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ABSTRACT
A COMPILATION OF ESSAYS IN CORPORATE FINANCE:
STUDIES OF THE CHOICE OF EQUITY MARKETS, STRATEGIC
INNOVATION, AND RESEARCH AND DEVELOPMENT INVESTMENT
By

Melinda L. Newman

This dissertation contains three chapters that address separate issues in the area of
corporate finance. The first chapter is an empirical analysis of firms’ strategic choice of
equity markets. That is, prior studies document a negative stock price reaction to public
equity offering announcements, but a positive stock price reaction to private equity
offering announcements. These opposing reactions suggest that capital markets believe
that the form of equity matters. This issue is explored by comparing the stock price
reactions for firms that issue the predicted forms of equity to those who do not and results
show that issuing the unanticipated form of equity has adverse implications for firm
value. The evidence also indicates that firms deviate to private markets to concentrate
ownership and they deviate to public markets to capitalize on investor optimism.

The second chapter presents a theoretical model of an innovator’s choice of
product quality when imitation is anticipated. Specifically, the innovator’s optimal
quality choice is compared to that of a pure monopolist to see if and how the threat of
imitation alters the innovator’s decision. As a result, the model identifies a median range
of relative imitation costs over which the innovator chooses a preemptive quality level.

Observations from the semiconductor industry are offered as anecdotal support.
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Finally, the third chapter contains an empirical investigation of the differences in
investment in research and development both across firms within the same industry and
across different industries. Within the existing literature, it is generally agreed that
research and development activity varies both within an industry and across different
industries. Empirical studies that investigate how firms make their research and
development investment decision, however, are limited in number and generally lack
consensus in the results.

The purpose of this chapter is to investigate what firm- and industry-specific
characteristics influence investment in research and development, and how those
influences vary both within and across industries. I find that firm profitability and
leverage have significant and varying effects on the research and development investment
decision. Statistically significant results are also obtained for the effect of firm size and

industry concentration.
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INTRODUCTION

This dissertation contains three chapters that address separate issues in the area of
corporate finance. The first chapter presents an empirical analysis of firms’ strategic
choice of equity markets. In particular, prior studies document a significant negative
stock price reaction to public equity offering announcements, but a positive stock price
reaction to private equity offering announcements. For example, Smith (1986) reports a
-3% average abnormal return for public equity announcements while Wruck (1989) and
Hertzel and Smith (1993) document average abnormal returns exceeding +4% for private
equity announcements.

Given that the market reacts differently to public and private equity
announcements suggests that capital markets believe that the form of equity (private or
public) matters. If so, conditional on issuing equity, firms that issue the predicted form
will have a more favorable stock price reaction to the offering announcement than those
that do not. Chapter 1 explores this issue by estimating a probit model of the
determinants of the public/private decision to identify firms that are more likely
candidates for issuing public/private equity. The stock price reaction of those that issue
“against type” is then compared to the stock price reaction of those that issue “with type”.
The findings are consistent with the argument that issuing the form of equity that is not
anticipated by the market has adverse implications for firm value.

Based on these results, the incentives for firms to issue "against type" are then
explored. The results indicate that firms deviate to public markets to take advantage of

general overall optimism of investors toward public equity markets. On the other hand, it






is less clear why firms with "public issue" characteristics deviate to more costly private
markets. Wruck (1989) suggests change in ownership concentration as one motivation
for issuing private equity. The results are consistent with Wruck (1989) in that firms
issuing the “against type” form of private equity have a much higher ownership
concentration than firms issuing the “with type” form of private equity. Finally, the
evidence also indicates that issuing “against type” in certain market conditions (“cold” or
“hot” periods) has a more pronounced effect.

The second chapter presents a theoretical model of an innovator’s choice of
product quality when imitation is anticipated. In the context of the relationship between
imitation and innovation costs, Pepall and Richards (1994) compare a chosen innovation
level with that of a pure monopolist to see if potential imitation alters an innovator’s
behavior. Among other results, they find that for relatively low imitation/innovation cost
ratios, the chosen innovation level is less than that of a pure monopolist's, while a
relatively high ratio corresponds to a higher quality choice.

Motivated by Fishman's (1988) model of a sequential takeover bidding process,
this chapter re-examines the problem set forth by Pepall and Richards. In particular,
Fishman's model provides a rationale for a bidder to make a high premium bid for a
targeted firm in order to "preempt" or deter a second bidder from competing. The
purpose of this chapter is to allow the innovating firm to exhibit comparable preemptive
behavior when challenged by a potential imitator. Consequently, my findings depart
from those of Pepall and Richards.

Specifically, while relatively low imitation costs still correspond to a lower

quality choice, there is now a "middle" range of cost ratio values for which the innovator






chooses a relatively high quality product. Therefore, there is a median range of cost ratio
values over which it may be optimal for the second firm to imitate, but it is "preempted”
by the quality choice of the profit-maximizing innovator. Observations from the
semiconductor industry are offered as anecdotal support.

Finally, Chapter 3 contains an empirical investigation of the differences in
investment in research and development both across firms within the same industry and
across different industries. Within the existing literature, it is generally agreed that
research and development activity varies both within an industry and across different
industries. Empirical studies that investigate how firms make their research and
development investment decision, however, are limited in number and generally lack
consensus in the results.

The purpose of this chapter is to investigate what firm- and industry-specific
characteristics influence investment in research and development, and how those
influences vary both within and across industries. Specifically, I first develop a probit
model that tests the role of several firm-specific characteristics in the firm's decision to
maintain either a high or low commitment to R&D. I then develop a panel data model
that jointly tests the influence of the firm-specific characteristics (and an industry-specific
characteristic) on the intensity of the firm’s R&D investment.

Consistent with existing literature, I generally find a positive relationship between
my measures of firm profitability and R&D investment. I depart from the existing
literature, however, in my finding that this relationship is not uniformly positive. In
addition, my results for firm leverage suggest that debt may play a significant, but

varying role in a firm’s commitment to R&D investment. Finally, the effect of firm size
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on R&D intensity is fairly consistent in its significance and its effect is industry-specific.
There is also limited evidence of a negative relationship between industry concentration

and R&D investment among the top performers within each industry.
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CHAPTER 1

THE STRATEGIC CHOICE OF EQUITY MARKETS:
PRIVATE OR PUBLIC!

1.1  Introduction

Prior studies document a significant negative stock price reaction to public equity
offering announcements, but a positive stock price reaction to private equity offering
announcements. For example, Smith (1986) reports a -3% average abnormal return for
public equity announcements while Wruck (1989) and Hertzel and Smith (1993)
document average abnormal returns exceeding +4% for private equity announcements.
The negative stock reaction of the former type of equity offerings has been attributed to
the Myers and Majluf (1984) asymmetric information problem. However, Hertzel and
Smith (1993) argue that private placements of equity resolve this problem by allowing
firms to communicate information to private investors more efficiently than would be
possible through public equity offerings. Indeed, Hertzel and Smith (1993) suggest that
announcements of private placements should not be associated with negative abnormal
returns. To the contrary, they predict a positive stock price reaction if firms use the
proceeds to finance positive NPV projects, providing thus an explanation for the reported
positive abnormal returns associated with private placements.

Given that the market reacts differently to public and private equity

announcements suggests that capital markets believe that the form of equity (private or

! Authorship of this essay is shared with Dr. Assem Safieddine, an Assistant Professor at
Michigan State University and a member of my dissertation committee.






public) matters. If so, conditional on issuing equity, firms that issue the predicted form
will have a more favorable stock price reaction to the offering announcement than those
that do not. In this chapter, we explore this issue by estimating a probit model of the
determinants of the public/private decision to identify firms that are more likely
candidates for issuing public/private equity. We find the probability of issuing public
equity is higher: the bigger the firm, the stronger its stock price momentum (runup) and
the leading economic indicators, and the higher the aggregate volume of equity issues. In
contrast, the probability of issuing public equity is smaller for firms that are distressed
and that are at risk of being acquired.

We then compare the stock price reaction of those that issue “against type” to the
stock price reaction of those that issue “with type”. Our findings indicate that firms
issuing the “with type” form of public equity have a less negative stock price reaction
than firms issuing “against type”. In addition, firms issuing the “with type” form of
private equity have a more positive stock price reaction than those firms issuing “against
type”. This is consistent with the argument that issuing the form of equity that is not
anticipated by the market has adverse implications for firm value.

Given these results, we investigate the incentives for firms to issue "against type".
Because the public equity market offers certain advantages over the private equity market
(e.g. all else equal, the public market offers a more liquid, and therefore cheaper, venue
for issuing equity than does the private market), it is relatively easy to understand why
firms with "private issue" characteristics deviate to public markets. We hypothesize that

firms deviate to public markets to take advantage of general overall optimism of investors
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toward public equity markets. For example, the number of firms that deviate in "hot"
periods is more than four times the number of firms deviating in "cold" periods.

On the other hand, it is less clear why firms with "public issue" characteristics
deviate to more costly private markets. Wruck (1989) suggests change in ownership
concentration as one motivation for issuing private equity. Our results are consistent with
Wruck (1989) in that firms issuing the “against type” form of private equity have a much
higher ownership concentration than firms issuing the “with type” form of private equity.

Finally, the evidence also indicates that issuing “against type” in certain market
conditions (“cold” or “hot” periods) has a more pronounced effect. Several studies
suggest that information asymmetry varies over time and that this variation influences the
timing of the securities’ offerings. For example, Korajczyk, Lucas and McDonald (1991)
report that firms are more likely to issue public equity following an informative earnings
report than at any other time. Choe, Masulis and Nanda (1993) provide evidence that
firms time public equity issues to coincide with periods of economic expansion. Bayless
and Chaplinsky (1996) provide evidence that low volume (“cold”) markets for public
equity offerings coincide with periods of high information asymmetry.

We hypothesize, based on the arguments of Hertzel and Smith (1993) as well as
the market timing theories, that firms in cold periods, i.e., in periods of high information
asymmetry, turn to private placements as an alternative source of financing. Anecdotal
evidence supports the idea that firms turn to private markets when public markets are
“closed” (Fenn, Liang and Prowse, 1995). In addition, if private markets resolve
information problems, then private issuers are more likely to be fairly priced and we

should observe insignificant stock price reaction.



175 83




On the other hand, based on arguments similar to those of Choe, Masulis and
Nanda (1993), firms with more severe information problems (which would otherwise go
to private placement markets) have an increased probability of moving into public
markets in “hot” periods. In this case, public equity issuers, since they are still subject to
information problems, are more likely to be mispriced.

This chapter is organized as follows. Section 1.2 describes the data and reports
summary statistics of the issuing firms and their offerings. In Section 1.3, we discuss the
four broad categories that might influence the equity market choice and Section 1.4
investigates the equity market choice in a probit model. Section 1.5 includes our
univariate results and reports the performance of firms issuing “against type”. In Section
1.6, we present summary statistics of ownership concentration of firms making private
sales of equity, and in Section 1.7 we report a multivariate analysis. Section 1.8

concludes the chapter.

1.2 Data

Our sample of privately placed common equity is obtained from the Dow Jones
News Retrieval (DJNR) database. Specifically, using combinations of the key words
“private placement”, “stock” and “equity”, we search the full text of selected articles
from the Wall Street Journal, Barron's, and press releases from the Dow Jones News
Service. Our sample period covers announcements from the period of January 1, 1980
through December 31, 1993. Observations that include issues of securities other than

common equity are excluded.
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Our sample of publicly issued common equity is obtained from the Securities
Data Corporation (SDC) New Issues database. We restrict this sample to include only
issues of industrial firms which have financial data available on CompuStat in the year
prior to the issue and stock price data available from the Chicago Center for Research in
Security Prices (CRSP) tapes on the issue date. Announcement dates should also be
available for sample firms, either in Lexis/Nexis, Dow Jones News Retrieval, or the Wall
Street Journal Index. The final sample consists of 1,016 public equity offerings and 283
private equity placements during the 1980-1994 period. The same firm can be included
in both public and private issuer groups if the firm issued in both markets during the same
period.

In Table A1 of Appendix A, we report the distribution of both private and public
common equity offerings by year. There are a substantial number of public offerings in
1983, with nearly 10% of the sample falling in that year. In addition, note that both
distributions are rather heavily concentrated in the 1990’s, with 42.2% of the public
issues occurring from 1990 through 1994 and 58.3% of private placements falling in the
period 1990-1993. No private placements are recorded for 1994, as the data was not
collected for that year. In Panel A of Table A2, we report summary statistics for issuing
firms. The median book value of assets of firms issuing public common equity is
$274.87 million, significantly larger than the $14.66 million median book value of assets
of firms privately placing equity. Issuers of public equity also have significantly greater
sales in the year prior to the issue. The median sales of firms privately placing equity is
$9.02 million, compared to median sales of $226.89 million for firms issuing public

equity. Panel A also shows that firms issuing public equity raise more funds, on average.



anior

| o

=




The gross proceeds of the public offerings has a median of $32.5 million, compared to
$3.35 million for firms raising equity through private placements.?> These figures are
similar to the ones reported in Hertzel and Smith (1993). They report median gross
proceeds of $ 5.40 million for firms raising funds through private placements and a
median of $20.86 for public offerings.

The operating performance in the year prior to the offering of firms privately
placing their equity is significantly lower than the performance of firms who issue equity
publicly. Our measure of pre-issue firm operating performance is pretax operating cash
flow. Pretax operating cash flow is defined as net sales, minus cost of goods sold, minus
selling and administrative expenses, but before the deduction of depreciation and
amortization expense.” Median cash flow scaled by the book value of assets is 0.1102 for
public equity issuers and -0.0230 for private placement issuers.*

Annual industry-adjusted performance is calculated by subtracting the industry

median from the firm value, where the industry median is calculated for all CompuStat

2 Public equity issuers raise an average of $59.06 million, which compares to $22.34
million for issuers of private placements. These figures are smaller than the figures
reported by Wruck (1989) for two possible reasons: In Wruck (1989), the sample
consists of NYSE and AMEX firms only whereas our sample consists of NYSE,
AMEX and NASDAQ firms and therefore includes smaller firms. In addition, our
sample consists solely of common equity issuers. Wruck’s sample includes more than
twenty percent preferred and convertible preferred issues. The proceeds raised in
preferred stock issues as well as the issuers themselves tend to be larger.

3 CompuStat data item # 13.

* We scale cash flow by the asset value to produce a performance measure comparable
across firms and through time. We scale by book value of assets rather than market
value because market value impounds valuations of differences in firm and
management quality. Using the market value of assets tends to mask true variation in
performance by scaling superior (inferior) performance by its higher (lower)
capitalized value.

10
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firms with the same four-digit SIC code.’ Industry-adjusted cash flow to book value of
assets indicates that firms publicly issuing equity significantly outperform their industry
while firms privately placing their equity significantly underperform their industries. The
median cash flow to sales and industry-adjusted cash flow to sales follow a similar
pattern.®

The private placement group includes a substantially greater proportion of firms
in "financial distress". More than 43% of firms privately placing their equity have
negative operating performance in the two years prior to the offering, compared to
10.73% for firms publicly issuing their equity.” However, while the median leverage
varies slightly between the two groups, it does not appear unusually high in either case.
We estimate the percentage of shares issued as the proceeds of the equity issue divided
by the firm’s book value of assets in the year prior to the issue. As shown in Panel A, the
median values are virtually identical for our sample of public and private offerings.

Stock price performance in the year prior to the offering is consistent with the
operating performance evidence. We measure raw buy-and-hold returns over an eleven

month period from month -12 through month -2 prior to the offering date [D_RUNUP].

3 If there are no more than ten firms with the same four-digit SIC code, the median is
calculated for all firms falling in the same three-digit SIC code, assuming the three-
digit SIC code has more than ten firms. Again, if there are no more than ten firms in
the three-digit SIC code category, the median is then determined for all firms with the
same two-digit SIC code.

§ Our finding of poor operating performance prior to private placements of equity is
consistent with results documented by Hertzel, et. al. (1999). Using similarly defined
ratios of operating income/assets and operating income/sales, (as well as profit margin
and return on assets), they find that the sample median values compare poorly to the
industry medians in the 4 years preceding a private placement of equity.

7 Hertzel and Smith report that 20% of their sample of issuers of private placements are in
distress. They classify “distress” as a firm with two consecutive years of negative

11
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Adjusted holding period returns are calculated as £(1+Rjt) - Z(1+Rjt), where Rit is the
holding period return of an issuing firm and Rijt is the holding period return on a
matching benchmark portfolio. That is, we match each issuing firm with a portfolio of
stocks of the same book-to-market quintile, the same size quintile, and the same
momentum quintile as the sample firm in the year prior to the issue.® For firms publicly
issuing equity, consistent with prior studies, there is a significant stock price runup.
These firms outperform the benchmark portfolio, on average by 34.43%. On the other
hand, the performance of firms privately placing their equity is not significantly different
from the benchmark.’

Finally, for public issuers, ANNRET is the two-day return (-1, 0) around the
announcement date. For private issuers, ANNRET is the difference between the issuer’s
and the benchmark’s announcement monthly return. As shown in the results, the private
placement median of 3.26% is statistically different from the public offering median of

-2.03% at a 1% level of significance.'

earnings prior to the placement. We classify firms as being in “distress” if they have
two consecutive years of negative operating cash flow prior to the placement.

¥ See Safieddine and Titman (1999); Daniel, Grinblatt, Titman, and Wermers (1997).

? Hertzel, et. al. (1999) measure stock price runup for a sample of firms that issue equity
privately using month —23 through month -2 prior to the offering date. Using a
benchmark portfolio based upon size and book-to-market, they also find a statistically
insignificant difference in the average runup of their sample firms and the control
firms. When compared to a benchmark matched on size or matched on size and
industry, however, the average adjusted stock price runups of 30.06% and 36.73%,
respectively, are statistically significant.

1% For their sample of 401 private placements over the sample period 1983-1992,
Krishnamurthy, et. al. (1998) calculate a mean, 2-day abnormal return of 1.54%.
However, when the sample is split into private placements made with “affiliated” or
“unaffiliated” investors, the former group enjoys an average abnormal return of 2.97%
while the latter group’s average abnormal return is only 1.15%. The authors argue this

12
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Panel B of Table A2 shows the distribution of each issue type by the use of the
capital raised. Of the 192 private placements for which data is available, nearly half
apply the funds towards general corporate operations, 31% to finance acquisitions, and
13.4% to refinance debt. For the 627 public issues considered, 57% use the capital for
general purposes of the firm, 38.3% refinance various forms of corporate debt, and only
2.7% finance acquisitions.

In summary, Table A2 shows that the sample firms placing equity privately are
fundamentally different from the firms issuing equity publicly. Specifically, the latter
firms are typically larger and exhibit a superior level of operating performance. In
addition, the proportion of firms making public offerings that are in financial distress is
dramatically lower. Finally, while the purposes for which the proceeds are raised do not
differ largely from those of private-placement firms, the dollar size of those proceeds is

notably larger for the firms offering equity to the public.

1.3  Equity Market Choice

In this section, we investigate an empirical model of equity market choice for our
sample firms. If the form of equity matters, then deviating from the “right” form of
equity should have implications on the stock price reaction to the announcement of both
private and public equity offerings. If this is true, then given information asymmetry and
firm characteristics, firms that issue as expected, i.e., issue “with type” should convey
more favorable information than those that issue “against type”, regardless of whether

they are expected to issue public or private equity. We test these hypotheses by

is evidence that the market perceives participation in the placement by affiliated
investors as a positive signal of firm quality.
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estimating a probit model of the equity market choice to identify firms that have the
characteristics of public or private equity issuers. This enables us to identify public and
private equity issuers that are issuing “against type” or issuing “with type”. We then
compare the stock price reaction of the “against type” issuers to that of similar firms
issuing “with type”.

Prior studies document that the form of equity (private or public) may be
motivated by information issues, agency problems or simply because of lower issuance
costs. The probit model allows for proxies from four broad categories hypothesized to
influence the choice between private and public equity markets. These categories
include: firm-specific information asymmetry [Myers and Majluf (1984)], market timing
or external factors which affect information asymmetry [Lucas and McDonald (1990),
Choe, Masulis and Nanda (1993), Bayless and Chaplinsky (1996), and Korajczyk, Lucas
and McDonald (1991)], potential gains from a change in ownership structure [Wruck
(1989)], and fixed costs of issuance [Fenn, Liang and Prowse (1995), and Eckbo and

Masulis (1992)].

1.3.1 Firm-Specific Information Asymmetry

Myers and Majluf (1984) demonstrate that equity issues convey management’s
belief that the firm is overvalued. Managers of undervalued securities with positive NPV
projects will chdose not to issue equity if the costs imposed on existing shareholders
outweigh the benefits from the new project. Myers and Majluf argue that this
underinvestment problem disappears if managers can costlessly convey their private

information to the market.
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Hertzel and Smith (1993) suggest that private placements of equity are a way to
resolve the Myers and Majluf underinvestment problem because a firm can more
efficiently communicate information to private investors. They show that if the Myers
and Majluf model is extended to allow private investors to assess firm value at some cost,
the underinvestment problem can be mitigated through private equity sales. In these
instances, a private placement is a less costly form of finance than a public offering
because it allows the firm to invest and to avoid the negative impact on its stock. Private
placements are placed at a discount to the current share price to compensate private
investors for the cost of obtaining information.

Hertzel and Smith find indirect empirical support for the idea that private
placements offer a partial solution to the Myers and Majluf underinvestment problem.
They find that variables which proxy for the degree of asymmetric information such as
the book-to-market ratio and firm size have significant explanatory power in predicting
the discount-adjusted stock price reaction to private equity announcements.

Mackie-Mason (1990) examines the public-private equity market choice of firms.
He finds that firms that are subject to more firm-specific information asymmetry are
more likely to raise capital in the private markets. For example, firms that are unable to
signal reliable cash flows through dividends will be subject to a greater negative stock
price effect and thus prefer to avoid public issues. His results show that firms that do not
pay dividends are more likely to use private sources of funds.

The evidence in Hertzel and Smith and Mackie-Mason indicates that firms with
high information asymmetry are more likely to issue equity in private markets. If so,

then if smaller firms suffer from more severe information asymmetry since they have less
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of a history and have fewer analysts following them, then smaller firms are more likely to
privately place their equity. As a proxy for firm-specific information asymmetry we use

log of the book value of assets [LOG (BV)] in the year prior to the offering."!

1.3.2 Timing the Equity Offering

There have been several theories suggesting that information asymmetries vary
over time, and that firms time their equity offerings to coincide with times when
information problems are lower. For example, Korajczyk, Lucas and McDonald (1991)
report that firms time their publicly placed equity offerings in periods where information
asymmetries are small, e.g., following an informative earnings report.

Choe, Masulis and Nanda (1993) suggest that firms time public equity issues to
coincide with periods of economic expansion. In their model, the degree of information
asymmetry associated with equity offerings varies with the business cycle. They find that
the negative stock price reaction to equity offering announcements is smaller in economic
expansions. In periods of expansion, more firms receive projects with positive net
present value. This implies that in these periods a greater number of firms will find it
optimal to issue equity even in the face of the adverse selection problem. Conseqﬁently,
the average quality of equity issuers increases, which in turn reduces the negative
information conveyed by such an announcement. As a result, Choe, Masulis and Nanda
(1993) predict that public equity issues will increase in an expanding economy, simply
because information problems are less severe. They find empirically that the negative

stock price reaction to equity offering announcements is smaller in economic expansions.

1 Opler and Titman (1995) also use firm size as a proxy for information asymmetry. We
also use the log of the market value of equity and find qualitatively identical results.
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Bayless and Chaplinsky (1996) also argue that firms time their public equity
offerings to coincide with “windows of opportunity”, i.e., periods with low information
asymmetry. However, Bayless and Chaplinsky use the volume of equity issues instead of
macroeconomic variables to proxy for periods of low/high information asymmetry. They
rank the three month moving average of equity issue volume into quartiles and identify
high volume periods (“hot” markets) as those where the equity volume is in the upper
quartile for at least three consecutive months. Conversely, low volume issue periods
(“cold” markets) are those where issue volume falls in the lower quartile for at least three
consecutive months. After controlling for macroeconomic conditions, they find that the
stock price reaction to public equity issue announcements in high volume periods is less
negative on average than in low volume periods.

Drawing on the arguments of Hertzel and Smith as well as the market timing
theories, we consider the possibility that rather than passing up valuable investment
opportunities in cold periods, firms turn to private placements as an alternative source of
financing. Anecdotal evidence supports the idea that firms turn to private markets when
public markets are “closed” (Fenn, Liang and Prowse, 1995). In addition, basqd on
arguments similar to those of Choe, Masulis and Nanda (1993), firms with more severe
information problems (which would otherwise go to private placement markets) have
increased probability of moving into public markets in “hot” periods.

We hypothesize that in hot periods, since information asymmetry problems are
less severe, firms will find it more favorable to issue equity in public rather than in
private markets. On the other hand, in cold periods, more firms will find it favorable to

go to private markets. Using the calculations described by Bayless and Chaplinsky
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(1996) for our sample period, we include dummy variables for hot [HOT] and cold
[COLD] periods in our probit regressions. We also use the logarithmic growth rates in
leading economic indicators to control for macroeconomic conditions [GLEAD].
Lucas and McDonald (1990) show that firms are likely to issue public equity
following a stock price runup. Mackie-Mason also finds that firms are more likely to
raise money in public markets if their stock price has risen. We therefore include a
variable for the adjusted holding period return in the year prior to the offering
[D_RUNUP]. Ritter (1980) argues that industry price-earnings ratios influence the
decision to issue public equity. We use two variables to measure the effect of industry
valuations, the median change in either the industry price-earnings ratio or the industry

market-to-book ratio from the year prior to the year of the offering.

1.3.3 Gains from Change in Ownership Structure

Wruck (1989) argues that one motivation for private placements of equity is to
concentrate ownership. Firms that bring a blockholder on board will benefit from
increased monitoring and reduced agency costs. Consistent with the agency hypothesis,
she finds that abnormal stock returns at announcements of private placements are positive
and are positively related to the increase in ownership concentration of these firms.
Consistent with Wruck, Hertzel and Smith (1993) find a positive mean stock price
reaction to announcements of private placements and that these abnormal returns are
positively related to the fraction of the firm’s shares issued. However, they also find that
ownership concentration in their sample often falls because many of their transactions

involve groups of investors rather than a single investor.
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As an ex ante proxy for firms most likely to benefit from a change in ownership
structure and increased monitoring, we identify firms with poor operating performance in
the two years prior to the offering. We include in our probit model a dummy variable
indicating firms with two consecutive years of negative cash flow prior to the offering
[IDIS].

Previous research has also shown that firms can use private placements to change
ownership structure as a means of avoiding hostile takeovers. DeAngelo and DeAngelo
(1989) find firms frequently place blocks of stock with “friendly” investors after
receiving an unsolicited offer. Therefore, we also include a dummy for firms that have

received a takeover bid in the year prior to the offering [D_ ACQUIRE].

1.3.4 Fixed Costs

Differences in fixed issue costs will also influence the choice between public and
private markets. Fenn, Liang and Prowse (1995) suggest that some firms find it cheaper
to issue in the private market as opposed to the public market. Although they receive a
lower price for their shares in the private market, these firms are not burdened with the
large fixed costs (e.g. underwriting fees and registration costs) involved in public market
issuance. Eckbo and Masulis (1992) suggest there is an inverse relationship between
issue costs and the gross proceeds of the offering. We use the log of the gross proceeds

to proxy for the importance of fixed issue costs.
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1.4  Probit Model of Choice between Public and Private Equity Markets
The specification of our probit model and the predicted signs are as follows:
IT = f [Log of issuer book value(+),
Dummy for hot periods(+),
Dummy for cold periods(-),
Growth in leading economic indicators(+),
Adjusted pre-issue holding period stock return (+),
Median change in industry market-to-book(+),
Dummy for firms in distress(-),
Dummy for firms with takeover bid(-)

Log of gross proceeds(+)]

In our model, IT takes the value of one for publicly issued equity and zero for privately
placed equity. Therefore, a positive coefficient indicates that a firm is more likely to
issue equity in public than in the private markets. Table A3 shows that, with the
exception of the dummy for cold market periods and the median change in industry
market-to-book, the variables in our probit regressions have signs as predicted.
Regression (1) is the main regression that will be used for our tests in Section 1.5.
Our proxy for the degree of information asymmetry, the log of book value of assets, has a
positive and highly significant coefficient. This supports the idea that smaller firms,
which have less of a history and analyst following, are more likely to privately place their
equity. The dummy variable for hot periods and the growth in leading economic
indicators both have positive coefficients; while the dummy variable for cold periods is

also positive, it is insignificant. These findings are generally consistent with the
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“windows of opportunity” theories of Bayless and Chaplinsky (1996) and Choe, Masulis
and Nanda (1993).

In addition, the difference in runup between issuing firms and the benchmark
portfolio has a positive and significant coefficient supporting Lucas and McDonald’s
(1990) idea that public equity issuers time their equity offerings after the stock price has
risen. Finally, the coefficient for the dummy variable IDIS is negative and significant at
the 1% level, indicating that firms in distress are more likely to go to private equity
markets. The dummy variable D_ ACQUIRE has a negative and significant coefficient.
This is consistent with evidence that firms who are concerned about a potential raider
often place their equity in “friendly” hands through a private placement.

Regressions (2) and (3) present alternative specifications of the model.
Regression (2) uses the change in the industry price-earnings ratio rather than the change
in the industry market-to-book ratio, and finds this variable is not significant. In
regression (3), we add the log of the gross proceeds (LPROCEEDS) as a proxy for fixed
issue costs. Jung, Kim and Stulz (1996) argue that regressions that use the amount raised
as an explanatory variable can be misleading because these regressions incorporate
information not available before announcement of the issue. In our sample, issuer size
and the size of the issue are highly correlated, therefore in regression (3), we use
LPROCEEDS rather than the log of book value of assets. LPROCEEDS has a positive
and significant coefficient, which is consistent with the hypothesis that higher fixed issue

costs lead firms to use private markets for smaller issues.'>

12 Regression (3) does not include a proxy for information asymmetry because of the high
correlation between proceeds and firm size (the Spearman correlation between log
(book value of assets) and log (proceeds) is 0.77, p-value = 0.00). However, when we
include firm size and proceeds in the same probit model, only proceeds prove to be
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The pseudo R? of all regressions are higher than 52%. This measure of fit is
similar to statistics reported by Jung, Kim and Stulz (1996) for their model of the
debt/equity choice, which range from 26% to 41%. Our regressions classify correctly
more than 83% of the public/private decisions. Jung, Kim and Stulz (1996) correctly

classify from 74% to 82% of their observations.

1.5  Stock Price Reaction of Firms Announcing Issues Against Type

In this section, we use the probit model developed in the preceding section to
segment the sample into firms that are more likely, given their characteristics, to issue
public equity and those that are more likely to issue private equity. We then compare the
stock price reaction of those who issue according to the predictions of the classification
model (“with type”) to those who issue “against type”.

Our methodology is similar in spirit to that employed by Stulz et. al. (1996).
Stulz et. al. estimate logistic regressions predicting whether firms issue debt or equity.
They then classify firms that are predicted to issue debt but in fact issue equity, and firms
that are predicted to issue equity but in fact issue debt, as firms that have issued “against
type”. They then compare the characteristics of these subgroups of misclassified issuers

in order to distinguish among theories of the debt/equity choice. From the probit model,

significant and our classification from this probit model is qualitatively identical.
Including size or proceeds in the probit models indicates that we have not captured the
independent effects of information asymmetry and fixed costs.

'3 In a similar vain, Krishnamurthy, et. al. (1998) use a logit model and a number of
explanatory variables to test the influence of flotation costs, information asymmetry,
and the level of monitoring on the choice of the form of equity issue (i.e. private vs.
public). While they find strong (and consistent) support for the role of flotation costs,
their proxies for the effects of information asymmetry and monitoring are not
statistically significant.
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we obtain the predicted probability of each firm going to public or private markets. We
then divide our sample of both public and private equity issuers into those who issue
“with type’ and those who issue “against type” based on the predicted likelihood of
issuing private or public equity.

Before drawing comparisons between with- and against-type issuers, we provide
summary statistics for the stock price reaction. Specifically, in Table A4, we first
provide the announcement returns for the full samples of public equity issues and private
placements. We then report the results for sub-samples based upon financial distress,
firm size, and equity issue volume.

Consider first the results for firms who issue equity publicly. As previously
reported, the mean announcement return for the full sample is a significant -2.49%.
When the sample is then divided based upon financial distress, the mean announcement
returns remain negative, but there is no significant difference between the sub-samples.
Next, Table A4 reports the announcement returns for public equity issuers with book
value that is less than $25 million, between $25 and $100 million, and greater than $100
million. While all three sub-samples suffer significantly negative mean announcement
returns, issuers that are less than $25 million in asset book value have the largest drop in
their stock price (-3.73%). In contrast, issuers with more then $100 million in asset book
value incur a significantly lower decline of -1.94%. These results are consistent with the
idea that smaller firms suffer from more severe information asymmetry.

Finally, we divide the full sample of public equity issues according to whether the
issue was introduced in a “hot”, “normal”, or “cold” period. These periods are defined

based on Bayless and Chaplinsky’s classification of equity issue volume. Consistent with
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Bayless and Chaplinsky (1996) and Choe, Masulis and Nanda (1993), public equity
issuers in cold periods do worse than public equity issuers in hot periods. The
announcement return of public issuers in cold periods has a mean of -4.09%, which
compares to -2.12% for the same group in hot periods.

For private equity issuers, the mean announcement return of the full sample is
+10.39%. When the sample is then split based upon financial distress, distressed issuers
have significantly higher stock price reaction than non-distressed issuers do. The former
group enjoys a 15.31% mean return as compared to a 6.61% mean return for the latter
group. The results suggest that private investors’ willingness to invest in a distressed
firm signals to the market positive information regarding the firm’s expected future
performance.

When the sample of private placements is divided by firm size, issuers with asset
book value of less than $25 million have a mean return of 12.64% as compared to a mean
of 5.42% for firms with asset book value exceeding $100 million. Note that this pattern
is in direct contrast to that of the public equity issues cited above. That is, while the
market reacts more negatively for relatively small firms compared to their larger
counterparts when issuing equity publicly, the market reacts less favorably for larger
firms when they instead choose to privately place the issue. Finally, private equity issues
in cold periods (mean = 15.37%) have a higher stock price reaction than private equity
issues in hot periods (mean = 9.20%), but the difference is not statistically significant.

Table AS reports the stock price reactions for both public and private equity
issuers. Each type is divided into two groups based on predicted probabilities from our

estimated probit model. That is, we rank the predicted probabilities obtained from the
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probit model and then divide this ranking into two groups based on the median
probability measure. Those observations below the median are classified as expected
private issues, while observations above the median are classified as expected public
issues. We then compare these predictions to what action is actually taken, and
accordingly categorize each observation as issuing “with type” or “against type”. Panel
A presents the results for the full sample of each type of issue, while Panels B, C, and D
show announcement returns during normal, hot, and cold periods, respectively.

In Panel A, we first compare the announcement returns for firms issuing public
equity when expected (“with type”) to firms issuing public equity when it is unexpected
(“against type”). The mean return of —1.80% for the former group is less negative than
the —3.40% mean return for the latter group, with the results being statistically different at
a 1% level of significance. Similarly, for private placements of equity, firms who issue
“with type” enjoy a mean return (11.6%) that is relatively superior to that of firms issuing
“against type” (3.80%).

Panel B shows that the return pattern established by the full samples is maintained
for both private equity placements and public equity issues during normal periods. That
is, for both public and private equity issues, the announcement returns for firms issuing
“with type” are relatively superior to those for firms issuing “against type”. In Panels C
and D, the pattern is again maintained. More importantly, however, the latter two panels
show that firms who issue public equity “against type” when information asymmetry is
relatively high are penalized relatively more severely than firms issuing public equity

“against type” when information asymmetry is relatively low.
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Specifically, Choe, Masulis, and Nanda (1993) and Bayless and Chaplinsky
(1996) argue that hot periods are associated with low information asymmetry arising
from better-than-average investment opportunities. As shown in Panel C, the mean
announcement return for firms issuing public equity “with type” during these periods is
-1.80%, while the mean return for firms issuing public equity “against type” is —2.80%.

In contrast, Choe, Masulis and Nanda, and Bayless and Chaplinsky characterize
cold periods as periods of high information asymmetry. Panel D shows that during these
periods, firms issuing public equity “with type” have a mean announcement return of
-1.20%, while firms issuing public equity “against type” have a mean return of —5.20%,
for a difference of 4%.

Therefore, while the mean returns for firms issuing public equity “with type” are
relatively comparable across hot and cold periods, the mean returns for firms issuing
public equity “against type” are lower in periods of high information asymmetry (cold
periods) than they are in periods of low information asymmetry (hot periods). In
addition, the number of firms that issue public equity “against type” in hot periods is 180,
while in cold periods, only 43 firms deviate to the public market. These results are
consistent with our hypothesis that firms have an incentive to issue public equity “against
type” in order to take advantage of the overall optimism of investors toward public equity
markets. Finally, while “with type” private issues also outperform “against type” private
issues in both hot and cold periods, little can be said, as the difference is statistically

insignificant in both periods.
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1.6  Ownership Concentration of Firms Making Private Sales of Equity
Securities

Wruck (1989) argues that firms who concentrate ownership benefit from
increased monitoring and reduced agency costs. Consistent with her argument, she finds
that a shift to more concentrated holdings by non-management through a private equity
issue corresponds with an average abnormal return of 4.9%. Drawing on this idea, we
hypothesize that firms may therefore have an incentive to issue private equity “against
type”. To test this hypothesis, available ownership data is collected from both the proxy
statement that precedes and the proxy statement that follows each private placement.
Specifically, we record the ownership data for all officers and directors of the firm
(“management”) and for all parties who beneficially own more than 5% of a firm’s
outstanding common stock, but who are unaffiliated with the corporation (“non-
management”).'*!> Table A6 summarizes our results.

Panel A of Table A6 shows that, on average, total beneficial owﬁership prior to
the issue of private equity is 43.77%. Management owns 29.53% and non-management
controls 13.71% of the sample firms’ outstanding common stock. Following the private
placement, there is a mean (median) decrease is management ownership of 4.52%

(1.85%), and a mean (median) increase in non-management ownership of 2.78% (0.00%).

1 Proxy statements closest to the date of the private placement are used when available.
The maximum time span between any proxy date and private issue date is 2 years.

I Footnotes of the proxy statements are used to determine the number and the nature of
the shares beneficially owned. That is, allowances are made for the reporting of
duplicate shares and if shares are indirectly controlled by an officer or director of the
firm, they are considered to be owned by management.
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While total ownership concentration decreases an average of 1.99%, this change is
statistically insignificant.'®

Panels B and C divide our results into sub-samples of private equity placed “with
type” and “against type”, respectively. The results for private equity issued “with type”
are similar to those noted above, while the more interesting results for private equity
issued “against type” are concentrated among non-management. The change in non-
management ownership is 5.32% for “against type” private issues: more than twice the
2.26% change for “with type” private issues. These results are consistent with our
hypothesis. There appears to be an incentive for firms to issue private equity “against
type” in order to concentrate ownership, and therefore, improve monitoring and reduce

agency problems.

1.7  Regression Analysis of Announcement Returns

As presented in Tables A4 and AS, our univariate results suggest that the capital
markets believe the form of equity (public or private) matters. In this section, we further
explore this issue by estimating a linear regression model of announcement returns for
both public and private equity issues. In particular, the specification of our model is as
follows:

ANNRET = F [PROB, IDIS, HOT, COLD, D_RUNUP, LOG(BOOK VALUE OF
ASSETS), MARKET-TO-BOOK VALUE, PSHARES, AND D_LEV]

' While consistent in sign, these results vary somewhat from those of Wruck(1989). She
finds mean, pre-issue ownership levels of 30.7%, 13.1%, and 15.6% for total,
management, and non-management holdings, respectively. In addition, the
corresponding mean changes in ownership concentration following the private
placement of equity are 7.7%, -2.26%, and 4.65%. The difference in the magnitude of
the results may arise from the basic differences in our samples. See Footnote #1.
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When estimating the model for public issues, ANNRET is the two-day return (-1,
0) around the announcement date; for private issues, it is the difference between the
issuer’s and the benchmark portfolio’s monthly announcement return. PROB is the
dummy variable for the predicted probability of the issue as determined by our estimated
probit model. It assumes a value of zero for issues that are “with type” and one for issues
that are “against type”. IDIS, the dummy variable for financial distress, takes a value of
one if the issuing firm has a negative cash flow in the two years prior to the offering, and
is zero otherwise. Similarly, the dummy variables HOT and COLD assume a value of
one if the issuing period is hot or cold, respectively, and zero otherwise.

As argued by Masulis and Korwar (1986), the runup in the adjusted pre-issue
holding-period return [D_RUNUP] is included because it may be used by the market in
predicting equity issue announcements, and therefore, may influence the subsequent
announcement return. Specifically, in their analysis of seasoned public equity offerings,
they contend that a higher pre-announcement runup is associated with an increased
likelihood of an offering announcement, and therefore, a smaller negative announcement
return.'” The log of the issuing firm’s book value of assets is included as a measure of
firm size, while the issuing firm’s market-to-book value is an ex-ante measure of the

issuing firm’s expected future performance.

17 Masulis and Korwar (1986) make allowances, however, for the case of a relatively
large price runup among a sample of stocks where most experience some increase in
pre-announcement price. In this case, they argue that the comparatively large runup
may predict a decreased likelihood of an offering announcement. Because the runup is
associated with a decrease in leverage, the firm may wish to avoid a further decrease
in the leverage ratio brought about by selling additional stock. In this case, the pre-
announcement runup would be associated with a relatively larger negative
announcement return.
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Again, based upon the argument of Masulis and Korwar (1986), we include the
percentage change in the number of shares of common stock outstanding (PSHARES) in
the regression model. PSHARES proxies for the resulting decrease in management’s
fractional ownership of shares, and therefore, captures the fall in firm value predicted by
both Jensen and Meckling (1976) and Leland and Pyle (1977). Finally, D LEV measures
the change in the issuing firm’s total debt from the year prior to the year of the equity
offering. It is included in the model to capture both the direct effect of a change in
capital structure on announcement returns (as argued by Asquith and Mullins (1986)),
and its role as a signal for correlated changes in the issuing firm’s future earnings (as
argued by Masulis and Korwar (1986)). Note, however, that once the effect of the size of
the issue is captured, neither Asquith and Mullins nor Masulis and Korwar found this
variable to be significant.

In Table A7, we present the cross-sectional results for the model of public equity
offerings. In Model 1, we consider only the effect of the firm issuing public equity
“against type” and find the coefficient to be both significant and of the expected sign
(-0.0154). In Model 2, we add the remaining dummy variables and D RUNUP to the
regression. While none of these additional variables has a significant effect, both the
value and significance of the “against type” variable is virtually unaltered.

In Model 3, the addition of the variable for firm size results in a positive, slightly
significant coefficient of 0.0019. Consistent with our results in Table A4, the larger the
size of the firm issuing equity publicly, the less negative the resulting announcement

return. Note that while the significance of PROB is lower than in Model 1 and Model 2,
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it remains statistically significant at a 5% level. Finally, in Model 4, the coefficient on
PROB (-0.0133) is again significant at a 1% level, as is the coefficient on PSHARES
(-0.0430). The latter result is also consistent with the argument of Masulis and Korwar
(1986): the higher the percentage of shares issued, the lower the fractional ownership of
management, and therefore, the lower the announcement return. Table A8 presents the
same set of regression models for our sample of private placement issues. However,

because of the lack of significance in the results, interpreting the data would be tenuous.

1.3  Summary

We investigate whether the form of equity matters and find that it does. First, we
identify attributes that correspond to a firm’s tendency to issue equity publicly or
privately. Based upon these characteristics, we then find the firms issuing “with type”
have a more favorable stock price reaction than firms that issue “against type”, regardless
of which form of equity they are expected to issue. Given this result, we consider the
incentives that induce firms to issue “against type”. We find that firms deviate to public
markets to take advantage of investors’ optimism, and they deviate to private markets to
increase ownership concentration and reduce agency problems. Finally, we find that
issuing “against type” under certain market conditions (i.e. “hot” or “cold” periods) has a

more pronounced effect.
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CHAPTER 2

INNOVATION AND IMITATION:
A THEORETICAL MODEL OF PREEMPTION

2.1  Introduction

In addressing the relationship between innovation and market structure, early
writings [Loury (1979), Lee and Wilde (1980), and Dasgupta and Stiglitz (1980)]
assumed perfect patent protection, and therefore the absence of imitation due to its
prohibitive cost. Because of practical concern over apparent weaknesses in patent policy,
however, more recent work has focused on the potential effects of costly imitation on
innovative activity.

Specifically, Mansfield, Schwartz, and Wagner (1981) reported that in a sample
of 48 new products, the average ratio of imitation cost to innovation cost was 0.65. In
addition, of the 43 patented innovations examined, 60% were legally imitated within four
years of their introduction. Moreover, a 1988 study by Levin, et al. produced similar
results, with the majority of surveyed firms citing the "ability of competitors to 'invent
around' ...patents" as the most significant constraint on the legislative protection.
Therefore, while both papers conclude that patents serve to increase imitation costs to
varying degrees, neither finds these costs to be prohibitive.

In acknowledgment of such empirical findings, Reinganum (1981) considers how
diffusion of a given innovation can occur through firms' strategic behavior in the
presence of imitation. While this model assumes a firm prefers to be the innovator rather

than an imitator, Dasgupta (1988) relaxes this restriction in his model of patent races and
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waiting games. Katz and Shapiro (1987) also consider the competition to put a given
innovation into practice when the possibility of "postdevelopment dissemination"” is
present. However, they focus on the specific rivalry between an industry "leader” and
"follower" in order to draw conclusions regarding who will innovate and when.

Finally, Pepall and Richards (1994) depart from the previous literature's
assumption of an exogenously imposed innovation by exploring a firm's choice of
product quality when the possibility of imitation by later rival entrants is anticipated. In
the context of the relationship between imitation and innovation costs, they then compare
the chosen innovation level with that of a pure monopolist to see if potential imitation
alters the innovator’s behavior. Among other results, they find that for relatively low
imitation/innovation cost ratios (1), the chosen innovation level is less than that of a pure
monopolist's, while a relatively high A corresponds to a higher quality choice.

Motivated by Fishman's (1988) model of a sequential takeover bidding process,
this chapter re-examines the problem set forth by Pepall and Richards (PR). In particular,
Fishman's model provides a rationale for a bidder to make a high premium bid for a
targeted firm in order to "preempt" or deter a second bidder from competing. The
purpose of this chapter is to allow the innovating firm to exhibit comparable preemptive
behavior when challenged by a potential imitator. Consequently, my findings depart

from PR's Schumpeterian-like results.'®

'® The basic point of Schumpeter's 1943 thesis, as summarized by Jean Tirole in The
Theory of Industrial Organization (1994), is that because of innovation's status as a
"public good", the creation of monopolies is a necessary evil to induce firms' to invest
in R&D. Therefore, we would expect that, ceteris paribus, the easier (or cheaper) it is
to imitate a new product or process technology, the less the incentive to invest in
developing the innovation.
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Specifically, while relatively low imitation costs still correspond to a lower
quality choice, there is now a "middle" range of A values for which the innovator chooses
arelatively high quality product. Once A exceeds this range, the firm then reverts to a
quality level lower than that chosen by a pure monopolist.'” Therefore, there is a median
range of cost ratio values over which it may be optimal for the second firm to imitate, but
it is "preempted” by the quality choice of the profit-maximizing innovator.

The chapter proceeds as follows. In Section 2.2, the model and its assumptions
are presented. I first derive and interpret the results assuming the innovator makes its
quality choice under conditions of demand certainty. This restriction is then relaxed and
the analysis repeated. Section 2.3 relates the model's theoretical implications to empirical
observations from the semiconductor industry. Section 2.4 concludes the chapter by

offering possible extensions of the research.

2.2  The Model

Consider a new product that embodies a quality characteristic, z.2° While
consumers agree that increases in z enhance the product, they disagree as to the value of
increments in z. In particular, consumer preferences are generated by the following

utility function, where z is assumed to be costlessly identified:

' That is, when the innovator chooses its quality level under conditions of demand
uncertainty. When demand is certain and imitation costs are relatively high, the
innovator chooses a quality level equivalent to the pure monopolist’s. The derivation
of these results is left to section 2.2 of the chapter.

® L et z be broadly defined. For example, z may encompass not only the bundling of
several characteristics within one product, but also the differentiation of an entire
product line.
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[[20-p if the consumer buys one unit of a good with
[ quality z at price p
I
L

U- (1)

0 otherwise

6 € R is a taste parameter that varies over consumers and therefore indexes consumer

type. Specifically, @indexes taste for quality: the higher its value, the greater is the
consumer's willingness to pay for a high-quality product. Assume that @is continuously
and uniformly distributed over [0, 5], where f is the strongest taste for quality in the
consumer population.

Demand for a new good of quality z and selling for price p will be equal to the
number of consumers whose 8 satisfies z0 > p, or 8 > p/z. Therefore, the demand
function may be written as: Q(z) = I- p/(z3), which yields the following inverse demand

function:
P(Q2)=(1-Q)zp (2)

For simplicity, assume that marginal production costs, c, are equal to 0. However,
there is a sunk cost of innovation, K(z) > 0, where it is assumed that X'(z) >0; K"(z) > 0.
In addition, if the innovation is imitated, assume the imitating firm will duplicate the
chosen quality level, and will incur imitation costs of AK(z), where A is a known factor of
proportionality, 0 < A </ 2! Therefore, note that as innovation costs increase, so will

imitation costs.

2! If the imitating firm is permitted to choose a quality level different from that chosen by
the innovator, then price-quality tradeoffs arise. Such issues are beyond the scope of
this chapter.
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2.2.1 Demand Certainty

The model will develop in the following two-stage sequence:

Time 1 Time 2
-Innovating firm chooses -Imitating firm enters
quality z and incurs K(z), market if profitable;
-enjoys monopoly profits -produces z and incurs AK(z);
-Bis known and constant -Firms compete in quantities

in Stackelberg equilibrium

Let Firm 1 and Firm 2 indicate the innovator and imitator, respectively. Both firms are
risk-neutral, profit maximizers. Upon making its respective production decision (i.e.
Firm 1 chooses quality, z, and Firm 2 decides whether or not to imitate), and incurring
any associated sunk cost, each firm initiates production of the good. Therefore, because
Firm 1 will enter the market at Time 1 (if it is profitable to do so), the innovator will
enjoy monopoly profits for at least one period prior to potential competition from Firm 2.

If the imitator decides to enter at Time 2, the firms then compete under conditions
of a Stackelberg equilibrium. Upon solving the model, the optimal choice of z is then
compared to that of a pure monopolist in order to determine if potential competition alters
the innovator’s decision, and if so, in what way. Finally, note that a constant £ known at
Time 1 indicates that both firms operate under conditions of demand certainty, while the
discount rate, 7, is assumed equal to zero for simplicity.

In order to solve for the innovator's profit-maximizing choice of quality, z,
consider first the activity at Time 2. If the firms compete in quantities, the Stackelberg

assumption implies the following equilibrium price, equilibrium quantities, and single-
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period profit value functions for a given level of quality, z’, where the subscripts

correspond to the assigned firm numbers: (Proof: see Appendix B)

Proposition 1:

p=(1/4)z'B; q1=1/2; q=1/4 (3a)
n1 = (18)2'B - K(z) (3b)
ny = (1/16)z'B - AK(z") (3¢)

Note that Firm 2 will imitate iff 7 = (1/16)z'f - AK(z)) > 0. Therefore, if 7y = (1/16) z'

B - AK(z') <0, Firm 2 will choose not to imitate and Firm 1 will earn the following

single-period monopoly profit at Time 2: (Proof: see Appendix B)

Corollary 1a: Tty = (1/4) 2'B - K(z') 4)

At Time 1, the innovator's problem is then to choose a quality, z, that maximizes
the firm's two-period profit given the imitator's anticipated decision at Time 2. In order
to solve this problem in a tractable manner, assume a quadratic cost function: K(z) = a
z2; a> 0. From Corollary 1, we see that Firm 1 will garner monopoly revenues of
(1/4)z in the first period. Therefore, by combining these revenues from Time 1 with the
appropriate revenues from Time 2, and subtracting the sunk innovation cost, the

innovator's problem may be stated as follows:
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Proposition 2:

With No Imitation at Time 2: Maximize (1/2)zp - az2 (5a)
z

subjectto: z >0
(1/16) zB -Aoz2<0

With Imitation at Time 2: Maximize (3/8)zp - az2 (5b)
z

subject to: z2>0
(1/16) zB - Aaz2 > 0

Solving the above optimization problems with inequality constraints then leads to the
following choices of z, the innovator’s profit value function associated with each, and the

range of relative imitation costs over which each is valid: (Proof: see Appendix B)

Corollary 2a:

When no imitation occurs:

Zm1 = B/(d); m1= B2/(16a); 1/4 <A< 1
Zm2 = BI(16Ac); T = B2[8A - 1)/[256A2au]; 1/8<A<1/4

When imitation occurs:

Zim = GBY(16a);  T1im = (9B2)/(25600); 0<A<1/3

Note that 7, ; and 7, indicate the respective profit value functions of the innovator

when no imitation occurs, while 7;,, denotes the innovator’s profit value function when
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imitation does occur. By comparing the innovator's applicable profit value functions over

the various ranges of A, the following conclusions may be drawn:

Corollary 2b:

(1) For 0.00 <A <0.125:

(2) For0.125<A < 0.15:

(3a) For 0.15 <A< 0.25:

(3b) For 0.25<A < 1.00:

T1im> 0 >Tm2;

Firm 1 chooses z;5, = (3B )(16a);
Firm 2’s profit value function:
T2im = [(3B2)(1-30))/(256a) > 0

Tlim ~ Tm25

Firm 1 chooses z;,, = (3B )V(16a);
Firm 2’s profit value function:
T9im = [(3B2)(1-30))/(256a) > 0

Tm2 > Tlims
Firm 1 chooses z;,y = B/A16Aa);

Firm 2’s profit value function:
ny=0

Tm1 > ®1im}

Firm 1 chooses z;, 1 = B/(4aL);
Firm 2’s profit value function:
n2 = [B2/(64a)]*[1-41] <0

In order to determine if and how potential imitation affects the profit-maximizing

behavior of the innovating firm, consider the innovator’s two-period problem if it were a

pure monopolist:

Mazximize (1/2)zB - az2
Y A

FOC: (1/2)B - 20z =0

Zm = B/da); mpy = B2/(160r) (6)
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Therefore, Corollary 3 shows that when 0.25 < A < 1.00, Firm 1 chooses a quality level
equivalent to that of a pure monopolist, and the imitator’s profits are negative. Also, note

that z;,, is always less than z,,, and z;;, < z,,> over the interval 0.00 < A < .333; thus,

Firm 1 chooses a relatively low quality level in (1) and (2), and the imitator’s profits are

positive. Finally, note that over the interval 0.150 < A < 0.250, z,y,> is greater than z,,,

which indicates that Firm 1 chooses a high quality level relative to the pure monopolist.

The choice of z;,> causes Firm 2's profits to just equal 0, and therefore preempts the

imitator from competing in (3a). The results are summarized in Theorem 1.

Theorem 1: The model’s Nash equilibrium consists of two outcomes: the
innovator’s optimal quality choice and the imitator’s decision of
whether or not to imitate. Comparing these outcomes to the quality
choice of a pure monopolist, the Nash equilibrium solutions are
characterized below. For completeness, the profit value functions
relevant to each solution are also given.

(a) For 0.00 <A <0.15:

The innovator chooses a relatively low quality level,
zjm = 3p/(16a) and imitation occurs.

®1im = (OB2)/(256a);  maim = [(3B2)(1-31)]/(2560)

(b) For 0.15 <A <0.25:

The innovator chooses a relatively high quality level,
zm?2 = B/(16Aa) and imitation is preempted.

Tm2= B2[8A - 1)/[256A2u]

(c) For 0.25 <A < 1.00:

The innovator chooses the same quality level as a pure monopolist
Zm1 =B/(4c) and imitation does not occur.

Tm1= BZ/(16a)
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Therefore, for very low levels of imitation costs, it is not optimal for the innovator
to incur the higher cost associated with choosing a preemptive level of quality, and
imitation occurs. However, for mid-range values of A, such activity is beneficial to Firm
1. Specifically, note that as A increases over this range, the quality choice necessary for
preemption decreases (dz;,2/9A<0) and the innovator’s profits increase (97, 5/64>0).
Once relative imitation costs reach a higher level, the innovator is no longer threatened
by potential imitation and may revert to a chosen quality level comparable to that of a
pure monopolist.??> Finally, note that for all ranges of A, higher costs of innovation ()
have a negative effect on the optimal quality choice and firm profits [&%/5a<0;

or/0a<0; éry/S5a<0], while a higher S has a positive effect, as expected [6z/56>0;

511/8B>0; 7y/86>0]

2.2.2 Demand Uncertainty

Time 1 Time 2
| |
-Innovating firm chooses -Bis revealed
quality z and incurs K(z), -Imitating firm enters
-enjoys monopoly profits market if profitable;

-produces z and incurs AK(z);
-Firms compete in quantities
in Stackelberg equilibrium

2 Note that while this latter case corresponds to a rather small minimum value of A= .25,
introduction of demand uncertainty in section 2.2 ameliorates the result's severity.
Moreover, empirical observations from the semiconductor industry suggest that
relative imitation costs are routinely low. Further consideration of this particular issue
is left to section 2.3 of the chapter.
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Recall that A is an indicator of the strongest taste for quality in the market; as 8
increases, the number of persons willing to purchase a product of quality z at price p
increases, and the demand curve rotates outward. In order to model the innovator’s
problem under conditions of demand uncertainty, I assume the value of 3 is unknown at
Time 1. After 8 is revealed at Time 2, Firm 2 will again use this information to decide
if imitation of the chosen quality z’ will be profitable. Although Firm 1 chooses the
level of product quality under conditions of demand uncertainty, assume it knows that 3
is distributed uniformly over [0,1].

Note that competition in quantities under the assumption of a Stackelberg
equilibrium will again yield the single period profit function for Firm 2 found in equation
(3¢). In addition, if it is known that Firm 2 will refrain from imitation, Firm 1 will enjoy
the two-period, pure monopoly profits found in (5a), while the presence of imitation will
yield the innovator the two-period profit function of (5b). Again, assume K(z) = az?,

a>0.
Let ﬂ* be the maximum taste for quality at which Firm 2 eamns no profit. That is,

B* solves the following:

(1/16) zB - Aaz2 =0
B*(z) = 1610z )
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Consequently, for § < ﬂ*, insufficient demand will prevent Firm 2 from competing.” As
a result, Firm 1 may always choose a quality level, z*, that will deter imitation over all

possible states of demand by setting B* = 1. This yields:

z" = 1/(16Aa) 3)

and Firm 1 will enjoy the corresponding expected profit level of:

E(n") = j (12)z*B dB - az*2

=(1/4)z*132[ - az™2
=1/(64Aar) - 1/(256A20)

E(r") = (4A - 1)/(256A20) )

It is important to note that E(n*) > 0iff A>> 1/4. That is, at relative imitation costs below

this level, the costs of deterring imitation outweigh the monopoly revenues. Therefore a

preemptive move is detrimental to the innovator when imitation is relatively inexpensive.
Alternatively, Firm 1 could risk the occurrence of imitation, in which case the

innovator's problem will be to find the z that solves the following:

P 1
Maximize E(tim) = | (1/2)2B dB + | (3/8)2B dB - 022 (10)
0 A

23 Note that the higher is A, the higher B* must be in order for Firm 2 to break even.
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Solving the above optimization equation yields the following two results, the innovator’s
corresponding profit value functions, and the range of A over which each solution is

valid: (Proof: see Appendix B)

Proposition 3:

Zim1 = [1+y(1-92%)1/(48)20); (11a)

E(mim1) = [27A2 - 2 +(18A2-2) y/(1 - 942 ) 1/(6912A%);
13< A<1

Zim2 = [1- y(1-912) /(480 20); (11b)

E(tim2) = [27A2 - 2 +(2-18A2) \/(1 - 942) /(69127 40);
0<A<1/3

Consider first the range of A values over which zj,,; holds (/3 < A < I). By
inspection, E(7;,, 1) will be a complex number due to the presence of \/(1 — 942 )in the

numerator. Therefore, because the profit function is economically invalid, zj;y,; is not a

feasible solution. As a result, when //3 << A < I, Firm 1 will choose the quality level zF =

1/(16Aa). Alternatively, when 0 < A < 173, Firm 1 will then choose between z;,,,> and

z* in order to maximize its expected profits. Recall that E(r") <0 when A < 1/4, while it

can be shown that E(7;y,7)>0; therefore the innovator will choose quality level zj;,>
over this range. Because £(z") and E(7jy2) are difficult to relate directly, Figure BF1 in

Appendix B offers a numerical comparison over the range //3 > A > 1/4, where a=1 for

simplicity.
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Combining Figure BF1 with the results noted above, £(7jy,7) dominates E(x")
over the range 1/3 > A > 0 (while at A = 1/3, the two are equivalent). Therefore, the
profit-maximizing innovator will choose z;;,> = [1 - \/ (1-942 ) ]/(4822a) over this

range. Corollary (3a) summarizes the results:

Corollary 3a:

(1)  For 0.00 <A <0.33:
E(Tim2) > E(x);
Firm 1 chooses z;;y2 = [1-y(1 - 912 ) ]/(481211);
75 = [3BA(-V1 - 922 }-2+902+21 - 922 J/(2304A30)

where 7ty denotes Firm 2’s profit function. Note that the value of 7y will
depend upon the level of . That is, as B— 1, 13 > 0 over a growing portion
of the range, and imitation will occur. However, as — 0, 13 <0 over a

growing portion of the range, and imitation will be foregone due to
insufficient demand.

(2) For0.33 <A <1.00:
E(r") > 0;
Firm 1 chooses z* = 1/(16Aa);
ny=0

In order to interpret these results, let us again use the quality choice of a pure monopolist

as a benchmark for comparison. Specifically, a pure monopolist will choose z,, to

maximize its profit function as follows:
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Maximize i(l/zyzﬁ dp -az?2 = (1/4)152£ - az?

FOC: 1/4 -2az=0

Zm = 1/(8) E(ny) = 1/(64a) (12)

As shown in the numerical comparison of z;,,> and z,, in Figure BF2 of Appendix B, the
former is less than the latter when 0 <A < .29, while the reverse relationship holds over
the range .29 <A < .33. In addition, by directly comparing z* to Zyy,, We see that P Zp

when 0 < A < 1/2, while the opposite is true when //2 << 4 < I. Theorem 2 summarizes

the results:

Theorem 2: The profit maximizing behavior of the two firms leads to the outcomes
noted below. The innovator’s quality choice is again compared to the
quality choice of a pure monopolist in order to draw conclusions
regarding how the potential threat of imitation alters the innovator’s
decision. For completeness, the profit value functions relevant to each
solution are also given.

(a) 0.00 <A <0.29:

The innovator chooses a relatively low quality level,

Zim2 = [1 -\/(1 ~922) /(481 2);

Imitation (as dependent upon f§) may occur.
E(tim2) = [27A2 - 2 +(2-18)2) Ju ~942) 1/(6912)%);
7y = [3BA(1-V1 - 922 )-2+4922+2 V1-922 1/(23040200)
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(d)

0.29 <A <0.33:

The innovator still chooses the quality level
Zim2 = [1 -y(1-942) 1/(48A2ct), however it is relatively higher
than that chosen by the pure monopolist over this range of

A values.
Imitation (as dependent upon ) may occur.

E(Tim2) = [27A2 - 2 +(2-1812) (1 - 942) 1/(6912A4x);
713 = [BBA(1-V1 - 92.2 )-2+4902+2+/1 — 922 ]/(2304A2cx

0.33 <A <0.50:

The innovator chooses a relatively high quality level,
z" = 1/(16\a) and imitation is preempted.
E(t") = (4 - 1)/(256)\%)

0.50 <A < 1.00:

The innovator again chooses the quality level

z" = 1/(16Aat), however it is relatively lower than that chosen by
the pure monopolist over this range of A values.
Imitation does not occur.

E(n") = (4 - 1)/(256)20)

As with the analysis under demand certainty, there is again a median range of A
values for which the innovator chooses a preemptive level of quality. Recall, however,
that in the prior case the innovator chose a quality level equivalent to that of a pure
monopolist over the highest range of relative cost ratios. In contrast, the present analysis

leads the innovator to a relatively lower quality choice when faced with the highest levels

In fact, Firm 1's quality choice and expected profits are equivalent to those of a

pure monopolist when A = 1/2. However, note that & */5A < 0 for a<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>