquidity measure of exit markets for VC invest-
ments. Notice that using yearly aggregate values of liquidity leads to consider the more
general liquidity condition of markets. The time series exhibits a strong positive autocor-
relation. Figure 2 also highlights the relative importance of new early-stage investments
as compared to new investments in the two other stages. For each year, it shows the ratio
of new early-stage investment rounds over new expansion-stage and later-stage investment
rounds ( := new early-stage investments in year ¢ + new expansion-stage and later-stage
investments in year ¢). In other words, it represents the average number of new early-stage
investments for every new expansion-stage or later-stage investment; the evidence shows
that it has been changing considerably over time. For instance, in 1987 VGs invested
4 times more often in new early-stage projects than in new expansion-stage projects, while
in 1997 it was only 2 times. Notice that on an annual basis the empirical correlation of
both series is =58 %, which provides preliminary support for HYPOTHESIS 1.

Figure 3 shows the importance of new (firstround) investments relative to follow-on
investments, irrespective of development stages. It provides the ratio of new investments
over all data available. For instance, we can see that in 2001 only 11% of all investment
rounds were in new projects, while in the late 1990s it was about 30%. When comparing
these values (on annual basis) with the annual number of IPOs, one obtains a correlation
of +53%. This provides preliminary evidence that is consistent with HYPOTHESIS 2.

Finally, Figure 4 presents the average syndicate size for all firstround investments
each year, and again with comparisons to IPO volume. Average syndicate size seems to
have been lower during the 1990s. On the annual basis the correlation with IPO volume
is =62%. Figure 4 is thus consistent with HYPOTHESIS 3.



Topics in Corporate Finance

2500 T
2000
1500 T+
1000 T+
500 T
n--" ”.--.".--l_‘._.l m---E A TR
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 |
O T T T T T T T T T T T T T T T T T T T 1
\n O N N O ~ 3| n ¥ N 0 N 0 O O - N o X
o o o o o AN (o) N (o)) N (o)) (o) [<A N (e} (e} (o] (e} (0]
[e)} [e)} [e)} [e)} [e)) A O (o)) [e)} [e)} [e)} [e)} (o)) A O o o o] o o
- - = = ~ ~ = = = = = = - - ~~ d& & d & o
—a— All Investment Rounds - --m--.New Investment Rounds Only

Figure 1: Number of Observations in each Year from 1985 to 2001. The unit of observa-
tions is an investment round. The bold line shows the number of observations available
using all the investment rounds (i.e., new and follow-on rounds), while the dashed line
only considers new (first-round) investment rounds.
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Figure 2: Importance of New Early-Stage Investments and IPO Volume in the United
States from 1985 to 2001. The bold line (with left-hand Y-axis) gives the ratio of new
early-stage investments over all new expansion-stage and later-stage investments in each
year. The IPO volume (right-hand Y-axis) is shown by the dashed line and represents the
number of initial public offerings (IPOs) as reported by Ritter and Welch (2002). It refers
to IPOs on the NASDAQ, NYSE and AMEX.
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Figure 3: Importance of New Investments Compared to Follow-On Investments. The
bold line (left-hand Y-axis) gives the proportion of new investments from all investments
(new and follow-on) in each year. The dashed line (right-hand Y-axis) gives again the
number of IPOs in each given year (IPO volume), as in Figure 2.
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Figure 4: Syndicate Size for New (First-Round) Investments and IPO Volume in the
United States from 1985 to 2001. The bold line (left-hand Y-axis) gives the average
number of syndicate partners involved in new investments in each year. The dashed line
(right-hand Y-axis) gives again the number of IPOs in each given year (IPO volume), as
in Figure 2.
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1.4.4 Summary Statistics

Panels A to C in Table 2 present summary statistics of the data. Panel A presents the data
for new investment rounds only and for all investment rounds. A few interesting observa-
tions are worth highlighting. First, a large fraction of firstround investment rounds are
in the early-stage, but this fraction is considerably lower for new and follow-on investment
rounds. Second, the average syndicate size (NBR_INVESTORS) is of smaller for first-
round investments relative to all investment rounds (an average of 2.6 investors for first
round, versus 3.6 for all rounds). Third, 22% of all investment rounds included are new
investments. Fourth, regarding differences in industry sectors, note that there are fewer
investments in biotech and medical sectors relative to the Internet and computer sectors.
This result is certainly attributable to the Internet boom during the end of the 1990s, and
the large proportion of all VC investments. Fifth, note that new investment rounds are in
the early-stage (74%), while about 20% of new investments are in the expansion stage.

Table 2. Summary Statistics

Panel A. New and Follow-On Rounds

This table summarizes the data by the percentage of observations by each industry sector
and each stage of firm development. The unit of observation is an investment round. The
data are presented for the new (first round) investments (column 1) and for the new and
follow-on investment rounds (column 2). The average amounts invested are expressed in
millions of 2000 US dollars. Variables are as defined in Table 1.

New Investment New and Follow-On
Rounds Only Investment Rounds
Industry Sectors:

- INTERNET 23 % 17 %

- BIOTECH 7 % 8 %

- COMPUTER 25 % 28 %

- MEDICAL 13 % 15 %

- Other Sectors 32 % 32 %

Stages of Investment:

- EARLY_STAGE 74 % 33 %

- EXPANSION_STAGE 20 % 40 %

- LATER_STAGE 6 % 27 %
AMOUNTS 5.33 7.11
NEW_INVESTMENT - 22 %
NBR_INVESTORS 2.6 3.6
Number of Observations 4443 18774
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Table 2. Summary Statistics

Panel B. Stages of Investment.

This table summarizes the data by stage of entrepreneurial firm development at time of
investment, as it relates to the firm’s industry sector, amounts invested and number of syn-
dicated investors. Each cell comprises two numbers: the first concerns all new investment
rounds only; the second (in brackets) provides the same summary statistics for both new
and follow-on rounds. The average amounts invested are expressed in millions of 2000
US dollars. Variables are as defined in Table 1.

Early-Stage Expansion-Stage Later-Stage

Industry Sectors:

- INTERNET 23 % (19 %) 28 % (19 %) 11 % (11 %)
- BIOTECH 9% (10 %) 3% (6 %) 5% (10 %)
- COMPUTER 24 % (24 %) 26 % (29 %) 24 % (31 %)
- MEDICAL 14 % (17 %) 8% (14 %) 11 % (15 %)
- Other Sectors 30 % (30 %) 35 % (32 %) 51 % (33 %)
AMOUNTS 4.65 (4.88) 7.11 (8.91) 7.84 (7.19)
NBR_INVESTORS 2.7 (3.2) 2.5 (4.0) 2.2 (3.7)
Number of Observations 3018 (6216) 802 (7535) 245 (5023)

Table 2. Summary Statistics

Panel C. Industry Sectors.

This table summarizes the data by industry sector, with details on the average amounts
invested, number of syndicated investors, and proportion of early stage investors. Each
cell comprises two numbers: the first is for new investment rounds in all the 3 stages of
development (early-, expansion- and later-stage); the second (in brackets) provides the
same summary statistics for both new and follow-on rounds in all 3 stages. The average
amounts invested are expressed in millions of 2000 US dollars. Variables are as defined
in Table 1.

Number of NBR

. AMOUNTS - EARLY_STAGE

Observations INVESTORS
INTERNET 944 (3207) 6.64 (11.14) 2.5 (3.5) 74 % (36 %)
BIOTECH 300 (1593) 5.13 (7.31) 3.0 (4.0) 87 % (40 %)
COMPUTER 1001 (5243) 4.14 (5.08) 2.6 (3.6) 73 % (29 %)
MEDICAL 529 (2856) 4.81 (5.76) 2.8 (3.6) 82 % (36 %)

Other Sectors

1291 (5875)

5.54 (7.34)

2.6 (3.6)

69 % (31 %)

18
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Panel B in Table 2 provides summary statistics by investment stages. Average amounts
(expressed in year 2000 values) invested per round were much lower for early stage
(US$ 4.65 million) relative to expansion stage (US$ 7.11 million) and later stage
(US$ 7.84 million). There was a lower proportion of later-stage investments for Internet
companies (11%) relative to the Internet sector early-stage and expansion-stage invest-
ments (23% and 28%).

Panel C in Table 2 presents the data by industry sectors. In each cell, we provide
summary statistics for first round investments in all 3 stages of development, as well as
for new and follow-on rounds (the latter statistics are in brackets). An large proportion
(23%) of the investment rounds are in the Internet sector. Internet investments also had,
on average, the largest amounts invested per round (US$ 6.64 million). There are no
notable differences in the average syndicate size across industry sectors, except perhaps
for the biotech sector. The majority of first round investments are in the early-stage, and
there are few such differences across sectors. The category of “other sectors” includes
investment projects in business and financial services, communications and media,

consumer-related services and products, and semiconductors.

Table 3 presents tests for differences in proportions and averages. We examine dif-
ferences between years exhibiting high IPO volume and low IPO volume, in terms of the
median IPO volume (Parts 1 and 3 of Table 3) and the upper and lower quartiles (Part
2 of Table 3). The univariate summary test statistics in Table 3 provide strong support
the conjectured effects. In regards to HYPOTHESIS 1, we observe a smaller proportion
of early-stage investments with there are a greater number of contemporaneous IPOs as
well as IPOs two years hence, and all of these differences are significant at the 1% level
of significance. In support of HYPOTHESES 2, we observe a significantly greater propor-
tion of new investments when IPO volume in greater, and again these differences across
Parts 1 — 3 are all significant at the 1% level. Finally, in regards to HYPOTHESIS 3, the
data support the conjecture of a significant and positive relation between conditions of
high liquidity risk and the number of syndicated partners for each comparison test at the
1% level.
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Table 4 shows a correlation matrix of all the variables for the subsample of all new
investments (except for the variable NEW_INVESTMENT, where the full sample was used
because otherwise there would be no variation). The correlation statistics are consistent
with the summary statistics provided in Table 3. For example, the number of IPOs is
negatively and significantly correlated with the number of early-stage investments and
positively correlated with the number of new investments, which supports HYPOTHESES
1 and 2.1 Further, syndicate size is negatively correlated with IPO conditions, in support
of HYPOTHESIS 3. The other correlations in Table 4 provide guidance for collinearity
issues in regards to the appropriate specifications in the multivariate tests in the next

section.

1.5 Multivariate Regression Analysis

Our regression analyses are organized into three parts in this section to test the three
respective hypotheses outlined in section 1.3: sections 1.5.1 — 1.5.3 comprise regressions
that test HYPOTHESES 1 — 3 in Tables 5 — 7 for dependent variables EARLY-STAGE,
NEW_INVESTMENT, and NBR_INVESTORS, respectively.

The regressions are specified with right-hand-side variables for IPO exit market con-
ditions, amounts invested, and industry dummy variables. Moreover, we examine the
impact of the NASDAQ Composite Index (denoted by NASDAQ) at the end of the invest-
ment year, in order to control for general market effects. We also control for real GDP,
since Gompers and Lerner (1998, 1999) show that general economic conditions (which
they also proxied by the real GDP) impacted significantly the flow of capital into the US
VC market. With the different included right-hand-side variables our pseudo R? values
are not very large (less than 5%), but this is quite consistent with other papers in venture
finance that use similar U.S. industry data (for example, Cochrane (2005) estimates the
determinants of U.S. VC returns and explains at most 1% of the variation in the data).

We further consider in the regressions the number of IPOs per year occurring one
and two years ahead (NBR_IPO(+1) and NBR_IPO(+2)) to capture the fact that future
liquidity might matter. By including these two variables, we implicitly assume that VCs have
perfect foresight over future exit markets liquidity for the next two years ahead, which is
of course a very strong assumption. As an alternative specification and robustness check,
we estimated a forecasting model for predicted values of future liquidity. In particular, we
use an AR(1) model to obtain predicted values of NBR_IPO, which we denote by P_IPO
(as indicated in Table 1). The estimation equation uses the number of IPOs in the prior

13 There is one exception: the correlations between New Investment and NBR_IPO (+2) is insignificantly correlated in
Table 3. The subsequent tables control for other factors with multivariate tests.

14 For this specification, we made use of publicly available annual IPO data on Jay Ritter’s webpage going back to 1960.
These data were used as they comprise a sufficient number of years to obtain reliable estimates of the future number
of IPOs. This procedure is somewhat similar to the alternatives reported in Lowry (2003). We did consider numerous
alternatives, and our predicted IPO numbers did not materially alter the results and qualitative conclusions presented
herein.
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year, the average underpricing of such IPOs in the prior year and the prior year’s real
GDP growth to predict the subsequent year’s number of IPOs, as follows:!*

P_IPO(t) = By + By - IPO(t-1) + By - Underpricing(t-1) + g - Real GDP Growth (t-1)
+ g(t)
In all the tables, we show the regression results for testing Hypothesis 1 when using
P_IPO instead of NBR_IPO.

In each regression table (Tables 5-7) we consider the effect of dropping years around
the Internet bubble. Model (11) in each regression table drops the years 1999 and
2000. Model (12) drops the years 1998-2001. We explicitly show the robustness of the
econometric results to the inclusion and exclusion of these outlier years, as well as the
consideration of different explanatory variables. As well, note that the graphical analy-
sis of the data (subsection 1.4.3 above) shows the patterns of investment in relation to
economic cycles are not attributable to the years surrounding the Internet bubble. We
discuss further robustness checks not explicitly presented but available upon request in
section 1.6 below.
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1.5.1  Effect of Liquidity Risk on Early-Stage Investments

Table 5 reports the result of different Logit regressions. The dependent variable is
EARLY_STAGE, a dummy variable equal to one if the new investment is in the early-stage
and zero otherwise.’> Since many of our explanatory variables exhibit collinearity, we
estimate the impact in separate regressions. The coefficient of NBR_IPO is negative and
significant in all the regressions in which it was included, strongly supporting the predic-
tion stated in HYPOTHESIS 1. Table 5 indicates that an increase of liquidity by 100 IPOs
will reduce the likelihood that a VC invests in new early-stage projects (as compared to
new investments in other development stages) by approximately 1.5% (Models 7 and 8)
-2.3% (Model 9) depending on the model specification. The results therefore indicate a
clear statistically and economically important effect of IPO conditions on the probability
of early-stage investment, particularly in view of the fact that IPO conditions fluctuate
widely (Bradley, Jordan and Ritter, 2002; Helwege and Liang, 2002; Lowry, 2003). Note as
well that the results are robust to the inclusion or exclusion of the Internet bubble years
(years 1999-2000 are excluded in Model 11, and 1998-2001 are excluded in Model 12).

We have stressed that the predicted effect derived from our model and stated in
HYPOTHESIS 1 is not immediately obvious, and even somewhat counter-intuitive. Our
model is largely based on the decision to postpone exit requirements by undertaking
projects of greater technological risk when IPO markets are illiquid. One could just as
easily conjecture that there is a positive correspondence between market conditions and
early-stage investment based on an oft-repeated casual empiricism (as is often stated in
practitioner articles on, e.g., www.ventureeconomics.com). To this end, we control for
NASDAQ market levels, and show that indeed, year in which NASDAQ market levels are
higher are consistent with more early-stage investments, both independent of controls
for IPO conditions (Model 6) and with controls for IPO conditions (Models 8 and 10).
An increase of the NASDAQ composite index by 1000 points increases the likelihood of
early-stage investments by approximately 1.6% (Model 6) to 2.4% (Model 8) depending
on the specification.

The models also generally indicate a greater economic significance in the probability
of early-stage financing through VC funds in biotech and medical industries relative
to the Internet and computer sectors. One possible explanation is that the different
sectors take longer to bring a project to bring to fruition (Gompers and Lerner, 1999).
Another explanation could be that there might be less scope for VCs to invest in biotech
to trade-off liquidity risk with technological risk when exit markets are illiquid. Biotech
entrepreneurial firms typically lack ability to internally fund themselves, and therefore
there is a comparative dearth of expansion stage biotech firms seeking capital for the
first time from VCs.

15 Throughout the paper, we test investments in early-stage rounds against investments in either expansion- or later-
stage investments. We also tested early-stage investments against expansion-stage investments only and did not find
any significant difference in the results.
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Note that the larger the investment amount (variable AMOUNT), the lower the
likelihood that the new investment is an early-stage project, as would be expected.!6
Interestingly, since later-stage projects also involve greater amounts of finance, this sug-
gests that the shift from early-stage to expansion-stage induced by liquidity of exit markets

is even more pronounced in dollar values as compared to the number of investments.

1.5.2  Effect of Liquidity Risk on New Investments

Table 6 shows results of Logit regressions with NEW_INVESTMENT as dependent varia-
ble to test HYPOTHESIS 2. To this end, we use the full sample for early and expansion
stage projects.!”?

The results in Table 6 provide strong support for HYPOTHESIS 2 (“New Investment
Decision”), which conjectured a positive effect of IPO volume on the propensity to invest
in new projects as a result of reduced liquidity risk. An increase in contemporaneous
IPO volume by 100 increases the probability to invest in a new project (as opposed to a
follow-on project) by approximately 1.2% (Model 1) to 4.1% (Models 7). The estimated
marginal effects are slightly smaller for the future IPO variables (Models 2 and 3) and
predicted future IPO variables (Model 4, 9 and 10). These results are quite robust to
the inclusion of control variables for GDP (which is positive and significant, as expec-
ted), NASDAQ (positive and significant, as expected, but only in Models 8 and 10) and
AMOUNTS (negative and significant, as expected). Further, note that as in Table 5, Table
6 shows the results are robust to the inclusion or exclusion of the years surrounding the
Internet bubble (Models 11 and 12).

16 We view capital requirements as exogenously determined in Models (7) — (10). Numerous alternative specifications
and assumptions (available upon request) did not materially affect the results.

17 Specifications with late-stage investments, which are typically not considered as “venture capital” but rather “private
equity”, did not materially affect the results and are available upon request.
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Interestingly, note from Table 6 that Internet projects are more often new investments
(as opposed to staged follow-on investments). This is consistent with evidence money cha-
sing deals during boom periods like that of the Internet bubble (Gompers and Lerner,
2000). The comparatively less frequent staging of Internet projects is also consistent with
other evidence of less value-added and monitoring provided to VCs in boom periods
(Gompers, 1995; Kortum and Lerner, 2000).

1.5.3  Effect of Liquidity Risk on Syndicate Size

Table 7 examines optimal syndicate size to test HYPOTHESIS 3A versus HYPOTHESIS
3B. We use NBR_INVESTORS as dependent variable, as defined in Table 1, and use a
Poisson regression to account for the ordinal nature of the data.'® The Vuong test statistic
strongly supported the Poisson specification in all cases. We carry out similar robustness
checks as in Tables 5 and 6. We also considered alternative specifications (not reported
in the tables for reasons of succinctness), such as a dependent variable equal to one if
the deal was syndicated, and zero otherwise. Our results are robust to this alternative
specification, among others. We focus on the more intuitive Poisson specification, which
accounts for the number of syndicated partners, and a declining marginal benefit of
adding additional syndicated partners.

18 An ordered Logit model was considered, but yielded estimation problems where there were too few observations for
some of the syndicated investments with a very large number of syndicated partners. Redefining and/or deleting
these problematic observations for that methodology did not yield results that were materially different from the
reported Poisson regression approach. Alternative specifications are available upon request.
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Table 7 shows that the coefficients of the variables NBR_IPO (+n) are again statistically
significant in all the regressions. An increase of IPO volume by 100 gives rise to around
0.2 fewer syndicated partners on average. Thus, greater exit market liquidity reduces syn-
dicate size. This is very supportive of HYPOTHESIS 3B, which is based on the screening
motive for syndication (among other things described in section 1.3). This result is also
not attributable to the Internet bubble years, as the results hold for Models 11 and 12,
where the years 1999-2000 and 1998-2001 are excluded, respectively.

In Table 7 note as well that all of the AMOUNTS coefficients are positive and signi-
ficant, as expected (greater capital requirements give rise to more syndicated partners).
Moreover, the syndicate size is greatest for companies in the biotech sector and smallest
for companies in the Internet sector. These industry effects are supportive of the role of
exit market liquidity, in that technologically riskier sectors with a longer gestation period
are financed by larger investor syndicates.

1.6 Limitations, Alternative Explanations and Future Research

The issues considered in this paper give rise to a number of questions and further
research issues. Our sample was based on data from a randomly selected group of limited
partnership VCs in the United States over the 1985 — 2004 period. We considered a large
number of robustness checks, many explicitly provided. An earlier version of this paper
explicitly reported other robustness checks, such as the exclusion/inclusion of Internet
firms, and hot and cold markets, among things; those excluded results were very suppor-
tive of the results explicitly reported herein. In Tables 5-7 we showed the robustness of
the results to the inclusion and exclusion of the years 1999 and 2000, as well as the years
1998-2001. We also explicitly showed the robustness of the results to numerous different
explanatory variables.

There are other issues that are beyond the scope of this paper, but bear relevance
for further research. Five potential avenues for future research are as follows. First, it
could be instructive to consider other types of investors. Our data are derived from VCs
only.’ In practice, there are various ways how entrepreneurs can finance their early-stage
investments without seeking VC, although not all of these sources are available to all
entrepreneurs. Often, entrepreneurs rely on “friends and family” to finance the starting
of the company. Others may also obtain governmental subsidies or even being first able
to do R&D in universities before they are spun-off so that substantial parts of their early-
stage development is done without any additional capital injection from VCs. Many other
entrepreneurs prefer to work with Business Angels before approaching VCs. Empirical evi-
dence show that Business Angels invest by far in more projects than VCs do but in a much
smaller amount (cf. Prowse, 1998; Freear, Sohl and Wetzel, 1996; Lerner, 1998; Fenn,

19 Each transaction comprises at least one limited partnership VC. We did not find material differences across funds
with the exclusion or inclusion of different funds in the dataset.
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Liang and Prowse, 1998; Wong, 2002; Chemmanur and Chen, 2002).2° Therefore, VCs
do not always have to enter into start-up companies in the early-stage but may choose to
join in later rounds for the first time. Although there is no reason to believe our sample
is biased by considering a sample of VCs only, an analysis of other types of investors would
give a more complete analysis of the effects of liquidity risk.

Second, there are different definitions of liquidity that could be analyzed. The con-
cept of liquidity is broader than what considered in our paper. As mentioned in section
1.2, the liquidity concept seems better defined for listed equity than for private equity. On
the other hand, the dimension we analyze in this paper is arguably the most appropriate
one to focus on in private equity. For instance, it would be hard to obtain any reasonable
proxy for depth or resiliency of liquidity for initially non-traded shares. Another potential
limitation is the fact that we only focus on the IPO exit market but omit the other main
exit route, namely the corporate merger & acquisition market. We did consider M&A
data,? but this did not improve upon the richness of the results presented herein. As dis-
cussed, VCs and the investees typically have a preference for IPO exits (Black and Gilson,
1998; Gompers and Lerner, 1999).

Third, there are different aspects of deal structures that could be studied in relation
to liquidity other than the ones considered herein (i.e., our focus was on syndication,
in the spirit of Lerner, 1994). For instance, it could be instructive to study the use of
covenants in relation to liquidity concerns (e.g., in the spirit of Bascha and Walz, 2001),
which might explain reported differences in contractual terms used in different coun-
tries. Further research is warranted.

Fourth, it would be instructive to investigate the effect of liquidity in relation to lega-
lity in different countries (e.g., as in Jeng and Wells, 2000, and Lerner and Schoar, 2005).
Whether the development of VC markets is more closely connected to issues of liquidity
or legality is an unanswered question worthy of future study.

Finally, the data herein and the asymmetric effects in particular suggest the impor-
tance of behavioral finance factors in affecting VC decisions (e.g., see Landier and
Thesmar, 2003). Our model was based on rational decision making. While an analysis of
VCs in a behavioral setting could prove fruitful in future work, it is beyond the scope of
the paper.

20 Freear, Sohl and Wetzel (1996) estimated that about 250,000 angels invested US$ 10-20 billion in around 250,000
companies each year, which is by far more than the VC market. In Europe, the number of active business angels was
estimated by the European Business Angels Network (EBAN) with 125,000.

See note 8 and accompanying text.

no
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2 STYLE DRIFT IN VENTURE CAPITAL

2.1 Introduction

The process of financial intermediation in both mutual fund and private equity investing
involves fund managers that receive capital from investors (see, e.g., Wermers, 2002, for
the mutual fund industry; Mayer et al., 2002, for the venture capital industry). To facilitate
this process, mutual funds and private equity funds are invariably established with stated
objectives in terms of the focus for investments at particular stages of entrepreneurial
firm development and industry. Investors pay very close attention to the stated objectives
of the funds in which they invest in order to manage the risk/return profile of their port-
folio. A deviation from the stated objectives — known as a “style drift” — could be viewed
quite negatively by investors that contributed capital to the fund. In the case of a mutual
fund that invests in publicly held companies, investors may simply withdrawal capital in
relatively short order if they view the drift as unfavorable. In the case of a private equity
fund, however, the ability to liquidate a position in a fund may take many years. Style
drift, therefore, is at least as important in private equity as it is among publicly traded

companies, and potentially more important.??

Institutional fund providers increasingly categorize their investments in asset classes
(Wermers, 2002, Brown and Harlow, 2004, Barberis and Shleifer, 2003, and Chan, Chen
and Lakonishok, 2002). Among other things, this allows them to better assess and control
their overall portfolio risk as well as more easily come up with the comparable perfor-
mance benchmark for assessing the performance of each fund manager. This explains
why fund providers investing in private equity also impose a pre-determined investment
focus to VC funds. Moreover, this explains the importance of style-consistent investments
by venture capitalists.?

Style drift is a topic of much academic interest for institutional investment in publicly
traded companies and mutual funds (see, e.g., Wermers, 2002). But despite an equal or
even greater importance of style drift in the private equity industry, to the best of our
knowledge the topic remains unstudied in the academic literature in private equity and
venture capital.?* The goals of this paper are to introduce the concept of style drift in
venture capital and private equity [hereafter we simply use the term ‘private equity’],?
to provide empirical regularities on the frequency of style drifts in private equity, and to
provide a theoretical model and empirical evidence that facilitates an understanding of
why private equity funds do in fact drift.

22 See, e.g., Clausen and Sood (2003); see also http://www.altassets.com/features/arc/2003/nz2649.php, and numerous
other practitioner articles on style drift in private equity available on the Internet.

23 For instance, Cochrane (2001), Das et al. (2002), and Jones and Rhodes-Kropf (2003) provide comprehensive
analyses of the venture capital asset class in terms of risk and return.

24 Most of the seminal articles in venture capital finance are collected in the book prepared by Gompers and Lerner
(1999); see also subsequent work, such as Kortum and Lerner (2000), and Lerner and Schoar (2004). Gompers and
Lerner (1996, 1999), Lerner and Schoar (2004) and Ljungqvist and Richardson (2003a) refer to the notion of style
drift but do not analyze style drift in terms of theory and/or empirics.
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Private equity has grown substantially over the 1990s as a viable alternative asset class
for all kinds of institutional investors (Berger and Udell, 1998, Gompers and Lerner,
1999, Hamao, Packer, and Ritter, 2000, Cressy, 2002, and Megginson, 2004). Empirical
evidence suggests that limited partners (LPs) in a private equity partnership are able to
achieve superior risk-adjusted returns, particularly if manager selection is confined to
the upper quartile of ability (Gompers and Lerner, 1999; see also Cochrane, 2005). As
such, institutional investors ranging from pension funds to university endowment funds
tend to allocate up to 5% (and sometimes as much as 10%) of their capital to private
equity and venture capital (Gompers and Lerner, 1999). Achieving a desired exposure to
private equity investments, however, is not an exact science. While public equity invest-
ments immediately provide the desired exposure level for institutional investors, it is not
possible to achieve the desired exposure to private equity immediately at the time of
investment. Private equity limited partnerships typically have 10-13 year limited lives with
terms, conditions and covenants (Gompers and Lerner, 1996). An institutional investor
first provides a capital commitment to a private equity fund, and this commitment is
drawn down over the lifespan of the fund (Poterba, 1989; Gompers and Lerner, 1998,
2001). The time for a pension fund to achieve the desired exposure to venture capital
typically takes between three and five years depending on the rate of commitments, and
the rate of draw-downs by the underlying private equity managers. In view of the dif-
ficulty in achieving the desired exposure to the private equity and venture capital asset
class, alongside the illiquidity of the investments, institutional investors typically view style
drifts by private equity fund managers with a pronounced degree of disapproval.? It is
therefore particularly interesting and worthwhile to undertake an analysis of style drift
in private equity.

An institutional investor’s design of optimal portfolio exposure to private equity is
naturally a function of risk and return objectives. In particular, optimal portfolio design
for a LP is determined by the industry sector, time/vintage year, managers, and geo-
graphy. It is well established that the risk and return to private equity vary significantly
across different stages of firm development at time of first investment, industry sector,
among other things (in the academic literature, perhaps the most extensive documenta-
tion in the US is provided by Das et al., 2002; see also Cochrane, 2005, for issues pertai-
ning to measuring risk and return). A style drift by a fund manager may therefore have
serious consequences for the risk/return profile for the institutional investor. Given the
institutional setup of a private equity fund, it takes many years for an institutional investor
to rebalance its private equity exposure. Hence, style drifts potentially lower the attracti-

25 The distinction between the terms ‘venture capital’ and ‘private equity’ is particularly blurred by the fact that venture
capital funds often style drift into later stage investments commonly referred to as ‘private equity’ investments, and
likewise private equity funds often style drift into earlier stage investments commonly referred to as ‘venture capital’
investments. Hence, for expositional simplicity (except in specific parts of the text where stage focus is referenced),
we use the more generic term ‘private equity’ to refer to early stage venture capital as well as late stage private
equity.

26 See, e.g., industry webpages such as those provided by Frank Russell, at:
http://www.russell.com/II/Research_and_Resources/Alternative_Investing/Private_Equity_Materials.asp
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veness of private equity as an asset class as it makes it more difficult for an institutional
investor to manage risk/return profiles.

In order to alleviate the risk of style drift in private equity, the private equity invest-
ment process places great emphasis on the upfront design of partnership agreements to
contract/covenant the relationship between institutional investor limited partners (LPs)
and the private equity fund manager general partners (GPs) (Gompers and Lerner,
1999). These covenants are important because they guide the behavior of the GP and
provide the LP with an indication of the expected risks and returns to their investment.
Partnership agreements are crucial for portfolio design for two reasons. First, LPs invest
into a blind pool of capital. As such, they wish to have the risk profile of their invest-
ment at the time of commitment, within boundaries. Second, as mentioned, LLPs face a
relatively illiquid investment in private equity and cannot easily adjust portfolio holdings
or rebalance if a GP undertakes actions that are inconsistent with governing documen-
tation.

In contrast to our initial expectations, in this paper we document the fact that private
equity style drifts are in fact extremely common. In our US sample of more than 11,000
private equity transactions in the US over the years 1985 — 2003, we find style drifts occur
more than 50% of the time for deviations from the stated stage focus of the fund. In an
alternative, broader definition of style-drift, we still observe it in about 30% of the invest-

ments in our large sample.

The large frequency of drifts is suggestive of significant benefits associated with drift
to fund managers. These benefits include:

* An increased pool of projects from which to choose potentially profitable invest-
ments, and GPs want to undertake the best investment opportunities as they arise over
the 10 — 13 year lifespan of the fund (both LPs and GPs are unable to foresee those
investment opportunities at the time of fund formation);

® Greater diversification of the VC fund (which can be a gain for the GP but not the
LPs — cf. Jones and Rhodes-Kropf, 2003) in order to minimize risk of failure (increases
chances of not under-performing peers);

¢ Potentially early exit from investee companies (for late stage investments), and the
generation of a reputation for solid investments (a window dressing of the portfolio);

* Managerial hubris: more established managers may believe that they can invest across
sectors given a successful history of private equity investing (on such see Shepherd,
Zacharakis and Baron, 2003)

¢ Enhanced returns to investing as opportunities change over time;

¢ Enhanced value of real options associated with strategic investments, such as the
aggregate value of income streams derived from investee companies through cross-
selling of products.

There are, however, potentially significant costs of style drifting to a GP, including:

* Potential litigation for breach of a limited partnership contract;
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* Aloss of reputational capital (particularly where the deviations have unsuccessful out-
comes), which potentially inhibits a manager’s ability to raise follow-on capital, as well
as potentially harming deal flow and syndication alliances with other fund managers
concerned about spillover of damaged reputational capital;

* An increase in the risk profile of a fund, where managers are not investing in their
areas of expertise, and a consequential misallocation of attention by fund managers

As a related point, style drifts are of course also potentially costly to institutional inves-

tor LPs as they result in a change in the risk/return profile of their exposure to private

equity.

The tradeoff in terms of costs and benefits to private equity style drift is the focus of
our theoretical and empirical analyses. With respect to private equity, the most important
cost/benefits seem to be the reputational aspects, increased investment opportunities
and diversification benefits. Using these ingredients, we generate a set of hypotheses
on style drift in private equity that encompass the proclivity of VCs to style drift and the
propensity of LPs to accept style drift. Using principal-agent literature we argue that style
drifts are expected to be less likely for younger VC funds, as the costs of drifts are more
pronounced in terms of damage to reputational capital since they have shorter track
records compared to established funds.?” We also conjecture that style drifts are less likely
in boom periods when the scope of valuable projects within the fund’s stated objectives
are more robust. Similarly, we predict that changes in market conditions from time of
fundraising to time of investment affect the propensity to style drift due to changes in

investment opportunities.?

We test the new theory developed herein with a sample of 11,871 private equity invest-
ments (including early stage venture capital investments, and late stage private equity
investments) from the Venture Economics database. First, we show that an increase in the
age of the VC investor’s organization by 5 years increases the probability of style drift by
1%, and similarly, each successive VC fund within an organization is 0.5% more likely to
style drift. These robust and statistically significant effects are economically meaningful
because many VC organizations in the Venture Economics database were established in
the 1960s, while others were formed only in the late 1990s. Similarly, some VC organi-
zations in the Venture Economics database have as many as 41 funds, while others have
only operated 1 fund. The propensity of VC funds to style drift therefore significantly
depends on fund characteristics. In conjunction with our companion empirical results,
discussed immediately below, this shows style drift is thus an important concern for
institutional investors seeking a specific exposure to certain forms of venture capital and
private equity.

27 Further, younger funds are also more likely to have more onerous contractual limited partnership covenants imposed
on their investment activities (Gompers and Lerner, 1996, 1999).

28 Ritter and Welch (2002) provide an extensive analysis of the overall IPO activities in the US, which documents how
market conditions for VC divestments have changed over time. See also Loughran and Ritter (2004) and Jenkinson
and Ljungqvist (2001).
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Second, we show that market conditions significantly affect the propensity to style
drift. Specifically, a 20% increase in NASDAQ from the time of fundraising to the time of
investment gives rise to a 4% reduction in the probability of a style drift by funds commit-
ted to early stage investments, but a 5% increase in the probability of a style drift by funds
committed to laterstage investments. These effects are very economically meaningful,
given the context that the average change in NASDAQ from time of fundraising to time
of investment in the Venture Economics database is more than 60%. The intuition under-
lying these results is that for VC funds that committed to early stage investments such a
commitment is easier to adhere to in more favorable economic conditions with greater
investment opportunities. By contrast, funds that commit to focus on later stage invest-
ments are more likely ‘drift down’ to riskier early stage investments as such investments
appear comparatively more attractive when economic conditions are favorable. In support
of these results, we also show that the Internet bubble period was associated with a 4%
lower probability of a style drift among funds committed to an earlier stage focus, and a
0.5% higher probability of a style drift among funds committed to a later stage focus.

Third, we consider whether style drift affects the performance of venture capital and
private equity investments. The data indicate style drifts are associated with a 4% incre-
ase in the probability of an IPO exit, controlling for other factors that might affect exit
outcomes. This suggests, due to the potential reputation costs associated with style drifts
discussed above, VC and private equity funds will style drift only for investments that are
more likely to yield favorable realizations. The overall impact on limited partners (fund
providers) is unclear, since this would require an assessment of risk and return of their
portfolio (our data are suggestive that stage drifts have been associated with higher risk
and return over the period examined). However, given that limited partners aim at con-
trolling their portfolio risk by allocating amount to different asset classes, most style drifts
by VC funds inevitably mean undesirable effects on the limited partners’ portfolios.

This paper is organized as follows. Section 2.2 very briefly reviews the related research,
and introduces a new model to derive testable hypotheses. Section 2.3 introduces the
data and provides descriptive statistics. Multivariate tests are carried out in section 2.4.
Limitations and future research are discussed in section 2.5. The last section concludes.

2.2 Theory

Only a few recent papers have examined style consistency of mutual fund managers and
their impact on performance (Wermers, 2002, Brown and Harlow, 2004, Barberis and
Shleifer, 2003, and Chan, Chen and Lakonishok, 2002). Barberis and Shleifer (2003) rati-
onalize the behavior of style investing (the allocation of funds among asset classes instead
of individual securities) by institutional investors (e.g. fund providers of VC funds).?

29 Benefits of style investing (i.e. classifying assets) (Barberis and Shleifer, 2003, and Chan, Chen, and Lakonishok, 2002)
include: (a) it simplifies the selection of problems and the processing of information, (b) it increases control of overall
risk for institutional investors, and (c) it helps investors to better assess the performance of portfolio managers.
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Brown and Harlow (2004) show that for mutual fund investments, style-consistent funds
outperform style-drifting funds. Wermers (2002) show that in institutional portfolios,
style drifts are more common among managers that trade more but that they also achieve
higher returns. They also conclude that managers do not seem to be worried about style
drift. Interestingly, when controlling for style drifts, the higher performance outcome
disappears.

This paper extends the concept of style drift to the context of venture capital and
private equity funds. Within the venture capital literature, our central research question
is related to analyses of VC fund managers vis-a-vis institutional investors. One direct area
on topic considered in prior work has been the analysis of covenants between institutio-
nal investors and venture capital fund managers, as analyzed by Gompers and Lerner
(1999) and Lerner and Schoar (2004). Private equity and venture capital limited part-
nership agreements are established between institutional investors (the limited partners)
and fund managers (the general partners) such that all investment decisions are carried
out by the fund managers. These limited partnerships are the most common way in which
private equity and venture capital funds are structured in the US and many other coun-
tries around the world. The limited partnership agreement typically lasts for 10-13 years.
Gompers and Lerner (1996) show less well established VC managers are more likely to
face restrictive covenants from institutional investors in terms of the types of investments
that they consider, such as the exclusion of buyout transactions and transactions in certain
types of industries, among other things. In related work, Lerner and Schoar (2004) show
VCs invest in comparatively illiquid investee companies in order to screen richer inves-
tors. Our analyses in this paper also focus on the relationship between institutional inves-
tors and venture capital fund managers; however, our focus is different in that we study
the committed objective of the VC fund when the limited partnership agreement was
established, and study the propensity to deviate from that committed objective. We also
study the impact of such style drifts on investment performance. This issue of style drift is
important because an institutional investor’s exposure to risk associated with investments
in private entrepreneurial firms at different stages of development will change if the VC
fund manager does not adhere to the committed investment objectives.

Our analysis of style drift in venture capital and private equity is also related to semi-
nal work on grandstanding by venture capital fund managers (Gompers, 1996). Gompers
shows that young VC firms are more likely to exit their better investments earlier than
that which would otherwise be optimal for the entrepreneurial firm, in order to signal
quality (‘grandstand’) to institutional investors for the purpose of raising capital for a
new fund. Gompers’ analysis of grandstanding is consistent with evidence in Barry et al.
(1990) and Megginson and Weiss (1991) that younger VC funds underprice more their
investees at the IPO due to a lack of reputation, and theoretical work (Neus and Walz,
2005) that model this phenomenon of large underpricing by younger VC funds as a com-
mitment device for acquiring reputation. Our analysis of style drift in private equity and
venture capital involves a similar notion of signaling behavior of VC managers to their
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institutional investors, but our focus is on the commitment to invest in entrepreneu-
rial firms at particular stages of development (i.e., our focus is on investment behavior
instead of exit behavior).

Finally, it is worth mentioning the recent study by Jones and Rhodes-Kropf (2003),
which is complementary to ours. Their focus is on the fund level, and examine the effect
of undiversified portfolios for venture capitalists on fund returns. Our analysis is on the
individual investment level and focuses on drivers of style drifts. Moreover, our paper
can be related in a larger perspective to the results of Chevalier and Ellison (1999) on

career concerns.

Our theoretical analysis of style drifts by private equity and venture capital funds
in this section proceeds as follows. Section 2.2.1 presents the elements of a theoretical
model to highlight certain costs and benefits of style drifts. Section 2.2.2 derives the
model in an environment without signaling, while section 2.2.3 presents an outcome
with signaling. Section 2.2.4 considers alternative explanations not explicitly modeled.
Section 2.2.5 outlines empirical predictions. Sections 2.3 and 2.4 thereafter present data
and empirical tests of the model introduced in this section.

2.2.1  Theoretical Model

Fund Providers: Suppose that fund providers have exogenously given preferences in a
specific asset class when investing in private equity. In our case, this corresponds to a par-
ticular stage of development. Suppose further that there are only two pools of projects
available, where pool 1 corresponds to the fund provider’s preference. In other words,
the fund provider hopes that the VC will invest all the funds in this pool. We model
this by assuming a discount of -0 for investments made in pool 2, where 0 <8 < 1. The
expected present value of each valuable project is given by V > 0, and is realized at time
t = 1. There is perfect competition among fund providers of private equity for both pools.
Also, we assume that market conditions (investment opportunities of each pool) have not
changed between the time the VC raised the fund and the time of actual investment.3

Venture Capitalists: At time ¢ = 0, VC funds raise the amount / > 0, which we set equal
to exactly the required amount for one project. The full amount is then invested. For
simplicity, suppose the VC finds a valuable project in pool 1 with some positive proba-
bility only (that will depend on the VC’s screening ability). We further assume that VCs
get private benefits of managerial hubris for financing a valuable project in pool 2. Let
us denote these benefits by IT > 0. This may induce VCs to style-drift.*! They also differ
in their ability to screen projects in which they can add value. In particular, if a VC fund

30 In the empirical analysis, we will control for changes in market conditions.

31 Another source of benefits from style-drifting is risk diversification. Our model can easily extended to include this
rationale (but with some additional notation) and would yield very similar empirical predictions. Of course, one
would need to consider portfolios of more than one project, but this is merely a simplifying assumptions in our
model.
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has good ability in screening projects in its given investment focus, then she will find a
profitable project in pool 1 with probability P, otherwise with probability p. By definition,
0 <p <P <1 Inpool2,aVC fund has probability p of finding a profitable project regard-
less of her/her ability in pool 1. Half of the VCs are skilled and the other half not. Suppose
fund providers have no information about the true ability of VC fund managers. We also
suppose that VCs only raise two funds in their lifetime, one so-called first fund and one
follow-on fund. 32 VCs are said to be “young” if they are in their first fund, and “old” (or
“more established”) if already managing their second (and last) fund. The second fund is
raised at time ¢ = /5, prior to the realization of the first fund’s outcome. Finally, to simplify
the analysis we shall assume that no drift takes place if no valuable project is found; in this
case, the next best project is one in pool 1 with a present value of zero.?

Delegation of Investment Decisions: Similar in spirit as in Aghion and Tirole (1997) on
the delegation of tasks3*, we make the assumption that parties do not contract upon VC’s
investment decisions, although observable. We motivate this assumption by the fact that
fund providers only observe the projects proposed by the venture capitalist but not the
full outcome of the screening. The latter may therefore claim that she could not find a
valuable project in pool 1 but instead one in pool 2. While it is possible for LPs to inspect
whether the VC invested the funds in the committed asset class, they still have to rely on
the VC’s judgment in selecting investments. In other words, LPs also have to delegate the
decision of project selection to the VC and need to trust her.3

2.2.2  Outcome without Signaling

If a VC has no interest in signaling her screening ability, then style-drifting always takes
place in the first and second funds whenever a valuable project is identified in pool 2.
There is no information content from investment decisions made in the first fund. To see
this, consider first a young VC who wants to raise her first fund. Let us denote by O a. < 1
the proportion of fund profits retained by the VC. In this case, fund provider’s expected
profits are given by the following condition:

[200-p45) 13 60- ) p)|- (=) =1

and they cannot infer any information from investment decisions of VCs.
There is no information content so that both types of VCs will obtain the
same conditions on their follow-up fund, regardless their investment deci-
sions in their first fund.

32 This is similar to Lerner and Schoar (2004). While analyzing another issue, Neus and Walz (2004) provide a useful
framework for how our setting could be modeled in a multi-period analysis.

33 This is merely a simplification to avoid more complex analysis. Our argument holds for a large number of alternative
assumptions of the “next best project”, e.g., if we assume that it has a return of zero (NPV = 0).

34 See Tirole (1999) for a survey of the incomplete contract literature.

35 Given this delegation issue, punishing a VC manager for drifting away from the may not be sensible if the latter also
has to provide assistance to the portfolio companies as it would reduce her incentives. In the case of venture capital
investments, assisting companies is an essential part of VC’s activities.
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In this case, there is a gain for VC funds to signal their ability if they are better project
screeners. One way is to avoid drifting in early funds so that fund providers can infer the
ability of VC funds from investments done by previous funds. A fund that did not drift
in her first fund will receive better terms in her second fund compared to a VC that did
style-drift. By not drifting, a VC forgoes the diversification benefits but will get better
conditions in her follow-up fund.

Note that if signaling were not an issue (e.g. suppose that the screening quality of
any VC would be revealed after the first fund), there would be no difference between
young and older VCs. A venture capitalist with good screening skills would be given
[((PQ-p)+p3)]-G-c,,)V=1 in her follow-up fund, while a VC with bad screening skills
would get [(p(1-p)+pd)]-(1~a,,, )V =1 . It is easy to show that any style-drift behavior in the
first fund would have no impact on the raising of a follow-on fund if quality of VCs were
revealed between t = 0 and t = %4, since there is no need for the VC to signal her screening
ability when managing the first fund. In this case, VCs would style-drift in the first fund
as much as in their second fund and thus no difference in investment behavior would be
expected. Only when the screening ability of VCs need to be inferred from investment
decisions in the first fund is the signaling rationale of importance.

2.2.3 Outcome with Signaling Incentives by Skilled Venture Capitalists

Consider now the case where skilled VCs will not drift if they find a project in pool 1.
When raising a second fund, such a VC will face a fund provider with the following par-
ticipation constraint if she did not drift in the first fund:

Pr0-Pi-p) 0-p)
P(1-p)+pd )+ (p(-p)+pd)|-(-a,)V=1
[P+(1—P)(1—p)+(1—p) P+(1-PY1-p)+(-p)
The fact that a style-drift has occurred in the first round gives an imprecise signal of
the VC'’s ability to screen projects in the promised asset class (pool 1). If the VC did not
style-drift previously, then fund providers will think she has good screening abilities with
probability P+(-PN1-p) __ instead of 1 (as in the first fund.?

P+(1-P)(1-p)+(1-p)
In contrast, a VC who did drift in the first fund will face a fund provider with the follo-
wing participation constraint:

(-p)
[0 0 (o1 pd) 2

It is straightforward to show that a; < a,,, .3” Thus, VCs will be penalized for having style-

(- p>+pa>] (-o)V=1

drifted in their first fund. When possible (i.e. when a VC identified valuable projects in

36 Note that this probability is strictly greater than “2for P > p > (. This is always the case here, by assumption.

37 This condition requires that the signaling VC is more likely to be associated with being as skilled VC than under
P+(-P)i-p) __pl-p)

P+(1-P)-p)+(-p)" p+p(-p)

straightforward to show that this is always the case.

no signaling. This is the case iff . After some basic algebraic transformations, it is
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both pools for her second investment), a VC may therefore prefer not to style-drift in
her first fund if the gains derived from her follow-on fund (through better financing
conditions) are greater than the gains from style-drifting in her first fund. Less skilled
VCs may not mimic, since these better terms in the second fund do not translate to the
same expected benefits to them. This is because they are less likely to identify a valuable
project (regardless the pool). This separating equilibrium is more likely when IT is low,
V is large, and the difference in skills between good and bad VCs is important. A skilled
VC will prefer to signal her screening ability iff

(8 + 1~ p)P (et~ )7 > 11

It is straightforward to show that a.,,,> . Since an unskilled VC faces a more stringent
condition, her threshold is higher and thus she is less likely not to style-drift. But for cer-
tain parameter values, unskilled VCs may also prefer not to style-drift in their first fund
(and thus to mimic skilled VCs) to limit the signaling capability of skilled VCs.

2.2.4 Alternative Explanation

An alternative story to the signaling one and that yields similar empirical predictions is
one based on learning by younger VCs in their first fund. Suppose that younger VCs are
only skilled in identifying valuable projects in pool 1 but not in pool 2 and that they learn
to identify valuable projects in pool 2 while managing their first fund. In this case, more
established VCs are also more likely to style-drift as they are more skilled. In the empi-
rical analysis, we include control variables that enable distinctions between the learning
rationale and signaling rationale associated with style drifts. These controls are discussed
in Section 2.1 and ensuing empirical tests.

2.2.5 Empirical Predictions

The theoretical framework developed above enables a concise statement of the central
empirical predictions pertaining to the effect of VC reputation on the propensity to style
drift. Limited partnership VCs with an incentive to raise new funds in the future face
reputation costs associated with style drift, and this cost is greater for less well-established
VC managers. By not style-drifting, young VCs derive greater benefits from signaling their
ability to find entrepreneurial firms within their stated fund objective, and are thus more
likely to obtain new capital for follow-on funds and capital on more attractive terms in the
future from their institutional investors. In short, we therefore expect less experienced
VCs to style-drift less often as a way to signal their screening ability to fund providers.

While examining this prediction empirically, one needs to carefully control for market
conditions. We note that a variable for market conditions could be added to the model;
however, that variable (and/or others) does not impact the analysis with respect to central
elements of the theory we have modeled. In our empirical analyses, market conditions may
have several effects on the incentives and capability of venture capitalists to style drift. First

38 A complete analysis of the different outcomes (including pooling equilibria) is available upon request.
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of all, when market conditions are particularly good (e.g. during the Internet boom), it is
easier to find valuable projects. While this makes style drifting easier, it also makes it easier
not to style drift. This is the case if all private equity asset classes have good conditions. The
total effect in this case is unclear a priori but needs to be controlled.

Moreover, a crucial aspect is the possible change in market conditions between the
time the funds were raised and the time the funds are invested. This may also drive VC’s
incentives to style drift. If market conditions have changed since the VC raised his/her
fund, the latter may “naturally” drift, sometimes even at the benefit of fund providers.
For instance, suppose that the VC committed to invest the money in early stage projects
and that at the meantime market conditions have dramatically changed so that there
are only very few profitable early stage projects anymore. Then, both, the VC and fund
providers, would be better off with style-drifts towards other stages of developments. What
really matters is the relative change of market conditions (i.e., relative to other pools).
We discuss this further in the next section.

2.3 Data and Descriptive Statistics

2.3.1  Data Description

Along the definitions provided by Wermers (2002), our analysis focuses on active style-
drifting, i.e., style-drifting at time of investment and not due to a lack of portfolio reba-
lancing over time. We control for this by examining only deal initiations, i.e., firstround
investments. This is further motivated by a value-adding rationale. Suppose a VC fund is
specialized in later stage deals. Given that VCs are active investors and add value in their
portfolio companies, it is better for this fund to invest in promising companies that are
already in the later stage than in promising early stage companies. The latter may still
fail and never enter the later stage of development, in which case the given VC fund will
not be able to add value.

We selected all the U.S. VC-backed companies from the Venture Economics database,
and collected all available information on the VC funds that financed the first round of
investment and that are not generalist funds. The data cover investments done during
the period 1/1/1985 to 12/31/2003. The information included for each investment is
provided below together with the definition of variables. To avoid strategic investment
considerations of VC funds from round to round, we limit our analysis to deal origination
(i.e., firstround investments). Overall, the data set comprises 11,871 first round invest-
ments (only) by limited partnership VCs (only) (to focus on the reputation costs vis-a-vis

39 Besides stage focus, the dataset also comprises some information on industry and geographical focus. Unfortunately,
only stage focus is available on the fund level. The two others are on the firm level. Also, a significant number are gene-
ralists (especially with respect to geographical focus). Importantly, note that the funds in our data set have not changed
their stated stage focus on the Venture Economics reporting (generally, such changes almost never happen on Venture
Economics, according to our discussions with the database managers at Venture Economics). As well, our discussions
with institutional investors indicate stage drift is a much more important concern relative to industry or geography drift,
so that the focus on stage drift is more meaningful in practical terms. See section 2.5 below for further details.
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institutional investors), and excludes VC funds that categorize themselves as ‘generalists’

(because style drift is undefined for such funds).* Note that the fund stated stage focus is

for the VC fund, and not for the VC organization (which itself may collectively comprise

more than one fund). We control for VC organizations that operate (or have operated)

more than one fund (among other things) in our empirical analyses below.

Table 8 provides an overview of all the variables.® The variables considered in our

analysis are described immediately below.

Table 8: Variable definitions

Variable

Definition

Fund Stage Drift

Fund Large Stage Drift

VC Fund / Firm

Characteristics:

VC Fund Age

Fund Size

Fund Sequence

VC Firm Age
Non-US Fund
New Fund Raised

Investment / Company

Characteristics:

Amount of Investment
Company Age

Industry dummies

Stage of Development

dummies

Market Conditions:

Bubble Dummy

% Change Nasdaq

Dummy variable equal to one if the VC fund did a style drift in
terms of stage of development, and zero otherwise
Dummy variable equal to one if the VC fund did a style drift by

more than one stage of development, and zero otherwise

Age of the VC fund at time of investment (in years); i.e., time
elapsed between the fund was closed and the date of investment
Total amount of funds raised (in million US$)

Number of VC funds raised by the firm; i.e., whether the given
fund is the first of the VC firm, second fund ...

Age of the VC firm at time of investment (in years)

Dummy variable equal to one if the VC fund is not US-based
Dummy variable equal to one if the VC firm raised a

follow-on fund already, and zero otherwise

Total amount invested (in million US$) by the VC syndicate
Age of the portfolio company at time of investment

We include industry dummies for the following industries:
biotech, communication and media, medical, computer,
non-high tech

We include stage dummies for the following stages of develop-
ment at time of investment: early stage, expansion stage, later

stage, other stages

Dummy variable equal to one if the investment was made in the
years 1998 to 2000 (inclusive), and zero otherwise
Percentage change in the Nasdaq Composite Index between the

time the fund was closed and the time of investment

40 For most of these variables, we use definitions and classifications from Venture Economics.
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Stage Drift: We define two variables to measure style drift. The first one is a dummy
variable equal to one if the VC fund did a style drift in terms of stage of development
(“Fund Stage Drift’), and zero otherwise. In this case, a VC fund style-drifts if it does not
invest in the asset class it committed to; e.g. an early-stage fund investing in an expansion
stage or later stage company. The other one, which we denote by “Fund Large Stage Drift”,
defines a style drift in a more stringent way. We only consider drifts that are more than
one stage difference; e.g., an early-stage fund investing in an expansion stage company
would not be a style-drift while investing in a later stage company would (similarly a later-
stage fund investing in an expansion stage would not be a large drift but investing in an
early-stage would).

VC Fund / Firm Characteristics: One variable is the age of the VC fund at time of
investment (“Fund Age’); it represents the time elapsed between the fund was closed and
date of investment. Another variable is the size of the fund (“Fund Size’), which gives the
total amount of funds raised (in million US$).4' To measure the age of the VC fund, we
use two different measures:

*  “Fund Sequence’: the number of VC funds raised by the firm (i.e., whether the given

fund is the first of the VC firm, second fund...).

e “Firm Age’: the age of VC firm at time of investment (in years).

In addition, we include in some regression specifications a dummy variable equal to
1 if the VC firm raised a follow-up fund already at the time of investment (“New Fund
Raised’), and zero otherwise. For instance, suppose a VC firm uses its first fund ever raised
to finance a new start-up. Then, this dummy variable will have the value of one if at the
meantime the VC firm raised a second fund (but uses the first fund to finance this new
investment) and zero if no second fund was raised yet. As we shall see later, this variable
is intended to separate between the signaling and the learning rationale discussed in
Section 2.2.

Investment / Company Characteristics: We control for the total amount invested (in
million US$) by the VC syndicate (labeled as “Amount of Investment”) and the age of port-
folio company (in years) at time of investment (“Company Age”). Finally, we also include
industry dummies (biotech, communication and media, medical, computer, non-high
tech)*? and dummies for the stage of development at time of investment (early stage,
expansion stage, later stage, other stages) in all the regressions.

Market Conditions: To control for market conditions at the time of investment and
changes in market conditions between the time the venture capitalist raise the fund

41 We also considered a dummy for whether the VC firm and/or VC fund is located in the US. Since this variable is never
significant and over 95% of the firms/funds are from the US in the Venture Economics data, we do not explicitly
provide this information.

42 We used the sub-group 1 classification of Venture Economics. Note that it is not explicitly distinguish Internet compa-
nies; they are included in either computer sector (software and hardware) or communication and media, depending
on the specificity of the Internet company.
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and the time the investment took place, we include in the regression analyses several
macroeconomic variables. The first one is a dummy variable equal to 1 if the investment
was made in the years 1998 to 2000 (inclusive), and zero otherwise (“Bubble Dummy”). It is
intended to capture the time period of the Internet bubble. The other market conditions
variable gives the percentage change in the Nasdaq Composite Index between the Index
value at time the fund was closed and the time of investment (“% Change Nasdaq”). This
variable measures changes in market conditions between the time funds were raised (and
thus investment focus/commitment was set) and the actual time of investment. If this
variable is different from zero, then the pool of projects may have changed. Along the
line of earlier work (Cumming, Fleming and Schwienbacher, 2003), we should expect an
increase in the Nasdaq Index to positively affect the likelihood of investing in new early
stage projects as compared to all new investments. Thus, an increase in the Nasdaq Index
should have a negative impact on style-drifts if the VC fund focus is in early stage and a
positive impact if the VC fund had another investment focus. Given that this requires cer-
tain assumptions on the relative impact of stock market valuations on early-stage versus
later-stage investments, results may also be the opposite (but less likely). Since this is not
a variable of interest for testing our predictions but rather a control variable, the actual
sign of it is more of an empirical issue here.

2.3.2 Descriptive Statistics

Table 9 gives the frequency of the stage focus of VC funds and the actual development
stage of entrepreneurial firms included in the dataset. Panel A provide statistics in abso-
lute number, while Panel B in percentage. It indicates that style drift is common among
first-round investments along all stages of development. While most observations are in
early-stage companies (since we focus on deal initiations), the dataset also comprises a
number of investments in other stages of developments. Interestingly, most VC funds
have either an early-stage or later-stage commitment.
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Table 9: Fund stage focus and stage of development of entrepreneurial firms

This table presents the frequency of stage drifts (and non-drifts) among the limited
partnership venture capital funds in the Venture Economics dataset for the period
1 January 1985 — 31 December 2003. The sample includes all funds that indicated
a focus on a particular stage of entrepreneurial development (and excludes those
funds that are self-proclaimed “generalists” that do not focus on any stage of
development).

PANEL A: IN ABSOLUTE VALUES

Stage of Development of Entrepreneurial Firms

Early-Stage Expansion-Stage Later-Stage Other Stages Total

4 1; Early-Stage 4721 663 78 199 5661

o

& 2 Expansion-Stage 287 193 26 31 537

gog Later-Stage 2929 1058 281 758 5026

@ B Other Stages 325 276 33 13 647
Total 8262 2190 418 1001 11871

PANEL B: IN PERCENTAGES

Stage of Development of Entrepreneurial Firms

Early-Stage Expansion-Stage Later-Stage Other Stages Total

g € Early-Stage 39.8% 5.6% 0.7% 1.7% 47.7%
=)
& 2 ExpansionStage 2.4% 1.6% 0.2% 0.3% 4.5%
&Y LaterStage 24.7% 8.9% 2.4% 6.4% 42.3%
# B Other Stages 2.7% 2.3% 0.3% 0.1% 5.5%
Total 69.6% 18.4% 3.5% 8.4% 100.0%

Table 10 shows summary statistics of our sample of fund stage drifts. The first column
gives the statistics of the full sample, while the other columns the statistics of several
sub-samples. Given the large number of observations, most of the tests of differences
in mean between sub-samples turn out to be statistically significant. Overall, it indicates
that style drifts were more likely outside the period of the Internet bubble, in non-high
tech companies, in older portfolio companies, and by more established VC funds. Non-
US fund do not seem to behave differently. Most of these results remain valid for Large
Drifts (columns (5) to (7)).

Table 11 provides a correlation matrix of selected variables. Given the large number
of observations, most of the correlations are statistically significant at the 1% level (all
greater than 0.024). The correlations are consistent with comparison tests described
above, and provide insight into potential areas of collinearity problems in the multivari-
ate analyses (described in the next section).
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2.4 Regression Analysis

Our multivariate empirical analyses of the hypotheses developed above in section 2.2
proceeds as follows. In section 2.4.1 we study the role of VC fund and entrepreneurial
firm characteristics and market conditions on the VC’s propensity to style drift to any
stage that is not in the focus of the VC. We also consider the factors that lead to large style
drifts (such as an early stage fund drifting to a late stage company, instead of drifting only
to an expansion stage company). Section 2.4.2 studies the relation between style drifts
and subsequent investment performance. Thereafter, limitations and future research are
considered in Section 2.5.

2.4.1  Analysis of When VCs Style Drift

This subsection examines the impact of investment and fund characteristics on stage
drifts. Table 12 provides regression results for Fund Stage Drifis. Nine alternative specifi-
cations are provided to show robustness. Table 12 (and all of the subsequent regression
tables) presents the Logit coefficients; but we also describe in the text the economic
significance of the results based on the partial derivatives. Given the strong correla-
tion between Fund Size and our measures of fund experience (Fund Sequence and Firm
Age) (as indicated in Table 11), we examine these variables separately. Regression (1)
therefore only includes Fund Size, while regressions (2) — (5) examine the effect of fund
experience. In regressions (6) — (9), we include a dummy that helps us to distinguish
between the signaling and the learning rationale. This dummy is equal to one if the VC
fund had raised a follow-on fund prior to the actual investment (but the investment was
done with the previous fund). In all the regression specifications, we include controls for
entrepreneurial firm characteristics (Amount of Investment, Company Age as well as stage
and industry dummies).

Table 12 presents a first set of informative results pertaining to the incentives for a VC
fund to style drift. Proxies for fund experience are significant in various specifications.
In particular, an increase in the age of the VC investor’s organization by 5 years increases
the probability of stage drift by 1%, and similarly, each successive VC fund within an orga-
nization is 0.5% more likely to stage drift. The results are generally consistent with the
signaling hypothesis derived in section 2.2, that a less well-established VC fund has a less
pronounced propensity to drift in order to signal ability to institutional investors through
being able to identify profitable projects within their committed investment focus. That
is, the reputation costs of drifting for a less well-established VC fund are greater, as drif-
ting alters the risk return profile of the institutional investor, and a failed investment that
was not within the scope of the stated fund objective is thereby much more costly for a VC
fund without a track record. It is important to nevertheless acknowledge that the data do
not indicate a statistical relation between fund size and propensity to style drift, but the
size variable is likely a less precise indicator of VC reputation (i.e., size could be related
to a number of other factors identified in Gompers and Lerner, 1998) compared to VC
age and the number of prior funds operated by the VC.
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Interestingly, the dummy New Fund Raised is positive and significant in all the specifi-
cations (regressions (6) to (9)). Specifically, the data indicate a 3% increase in the pro-
bability of drifting if the VC had already secured a follow-on fund. This is in line with the
notion that venture capitalists drift more often once they have secured a follow-on fund.
This goes against the learning rationale and favors the signaling rationale.

Regarding market conditions, the results with respect to changed market conditions
(“ % Change Nasdaq*Early Focus” and “ % Change Nasdaq*Non-Early Focus”) are in line with
our predictions described in section 2.2. In particular, a 20% increase in NASDAQ from
the time of fundraising to the time of investment gives rise to a 4% reduction in the
probability of a stage drift by early stage funds but to a 5% increase in the probability of
a stage drift by funds with laterstage commitments. This difference between early and
late stage focus is important, as our theory predicts that a commitment to focus on ear-
lier stage investments is easier to adhere to in more favorable economic conditions. By
contrast, our theory predicts funds that commit to focus on later stage investments are
more likely to believe ‘down drifts’ to riskier early stage investments are comparatively
more attractive in favorable economic conditions. This supports the idea that in favorable
market conditions, VC funds are less likely to drift since proportionately it is easier to find
profitable projects than in bad times.

As with the NASDAQ market variables, the Bubble Dummy variable has a significantly
negative impact of stage drifts. In particular, the Internet bubble period was associated
with an approximately 4% lower probability of a stage drift (regressions (4), (5), (8)
and (9)). Note, however, that this result pertains more directly to the funds that had
committed to an earlier stage focus (consistent with the NASDAQ) variables discussed
immediately above), as 4908 of the drifts were down (late stage funds investing in early
stage companies), while 1755 were up drifts (early stage funds investing in late stage
companies) (see Table 9 for details). When we separated the dependent variable into up
versus down drifts (two dependent variables for two different regressions; not explicitly
reported for reasons of conciseness), the results reported in Table 12 were consistent for
the down drifts, but there was a 0.5% higher probability of a stage drift in the bubble
period among funds committed to a later stage focus.*

In Table 13, we run the same regressions as in Table 12 but with the alternative defi-
nition of style drift, namely Fund Large Stage Drift. The results are very similar to those
already reported in Table 12, and therefore not discussed in detail. In short, the predic-
tions derived in section 2.2 continue to be supported.

43 We also used the Nasdaq Composite Index as alternative measure for market conditions at time of investment. The
results were qualitatively not different.
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Note that we considered other specifications, but did not report for reasons of con-
ciseness. For example, we considered an ordered Logit model for the degree of drift.
Because the results were quite similar to those already reported, they are not explicitly
reported for reasons of conciseness. Further, we also considered separately the deter-
minants of up drifts versus down drifts, and the results are generally consistent with the
reported differences for early versus non-early focus, as discussed immediately above.
These and other specifications not explicitly presented are available upon request.

2.4.2  Analysis of the Effect of Style Drift on Performance

In Table 14 Panels A and B we examine the effect of style drift on the risk and perfor-
mance of investments. Panel A presents summary statistics pertaining to risk and perfor-
mance, in relation to Fund Stage Drift and Fund Large Stage Drift. Panel B then presents
multivariate regressions of the relation between style drift and performance, which we
measure by the type of exit. In line with the literature (e.g. Gompers, 1996; Gompers
and Lerner, 1999a, 2001), we define exits via an IPO as most successful investments.
We also consider an alternative definition in which we treat exit via either IPO or trade
sale/acquisition as success (and exit via liquidation (write-off) as measure for bad per-
formance). Our dataset comprises 4434 exited investments, and the remainder 7437
investments were unexited (as at December 2003).

Note that this performance measure is investmentspecific and may therefore dif-
fer from the risk-return effect on limited partners (fund providers) as we only look at
investments individually and not portfolio effects. The impact on limited partners (fund
providers) is partial from this analysis, since this would require an assessment of risk and
return of their portfolio. However, given that limited partners aim at controlling their
portfolio risk by allocating amount to different asset classes, any style drift by VC funds
inevitably means some undesirable effects on the limited partners’ portfolios (except if

increase in investment performance were particularly important).

Table 14 Panel A indicates a greater proportion of exits were by IPOs (and a smaller
proportion were by write-offs) for Fund Stage Drifts compared to no stage drift (Test 1).
Similar results are observed for Fund Large Stage Drift versus no stage drift (Test 2), and
insignificant differences are observed between Fund Stage Drift versus Fund Large Stage
Drift (Test 3) in respect of exit outcomes.
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Table 14 Panel A also provides comparison tests for pre-money and post-money valua-
tions, in order to consider the effect of style drift on performance and risk. The conside-
ration of pre- and post money valuations are not exact measures of performance and risk,
but are nevertheless informative proxies. The pre-money valuation is the VC’s assessment
of the value of the company prior to their investment (as mentioned, we only consider
1% round investments). The post-money valuation is the VC’s assessment of the value of
the company after the investment, given their contribution to the venture. The results
generally indicate that stage drifts are associated with greater post-money valuations, and
greater variance is associated with investments that were drifts.** As with the exit results,
note that similar results are observed for Fund Stage Drift and Fund Large Stage Drift versus
no stage drift (Tests 1 and 2), and insignificant differences are observed between Fund
Stage Drift versus Fund Large Stage Drift (Test 3). In short, the data are therefore consistent
with the view that drifts are more common among investment opportunities that are
potentially more profitable, and where the VC perceives greater value can be added to
the venture.

While Table 14 Panel A reports summary statistics for both exit outcomes and valua-
tions, note that the regression analyses in Table 14 Panel B only consider exit outcomes.
The main reason is that we believe we have a fairly complete set of variables to explain
investment performance, but not valuations. The valuations at the time of investment
are likely influenced by numerous project-specific factors that are unobservable. Exit
performance, by contrast, has been more frequently studied in the literature (see, e.g.,
Gompers and Lerner, 1999; Cochrane, 2005; Schwienbacher, 2002; Das et al., 2002;
Cumming and MacIntosh, 2003; Fleming, 2004). Below, we describe the variables we can
and cannot consider to explain alternative exit outcomes, with reference to the prior
literature on topic.

Table 14 Panel B presents 5 alternative regressions to show the robustness of alterna-
tive specifications on the effect of style drift on exit outcomes. Regression (1) provides an
analysis of IPO exits on the subsample of exited investments (as mentioned, our dataset
comprises 4434 exited investments, and the remainder 7437 investments were unexited
as at December 2003). Regressions (2) — (5) consider two-step sample selection correc-
ted estimates that account for the non-randomness of observing any exit. In the two-step
models, the first step explains the existence of an exit as a function of investment year
dummy variables, the NASDAQ return over the investment horizon (from the time of first
investment to the time of exit (or to December 2003 in the case of no exit). The second
step then considers the specific exit outcome that resulted, taking into account the first
step as to whether or not there has been an exit. The second step regressions use proxies
for VC skill (such as VC firm age and fund sequence), the size of the investment, the stage
of the entrepreneurial firm at time of investment, the NASDAQ return 3-months prior

44 This is not attributable to the difference investment sizes, as most drifts were down drifts (to smaller earlier-stage
companies), as discussed.
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to exit (as in Lerner, 1994), exit year dummy variables, and industry dummy variables. In
section 2.5 we discuss limitations of alternative variables that we might have included if
we had additional information.

The specifications for the data are consistent with the notion that style drift affects
investment performance: Fund Stage Drift is positively related to the probability of an IPO,
although the effect of a Fund Large Stage Drift is statistically unrelated to the probability
of an IPO. In particular, the data indicate a Fund Stage Drift is associated with an approxi-
mately 4% increase in the probability of an IPO exit (i.e., the data are suggestive that
stage drifts are associated with higher risks and returns), controlling for other factors that
might affect exit outcomes. These results also suggest, due to the potential reputation
costs of deviation, style drifts are more common for investments that are more likely to
yield favorable realizations.

Note that we also considered up drifts (early stage committed funds investing in late
stage companies) versus down drifts (late stage committed funds investing in early stage
companies), but do not report those results for reasons of conciseness. In brief, those
results show up drifts are statistically unrelated to exit outcomes, whereas down drifts are
positively related to exit outcomes (and the economic significance is approximately the
same as above at 4%).

A concern with our specifications is that the propensity to stage drift might be
greater when expected performance is better; in other words, stage drifts might be
endogenous to exit outcomes. Our specifications consider stage drifts as a right-hand-
side variable, and exits as a left-hand-side variable. The main reason for this is that
exits occur subsequent to the stage drift, and the exit outcome cannot be completely
certain at the time of investment (stage drift) given that at least a few years typically pass
from time of investment to time of exit. We nevertheless did consider various instru-
mental variables to control for potential endogeneity (such as geographic location, for
example); however, the results from such specifications were not materially different
(although it was difficult to find convincing instruments that would affect style drift
and not exit outcomes).

Finally, note that other results in Table 14 Panel B are quite intuitive. For instance,
larger investments are more likely to go public. This is expected, as firms typically
must meet minimum capitalization requirements before they can be listed on a stock
exchange (although this minimum amount tends to vary over time, and decreases in
periods like the Internet bubble period). Firms that were older at the time of VC invest-
ment were also more likely to go public, which is likely related to the fact that VCs make
better investment decisions from the firm’s longer track record from which due dili-
gence can be carried out. VC organizations that have a longer history (by age in years
and by fund sequence) were more likely to have IPOs in our sample, indicating that
experienced VCs add more value to their investees than less-experienced VCs (consi-
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stent with Hsu, 2004, for example). Finally, the data indicate that VC-backed companies
are more likely to go public in times of rising markets, and VCs are particular skilled at
timing the NASDAQ market (consistent with Lerner, 1994).

2.5 Limitations and Future Research

This paper is the first to address the question of style drift in private equity, and the
issue of whether style drift affects performance. A new model was introduced to develop
testable predictions, and data were used to test the predictions. Our data comprised first-
round investments carried out by limited partnership VC funds. Our focus on style drift
was limited to the stage of development of the entrepreneurial firm at the time of first
investment. As such, the scope of our empirical work and economic question considered
could be expanded in various dimensions, and more detailed datasets could be assem-
bled. Suggestions are provided below.

We have only considered independent VC funds because these are the funds that rely
on follow-on funds and therefore need to establish reputation with institutional investors
through signaling. Other possible types include corporate and bank-affiliated funds.
These funds may have very different investment objectives and are not funds with limited
durations. Our hypotheses would not apply in this case. Therefore, their exclusion was
necessary in our empirical analyses. Future theoretical research may develop hypotheses
pertaining to drifts among captive funds, and empirical tests could be carried out for
captives.

We further note that there are other ways in which we may have specified our empi-
rical tests. For example, instead of specifying each observation as an investment round,
we could have used each fund as a different observation. One would then measure style
drift on the fund level as a proportion of all investments done. Our specifications with
each observation as an investment round enables controls for syndication on specific
deals, which is a big advantage over the specifications which performs a fund-level ana-
lysis of style drift. The effect of style drifts on investment performance also controls for
fund size and fund sequence, among other control variables. But most importantly, an
analysis on the fund level does not allow to control for changes in market conditions
between the time the fund was raised and the actual investment. Given the importance
of changed market conditions for explaining significant parts of style drift (as evidenced
in our analysis on the investment round level here), a fund level analysis would have had
important drawbacks.

Another potential interesting extension would be to examine other dimensions of
style drift, like industry and geographical focus. While our dataset does not allow us to
do so in a satisfactory way (¢f. Footnote 39), it would present a more complete picture of
style drift as far as VC funds typically also make commitments along these other dimen-
sions. We did make a preliminary investigation of these issues within the confines that
the Venture Economics dataset does not record a fund stated industry focus. That is, we
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compared the most industry investment for a fund with the outlier industry investments.
Our preliminary analysis of industry drifts on a reduced sample size did not yield conclu-
sions on incentives to style drift that were materially different than that for stage focus.
We do note, however, that this empirical strategy is imperfect since some funds may
have drifted more often than not, and therefore we do not report these results. Future
research on topic is warranted with other data. Our data are the only industry-wide US
data that enables examination of the topic of style drift in private equity, with particular
attention to stage drifts.*>

We also considered examining downward and upward drifts separately. The problem
with this alternative specification is that downward drifts are not specified for early-stage
funds. Expansion-stage funds can drift in both directions. This means that the probability
distribution of the dependent variable is not the same for each observation, which makes
such an analysis impossible to perform. Similar reasons apply to upward drifts.

It would be interesting to examine the issue of style drift in other countries. As
mentioned in Footnote 41, a dummy was added for non-US funds to examine if their
incentives were different when investing in US companies. We did not find any difference
with this respect and thus did not present these results in the tables; however, only 434
investments were carried out by non-US funds (Canadian and European) in our sample.
Further work could consider this issue with a more well-rounded international sample.

Finally, our analysis of the effect of style drift on investment performance is perhaps
incomplete and could deserve additional research. For instance, variables pertaining to
contractual governance of the VC may impact subsequent exit outcomes (as considered
in prior work referenced above in subsection 2.4.2). Our evidence of the relation bet-
ween style drift and performance is therefore only suggestive. While full consideration
of this issue is limited by the available data from Venture Economics, further work may
provide new interesting insights on the relation between style drifts and performance.
Likewise, it would be interesting to know whether style drifts give rise to different con-
tracts among VCs and entrepreneurial firms. It may be the case that style drifts do in fact
invoke a different degree of VC control rights, which could in turn affect investment
performance. Furthermore, our data do not enable precise IRRs to be computed for
exited investments, and therefore we cannot assess performance based on IRRs. Further
research examining each of these issues is warranted.

45 The data are of course subject to potential measurement error, as in all other papers that use data from Venture
Economics (see, e.g., Gompers and Lerner, 1999). On average, we have no reason to believe that measurement error
skews the direction of stage drift. We independently investigated a large random sample of funds in the data, and did
not find discrepancies between their stated fund focus and actual investments relative to that reported in the Venture
Economics data.
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3 GENERAL CONCLUSIONS

Both studies included in this booklet evidence the crucial impact of market conditions
on the outcome of venture capital investments. These conditions seem to affect venture
capitalists decisions in a number of ways, which also have relevance for fund providers.

The first study puts forth a theoretical model whereby VCs time their investments
according to exit opportunities. When exit markets become less liquid, VCs invest pro-
portionately more in new early-stage projects (relative to new projects in other stages of
development) in order to postpone exit requirements and thus invest in riskier projects.
As such, VCs tradeoff liquidity risk with technological risk when exit markets lack liqui-
dity. In contrast, when liquidity is high VCs invest more in expansion-stage and later-stage
projects where time until exit (investment duration) is reduced.

The U.S. data examined provide very strong support for the theory. We found a strong
negative relationship between liquidity of exit markets and the likelihood of investing in
new early-stage projects. Furthermore, we found that the liquidity of exit markets signifi-
cantly affects the decision to invest in new projects, as well as the size of the investment
syndicate. An increase of liquidity by 100 IPOs in a year reduces the likelihood of inves-
ting in new early-stage projects by approximately 1.5% - 2.3%, increases the probability of
investment in a new project (as opposed to a follow-on project) by approximately 1.2%
- 4.1%, and gives rise to approximately 0.2 fewer syndicated partners. These marginal
effects are economically meaningful, due to the massive swings in IPO market cycles
(see, e.g., Lowry, 2003; Ritter and Welch, 2002; Loughran and Ritter, 2004, 2004). We
explained in this paper the fact that our findings are remarkably consistent with related
empirical and theoretical work in venture capital finance over boom and bust periods
(see, e.g., Kortum and Lerner, 2000; Kanniainen and Keuschnigg, 2004), and suggested
a number of avenues for future research on this topic.

The second study introduced the concept of style drift to private equity investment.
We presented theory and evidence pertaining to style drifts in terms of a fund’s stated
focus on particular stages of entrepreneurial development. Our model derived conditi-
ons under which style drifts are less likely among younger funds, in order to signal ability
and commitment to stated objectives for the purpose of raising follow-on funds. We also
demonstrated that changes in market conditions can affect style drifts, and showed dif-
ferences for funds committed to early stage investments versus funds committed to late
stage investments.

The empirical analysis of drifts from a sample of 11,871 investments in the Venture
Economics database provided strong support for our theoretical predictions. In a variety
of multivariate specifications, the data consistently indicated that an increase in the age
of the VC investor’s organization by 5 years increases the probability of stage drift by 1%,
and similarly, each successive VC fund within an organization is 0.5% more likely to stage
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drift. We further show that market conditions significantly affect the propensity to style
drift, whereby a 20% increase in NASDAQ from the time of fundraising to the time of
investment gives rise to a 4% reduction in the probability of a stage drift by early stage
funds but to a 5% increase in the probability of a stage drift by funds with later-stage com-
mitments. We also showed that the Internet bubble period was associated with a 4% lower
probability of a stage drift among funds committed to an earlier stage focus, and a 0.5%
higher probability of a stage drift among funds committed to a later stage focus.

This paper then provided evidence of a positive relation between style drifting and
investment performance. In particular, we showed that a stage drift is associated with a
4% increase in the probability of an IPO exit, controlling for other factors that might
affect exit outcomes within the scope of detailed data that are available in the Venture
Economics database. These results suggests, due to the potential reputation costs of devi-
ation, style drifts are more common for investments that are more likely to yield favorable

realizations.
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