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SIGNALING FOR RESOURCE ACQUISITION: PRIVATE EQUITY

PLACEMENTS BY TECHNOLOGY FIRMS

ABSTRACT

For young technology firms, acquiring resources can often be costly due to the
information asymmetry and uncertainty that exist surrounding the new technology. We
contend that managers of technology companies use signals strategically as a potent tool
for mobilizing necessary resources. We specifically examine a financing phenomenon
known as private equity, or private placements. Our empirical analyses focus on the
degree to which private equity placements are effective signals about firm quality. We
examine whether these signals enable technology to mobilize three kinds of resources:
capital, research partners, and commercial partners. Overall, the empirical analyses
demonstrated consistent and cogent effects of the signaling properties of private equity

placements on the ability to attract financial and complementary resources.
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The development and commercialization of a new technology often requires access
to complementary resources, such as financial capital, human capital, and expertise in
research, marketing or distribution, that are only available from sources outside the firm.
For young, unproven firms, acquiring such complementary resources can often be costly
due to the information asymmetry and uncertainty that surround their technology. In order
to attract the attention of external resource providers, these firms must demonstrate not only
that they are worthy recipients of new resources, but that they have sufficient stability to
commercialize their new ideas. Young firms find this to be a challenge with proven
technologies and codified knowledge; it is even more difficult when the firm’s most
valuable resources are intangible, tacit, complex, non-codifiable, causally ambiguous, or
socially embedded (Lippman and Rumelt, 1982; Dierickx and Cool, 1989; Barney, 1991;
Kogut and Zander, 1992). These characteristics limit a firm’s ability to convey information
about its stock of knowledge. Even if managers could transmit this knowledge, a desire to
keep it proprietary limits their inclination to reveal such information to external resource
providers (Liebeskind, 1997). Thus, when there are no bases for evaluation, even high
“quality” firms face considerable challenges in acquiring financial and complementary
resources necessary for growth.

Firm managers able to signal financial or alliance partners the value of their
knowledge will be positioned better than rivals to attract resources. Like Heil and
Robertson (1991), we adopt the view that managers purposefully signal external
constituents and that signaling is a beneficial strategic tool. Rather than focusing on
competitive signaling, however, we contend that managers of technology companies use

signals strategically as a potent tool for mobilizing necessary resources.' Furthermore, we



expect that the strength of the signal will influence the extent to which resources can be
obtained by the firm.

The signal on which we focus relates to the firm’s choice of financing. While
capital is a commodity, we believe that how it is acquired has strategic implications for how
and whether firms acquire other complementary resources. We specifically examine a
financing phenomenon known as private equity, or private placements. While private
equity transactions may be viewed as a form of governance that is optimal for dealing with
information asymmetry (Williamson, 1988), we contend that it is also a mechanism by
which managers signal firm value to outsiders.

Private placements represent the fastest growing segment of the capital markets
(Fenn, Liang and Prowse, 1997), outstripping the growth of almost every class of financial
product. It is estimated that the pool of private equity funds grew from $5 billion in 1980
to over $175 billion in 1999 (Lerner, 2000), with significant contributions made in the areas
of biotechnology, pharmaceuticals, and software. Private placements account for a large
fraction of equity raised by firms. In 1994, for instance, private placements of equity
accounted for $25 billion out of total of $85 billion of all new stock issues in the U.S (The
Federal Reserve Bulletin, 1996). The issue process in private placements differs
fundamentally from that in public offerings. For example, firms issuing equity privately do
not have to file a registration statement with the SEC. The shares they sell privately may be
either registered or unregistered, but they should be placed with “sophisticated” investors
since there are no formal disclosure requirements.> For reasons to be described in the next
section, it is the explicit preference that existing public firms have for private equity

placements over seasoned public offerings that signal a firm’s undervaluation.



Our empirical analyses examines how the ability of public biotechnology firms to
attract financial and strategic partners is affected by the signaling properties of private
equity placements. One way to measure the effectiveness of a firm’s signal is to use an
event study, where the signal’s impact, or “abnormal return”, is measured using changes in
the firm’s stock price over a relatively short period of time. We complement our event
study by using hazard rate modeling to examine how the private placement signal affects
firms’ speed and ability to attract crucial resources for growth: capital, research partners,

and commercial partners.
INFORMATION ASYMMETRY, ADVERSE SELECTION, AND SIGNALING

When there is a regime of rapid technological development, research breakthroughs
are so broadly distributed that no single firm has all the internal resources and capabilities
necessary for success (Powell, Koput and SmithDoerr, 1996). Technology firms commonly
need to form strategic alliances, vertically (both upstream and downstream), laterally, and
sometimes horizontally in order to develop and commercialize new technologies.
Furthermore, in the early stages, these firms do not have a steady stream of internally
generated cash with which to fund new opportunities. Organizations, particularly R&D
intensive entrepreneurial firms, can find themselves lacking resources to efficiently develop
new technologies. Thus, attracting resources is a key challenge for young technology
companies.

The dilemma for young technology firms is that resource providers have obvious
problems in evaluating the focal firm’s prospects for new products and processes. When

unable to reliably evaluate the firm, the cost of exchange increases (Williamson, 1985).



One challenge in valuation may be tied to market or technological uncertainty. However,
resource providers may also find it difficult to evaluate firms because of information
asymmetry - they cannot obtain freely (or at all) information available to managers within
the firm. Several factors may prevent managers of young technology firms from conveying
full information about growth opportunities: a desire to keep technology proprietary and an
inability to specify the “quality” of the firm’s capabilities.

Most firms face the problem that at least some of their valuable knowledge can be
appropriated (Cheung, 1982). For young technology companies, innovation and
technology are the key competitive resources. Only knowledge that is asymmetrically
distributed among firms for sustained periods of time can earn rents. The highly
specialized nature of young technology companies and the absence of good property
protection create strategic risks. The more details about their research they communicate,
the more they risk the expropriation of their proprietary knowledge. Some firms go to great
lengths to protect their technology from diffusing to other organizations. However,
strategies to keep technology proprietary are both difficult to develop and costly to monitor
(Liebeskind, 1997).’

Some technology cannot be fully appropriated by rival firms. A rival’s use of a
firm’s knowledge may be limited by a lack of complementary assets (Teece, 1986) or
absorptive capacity (Cohen and Levinthal, 1990), or because the firm’s knowledge is
complex (Winter, 1987). Similarly, it may be very difficult for one firm to replicate
perfectly the valuable activities or technology of another firm because of causal ambiguity

(Lippman and Rumelt, 1982) or because the knowledge is not codified.



Whether a technology firm intentionally or unintentionally keeps secrets from
rivals, it is common for resource acquisition to proceed under conditions of ignorance.
Accordingly, at least until reputations become established, exchange is likely to be exposed
to hazards (Teece, 1996).* When firm managers have information that outsiders lack,
problems of adverse selection erupt - managers of low quality firms have incentives to
misrepresent the value of their firms.®> The costs of exchange escalate when buyers cannot
verify the quality of the product they are offered (Akerlof, 1970). Potential financial and
alliance partners face a risk of not being able to differentiate between high and low quality
firms. While both high and low quality firms risk not receiving the necessary resources, it
is the high quality firms that "lose out" because the price offered does not reflect their true
ability and therefore is judged unattractive. Problems of adverse selection and moral
hazard are particularly poignant for young technology firms (Amit, Brander and Zott,
1998).Thus, acquiring resources is not only vital to capitalize on growth opportunities, but
it represents a key competitive challenge for managers of high quality technology
companies. We are interested in how managers of high quality technology firms overcome
problems of adverse selection so that they can acquire financial and complementary
resources at terms consistent with their value.

The transactional hazards aroused by information asymmetry and the potential for
adverse selection disappear if managers can convey value to financial and alliance partners
(Teece, 1996) without divulging the bases for their competitive advantage. Two such ways
to convey value are signaling and reputation (Rasmusen, 1995). Firm reputations are based
directly on an ability that is observable over time. Reputations develop by repeatedly

accomplishing observable goals. Until reputations become established, technology firms



must rely on signaling to resolve the threat of adverse selection. Signaling requires neither
repetition nor the direct observation of high ability. Instead, the signaling action is useful
because it is related to high ability (even though it need not be directly related). For
example, individuals may signal job aptitude through education (Spence, 1974).
Prospective employers cannot directly observe an individual's skill level, but they reason
that more highly educated workers possess greater skill. For the education signal, or any
other signal to be effective, it must be more costly for low ability firms to signal than for
high ability firms. Outside observers can thus "separate” high quality firms from low
quality ones.

We feel the distinction between reputation and signaling is one with important
implications for strategy researchers and general managers. Firm reputation has been
lauded as a key resource, and for good reason. However, if reputation is merely the product
of a series of past successes or abilities, then it may most accurately be described as an
aggregate measure, or stock, of ability. Furthermore, the prospects for building a reputation
are quite time consuming and not strategic in the short-term. On the other hand, signals can
be initiated quickly and purposefully. They can have short-term consequences, in terms of
re-aligning valuations to acquire the necessary resources. Signals can also have long-term
consequences, in terms of fueling growth or providing a buffer to withstand poor
performance and liquidity problems without having to exit the business (Levinthal, 1991).
In one sense, signals allow firms to adjust their reputation as perceived by potential
resource providers to a level consistent with what managers believe it ought to be.

What mechanisms exist through which technology firms can signal the value of

their company, while at the same time retaining a level of confidentiality about the



processes and research methods being used for their new products? Deeds, DeCarolis, and
Coombs (1997) argued that biotechnology firms do so in a number of ways. In support of
their claims, they found that location decisions, the number of products under development,
and citations by firm scientists influence the amount of capital raised in initial public
offerings (IPOs).° While these variables may appear outwardly similar to signals, the last
two represent direct indicators of ability and therefore pertain to reputation, while location
decisions are a static signal initiated at the founding of the firm. Stuart, Hoang, and Hybels
(1999) found that prominence of alliance partners was related to the speed at which
biotechnology firms undertook IPOs. Furthermore, the benefits to signaling through
“endorsements” were enhanced with greater uncertainty about the firm. As with Deeds,
DeCarolis and Coombs (1997), it is quite difficult to disentangle reputation effects from
signaling effects. We feel this distinction is important to fully diagnose the effects and the
usefulness of strategic signaling on the ability to attract resources.

We explicitly focus attention on the signaling event. In particular, we examine the
effects of signal timing and signal strength. Our work differs from Stuart, Hoang and
Powell (1999) in other important respects. For example, we consider that firms need to
signal post-IPO because their capabilities are constantly evolving and so too does
information asymmetry. We also examine whether signals assist firms in attracting
multiple types of resources, not just capital. Finally, the signal on which we focus relates to
a financing event, specifically the preference for public firms to choose private equity

financing over public equity financing.



Private Equity Placements as Signals

Public equity markets and private equity markets differ substantially in their
capacity to deal with adverse selection. Myers and Majiluf (1984) were the first to identify
the hazard of adverse selection leads to a fundamental paradox in public equity markets.
Aware that managers of low quality firms may misrepresent the value of the firm's assets,
market participants may be unwilling to provide capital to any firm at above average levels
if they cannot effectively evaluate the value of that firm. In their model, managers and
shareholders of high quality firms will forego public equity markets because they are
unable to command a price consistent with the quality of their firms. This theory explains
why firms experience negative abnormal returns of 3 percent, on average, at the
announcement of seasoned public equity offerings.” The average negative abnormal return
suggests that the market “adjusts” its valuation of the firm downward subsequent to
learning of the intent to issue public equity.

The implication is not that weak firms issue public equity. Clearly, initial public
offerings are an important stage in the life of a firm, and key investors such as venture
capitalists wish to take public the companies as soon as they anticipate favorable
valuations. In contrast to returns on seasoned equity issues, initial public offerings have
very positive abnormal returns.® When other measures of firm performance are lacking,
the rate at which firms can issue [POs may be a reasonable substitute. However, when the
firm is already public, it seems that the decision to issue further public equity does not have
the same information content.” The implication of Myers and Majluf (1984) is that when

resource providers to not have sufficient information about the public firm to reach an
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independent conclusion about its future prospects, a decision to issue public equity suggests
that managers believe the firm is overvalued relative to the firm’s true value.

In contrast to announcements on seasoned public offerings, firms with publicly-
traded stock announcing private equity placements receive positive abnormal returns on
average. Hertzel and Smith (1993) found that private equity placements are accompanied
by positive abnormal returns of 1.72 percent, while Wruck (1989) found returns of 4.40
percent. There are two primary explanations for these positive returns around the event."
First, Hertzel and Smith (1993) argued that these positive returns reflect the fact that private
equity placements credibly signal that the firm is undervalued due to information
asymmetry. The second explanation for positive abnormal returns with private equity
placements is that with the infusion of equity by a large investor, ownership concentration
in the firm is increased, and owners are better motivated to monitor their investments
(Wruck, 1989). We believe that the explanation provided by Hertzel and Smith (1993) is
more aligned with our focus on young technology firms, where private placements reflect
capital raising events rather than ownership restructuring events. Furthermore,
management share ownership is already high in young technology firms, creating little need
to realign manager's interests. Whether due to information asymmetry or ownership
restructuring, private equity placements send a positive signal about the growth prospects
of the firm."'

Relative to public offerings, several attributes of the private equity placement
process make it an excellent mechanism for governing transactions with technology firms
(Williamson, 1988). These same mechanisms, however, make issuing private equity a

useful way for high quality firms to signal their value because the process reduces
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information asymmetry, making it costly and unreasonable for low quality firms to raise
private equity. Such attributes include a) higher levels of short-term irreversibility, b) more
knowledgeable investors conducting thorough analyses of the firm, and c) key monitoring
provisions.

The private placement signal is made more credible by the level of irreversibility
investors assume. If the shares firms sell privately are unregistered, then they are
considered to be restricted by Rule 144, which imposes a two year resale restriction. There
are also restrictions on the number of shares that may be resold. This two year time period
is long enough to reveal useful information about the firm.

Because of the large risks inherent in making irreversible investments, private
investors conduct a high level of rigorous information search before committing their funds
(Varma and Szewczyk, 1993). Their "due diligence" process approaches the level offered
in mergers in acquisition, a much higher standard than traditional public equity offerings,
particularly seasoned offerings (Blackwell and Kidwell, 1988). For venture capital
investors, such intensive due diligence is motivated by the desire to maintain a good
reputation among the private equity investor community, a market characterized by a
limited number of players who interact repeatedly over time. Due diligence review may
last as long as six weeks and frequently include the following: a review of disclosure
provided by the issuing firm; meetings with key employees, customers, suppliers, and
creditors; and the retention of outside lawyers, accountants, and industry consultants.
These investors refine their skills through volume and specialization - usually focusing on
companies in specific industries or at specific stages of development. It is this active search

for information prior to investment that reduces information asymmetry for the private
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investors. When market participants see that a well-informed party has chosen to invest,
the signal is activated.

Finally, private investors structure agreements to provide ongoing monitoring of the
firm to mitigate the moral hazard problem (Barry, Muscarella, Peavy and Vetsuypens,
1990; Lerner, 1995). Initial contracts usually contain covenants to inspect facilities, books
and records, and receive timely financial reports and operating statements. Lerner (1994)
reports that limited partnerships hold more than one-third of the seats on the boards of
venture-backed biotechnology firms. Even if it lack voting control, it is usually the largest
non-management shareholder, and in many cases controls opportunities for future funding,
leaving the private equity investor with significant influence on strategic issues. Sahlman
(1990) notes that staged investments, which create an option to abandon the project, is an
important means for venture capital investors to minimize agency costs. Staged investment
is also an important monitoring device (Gompers, 1995).

While previous studies have focused on abnormal returns for private and seasoned
offerings across a broad array of industries, the expected effects should by most profound
in a sample of young technology firms.

Hypothesis 1: Technology firms announcing seasoned public offerings will have
negative abnormal returns.

Hypothesis 2: Technology firms announcing private equity placements will have

positive abnormal returns.
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Signaling as a Means to Attract Resources

Do young technology firms benefit from the private placement signal? Having
signaled their high quality, are they better positioned to acquire resources necessary for
growth? Clearly, these questions attend to an important issue: do managers intentionally
signal by issuing private placements, or is the private equity event an impotent by-product
of otherwise rational firm action? We believe that managers employ private placement
signals not only to acquire subsequent equity, but also to attract research and commercial
partners. Both potential capital partners and alliance partners share common concerns
about identifying and evaluating promising partners.

Capital is always in short supply for technology firms. Managers of public firms
that choose private equity over seasoned public offerings may do so to strategically signal
the firm is undervalued so that, following a positive stock price adjustment, they can attract
subsequent equity at a price more consistent with their value. Without revealing the
specific content of a firm's capabilities to the marketplace, the signal effectively increases
the market valuation so that both public and private equity markets are willing to provide
capital at prices more acceptable to the firm's managers.

Firms able to credibly signal their growth opportunities may benefit not only
through increased access to capital markets, but also through increased access to research
and commercial partners. If there is a perceived association between private equity
investors and evaluative ability, then third parties will interpret a connection to the private
investor as an endorsement of the technology firm's growth opportunities. Because private

investors are viewed as experts at the due diligence process (at least in the domain in which
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they have garnered recognition), the fact that one of them has determined that a new
venture is of sufficient quality to merit transacting with is a valuable signal. This signal
reduces search costs for potential alliance partners, by filtering out low quality firms unable
to attract private equity.12

Hypothesis 3: Technology firms which successfully complete private equity
placements will be better able to attract subsequent (a) financial capital, (b) research

partners, and (c) commercial partners.

Moderating Effects of Signal Strength

To this point, we have argued that private placements provide a mechanism for
separating the high quality firms from the low quality ones. Even among high quality
firms, however, private equity signals should vary in their effectiveness. The benefits of
signaling should hinge on the degree to which exchange partners do not have sufficient
information about the firm to reach an independent conclusion about its future prospects.
As a result, the signal should have a particularly strong effect on assessments of its value
when there is considerable information asymmetry about the young company’s quality, a
point emphasized in the signaling literature (Spence, 1974). Consequently, signals are
contingent: the less that is known about a focal organization, the greater the benefit from
signaling. We highlight several factors that may represent the amount of information
asymmetry surrounding a technology firm.

The longer it has been since the last signal, the more information asymmetry about
firm value. There may be several explanations for this effect. First, a private placement

investment suggests that an investor validates the quality of the firm through its evaluation
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process. Over time, changes in the firm and the environment cause firm valuation to
deviate from previous levels. The more recent the private placement signal, the more
reliable the positive evaluation of the technology firm’s growth opportunities, and the more
willing should be suppliers to provide resources. A related argument is that because
technology firms need capital constantly, they have an incentive to issue private placements
whenever their perceived value falls below the valuation that managers ascribe to the firm.
A lack of a private placement over an extended period of time suggests that negative
information about firm has developed (which may or may have revealed to outsiders). This
negative information inhibits the firm’s ability to raise subsequent resources.'?

Hypothesis 4: Technology firms having more recently initiated a private placement
will be better able to attract subsequent (a) financial capital, (b) research partners, and (c)
commercial partners.

A firm's abnormal return on the most recent private equity placement should
represent the degree to which there was information asymmetry prior to the private equity
placement. After all, the abnormal return is a stock price adjustment simultaneous to the
announcement of the private placement. Thus, firms with larger abnormal returns should
have a greater marginal benefit from a private placement than firms with lower abnormal
returns. We also expect that the effect of abnormal returns on the ability to attract
subsequent resources to diminish over time. Private placements with larger abnormal
returns and done more recently will be stronger signals about firm prospects.

Hypothesis 5: Technology firms having a larger abnormal return on the previous
private placement will be better able to attract subsequent (a) financial capital, (b) research

partners, and (¢c) commercial partners.
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Hypothesis 6: Technology firms having initiated the last private placement more
recently and having higher abnormal returns will be better able to attract subsequent (a)
financial capital, (b) research partners, and (c) commercial partners.

Finally, we contend that firms have stronger signals when they have initiated more
previous private placements, enabling them to attract subsequent resources more
effectively. Several reasons may account for this. First, acquiring capital from private
equity investors represents a valuable skill. With each private placement, firms learn how
to recruit private investors and convey information more effectively through the due
diligence process, reducing search time and costs for equity investors. Firms demonstrating
a skill to repeatedly tap private markets are more desirable candidates for attaining
subsequent resources, including both capital and complementary resources. Second, to the
extent that private placements are made to existing investors having experience with the
issuing firm, the signal may suggest added confidence in the firm. Such repeated
investments are observable to outside resource providers, enhancing the credibility and
strength of the signal. Finally, firms able to disseminate multiple signals during any given
period of time (with or without the same investor), allow the receiving firms to cross-
validate their intrepretation of firm valuation. Consistency checks often build the receiving
firm’s confidence in signal interpretation and reaction (Heil and Robertson, 1991).

Hypothesis 7: Technology firms with more prior private equity placements will be
better able to attract subsequent (a) financial capital, (b) research partners, and (c)

commercial partners.
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METHOD

Sample and Data

We are interesting in the signaling properties of private equity placements. Two types
of dependent variables are used. First, we compare abnormal returns for firms issuing
private equity placements with firms issuing public equity. As such, the starting point for
our data collection was gathering data on publicly traded biotechnology firms so that we
could attain abnormal returns based on private placement announcements and
announcements for seasoned public offerings. Our data describe 328 dedicated U.S.
biotechnology firms that have undertaken an initial public offering between 1973 and 1998,
and therefore, have stock that is publicly traded. The initial sample of private equity
placements and public offerings was identified by searching for announcements in the
BIOSCAN directory (published by Oryx Press) the Actions database (published by the
North Carolina Biotechnology Center), and Standard & Poors NetAdvantage. To find
announcement dates on these events and other equity financing events not revealed in those
sources, we undertook an exhaustive quest using Lexis-Nexus and Dow Jones Interactive
by searching news articles by company name and the following words: “equity”,
“placement”, “offering”, and “financing”, all preceded by “public” or “private”. This
process revealed a total of 780 private equity placements and 346 public offerings that were
completed subsequent to initial public offerings. We used CRSP tapes to gather stock
returns on this sample of 1126 events. Due to stock delistings and insufficient stock
returns, we were only able to calculate abnormal returns on 695 private placements and 293

public offerings.
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The second set of dependent variables focuses on a firm's ability to attract resources.
Even though having access to public equity markets by virtue of an initial public offering,
young biotechnology firms face the constant challenge of attracting the financial and
complementary resources necessary to carry out their research and development processes.
Three crucial variables that measure a firm’s ability to attract resources are: the speed at
which they attract capital (the time from initial public offering to subsequent financing
events), the speed at which they attract research partners (the time from initial public
offering to research alliance events), and the speed at which they attract commercial
partners (the time from initial public offering to commercial alliance events).

Assessing the second dependent variable - the rate at which biotechnology firms attract
resources — required information on early life events for the firms in our sample. It is worth
reiterating that while we only study post-IPO events, our independent variables are not
constrained to post-IPO information. Rather, we have gathered data from a firm's inception
to its exit from the industry by liquidation or acquisition. We relied on a number of sources
to assemble the life histories of the firms in our sample. The primary source for the alliance
data and the pre-IPO financing events was the Bioscan directory, but we also consulted the
Actions Database. Patents and patent application dates were gathered from the U.S. Patent
database. COMPUSTAT was used to gather annual firm-level data on cash, R&D expense,
book-to-market ratios, assets, number of employees, sales, and long-term debt.
COMPUSTAT did not have information on all our public biotechnology firms, therefore

there is some attrition in models that include these firm-level data.
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Modeling Abnormal Returns

To measure the information effects of private placement and public offering
announcements we analyzed the significance of abnormal returns associated with the
announcement. Abnormal returns are the difference between a firm’s predicted and actual
stock price for any given day, derived from regressions involving a market portfolio. By
removing the portion of the return that is related to variation in the market’s return, the
variance of the abnormal return is reduced. This can lead to increased ability to detect
event effects. In the absence of new, significant information about the firm, individual
stock price changes should closely follow changes in the market portfolio. When the
changes in the firm price diverges from the changes in the market portfolio it can be
assumed that new information about the firm has been revealed.

Sometimes it is useful to add “factors” when trying to model the normal or "predicted"
return. Factor models potentially provide the benefit of reducing the variance of the
abnormal return by explaining more of the variation in the normal return. Typically, the
factors are portfolios of traded securities. The market model identified above is an example
of a one-factor model, but in a multi-factor model one might include industry indexes in
addition to the market. Sharpe, Alexander and Bailey (1999) discuss index models with
factors based on industry classification. In practice the gains from employing multi-factor
models for event studies are limited (Campbell, Lo and MacKinlay, 1997). The reason for
this is that the marginal explanatory power of additional factors beyond the market factor is
small, and hence there is little reduction in the variance of abnormal returns. However, the

variance reduction will typically be greatest in cases where the sample firms have a
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common characteristic, for example they are all members of a single industry. Since all our
firms reside in the biotechnology industry, we introduce a second factor to our model —a
biotechnology stock index. The details of the construction of the index can be found in
(Lerner, 1994)

Using ordinary least squares regression over an estimation period of 221 days (250
days prior to 30 days prior the event), we calculated the two-factor model.

(1) Riy= 0+ Bji Fie+ B2 Fau + &t ,

where Rj is the rate of return of security j on day ¢, Fy, is the rate of return on a value-
weighted market portfolio (the NASDAQ Composite Index) on day ¢, F is the rate of
return on a value-weighted biotechnology index on day 7, and B, and f3, are the
sensitivities of security j to those two factors. @; is the intercept term for security j and §g; is
the error term of security j on day M

The abnormal performance of these firms relative to the date of first announcement of
private placements or public offering is calculated using the two-factor model. Prediction
errors for each firm j, PE;, are calculated for each day  of interest around the date of
announcement of the private placement event, where

(2) PE; =Rji— (& + Bji Fii + Bj2 F2).

An average prediction error for each day ¢ is calculated as
_ 1 \&
(3) PE, = (—)Z PE,.
N J5
where N represents the number of private placement events (695) when calculating

abnormal returns for private placement announcements, and N equals the number of public

offering events (293) when calculating abnormal returns for public offering
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announcements. To determine whether the average prediction errors are significantly
different from zero, the following test statistic is calculated:
(4) t=PE, /0, where
1

=30 2
(5) 0p = [?;6 Y (PE; - APE)Z} with

-250

=30 _
(6) APE= Y PE /220.

-250
We also aggregated the abnormal return observations across time in order to draw
overall inferences for the event of interest. The cumulative abnormal return CAR(7;, 72) is
defined as the cumulative abnormal return from period 7; to 7,. To examine whether the
CAR is significantly different from zero, a t-statistic is calculated, as

(7) t=CAR(z,,1,)/5(1,,7,), and

L&, T
(8) E(Tl’fz)zliFEO’j(rl’Tz)il .

Table 1 presents the daily average prediction errors and the cumulative average
prediction errors of returns to stockholders of firms involved in either private equity
placements or seasoned public offerings.

[Insert table 1 about here]

The results of the event study are consistent with expectations highlighted in
Hypotheses 1 and 2. The evidence strongly supports the hypothesis that private and public
equity announcements do indeed convey information useful for the valuation of firms.

Focusing on the announcement day (day zero), the sample average abnormal return for
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firms issuing private placements using the two-factor model is 0.0164. Since the standard
error of the one-day private placement average abnormal return is 0.0023, the t-statistic is
7.13 and the null hypothesis that the event has no impact is strongly rejected. The story is
the same for firms issuing public equity. The event day sample abnormal return is —0.0192,
with a standard error of 0.0028, leading to a t-statistic of -6.86 and again strong evidence
against the null hypothesis. There is also some evidence of a positive announcement effect
on days 1, -1, and -3 for firms announcing private placements. Firms issuing public equity
have negative announcement effects, on average, for days other than day zero, including
days 10, 8,4, 1, -2, -5, -6, -7.

The cumulative abnormal returns presented in table 1 also provide strong support
Hypotheses 1 and 2.5 Figure 1 plots the CARs.'® The CAR plot shows that market
gradually learns about the forthcoming announcement. The average CAR of the private
placement firms drifts up in days —8 to —1, and the average CAR of the public offering
firms drifts down over this period. In the days after the announcement, the CAR for the
private equity firms remains relatively stable, while the CAR for the public firms continues
to trend down.

[Insert figure 1 about here]

Modeling Time to Attract Subsequent Resources

The three dependent variables pertaining to the ability to attract resources are modeled

separately. The first dependent variable is the rate of financing through private equity

placements or (secondary) public offerings subsequent to the firm’s initial public offering,

A1(t). The second dependent variables is the rate of research alliances subsequent to the
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firm’s initial public offering, A,(t). The third dependent variable is the rate of commercial

alliances subsequent to the firm’s initial public offering, A3(t). In each case, the rate is
defined as

9) A1) = lim[q(t, t+At)/At], At—0
where g is the discrete probability of the firm initiating subsequent financing between ¢ and
(1+At), conditional on the history of the process up to time z. This rate summarizes the
information on the intervals of time between successive events, with higher values of the
rate corresponding to shorter times between events and vice versa.

The rate A(t) was specified as an exponential function of the independent variables and
a set of parameters capturing the effects of the variables on the rate of subsequent financing
such that:

(10) A(ty=exp(aXy)
The exponential distribution is suitable for modeling data with a constant hazard and when
there is no a priori expectation as to the nature of the distribution. Parameters were
estimated by the method of maximum likelihood using STATA.

One key assumption used for maximum likelihood estimates of o is that there is
independence of event times — no correlation between event times. However, when firms
have repeated financing or alliance events the assumption of independence of the events 1s
highly questionable. The problem is that the covariance matrix does not take into account
the additional correlation in the data, meaning the conventional estimate of variance is not

appropriate (Lin, 1994). We use the “robust” option in STATA, and originally proposed by
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Lin and Wei (1989), to adjust for this concern. We report the adjusted standard error for

each coefficient.
RESULTS

The independent variables and control variables are described in table 2. They are time
varying and updated monthly, except where otherwise noted. Descriptive statistics and
correlations for the independent variables are listed in table 3. We present a synopsis of our
hypotheses and results in table 4. Table 5 illustrates the results from the subsequent
financing models, table 6 illustrates the results from the research alliance models, and table
7 illustrates the results from the commercial alliance models.

[Insert tables 2, 3, 4, and 5 about here]

Subsequent Financing

Table 5 reports two baseline models, including control variables for the industry and
the firm, that estimate the rate of subsequent public or private financing. In running these
models we test Hypothesis 3a-7a. The first baseline model (1) excludes variables gathered
from Compustat sources. We present both baseline models since we could not gather
Compustat data across all periods for all firm. Both baseline models present a significant
improvement over an unreported constant rate (exponential) model. Due to the similarity
between models 1 and 2, we interpret the coefficients for control variables from the model
(2) including the more comprehensive set of control variables.

A number of industry and firm-level control variables are significant in model 2. First,
we discuss the industry controls. Model 2 shows that a higher biotechnology index

increases the speed at which firms are able to raise subsequent financing. Each additional
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point increase in the biotechnology index multiplies the rate of subsequent financing by a
factor of 1.14 (¢"'**?" 1)), The coefficient for the industry total number of commercial
alliances in the most recent quarter is both significant and negative. The coefficient
estimate on this variable implies that each additional ten commercial alliances multiplies
the rate of subsequent financing by a factor of 0.94 (€096 1% " The negative coefficient
for the industry total number of patents in the most recent quarter suggests that each
additional 10 patents multiplies the rate of subsequent financing by a factor of 0.97. The
positive coefficient for “after 1990” suggests that subsequent financing is 1.64 times easier
to raise after 1990.

Next, we discuss the firm control variables. The significant and positive coefficient for
“therapeutic” suggests that operating in the therapeutic industry segment increases the
speed at which capital is raised by a factor of 1.38. The negative and significant coefficient
for age suggests that each additional year decreases the rate at which subsequent capital is
raised drops, multiplying it by a factor of 0.96. A higher book-to-market ratio decreases the
rate at which subsequent financing is attained. Firms with more assets attract capital at a
slower rate, while firms with more employees attract capital at a faster rate. The coefficient
for “patent clock” is positive, suggesting that the longer the duration since the last patent
the better able are firms to attract subsequent financing. More specifically, each year since
the last patent increases the rate of subsequent financing by a rate of 1.05. In contrast, the
negative coefficient for “commercial alliance clock” suggests that the more recent the last
commercial alliance, the quicker are firms to attract financing. Finally, firms with more

commercial alliances attract funds more readily.
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Models 3 and 4 (with Compustat variables) add the dummy variable for whether the
firm has previously initiated a private placement in order to test Hypothesis 3a. Using a
likelihood ratio test, we compared model 3 to baseline model 1. This test produced a chi-
square statistic of 99.29, well above the critical value of 3.84 for 1 degree of freedom. The
test suggests that the addition of the private placement variable enhances the explanatory
power significantly (p < 0.001) more than the baseline model (1). A similar test comparing
model 4 with model 2 also suggests that the private placement variable provides a
significant improvement. Using model 4, we interpret the positive coefficient for the
private placement dummy to suggest that firms having previously initiated private
placements are able to attract subsequent financing at a rate 2.17 times those that have not
initiated private placements. This result provides strong support for hypothesis 3a.

Models 5, 6, 7 and 8 in table 5 introduce the variables that are hypothesized to
moderate the private placement effect on the rate of attracting subsequent equity. These
models provide strong support for Hypotheses 4a, 5a, and 7a. Models 5 and 6 (with
Compustat variables) introduce the private placement count and clock variables. Log-
likelihood ratio tests was used to compare model 5 with model 1, and to compare model 6
with model 2. These tests produce chi-square statistics of 125.43 and 86.54, respectively.
Both are well above the critical value for 2 degrees of freedom, suggesting that the addition
of both variables significantly adds to the baseline model. Models 7 and 8 (with Compustat
variables) incrementally introduce the variable associated with the abnormal return for the
most recent private equity placement. This variable is introduced separately from the other
two moderating variables because there are occasions when we do not observe the

abnormal return for private equity placements due to missing CRSP data. As a result, the
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number of events drops significantly in models 7 and 8. We interpret the results of all three
moderating variables with respect to model 8.

In Hypothesis 7a we argue that increases in the number of private placements will lead
to an increased rate of subsequent financing. The positive coefficient provides support for
Hypothesis 7a. Each additional private placement increases the rate of subsequent
financing by a factor of 1.05. In Hypothesis 4a we argue that a shorter duration since the
last private placement will increase the rate of subsequent financing. The negative
coefficient implies that each additional year since the last private placement will multiply
the rate of subsequent financing by a factor of 0.88, lending support to Hypothesis 4a. The
final moderating effect pertains to the abnormal return of the most recent private placement.
The positive coefficient implies that larger abnormal returns will increase the rate of
subsequent financing. This finding supports Hypothesis 5a. While the main effects
relating to private placement duration and abnormal returns were as expected, it is difficult
to interpret main effects in the presence of significant interaction effects. One needs to look
at both simultaneously.

Models 9 and 10 incrementally add the interaction between abnormal return and
private placement duration specified in Hypothesis 6a, plus a dummy variable if the
abnormal return does not correspond with the last private placement. These models provide
strong support for the hypothesis. Log likelihood ratio tests generate a chi-square statistic
of 9.51 when comparing model 9 with model 7, and a chi-square statistic of 10.22 when
comparing model 10 with model 8. These tests indicate that the full models (9, 10) are a
significant improvement (p < 0.001, 2 d.f.) over the others (7, 8). The negative coefficient

suggests that higher abnormal returns coupled with a shorter duration since the last private
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placement should increase the likelihood of subsequent financing events. Figure 2 offers a
systematic illustration of the joint effects of abnormal returns and private placement
duration using coefficients from model 10. Figure 2 demonstrates the effect of private
placement duration over the variable's range at three different levels of abnormal returns:
the mean abnormal return, the mean abnormal return plus a standard deviation, and the
mean minus a standard deviation. The vertical axis represents the multiplier of subsequent
financing resulting from the combined effects of abnormal returns and private placement
duration, while other variables are held constant. The figure demonstrates that higher
abnormal returns had a much greater impact on the rate of subsequent financing when
private placements were more recently initiated. This provides strong support for
Hypothesis 6a, and also confirms the main effects suggested in Hypothesis 4a and Sa.
[Insert figure 2 and table 6 about here]

In examining the dependent variables relating to the rate of research alliances, Ax(t),

and the rate of commercial alliances, A3(t), we repeat the same steps as identified above.

Research Alliances

Table 6 reports both baseline models 1 and 2 (with Compustat), including control
variables for the industry and the firm, that estimate the rate of attracting research partners.
In running these models we test Hypothesis 3b-7b. Both baseline models present a
significant improvement over an unreported constant rate (exponential) model. We
interpret the coefficients for control variables from model 2. First, we discuss the industry
controls. Model 2 shows that a higher biotechnology index increases the speed at which

firms are able to attract research partners. Each additional point increase in the
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biotechnology index multiplies the rate of research alliances by a factor of 1.11. The
coefficient for the total amount of private equity raised in the industry in the most recent
quarter is negative, implying that each additional $100 million raised in private equity
multiplies the rate of research alliances by a factor of 0.97. The coefficient for the total
number of research alliances initiated in the most recent quarter is positive, and implies that
if 10 additional research alliances are initiated at the industry level in the previous quarter
the rate of research alliances increases by a factor of 1.11. The same positive relationship
pertains to the total number of commercial alliances initiated in the most recent quarter,
although the rate of increase is only 1.07. The negative coefficient for “after 1990”
suggests that research alliances after 1990 are initiated at a rate of 0.77 times those prior to
1990.

Next, we discuss the firm control variables. The significant and positive coefficient for
“therapeutic” suggests that operating in the therapeutic industry segment increases the
speed at which research alliances are initiated by a factor of 1.35. Firms with a higher
book-to-market ratio, a higher survival index, and more employees attract research alliance
partners at a faster rate. Firms with more commercial alliances find it more difficult to
attract research partners. In fact, every additional commercial alliance initiated by the firm
multiplies the rate of research alliances by a factor of 0.98. In contrast, firms that have
initiated more research alliances are able to attract research partners at a much higher rate.
Each additional research alliance increases the rate of a research alliance being initiated by
a factor of 1.06. The negative coefficient for the research alliance duration variable implies
that the longer it has been since the last research alliance, the slower the rate of any

subsequent research alliance. A delay of one year will reduce the hazard by a factor of

30



0.76. A similar result is attained for the coefficient pertaining to the duration since the last
public offering. The longer since the last public offering reduces the hazard of a research
alliance. Finally, firms that have initiated more public offerings have a decreased rate of
research alliances. Each additional public offering decreases the rate of research alliances
by a factor of 0.92.

Models 3 and 4 (with Compustat variables) in table 6 add the dummy variable for
whether the firm has previously initiated a private placement in order to test Hypothesis 3b.
Using likelihood ratio tests, we compared model 3 to baseline model 1, and model 4 to
baseline model 2. This test produced chi-square statistics of 33.04 and 16.44, both well
above the critical value of 3.84 for 1 degree of freedom. The test suggests that the addition
of the private placement variable significantly enhances the ability to estimate research
alliance events. Using model 4, we interpret the positive coefficient for the private
placement dummy to suggest that firms having previously initiated private placements are
able to attract research alliance partners at a rate 1.32 times those that have not initiated
private placements. This result provides strong support for hypothesis 3b.

Models 5, 6, 7 and 8 in table 6 introduce the variables that are hypothesized to
moderate the private placement effect. These models provide strong support for
Hypotheses 4b and 5b. Models 5 and 6 (with Compustat variables) introduce the private
placement count and clock variables. Likelihood ratio tests were used to compare model 5
with model 1, and to compare model 6 with model 2. These tests produce chi-square
statistics of 21.4 and 10.44, respectively. Both exceed the critical value for 2 degrees of
freedom, suggesting that the addition of both variables significantly adds to the baseline

model. Models 7 and 8 (with Compustat variables) incrementally introduce the variable
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associated with the abnormal return for the most recent private equity placement. We
interpret the results of all three moderating variables with respect to model 8.

In Hypothesis 7b we argue that increases in the number of private placements will lead
to an increased rate of attracting research alliance partners. The coefficient for the number
of previous private placements was not significant, so therefore we cannot support
Hypothesis 7b. In Hypothesis 4b we argue that a shorter duration since the last private
placement will increase the rate of attracting research partners. The negative coefficient
implies that each additional year since the last private placement will multiply the rate of
attracting research partners by a factor of 0.78, lending support to Hypothesis 4b. The final
moderating effect pertains to the abnormal return of the most recent private placement. The
positive coefficient implies that larger abnormal returns will increase the rate of research
alliances. This finding supports Hypothesis 5b. For each an abnormal return 10 percent
higher, the rate of attracting research partners increases by a factor of 1.09.

Models 9 and 10 incorporate the interaction between abnormal returns and private
placement. Log-likelihood ratio tests indicated that the interaction effect did not
significantly enhance the ability to explain the rate of research alliance formation.

Therefore, Hypothesis 6b is not supported.

Commercial Alliances

Table 7 reports both baseline models 1 and 2 (with Compustat), including control
variables for the industry and the firm, that estimate the rate of attracting commercial
partners. In running these models we test Hypothesis 3c-7c. Both baseline models present

a significant improvement over an unreported constant rate (exponential) model. We
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interpret the coefficients for control variables from model 2. First, we discuss the industry
controls. Model 2 shows that the coefficients for the total number of research alliances and
commercial alliances initiated in the most recent quarter are positive. Both coefficients
imply that if 10 additional research alliances, or 10 additional commercial alliances, are
initiated at the industry level in the previous quarter the rate of commercial alliances
increases by a factor of 1.08. The coefficient for density is negative, implying that when
the industry density is higher there is a decreased rate of attracting commercial alliance
partners. The negative coefficient for “after 1990” suggests that commercial alliances after
1990 are initiated at a rate of 0.72 times those prior to 1990.

[Insert table 7 about here]

Next, we discuss the firm control variables. The significant and positive coefficient for
“veterinary” suggests that operating in the veterinary industry segment multiplies the speed
at which commercial alliances are initiated by a factor of 1.19. Firms operating in more
industry segments are better able to attract commercial alliance partners. Firms with a
higher survival index, more employees, and less long-term debt attract commercial alliance
partners at a faster rate. Firms with more commercial alliances find it easier to attract
commercial alliance partners. Every additional commercial alliance initiated by the firm
multiplies the rate of commercial alliances by a factor of 1.04. Furthermore, the negative
coefficient for commercial alliance duration suggest that the more recent the last
commercial alliance the better able are firms to attract commercial partners. A delay of one
year multiplies the hazard of commercial alliance by a factor of 0.63. Similarly, the
negative coefficients for research alliances and public offerings suggest that a delay of one

year multiplies the hazard of commercial alliances by a factor of 0.91 for both. Finally,
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more public offerings a firm has undertaken, the less likely it will initiate a commercial
alliance. Each public offering multiplies the hazard of commercial alliances by 0.93.

Models 3 and 4 (with Compustat variables) in table 7 add the dummy variable for
whether the firm has previously initiated a private placement in order to test Hypothesis 3c.
Using likelihood ratio tests, we compared model 3 to baseline model 1, and model 4 to
baseline model 2. This test produced chi-square statistics of 58.34 and 34.60, respectively.
Both statistics are well above the critical value of 3.84 for 1 degree of freedom. The test
suggests that the addition of the private placement variable significantly enhances the
ability to estimate commercial alliance events. Using model 4, we interpret the positive
coefficient for the private placement dummy to suggest that firms having previously
initiated private placements are able to attract commercial alliance partners at a rate 1.42
times those that have not initiated private placements. This result provides strong support
for hypothesis 3c.

Models 5, 6, 7 and 8 in table 7 introduce the variables that are hypothesized to
moderate the private placement effect on the rate of initiating commercial alliances. These
models provide strong support for Hypotheses 4c and 7c. Models 5 and 6 (with Compustat
variables) introduce the private placement count and clock variables. Likelihood ratio tests
were used to compare model 5 with model 1, and to compare model 6 with model 2. These
tests produce chi-square statistics of 18.18 and 27.42, respectively. Both exceed the critical
value for 2 degrees of freedom, suggesting that the addition of both variables significantly
adds to the baseline model. Models 7 and 8 (with Compustat variables) incrementally
introduce the variable associated with the abnormal return for the most recent private equity

placement. However, when comparing these models to baseline models with the same set
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of data, the chi-square statistics of 0.12 and 0.08, respectively, fell below the critical value.
Therefore, we do not support Hypothesis 5c pertaining to the moderating effect of the
abnormal return, and we interpret the results of the other two moderating variables with
respect to model 6. In Hypothesis 7c we argue that increases in the number of private
placements will lead to an increased rate of attracting commercial alliance partners. The
coefficient for the number of previous private placements was positive, supporting
Hypothesis 7c. It suggests that with one additional private placement, firms can attract
commercial alliance partners at a rate of 1.04 times faster. In Hypothesis 4c we argue that a
shorter duration since the last private placement will increase the rate of attracting
commercial partners. The negative coefficient implies that each additional year since the
last private placement will multiply the rate of attracting commercial partners by a factor of
0.96, lending support to Hypothesis 4c.

Models 9 and 10 incorporate the interaction between abnormal returns and private
placement. Log-likelihood ratio tests indicated that the interaction effect did not
significantly enhance the ability to explain the rate of commercial alliance formation.

Therefore, Hypothesis 6c¢ is not supported.

DISCUSSION

In uncertain contexts, signals of firm quality become the bases for evaluations.
Uncertainty pervades attempts to evaluate new and unproven companies having mostly
intangible assets and/or a desire to keep proprietary specific information about firm
capabilities. In such contexts, signaling is an important firm strategy to attract resources

necessary to capitalize on growth opportunities. In this study we focused on the signaling
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qualities of private equity placements, arguing that the signal and the signal strength will
influence the ability of young biotechnology companies to attract three types of resources -
financial capital, research partners, and commercial partners. Overall, the empirical
analyses demonstrated consistent and cogent effects of the signaling properties of private
equity placements on the ability to attract financial and complementary resources.
Moreover, the signaling effects held up in models that included a comprehensive set of
control variables capturing firm differences and industry conditions. Building a new
company is a highly competitive endeavor, and it is difficult to overstate the importance of
being able to signal “high ability” when trying to attract resources necessary to capitalize
on growth opportunities.

The results raise several points worth emphasizing about the impact of private
placement events on the ability to raise subsequent resources. First, the analysis clearly
demonstrates that private equity placements aid firms in attracting financial capital.
Subsequent financing was easier to attract when firms had more prior private placements
and had initiated a private placement more recently. The benefits to private placements
appear to go beyond merely providing capital, because prior seasoned public offering
events had no significant effect on the ability to raise capital. We believe that manager's
decision to issue private equity over public equity is an intentional signal that the firm is
undervalued. Consistent with this argument is the strong positive effect of prior private
placement abnormal returns on the ability to raise capital, and the declining effect of
abnormal returns as more time has elapsed since the private placement. We can think of no
other explanation for these results than the signaling argument presented. Perhaps this

point is most clearly demonstrated by the finding that private equity placement
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announcements had a strong positive effect on the firm’s valuation. Compared to the
negative abnormal returns for firms offering seasoned public equity, these results suggest
that, on average, private placements send different information to capital markets than do
seasoned public offerings.

The differences between the subsequent financing models and the models examining
the rate of research and commercial alliances also merit emphasis. While the size and the
recency of the abnormal returns played a very important role in the ability to raise
subsequent financing, the effect of abnormal returns varied across partner types. In the
research alliance model, the significant coefficient for abnormal returns suggests that
research partners, much like participants in financial markets, weigh the strength of the
signal when deciding whether to commit resources to a biotechnology firm. Curiously,
however, the effect of the abnormal return did not dissipate over time, as it had in the
subsequent capital model. This implies that when evaluating biotechnology firms research
alliance partners are not concerned about temporary asymmetries in the market value of the
firm, rather, they view the abnormal return as representative of a more enduring assessment
of firm capabilities, valuation, and viability. We also suspect that research partners focus
most extensively on the most recent private placement signal when evaluating candidates
for partnership. While abnormal return and elapsed time for the most recent private
placement had strong effects, the total number of prior private placements was not
significant in models incorporating the abnormal return.

In contrast to research partners, commercial partners do not seem to focus on the size
of the abnormal return on the last private placement. One explanation may be that

commercial partnerships are generally formed in later stages of a project, when there is less
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uncertainty about the value of the growth opportunities of the projects. Furthermore, in
order to develop a contract allowing for the licensing of a technology, the technology must
be sufficiently codified so that both parties clearly understand property rights. The
codification process, by definition, should reduce uncertainty about the nature of the
underlying technology. With less uncertainty, the potency of a signal is reduced. Thus, it
may be that the strong effects of the number of prior private placements and the recency of
the last placement on the ability to attract commercial partners reflect their concerns about
ongoing viability of the biotechnology firm due to capital infusion. However, because we
had a comprehensive set of variables to control for firm liquidity, we are reluctant to
concede that private placement signaling is unimportant to commercial partners.

This study raises two issues that are worth discussing. First is causality. Can we be
sure that our effects are driven by the hypothesized signaling process rather than
unobserved differences between firms that happen to correlate with the strength and
recency of the private placement signal. To rule out this possibility, we made every effort
to control for the presence and the timing of patents, research alliances, commercial
alliances, and public offerings. We also controlled for "hot" and "cool" financing and
alliances windows at the industry level. Furthermore, we restricted our sample to one
industry to reduce the effect of differences in firm strategies. While one can never rule out
unobserved heterogeneity, the abnormal return effects and the contingency in the abnormal
return effects greatly enhance our confidence in the theory. Other than the hypothesized
signaling explanation, it is difficult to construct a cogent explanation for the strong and
consistent effect of abnormal returns on the rate of attracting subsequent capital (table 5)

and research partners (table 6), and the interaction effect observed in Figure 2. The most
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compelling alternative explanation is that positive abnormal returns for private placements
reflect the positive repercussions of attracting funds. However, since we control for the
amount of cash by incorporating each firm’s survival index, this alternative explanation
does not seem satisfactory.'”

The second issue is generalizability. While caution must always be exercised when
generalizing from a single industry study, we believe that the signaling processes we have
observed in the biotech industry do operate in other contexts. Ours is a study of how firms
attract resources while having unproven performance, intangible assets, and a desire to keep
technology proprietary. We believe that these attributes translate to other industry contexts,
particularly those where there are high burn rates. Other industries that use private
placements intensively include computer software and hardware, medical instruments,
health services, telecommunications, and internet-based companies (Fenn et al., 1997).
There is some evidence (in the form of consistent abnormal returns) of private placement
signaling across a broad array of industries represented in the NASDAQ Exchange (Hertzel
and Smith, 1993), an exchange that features smaller, younger, and technologically-oriented
firms. Unfortunately, as far as we know, ours is the first single-industry study on private
equity placements. Our study differs in that we view the signal not as an unintentional
byproduct of a decision, rather, as a potent tool for acquiring subsequent resources.

The results of this study open some avenues for future research. First, evaluations of
new ventures are affected by other types of transactions than those we have scrutinized. For
example, research partners considered the depth and timing of prior research experience.
Commercial partners were easier to attract when firms had initiated more commercial

alliances, and when they had initiated commercial and research alliances more recently. It
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may be that these effects highlight the importance of firm reputation or capabilities
developed over time through visible technological advances or accomplishments.
Alternatively, these relationships may suggest that commercial and research partnerships
serve as signals, much like private placements. To further probe this proposition, it would
be useful to know whether abnormal returns from these events have a significant effect on
the ability to attract future resources.

Second, we have for the most part ignored the reputation effects of the private equity
investors. A related line of research has shown that the reputation of a firm's partners
significantly effects its valuation (Stuart et al., 1999). It is almost certain that the reputation
of private equity partners bears upon the strength of the signal. Future work might formally
test whether private equity investor reputation bears upon the ability to attract subsequent
resources. We would like to emphasize, however, that the presence of a reputation effect
does not theoretically conflict with our viewpoint, nor does it alter the interpretation of a
strong signaling effect. In fact, to the extent that investor reputation matters, its effect
should be incorporated in the abnormal return, which is part of our model.

Third, the obvious implication of our findings is that young, technologically-oriented
firms should strongly-consider private equity financing when they feel their firm is
undervalued by potential resource providers. One interesting question pertains to the
conditions under which firms will succeed at recruiting private equity investors. Is
technological prowess the prime determinant of raising private funds, or is it determined
more by the identity of organizational leaders, or embeddedness in a network, or
membership of a technological cluster, or geographical proximity to venture capitalists? A

second question pertains to a "pecking order" of signal types. In the presence of multiple
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ways to signal, how should firms choose among them? Are all signals equally effective,

equally expensive to erect? Investigating questions such as these will enlighten the

processes through which signals are created and the consequences of incorporating

signaling as an active firm strategy for attracting resources to capitalize on growth

opportunities.

ENDNOTES

The research on competitive actions and multipoint competition are notable contributions to the literature on
competitive signaling.

Accredited investors as defined in Regulation D, include officers and directors of the firm, high net worth individuals,
and institutions such as pension funds and banks.

Leibeskind (1997) defined three ways in which firms may strategically inhibit the diffusion of knowledge: rules,
compensation schemes, and structural isolation.

It is a widely accepted proposition that markets for knowledge transfer will tend to fail (Arrow, 1996).

5 These same conditions are ripe for moral hazard. The tenacity and veracity of the entrepreneur are difficult to calibrate,

with consequences much more unfortunate for the investor than for the entrepreneur. Ascertaining whether the
entrepreneur’s optimism is honest, yet misplaced is perhaps even more difficult. There is much evidence that in the
context of planning and action most people are prone to extreme optimism in their forecasts of outcomes, and often fail
to appreciate the chances of an unfavorable outcome (Kahneman and Lovallo, 1994). Decision makers often take risks
because they deny their existence or underestimate their extent (March and Shapira, 1987).

Deeds et al. (1997) also argued that R&D expenditures and the number of patents would signal value, but found no
significant relationship between these variables and the amount of capital raised..

A “seasoned” public offering is any public offering issued by the firm after its IPO. See Smith (1986) for a summary of
findings pertaining to short-term abnormal returns associated with public equity offerings. Brous (1992) and Jain
(1992) found that the decision to issue public equity also conveys unfavorable information about long-term earnings.

In a survey article, Ibbotson, Sindelar, and Ritter (1988) report an average initial return of 16.37 percent for 8,668 new
issues between 1960 and 1987.

Loughran and Ritter (1997) found that issuers of seasoned offerings are disproportionately high growth firms, but have
much lower subsequent operating performance returns than non-issuers with the same growth rates.

' One might argue for a third explanation for positive returns with private placements - the addition of the private equity

investor to the management expertise of the firm. Clearly, these investors are quite experienced and take an active role
in management of their portfolio companies. However, for firms that are already public, the expertise argument is less
valid. Private placements that occur after the firm has gone public are always represents the 2™ or 3" stage of private
funding. Firms should already have in place expert private investors that have taken lead investment roles with prior
private placements.
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' Clearly, private equity is not the only signaling mechanism available to managers. Other mechanisms include the
percentage of equity retained by the entrepreneur (Leland and Pyle, 1977), the reduction of dividends, and the level of
debt . However, debt is only of limited value in financing innovation, unless a firm has collateral or is under-leveraged.
In examining a number of signaling mechanisms, Noe and Rebello (1996) found that private equity placements are an
optimal mechanism to signal undervaluation when dividend reductions are not an alternative. In our sample of 328
public biotechnology firms, only three firms issued dividends.

12 A related argument is that an infusion of (private) equity increases the perceived viability of young technology firms.
In that case, increases in firm liquidity should be associated with an increased ability to raise subsequent resources.
However, we believe that even after controlling for firm liquidity, private equity placements have important effects
related to the signal.

13 A final justification for the effect of the recency of the private placement on the ability to raise subsequent resources
may reflect concerns about firm viability. Firms lacking cash may be less viable, or may be forced to slow down
development of technology, making them less attractive to external resource providers. The time since previous funding
is correlated with the amount of available cash.

14 Event studies are subject to biases if there is thin trading on stocks. Certain biotechnology stocks may experience thin
trading. The nontrading or nonsynchronous trading effect arises when prices are taken to be recorded at time intervals
of one length a when in fact they are recorded at time intervals of other possibly irregular lengths. Scholes and Williams
(1977) present a consistent estimator of beta in the presence of nontrading. Jain (1986) compares the distribution of
abnormal returns estimated using the Scholes-Williams approach to the distribution of abnormal returns using the usual
OLS betas and finds the differences are minimal. This suggests that in general the adjustment for thin trading is not
important (Campbell et al., 1997).

15 While the (-10, 10) day window for private placement events is not significant at the p < 0.05 level, it is significant at p
<0.10.

'® The magnitude of CARs on both private placements and seasoned offerings is consistent with previous studies
mentioned earlier. A notable study that was previously unmentioned is (Krishnamurthy, Spindt, Subramaniam and
Woidtke, 1999). They found a CAR(-3,0) of 1.83 for private equity placements across a broad range of firms whose
stock is traded on NASDAQ.

7 We also ran models where the survival index was dichotomized into two variables, cash and R&D expenditures. Those
models had less explanatory power, and the dichotomization did not effect the robustness of our findings.
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Table 1: Abnormal Returns for Event Studies on Private Equity Placements
and Seasoned Public Offerings

Private Placement Announcements Seasoned Public Offering Announcements
Abnormal Returns Standard Error of Abnormal Return Standard Error of
Event time | (Prediction Errors) Prediction Error (Prediction Errors) Prediction Error

(1 (PEY) (©) (PEy) (0)
-10 -0.0033 0.0023 -0.0007 0.0028
-9 0.0013 0.0023 -0.0032 0.0028
-8 -0.0009 0.0023 -0.0045 0.0028
-7 0.0016 0.0023 -0.0066 * 0.0028
-6 0.0027 0.0023 -0.0060 * 0.0028
-5 0.0015 0.0023 -0.0064 * 0.0028
-4 0.0025 0.0023 -0.0014 0.0028
-3 0.0044 * 0.0023 -0.0031 0.0028
-2 -0.0013 0.0023 -0.0082 ** 0.0028
-1 0.0052 * 0.0023 -0.0027 0.0028

0 0.0164 *** 0.0023 -0.0192 *** 0.0028

1 0.0054 * 0.0023 -0.0058 * 0.0028

2 -0.0010 0.0023 -0.0023 0.0028

3 -0.0015 0.0023 0.0002 0.0028

4 -0.0050 * 0.0023 -0.0058 * 0.0028

5 -0.0012 0.0023 -0.0002 0.0028

6 -0.0014 0.0023 -0.0034 0.0028

7 0.0008 0.0023 -0.0009 0.0028

8 -0.0035 0.0023 -0.0067 ** 0.0028

9 -0.0029 0.0023 -0.0037 0.0028
10 -0.0009 0.0023 -0.0054 * 0.0028
(-10, 10) 0.0198 0.0117 -0.0951 *** 0.0171
(-3,3) 0.0281 *** 0.0071 -0.0398 *** 0.0075
(-2, 1) 0.0243 *** 0.0057 -0.0347 *** 0.0055
-1, 1) 0.0265 *** 0.0054 -0.0269 *** 0.0051

(-1,0) 0.0216 *** 0.0039 -0.0212 *** 0.0040

*p <0.05; ** p<0.01; *** p <0.001




Table 2: Variable Definitions

Variable Name

Variable Definition

Private Placement Dummy

Dummy equal to "1" if firm j initiated a prior private placement.

Private Placement Count

The cumulative count of all firm j's prior private placements.

Private Placement Duration

The elapsed time since firm j's last private equity placement,
measured in days/365.25.

Private Placement
Abnormal Return

The CAR(-2, 1) for firm j's most recently observed private
placement. This 3-day window was chosen because on average,
most of the information is conveyed during this period.

Missing CAR dummy Dummy equal to "1" if firm j's most recent private placement has
an unobserved abnormal return.

PP Duration x PP The interaction between Private Placement Abnormal Return

Abnormal Return and Private Placement Duration

Public Offering Count The cumulative count of al firm j's prior public offerings,

Research Alliance Count
Comm. Alliance Count
Patent Count

research alliances, commercial alliances, and patents,
respectively.

Public Offering Clock
Res. Alliance Clock
Comm. Alliance Clock

The elapsed time since firm j's last public offering, research
alliance, commercial alliance, and patent, respectively. Measured
in days/365.25.

Patent Clock

LT Debt Firm j's prior year long-term Debt

Sales Firm j's prior year sales revenues

Employees Square root of firm j's prior year number of employees.
Assets Square root of firm j's prior year total assets.

Survival Ratio

Firm j's prior year (cash / (R&D expense + S,G, & A Expense)).

Book-to-Market

Firm j's prior year (equity / (stock price * shares outstanding)).

Firm Age

Number of days since firm j's founding.

Scope

Number of biotechnology segments in which firm j is involved,
where 0 > Scope < 6. Segments include human therapeutics,
human diagnostics. veterinary, agriculture, food, and other.

Therapeutic Dummy

Dummy equal to "1" if firm j is active in therapeutic segment.

Diagnostic Dummy

Dummy equal to "1" if firm j is active in diagnostic segment.

Veterinary Dummy

Dummy equal to "1" if firm j is active in veterinary segment.

> 1990

Dummy equal to "1" if observation occurs after 1990.

Density

Total number of biotechnology firms alive in the current year

Quarterly Res. Alliances
Quarterly Com. Alliances
Quarterly Patents

The total number of research alliances, commercial alliances,
and patents, respectively, issued by firms in the sample in the 3
months prior to the current month.

Quarterly Priv. Placements
Quarterly Public Offerings

The total amount of capital raised through private equity
placements and public offerings, respectively, by firms in the
sample in the 3 months prior to the current month. These
measures control for "hot" and "cold" financing windows.

Nasdaq

Nasdaq Composite Index - monthly average

Biotechnology Index

Biotechnology Stock Index - monthly average.
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