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This article shows how both technological and competitive risks affect the timing of pri-
vate and initial public offerings in an emerging industry. Early private financing occurs
in industries that are perceived to be risky, with high development costs and low proba-
bility of being displaced by technologically superior rivals. Early public financing occurs
in industries pérceived to be viable, with low development costs and low probability of
displacement. Due to feedback effects between financial and product markets, the value
of investors’ proprietary information is greater in private than in initial public offerings.
This has implications for underpricing.

Very rapid change often creates entrepreneurial opportunity: it also creates risk.
Analysis of the hard drive industry reveals the dark side of rapid technologi-
cal evolution and of customer instability. Early players are often preempted by
changes in technology and in customer needs. Early birds are not always win-
ners in product markets, but late comers are almost always losers. [Sahlman and
Stevenson (1985, p. 8)]

In industries undergoing rapid technological change, the optimal timing, pric-
ing, and success of a securities offering depend not only on the individual
firm but also on the competitive environment in the industry. Firms pioneer-
ing a new technology face a trade-off. A pioneering firm that invests early
may gain an advantage in the product market. However, the firm faces the
risk that it does not have the winning technology and may be subsequently
forced out by rivals who turn out to have a better technology.' Moreover, the
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' As an example, Christensen (1993) has identified two distinct strategies used by entrants in the computer
disk-drive industry, one of the most active for initial public offerings (IPOs) in the 1980s. Christensen shows
that through three revolutions of technology and waves of entry, 25 of the 28 IPO firms that adopted an

established technology eventually failed, and 16 of the 40 firms that adopted a new, unproven technology
succeeded.
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firm risks revealing valuable information to potential entrants by its invest-
ment and financing decisions.?

In this article, we analyze how firms time their investment and choose a
financing method in an industry that is undergoing technological change. We
address the following questions: How do technological risks affect the choice
between private and public financing? When will a firm choose to postpone
external financing? When should we expect IPOs to be clumped together in
time? Do privately and publicly financed firms have the same risks?

To answer these questions we model an industry in which investment is
made in two stages: an initial stage, in which the firm acquires the technology
and finds out whether it is viable, and a second stage, in which firms finance
production facilities. The model considers a number of existing (pioneering)
firms that require capital to finance the second stage and many potential
entrants who have not yet invested in the first stage. New entrants can invest
in the same technology as the pioneering firms or in a potentially superior
technology. New entrants discover whether a technology is viable directly
after they have acquired it. But even before deciding whether to invest in the
first stage, potential entrants can make inferences from the pioneering firms’
financing decisions.

We first determine how external financing decisions of pioneering firms
affect both their initial profits and the entry into the industry by potential
rivals. The risk of encouraging new entry occurs with both public and private
offerings but is higher with the former. Our model shows how the new-entry
risk and the risk of displacement by superior technology (technology risk)
interact with each other. We show that a key determinant of the sizes of the
two risks is the cost of the initial investment in research and development of
technology (first-stage investment) relative to the total investment required to
compete in the industry.® This first-stage investment cost is a sunk cost for
pioneering firms already in the industry, but it is the initial cost of entry for
potential entrants. Pioneering firms in industries where first-stage investment
costs are high relative to later investment costs face a relatively high new-
entry risk of external financing and relatively lower technology risk.

Our model shows that early private financing occurs in industries that are
perceived by the market to be risky (the viability of the industry itself is
uncertain) and where the relative first-stage cost is high but the probability
of being displaced by more technologically advanced rivals is low. Early

2 These interactions have been noted in the business press. For example, in a cover article on IPOs, Business
Week (December 18, 1995, p. 67) pointed out that an IPO by a pioneering firm in an emerging industry can
set up a chain reaction as rivals and potential entrants raise capital to position themselves in the industry:
“By the late 1970s, medical researchers and academic scientists had made great strides in genetic science.
Yet it was unclear whether or not a biotechnology industry was a sustainable business proposition. In 1980,
the tremendous market reception given Genentech’s IPO unlocked financial purse strings and persuaded many
scientists to start up companies.”

3 One may alternatively refer to this as the relative growth option cost or the cost of obtaining a toehold into
the industry, relative to the total cost of preparing for full-scale production.
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public financing occurs in industries that are perceived to be viable, in which
there are low relative first-stage costs and where the probability of being
displaced by more technologically advanced rivals is also low. Predictions
for the timing and type of financing for industries that do not fit all of these
criteria depend on more detailed trade-offs.

We develop a condition for describing the relative magnitudes of the
new-entry and technology risks faced by pioneering firms. We show that
in industries where the new-entry risk is the more significant risk there will
be herding of IPOs. That is, the first public offering in an industry will cause
other pioneers to go public around the same time. On the other hand, if tech-
nology risk is more significant, the industry may only be able to support a
small number of early IPOs. Those who are not first or second will have to
wait until the uncertainty about the new technology is resolved.

We show that the variance of returns realized by the initial purchasers
of firms’ securities is higher when the firm is financed privately than when
the firm is financed publicly. This is because when a pioneering firm goes
public it creates a secondary market in its own shares in which investors who
hold proprietary information about the new technology may partially reveal
their information to potential industry entrants. The information affects the
competitors’ entry decisions in such a way as to reduce deviations of the
returns on investment.* Such informed investors’ information is less likely
to be revealed to potential competitors in the absence of a public secondary
market. As a result, there will not be feedback from the financial market
to the product market and the realized rates of return for pioneering firms
that seek private financing will deviate more from the opportunity cost of
capital than if the same firms had sought public financing. We show that this
difference is increasing in the relative cost of the first-stage financing, the
probability of technological displacement, and the public perception of the
riskiness of the industry.

An implication of this feedback between the financial market and the prod-
uct market is that the value of proprietary information that some investors
may possess is reduced. As a result, the adverse selection risk faced by
investors when a firm issues securities is also reduced, making a public
offering more attractive relative to private financing. To the extent that under-
pricing of initial offerings depends on adverse selection, our model can be
used to make predictions about the magnitude of underpricing in different
industries.

Interactions between product and financial markets have been studied by
Maksimovic and Zechner (1991), Maksimovic et al. (1995), and Williams

4 Positive (negative) information about the long-run prospects of the issuing firm induces additional (decreased)

entry of competitors using the same technology, thus dampening the positive (negative) effect of the informa-
tion on the valuation of the issuing firm.
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(1995), who examine the relationship between leverage, risk, and technol-
ogy choice. The trade-off between disclosures to investors and product mar-
ket competition was first explored by Bhattacharya and Ritter (1983). Our
model differs from theirs in that we allow for the interaction of two types of
information concerns that affect decisions in different ways, and we demon-
strate how the relative first-stage cost plays an important role in determining
the sequence in which firms go public. We also develop testable proposi-
tions about how technological options affect the market for IPOs and private
offerings, as well as short-term and long-term failures. A review of the liter-
ature on the interactions between product and financial markets is given in
Maksimovic (1995).

The timing of IPOs has been examined in a single-firm context by
Yosha (1995), Zingales (1995), and Chemmanur and Fulghieri (1999). This
article is also somewhat related to work on IPO performance across indus-
tries. Mauer and Senbet (1992) show that underpricing varies by industry.
Ritter (1991) suggests that long-run performance of IPOs may also vary
across industries and raises the possibility that the market’s reception of an
IPO may predict long-run performance. But existing theories of IPO pricing
and performance do not explain the relation between the market’s reception
of IPOs and subsequent financing activity and investment in an industry.

The rest of the article is organized as follows. Section 1 describes the basic
model. Section 2 characterizes the evolution of the industry and the timing of
IPOs and private financing. In Section 3 we summarize our basic results on
the timing and choice of financing in emerging industries. Section 4 general-
izes the model to the case of asymmetrically informed investors. In Section 5
we discuss further implications and possible extensions of this work. A list
of the notation and proofs of the propositions are in the Appendix.

. The Model

To examine the financing timing decision, we assume that a project is funded
in two stages. We focus on “pioneering” firms that have already successfully
completed the first stage and are deciding whether to finance the second
stage immediately or wait. Once a pioneering firm has decided to seek exter-
nal financing, the firm must also decide whether to seek private or public
financing.

There is an unlimited pool of “potential entrants” who have not as yet made
any investment. Assuming that the pool of potential entrants is unlimited
means that new entry will occur up to the point where the cost of entry is
equal to the expected profit for entry. If these potential entrants wish to enter
the industry and compete with the pioneers, they will need to purchase the
first stage in the near future. The entry decisions of these potential entrants
will be affected by any information released by a pioneer’s early financing.
Thus, pioneering firms that are considering early second-stage financing will
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