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Abstract

Extant research offers mixed empirical results on the information content of private placements.

Hertzel and Smith (1993) suggest that, on average, private placement �rms are undervalued. On the

other hand, Hertzel, Lemmon, Linck, and Rees (2002) show that private placement �rms experience

signi�cant negative long-run post-announcement stock price performance and that high levels of

capital expenditures around private placement re�ect managerial overoptimism. Empirical work ex-

amining the information content of private placements typically takes the approach based on proxies

for information asymmetry that suffers the intrinsic errors-in-variables problem. This paper circum-

vents the empirical dif�culty by developing the two-stage estimation approach and the conditional

correlation approach. The conditional correlation coef�cient varies between -1 and +1 that allows

comparisons across samples feasible. Thus, it prevails over the two-stage estimation approach to

identify the signi�cance of the information content of equity-selling mechanisms.
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1 Introduction

One important connection between asymmetric information and undervaluation in the area of corpo-

rate �nance is the choice of equity-selling mechanisms. The fundamental implication of asymmetric

information on the choice of equity-selling mechanisms is that �rms issuing private (public) offerings

will be on average undervalued (overvalued) (Myers and Majluf (1984), Hertzel and Smith (1993)).

If �rms are undervalued such that issuing equity to the public investors will dilute value of the exist-

ing shareholders, then �rms may choose not to issue equity publicly and instead resort to the private

placement market so as to convey their favorable private information to sophisticated (accredited)

investors in the negotiation process. In this framework, the decision to go to the private placement

market conveys that the �rms are undervalued. On the other hand, the extant behavioral �nance liter-

ature suggests that private placements re�ect managers' overcon�dence on the future �rm prospects

(Hertzel, Lemmon, Linck, and Rees (2002)) or that private placement �rms correctly anticipate naive

investors' misvaluation and take advantage of the capital market conditions (Huson, Malatesta, and

Parrino (2006)).

The empirical evidence on the information content of private placements is con�icting. Some

studies �nd signi�cant positive short-term stock price reaction to private placement announcements

(Wruck (1989), Hertzel and Smith (1993)) and favorable ex-post outcomes (Hertzel and Rees (1998),

Goh, Gombola, Lee, and Liu (1999)), unlike public offerings (Masulis and Korwar (1986), Jain

(1992)). Others �nd that, similar to public offering �rms, private placement �rms experience signif-

icant negative long-run post-announcement stock price performance (Krishnamurthy, Spindt, Sub-

ramaniam and Woidtke (2005), Hertzel, Lemmon, Linck, and Rees (2002)) and that high levels of

capital expenditures around private placement re�ect managerial overoptimism (Hertzel, Lemmon,

Linck, and Rees (2002)).

Empirical work examining the information content of private placements typically takes the ap-

proach based on proxies for information asymmetry (Wu (2004)). The primary dif�culty with the

proxies is the errors-in-variables problem. Because information asymmetry is unobservable, any em-

pirical attempt to capture information asymmetry requires the use of proxies. It is plausible that some

proxies capture underlying intrinsic characteristics rather than information asymmetry. As a result,

an inference drawn from the signi�cance of the coef�cients of the proxies for information asymmetry

may be biased.

To circumvent the potential biases embedded in the approach based on surrogates, this paper

distinguishes observable and unobservable variables. This distinction is important as will be shown

later that we cannot ignore the private information simply because the surrogates and private in-

formation are highly related neither can we ignore the unobservable variables when the surrogates

are empirically irreverent. Furthermore, this paper uses two empirical strategies in the research de-

sign. First, this paper uses insider trading prior to the announcement of equity-selling mechanisms
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to measure the other insiders' decision. This is because most studies indicate signi�cant changes in

insider trading patterns before equity-offering announcement (Karpoff and Lee (1991), Kahle (2000),

Clarke, Dunbar, and Kahle (2001), Lee (1997)) and researchers have concluded that insider trades

reveal important non-public information (John and Mishra (1990), Damodaran and Liu (1993), Sey-

hun (1986), Meulbroek (1992)). Second, this paper uses both the two-stage estimation approach and

the conditional correlation approach. Speci�cally, this paper assumes that the same set of private

information explains both insider trading activity and the choice of equity-selling mechanisms. The

two-stage estimation approach uses the estimated residuals of insider purchase regression and in-

sider sale regression (hereafter referred to as abnormal insider purchases and abnormal insider sales,

respectively) to measure private information. Assuming that both insider trading activity and the

equity-selling mechanisms choice are driven by the same set of private information, the two-stage

estimation approach hypothesizes that if abnormal insider purchases correlate positively, negatively,

or are uncorrelated with the probability of making private placements, then the private placement

�rms are undervalued, overvalued, or evenly valued, respectively. An opposite prediction holds for

the information content of abnormal insider sales. In addition to the two-stage estimation approach,

this paper uses the conditional correlation approach to investigate the information content of the

equity-selling mechanism choice. Expressing equity-selling mechanism choice and insider purchases

(or insider sales) as a pair of conditional equations, whereby the conditioning variables measure the

public information, as long as the unobservable variables are correlated, the generalized residuals

(or standardized residuals) will be correlated. Consequently, the conditional correlation approach

hypothesizes that if the generalized residuals of the pair of conditional equations correlate positively,

negatively, or are uncorrelated, then this statistical relationship serves as evidence that private place-

ments signal positive, negative, or no �rm-speci�c private information, respectively. Compared with

the two-stage estimation approach that is based on the unconstrained coef�cient of the abnormal

insider purchases (abnormal insider sales), the conditional correlation coef�cient varies from -1 to

+1. Consequently, it offers the additional advantage that allows across samples comparisons both the

direction and magnitude of private information revealed in the equity-selling mechanism choices. In

addition, this paper introduces non-parametric approaches when the data are sensitive to the arbitrary

imposition of linear functional form and normal distribution of the error disturbances.

This paper is organized as follows. Section 2 describes and develops hypothesis about the in-

formational content of equity-selling mechanisms. Section 3 derives the econometric estimation

methodology. Section 4 concludes the paper.
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2 The information contents of equity-selling mechanisms

This section explores the information contents of equity-selling mechanisms. First, the information

content is that private placement �rms may be undervalued. Hertzel and Smith (1993) extend Myers

and Majluf (1984) to the case of private placements. In Hertzel and Smith (1993), managers with fa-

vorable information who, under the Myers and Majluf assumptions, would choose not to issue equity

publicly and thereby forego a pro�table investment opportunity may resort to the private placement

market so as to convey their favorable information to investors in the negotiation process. Further-

more, there is a difference in investor sophistication between private placement market and public

offering market. The undervalued �rms avoid the underinvestment problem by placing equity with

sophisticated (accredited) investors who are able to assess true �rm value. In equilibrium, �rms that

view themselves as undervalued choose private placements.

Secondly, the private placements may re�ect managers' overcon�dence on the future �rm prospects.

This is consistent with the documented negative long-term post placement stock price performance

(Krishnamurthy et al. (2005), Hertzel et al. (2002)) and that high levels of capital expenditures

around private placement re�ects managerial overoptimism (Hertzel et al. (2002)).

Lastly, the private placements may re�ect managers' anticipation on naive investors' overreac-

tion and take advantage of it. Unlike public offerings that have negative abnormal returns for both

the short-term and the long-term (Loughran and Ritter (1995), Loughran and Ritter (1997)), private

placements have signi�cant positive stock price reaction to announcement but are followed by nega-

tive long- term (three to �ve years) post-issue stock price performance. Behavioral �nance attributes

long-term return continuation (reversal) in public (private) offerings to underreaction (overreaction)

to information conveyed in announcements. Naive investors incorrectly expect that the superior

pre-public offering performance will continue and the poor pre-private offering performance will im-

prove. Huson, Malatesta, and Parrino (2006) show that private placements are more likely to occur

following periods of superior capital market conditions. Furthermore, private placement offer prices

are not ef�cient with respect to public information as measured discounts are related to capital market

conditions. In summary, private placement �rms correctly judge naive investors' misvaluation and

take advantage of the capital market conditions.

The above three information contents of equity-selling mechanisms differ in that the �rst reveals

managers' superior knowledge about future �rm cash �ow, the second reveals management hubris

about the future cash �ow, while the last reveals managers' correct anticipation of the market misval-

uation.

Here, we use insider trading prior to the equity-selling mechanisms to measure the other contem-

poraneous informed parties' decision. Inferring the roles of equity-selling mechanisms from the ex

post consequences (e.g., long-term stock price performances and accounting performances) would

not be a powerful test, since the �rms' qualities may have evolved directly due to the equity-selling
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mechanisms (Wruck (1989). There are several major reasons to expect that insider trading re�ects

insiders' superior knowledge about a �rm's prospects, insiders' personal belief about their �rms'

prospects, or insiders' exploitation of market misvaluation: (1) studies on insider trading activity

conclude that insiders trade pro�tably and the power of using insider trading patterns to predict

stock returns ranks above other potential trading strategies (Lakonishok and Lee (2001), Seyhun

(1992), (2) Boehmer and Netter (1997) use insider trading as a proxy for insiders' personal belief

about their �rms' prospects to investigate managements' resistance on acquisitions and takeovers.

Abnormal insider purchases prior to private placements may re�ect insider overoptimism about the

future prospects of the �rm, (3) Rozeff and Zaman (1998) suggest that insider purchases (sales) are

positively (negatively) related to book-to-market ratio which measures security misevaluation, (4)

Piotroski and Roulstone (2005) document that insider trades re�ect both personal belief and superior

knowledge about future cash �ow realization., and (5) the private information set leading to insider

trading is comprehensive. Therefore, it is unlikely that insider trades and equity-selling mechanisms

are driven by different sets of private information. Most studies examining the timing of insider

trades indicate signi�cant changes in insider trading patterns before the announcements of various

corporate events, including equity offerings (Kahle (2000)), earning announcements (Park, Jang, and

Loeb (1995)), dividend announcements (John and Lang (1991)), capital expenditure announcements

(John and Mishra (1990)), and merger announcements (Keown and Pinkerton (1981)).

For these reasons, this paper hypothesizes that the likelihood of placing equity privately is ex-

pected to correlate positively with the likelihood of insider purchases and negatively with the likeli-

hood of insider sales.

3 Alternative econometric methods for information-based equity-

selling mechanisms

Empirical work examining the information contents of equity-selling mechanisms is typically based

on proxies for information asymmetry (Wu (2004). The primary dif�culty with the proxies is the

errors-in-variables problem. Because information asymmetry is unobservable, any empirical attempt

to capture information asymmetry requires the use of proxies. It is plausible that some proxies capture

underlying intrinsic characteristics rather than information asymmetry. As a result, an inference

drawn from the signi�cance of the coef�cients of the proxies for information asymmetry may be

biased.

To circumvent the potential biases embedded in this approach, this paper distinguishes observ-

able and unobservable variables. This distinction is fundamental for understanding the parameters

of interest and the inferences based on them. This paper assumes that the �rm-speci�c information

set x has two components such that x = (xobs; xunobs); where xobs and xunobs denoting the vectors
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of exhaustive set of �rm-speci�c variables observed by public investors and insiders, respectively.

To control for the surrogates for the private information, xobs include the �rm's age at IPO dates,

the duration between IPO dates and equity offering announcements in terms of years, the bid-ask

spread, the number of shareholders, and monthly trading volume/the average of shares outstanding

over the previous two years. To control for the impact of security misvaluation (Rozeff and Za-

man (1998), Piotroski and Roulstone (2005)), xobs include contemporaneous 1-month buy-and-hold

equal-weighted market-adjusted return and the �rm's book-to-market ratio. xobs also include vari-

ables to capture pre-issue ownership structure and the extent of CEOs organization power (Wruck

(1989), Wu (2004), Barclay, Holderness, and Sheehan (2007)), prior �nancial performance and �-

nancial constraints, �rm size, issue size, �rm risk, the impact of the stock options (Biais and Hillion

(1994)), the stock exchanges (Lin and Howe (1990)), and the identities of insiders (Seyhun (1986)).1

Let (c�i ; p�i ) denote a pair of informed parties' decisions. While (c�i ; p�i ) are unobserved, the underly-

ing decision outcome, that is, intensive insider purchases (sales) and the equity selling mechanisms

are observed. (ci; pi) are related to (c�i ; p�i ) in the sense that ci � I(0;1)(c
�
i ) and pi � I(0;1)(p

�
i )

or p�i depending on the econometric speci�cations. Speci�cally, ci equals one or zero, depending on

whether the �rms choose private or public offerings and pi measures an intensive insider purchases

(sales) event. We use two standard measures of an intensive insider purchase (sale) event. First, three

or more insider purchases (sales) and no insider trade occurring in the opposite direction in the prior

1, 3, 6, or 12 months of the equity offering announcement (Jaffe (1974), Rozeff and Zaman (1988),

Lin and Howe (1990)). Second, a positive (negative) difference between insider purchases and sales

in the prior 1, 3, 6, or 12 months of the equity offering announcement (John and Lang (1991)).

We introduce two benchmark estimation approaches, including the two-stage estimation ap-

proach and the conditional correlation approach. Both approaches are performed under three al-

ternative econometric speci�cations, including: (1) two independent probit models (single-equation

model), (2) the bivariate probit methods where pi is a binary variable that equals one if three or more

insider purchases (sales) and zero insider sales (purchases) occur in the prior 1, 3, 6, or 12 months of

the equity offering announcement and zero otherwise, and (3) the mixed binary and censored probit

models where pi is a censored variable that equals the positive (negative) net insider purchases occur

in the prior 1, 3, 6, or 12 months of the equity offering announcement and zero otherwise. Note that

in all three econometric speci�cations ci=1 if �rm i chooses private placements and ci=0 if �rm i

chooses public offerings. In addition, this paper introduces non-parametric approaches as a robust-

ness check when the data are sensitive to the functional form and normal distribution of the error

disturbances.
1See Lee and Wu (2007) for the detailed list of observable factors affecting insider trades and equity-selling mechanisms.
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3.1 The two-stage estimation approach

This subsection describes the two-stage estimation approach used to test the information contents of

equity-selling mechanisms. Equity selling mechanisms and intensive insider purchases (sales) are

denoted by (ci; pi). Assume,

p�i;t = xTobs;i;t
1 + x
T
unobs;i;t
2 + �t +gui;t;

c�i;t = xTobs;i;t�1 + x
T
unobs;i;t�2 + �t + fvi;t; (1)

where E(gui;t jxobs;i;t; xunobs;i;t) = 0, E(fvi;t jxobs;i;t; xunobs;i;t) = 0; the subscript i indexes

the �rm, t denotes time, ci equals one or zero depending on whether the �rms choose private or

public offerings, pi measures an intensive insider purchases (sales) event and the year dummies �

captures the unobserved time-varying factor that is common across �rms. Again, we assume that the

�rm-speci�c information x has two components, xobs and xunobs, denoting the vectors of exhaustive

set of �rm-speci�c variables observed by public investors and insiders, respectively. xobs, includes

measures for security misvaluation, information asymmetry, �rm ownership structure, �nancial per-

formances, etc.2 We assume that the conditional distribution of xunobs;i given xobs;i, depends on

xobs;i only through a linear regression function, i.e., a linear relationship exist between surrogates for

the private information and private information

xunobs;i;t = Axobs;i;t + fei;t;
where E(fei;t jxobs;i;t) = 0 and Var(fei;t jxobs;i;t) =Pe.

As the public investors cannot directly observe xunobs;i;t, equation (1) can be rewritten as

p�i;t = xTobs;i;t(
1 +A
T 
2) + �t + fei;tT 
2 +gui;t;

c�i;t = xTobs;i;t(�1 +A
T�2) + �t + fei;tT�2 + fvi;t; (2)

fei;tT 
2 +gui;t in equation (2) is called the residuals of intensive insider trading regression or
abnormal insider trading. From the law of iterated expectation, E(fei;tT 
2 +gui;t jxobs;i;t) = 0 and
E(fei;tT�2 + fvi;t jxobs;i;t) = 0; given that E(gui;t jxobs;i;t) = 0 and E(evi jxobs;i;t) = 0:
Two-stage estimation leads to

2Throughout the paper, we assume that insiders' both decisions are related to the same xobs. The logic extends directly to
more complicated models where each decision is related to an unique vector of observable variables, since we can partition
xobs;i;t into (xobs1;i;t; xobs2;i;t); where

pi;t = (xobs1;i;t; xobs2;i;t)

�
0

1

�
+ xTunobs;i;t
2 + �t +gui;t;

ci;t = (xobs1;i;t; xobs2;i;t)

�
�1
0

�
+ xTunobs;i;t�2 + �t + fvi;t;

7



c�i;t = (fei;tT 
2 +gui;t)�3 + xTobs;i;t(�1 +AT�2) + �t +gwi;t; (3)

withgwi;t = fvi;t �gui;t and E(gwi;t jxobs;i;t) = 0, then �3 = �2

2

The estimated residuals of intensive insider purchase regression (i.e., abnormal insider purchases),

fei;tT 
2+gui;t, measure unobserved private information. This is because �3 is purged of �rm-speci�c
public information and transitory differences for �rm i across years. The signs of �2 and 
2 indicate

the sign of �3. Accordingly, if �3 is signi�cantly positive, negative, or is indifferent from zero, then

the private placement signals positive, negative, or no �rm-speci�c private information, respectively.

An opposite interpretation holds for the estimated residuals of intensive insider sale regression (i.e.,

abnormal insider sales).

Compared with the framework using the proxy approach (Wu (2004)), an emphasis here is that the

two-stage estimation approach distinguishes between public and private information. The interpreta-

tion of the information content of equity-selling mechanism choice is not based on the coef�cients of

the surrogates of private information but on the coef�cient (�3) of the residuals of intensive insider

trading regression. Since the inference of the information role is drawn from the signi�cance of �3,

the regression (3) tells us that we cannot ignore the private information simply because the surrogates

and private information are highly related (A is signi�cant), neither can we ignore the unobservable

variables when the surrogates are empirically irreverent (�1 +AT�2 is insigni�cant).

3.2 The conditional correlation approach

In a purely statistical sense, for any two informed parties' decisions, as long as a pair of unobservable

variables is correlated, conditional on the observable variables, the residuals of these two informed

parties' decisions will be correlated. The conditional correlation coef�cient is derived from the cor-

relation between the generalized residuals (or the standardized residuals) of the intensive insider

trading regression and the equity-selling mechanism choice regression.

p�i;t = xTobs;i;t(
1 +A
T 
2) + �t + fei;tT 
2 +gui;t;

c�i;t = xTobs;i;t(�1 +A
T�2) + �t + fei;tT�2 + fvi;t;

The conditional correlation coef�cient is given by

Corr(fei;tT 
2 +gui;t, fei;tT�2 + fvi;t jxobs;i;t)
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=
Cov(fei;tT 
2 +gui;t; fei;tT�2 + fvi;t jxobs;i;t)q

V ar(fei;tT 
2 +gui;t jxobs;i;t)qV ar(fei;tT�2 + fvi;t jxobs;i;t)
=


T2
P

e �2

(
T2
P

e 
2 + �
2
u)
1=2(�T2

P
e �2 + �

2
v)
1=2
: (4)

The necessary and suf�cient condition for Corr(fei;tT 
2 +gui;t, fei;tT�2 + fvi;t jxobs;i;t) to be
positive is 
T2

P
e �2 > 0: Two special cases can be summarized as follows:

� If dim (
P

e)=p>1, with
P

e =diag{�
2
e;1; :::; �

2
e;p} and �2;j
2;j > 0 for j=1,..., p, then 
T2

P
e �2 >

0:

� If dim (
P

e)=1, 

T
2

P
e �2 > 0 if and only if 
2�2 > 0.

The direction of the conditional correlation depends on the sign of the numerator, 
T2
P

e �2.

In the case where the off-diagonal elements of
P

e are zero and each element of the two column

vectors, �2 and 
2, is of the same sign (except for the zero vector), then 
T2
P

e �2 is greater than

zero. If, instead of being multidimensional, xunobs;i can be fully captured in a variable, then �2�2e
2

is greater than zero if and only if 
2�2 is greater than zero.

Note that the conditional correlation coef�cient that we explore is quite different from Pearson

correlations. Conditioning on �rm-speci�c public information and transitory differences for �rm i

across years, the conditional correlation coef�cient from equation (4) is purged of �rm-speci�c public

information and transitory differences for �rm i across years. Accordingly, if fei;tT 
2+gui;t correlates
positively, negatively, or is uncorrelated with fei;tT�2 + fvi;t, then this statistical relationship serves
as evidence that private placements signal positive, negative, or no �rm-speci�c private information,

respectively.

Comparing equations (2) and (4) shows that the sign of the coef�cient (�3 =
�2

2
) of the residuals

of intensive insider trading regression is the same as that of conditional correlation coef�cient.3 There

are two major reasons that the conditional correlation approach may prevail over the two-stage esti-

mation approach. First, the conditional correlation coef�cient which is bounded by -1 and 1 permits

across samples comparisons the magnitude of private information revealed in equity-selling mecha-

nism choices, unlike the two-stage estimation approach that suffers the inherent incommensurate of

coef�cient of the residuals of intensive insider trading regression (fei;tT 
2 +gui;t)) among samples.
Second, at each �tted probability, the variance of the residuals of intensive insider trading regression

equals �tted probability times (1-�tted probability). Thus if �tted probability is high, the variance of

the abnormal insider trading are either very small or large. As a result, the abnormal insider trading

may have a skew distribution. .
3Here, we assume that the conditional correlation coef�cient remains constant over time. This assumption reduces the

number of parameters considerably and hence, makes ef�cient estimation possible. Note that we include year dummies �t
throughout the analysis to capture any unobserved time-varying factors that are common across �rms.
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Both the two-stage estimation approach and the conditional correlation approach can be per-

formed under the three variations of probit models including the two independent probit model, the

bivariate probit model that explicitly accounts for cross equation impact, and the mixed binary and

censored probit model where one response variable is continuous and the other is binary. For brevity,

we consider the conditional correlation approach only. The derivation applies directly to the two-

stage estimation approach.

3.2.1 Two independent probit models (single-equation model)

We can reparameterize equation (2) as

p�i;t = xTobs;i;t
 + �t + f�i;t; (5)

c�i;t = xTobs;i;t� + �t + f"i;t;
with 
 = 
1 +AT 
2; f�i;t = fei;tT 
2 +gui;t; � = �1 +AT�2, and f"i;t = fei;tT�2 + fvi;t.
As pi � I(0;1)(p

�
i ) and ci � I(0;1)(c

�
i ), then

p(p
i;t
= 1) = p(p�i;t > 0) = I � (xTobs;i;t
 + �t + f�i;t > 0) = p(�f�i;t < xTobs;i;t
 + �t) =

�(xTobs;i
 + �t);

p(c
i;t
= 1) = p(c�i;t > 0) = I � (xTobs;i;t� + �t + f"i;t > 0) = p(�f"i;t < xTobs;i;t� + �t) =

�(xTobs;i;t� + �t);

Let� denote the cumulative distribution function ofN(0; 1)with

0@ f�i;tf"i;t
1A i:i:d� N(0; I2);where

I2 is the identity matrix of order two:4

The single-equation model computes the generalized residuals, b�i and b"i; given by the conditional
means, bE(b�i jpi) and bE(b"i jci), respectively. For example, b"i = bE(b"i jci = 1) = �(xTobs;i;t�+�t)�(xTobs;i;t�+�t)

or

b"i = bE(b"i jci = 0) = ��(xTobs;i;t�+�t)
1��(xTobs;i;t�+�t)

. Let � and � denote, respectively, the density function and

the cumulative distribution function of N (0,1), we then de�ne a test statistic given by

b� = 1
n

nP
i=1

b"i b�is
1
n

nP
i=1

b"2i
s

1
n

nP
i=1

b�2i
d
t N(�;

1

n
);

n(b�� �)2 d
t �2(1);

4Note that the equation c�i;t = xTobs;i;t� + �t + f"i;t is equivalent to the equation c�i;t
�"

=
xTobs;i;t
�"

� + �t
�"
+

g"i;t
�"
assuming

that var(f"i;t )=�2": The conditional correlation coef�cent between (ci;t ; pi;t) depends only on the sign of (c�i;t; p�i;t ) not on their
absolute scale.
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Under the null of i:i:d: of the generalized residuals,
p
n(b� � �) is distributed asymptotically

as a standard normal distribution. Consequently, n(b� � �)2 is distributed asymptotically as a chi-
squared (�2) distribution with one degree of freedom. Compared with the test statistic 	 developed

by Gouriéroux, Monfort, Renault, and Trognon's (1987) and employed by Chiappori and Salanie

(2000) for testing asymmetric information in the French automobile insurance market,

	 =

(
nP
i=1

b"i b�i)2
nP
i=1

b"2i b�2i
d
t �2(1);

there are two important advantages of adopting b� instead of 	. First, in addition to the com-
mon assumption that observations are cross-sectional independently and identically distributed (i.e.,

i:i:d:), their test statistic is only valid under one more assumption: the pair of generalized residu-

als are conditional independent, i.e., Cov(b"i; b�i) =0. Second, 	 fails to retain information on both
the direction and the magnitude of correlation. Since the key objective of this paper is to detect the

information content of equity-selling mechanisms based on the direction and the magnitude of the

conditional association between private placements and insider trading, we adopt b� as a test statistic
instead of 	.

3.2.2 The bivariate probit models

The bivariate probit model explicitly accounts for the cross-equation impact. As a result, it may yield

estimators that are asymptotically more ef�cient than the single-equation approach, provided that the

residuals from the two equations are correlated (Zellner and Lee, 1965).

p�i;t = xTobs;i;t
 + �t + f�i;t;
c�i;t = xTobs;i;t� + �t + f"i;t;

where p
i;t
is a binary variable that equals one if three or more insider purchases (sales) and zero

insider sales (purchases) occur in the prior 1, 3, 6, or 12 months of the equity offering announcement

and zero otherwise, c
i;t
equals one or zero, depending on whether the �rms choose private or public

offerings, and

0@ f�i;tf"i;t
1A i:i:d� N(0;

P
); with

P
=

0@ 1 ��

�� 1

1A.

11



Then Corr(f�i;t; f"i;t) = ��. Let � denote the cumulative distribution function ofN(0; 1) and set
F (x

T
obs;i;t
 + �t; x

T
obs;i;t� + �t; �

�) �
1Z

�xTobs;i;t���t

1Z
�xTobs;i;t
��t

e
�
h
(g"i;t)2+(g�i;t)2�2��g"i;tg�i;t=[2(1���2)]i

2�
p
1� ��2

df�i;tdf"i;t:
Then

p(p
i;t
= 1) = p(p�i;t > 0) = p(�f�i;t < xTobs;i;t
 + �t) = �(xTobs;i;t
 + �t);

p(c
i;t
= 1) = p(c�i;t > 0) = p(�f"i;t < xTobs;i;t� + �t) = �(xTobs;i;t� + �t);

p(pi;t = 1; ci;t = 1) = p(p
�
i;t > 0; c

�
i;t > 0) = F (x

T
obs;i;t
 + �t; x

T
obs;i;t� + �t; �

�);

p(c
i;t
= 1; p

i;t
= 0) = p(c

i;t
= 1)� p(c

i;t
= 1; p

i;t
= 1) = �(xTobs;i;t� + �t)� F (xTobs;i;t
 + �t; xTobs;i;t� + �t; ��);

p(c
i;t
= 0; p

i;t
= 1) = p(p

i;t
= 1)� p(c

i;t
= 1; p

i;t
= 1) = �(xTobs;i;t
 + �t)� F (xTobs;i;t
 + �t; xTobs;i;t� + �t; ��);

p(c
i;t
= 0; p

i;t
= 0) = 1� �(xTobs;i;t� + �t)� �(xTobs;i;t
 + �t) + F (xTobs;i;t
 + �t; xTobs;i;t� + �t; ��):

The log-likelihood function for the parameters � � (�T ; 
T ; ��)T ; is then given by

l(�) =
nP
i=1

c
i;t
p
i;t
log
�
F (xTobs;i;t
 + �t; x

T
obs;i;t� + �t; �

�)
�
+

ci;t
�
1� pi;t

�
log
�
�(xTobs;i;t� + �t)� F (xTobs;i;t
 + �t; xTobs;i;t� + �t; ��)

�
+

p
i;t
(1� c

i;t
) log

�
�(xTobs;i;t
 + �t)� F (xTobs;i;t
 + �t; xTobs;i;t� + �t; ��)

�
+

(1� p
i;t
)(1� c

i;t
) log

�
1� �(xTobs;i;t� + �t)� �(xTobs;i;t
 + �t) + F (xTobs;i;t
 + �t; xTobs;i;t� + �t; ��)

�
3.2.3 The mixed binary and censored probit models

A continuous response variable may better differentiate between varying levels of insiders' percep-

tions of their �rms' prospects, compared to a binary response variable.

p�i;t = xTobs;i;t
 + �t + f�i;t;
c�i;t = xTobs;i;t� + �t + f"i;t;

Let p
i;t
= p�i;t; the number of insider purchases, if the one, three, six, or twelve months prior to the

equity offering is an intensive insider purchase event and pi;t= 0 otherwise, ci;t = 1 if �rm i chooses

private placements and c
i;t
= 0 if �rm i chooses public offerings, and

0@ f�i;tf"i;t
1A iid� N(0;

P
); with
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P
=

0@ �2 ��

�� 1

1A 5:

Let � and � denote, respectively, the density function and the cumulative distribution function

of N (0,1). The joint density function of c�i;t and p�i;t equals the conditional distribution of c�i;t given

p�i;t multiplies the marginal density function of p�i;t. The conditional distribution of c�i;t given p�i;t is

N(xTobs� + �t + �e�i=�; 1� �2). Then

pc
i;t
;p�i;t

(1; p�i;t) = p(c
�
i;t > 0

��p�i;t� p(p�i;t) = p(ci;t = 1 ��p�i;t� p(p�i;t);
=

1p
2��

�

 
xTobs� + �t + �(p

�
i;t � xTobs � �t)=�p
1� �2

!
exp

"
�
�
p�i;t � xTobs
 � �t

�2
2�2

#

pc
i;t
;p�i;t

(0; p�i;t) = p(c
�
i;t < 0

��p�i;t� p(p�i;t) = p(ci;t = 0 ��p�i;t� p(p�i;t);
=

1p
2��

"
1� �

 
xTobs� + �t + �(p

�
i;t � xTobs � �t)=�p
1� �2

!#
exp

"
�
�
p�i;t � xTobs
 � �t

�2
2�2

#

Set parameters

� �
�
�T ; 
T ; �2; �

�T
; and

g(p�i ; xobs; �) �
�
xTobs� + �t + �(p

�
i;t � xTobs � �t)=�

�
=
p
1� �2:

Then the log-likelihood function for the parameters � is

l(�) =

nX
i=1

�1
2
log(2��2)�

�
p�i;t � xTobs
 � �t

�2
2�2

+ci log [� (g(p
�
i ; xobs; �))]+(1�ci) log [1� �(g(p�i ; xobs; �))] :

We estimate � by solving the likelihood equation(or score equation) @l(�) /@�j�=b� = 0, where

@l(�)

@�
=

nX
i=1

� (g (p�i ; xobs; �))p
1� �2

[
ci

� (g (p�i ; xobs; �))
� 1� ci
1� � (g (p�i ; xobs; �))

]xobs;

@l(�)

@

=

nX
i=1

fp
�
i � xTobs

�2

� �� (g (p
�
i ; xobs; �))p
1� �2�

[
ci

� (g (p�i ; xobs; �))
� 1� ci
1� � (g (p�i ; xobs; �))

]gxobs;

@l(�)

@�2
=

nX
i=1

� 1

2�2
+
(p�i � xTobs
)2

2�4
� �� (g (p

�
i ; xobs; �)) (p

�
i � xTobs
)

2
p
1� �2�3

�
ci

� (g (p�i ; xobs; �))
� 1� ci
1� � (g (p�i ; xobs; �))

�
;

@l(�)

@�
=

nX
i=1

� (g (p�i ; xobs; �))
�
(1� �2)(p�i � xTobs
) + ��g (p�i ; xobs; �)

�
(1� �2)3=2 �

�
ci

� (g (p�i ; xobs; �))
� 1� ci
1� � (g (p�i ; xobs; �))

�
:

5To save space in the derivation, we consider xobs only by ignoring the �rm i and the time t notation.13



The observed Fisher information for � is�@2l(�)
.
@�@�T

���
�=b� ; where

@2l(�)

@�@�T
=

nP
i=1

� 1
1��2

8>><>>:
[� (g (p�i ; xobs; �))]

2

�
ci

[�(g(p�i ;xobs;�))]
2 +

1�ci
[1��(g(p�i ;xobs;�))]

2

�
��

0
(g (p�i ; xobs; �))

�
ci

�(g(p�i ;xobs;�))
� 1�ci

1��(g(p�i ;xobs;�))

�
9>>=>>;xobsxTobs;

@2l(�)
@�@
T

=
nP
i=1

� �
�(1��2)

8>><>>:
[� (g (p�i ; xobs; �))]

2

�
ci

[�(g(p�i ;xobs;�))]
2 +

1�ci
[1��(g(p�i ;xobs;�))]

2

�
��

0
(g (p�i ; xobs; �))

�
ci

�(g(p�i ;xobs;�))
� 1�ci

1��(g(p�i ;xobs;�))

�
9>>=>>;xobsxTobs;

@2l(�)
@�@�2 =

nP
i=1

�(p�i�x
T
obs
)

2�3(1��2)

8>><>>:
[� (g (p�i ; xobs; �))]

2

�
ci

[�(g(p�i ;xobs;�))]
2 +

1�ci
[1��(g(p�i ;xobs;�))]

2

�
��

0
(g (p�i ; xobs; �))

�
ci

�(g(p�i ;xobs;�))
� 1�ci

1��(g(p�i ;xobs;�))

�
9>>=>>;xobs;

@2l(�)
@�@� =

nP
i=1

� (1��2)(p�i�x
T
obs
)+��g(p

�
i ;xobs;�)

�(1��2)28>>>>>><>>>>>>:

[� (g (p�i ; xobs; �))]
2

�
ci

[�(g(p�i ;xobs;�))]
2 +

1�ci
[1��(g(p�i ;xobs;�))]

2

�
-�

0
(g (p�i ; xobs; �))

�
ci

�(g(p�i ;xobs;�))
� 1�ci

1��(g(p�i ;xobs;�))

�
+��(g(p

�
i ;xobs;�))

(1��2)3=2

�
ci

�(g(p�i ;xobs;�))
� 1�ci

1��(g(p�i ;xobs;�))

�

9>>>>>>=>>>>>>;
xobs;

@2l(�)

@
@�T
=
h
@2l(�)
@�@
T

iT

@2l(�)
@
@
T

=
nP
i=1

� 1
�28>><>>:1� �2

(1��2)

8>><>>:
[� (g (p�i ; xobs; �))]

2

�
ci

[�(g(p�i ;xobs;�))]
2 +

1�ci
[1��(g(p�i ;xobs;�))]

2

�
+�

0
(g (p�i ; xobs; �))

�
ci

�(g(p�i ;xobs;�))
� 1�ci

1��(g(p�i ;xobs;�))

�
9>>=>>;
9>>=>>;xobsxTobs;

@2l(�)
@
@�2 =

nP
i=1

8>>>>>>>>>>>><>>>>>>>>>>>>:
�p�i�x

T
obs


�4 + 1
�3

8>>>>>>>>>>>><>>>>>>>>>>>>:

��(g(p�i ;xobs;�))p
1��2

�
ci

�(g(p�i ;xobs;�))
� 1�ci

1��(g(p�i ;xobs;�))

�
+
�2(p�i�x

T
obs
)

2�(1��2) [� (g (p�i ; xobs; �))]
2�

ci

[�(g(p�i ;xobs;�))]
2 +

1�ci
[1��(g(p�i ;xobs;�))]

2

�
��2(p�i�x

T
obs
)

2�(1��2) �
0
(g (p�i ; xobs; �))�

ci
�(g(p�i ;xobs;�))

� 1�ci
1��(g(p�i ;xobs;�))

�

9>>>>>>>>>>>>=>>>>>>>>>>>>;

9>>>>>>>>>>>>=>>>>>>>>>>>>;
xobs;

@2l(�)
@
@� =

nP
i=1

��(g(p�i ;xobs;�))[(1��
2)(p�i�x

T
obs
)+��g(p

�
i ;xobs;�)]

�2(1��2)28>>>>>><>>>>>>:

[� (g (p�i ; xobs; �))]
2

�
ci

[�(g(p�i ;xobs;�))]
2 +

1�ci
[1��(g(p�i ;xobs;�))]

2

�
�

�
0
(g (p�i ; xobs; �))

�
ci

�(g(p�i ;xobs;�))
� 1�ci

1��(g(p�i ;xobs;�))

�
�

�(g(p�i ;xobs;�))

(1��2)3=2�

�
ci

�(g(p�i ;xobs;�))
� 1�ci

1��(g(p�i ;xobs;�))

�

9>>>>>>=>>>>>>;
xobs;
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@2l(�)

@�2@�T
=
h
@2l(�)
@�@�2

iT
@2l(�)
@�2@
T

=
h
@2l(�)
@
@�2

iT

@2l(�)
@�2@�2 =

nP
i=1

1
2�4 �

(p�i�x
T
obs
)

2

�6 +
��(g(p�i ;xobs;�))(p

�
i�x

T
obs
)

4
p
1��2�4

�
ci

�(g(p�i ;xobs;�))
� 1�ci

1��(g(p�i ;xobs;�))

�

��2(p�i�x
T
obs
)

2

4(1��2)�6

8>>>>><>>>>>:
[� (g (p�i ; xobs; �))]

2�
ci

[�(g(p�i ;xobs;�))]
2 +

1�ci
[1��(g(p�i ;xobs;�))]

2

�
��

0
(g (p�i ; xobs; �))

�
ci

�(g(p�i ;xobs;�))
� 1�ci

1��(g(p�i ;xobs;�))

�
9>>>>>=>>>>>;

@2l(�)
@�2@� =

nP
i=1

� (p�i�x
T
obs
)

2(1��2)3=2�3�(g (p
�
i ; xobs; �))

�
ci

�(g(p�i ;xobs;�))
� 1�ci

1��(g(p�i ;xobs;�))

�
+
(p�i�x

T
obs
)�[(1��

2)(p�i�x
T
obs
)+��g(p

�
i ;xobs;�)]

2(1��2)2�48>><>>:
[� (g (p�i ; xobs; �))]

2

�
ci

[�(g(p�i ;xobs;�))]
2 +

1�ci
[1��(g(p�i ;xobs;�))]

2

�
��

0
(g (p�i ; xobs; �))

�
ci

�(g(p�i ;xobs;�))
� 1�ci

1��(g(p�i ;xobs;�))

�
9>>=>>;

@2l(�)

@�@�T
=
h
@2l(�)
@�@�

iT

@2l(�)
@�@
T

=
h
@2l(�)
@
@�

iT

@2l(�)
@�@�2 =

h
@2l(�)
@�2@�

iT

@2l(�)
@�@� =

nP
i=1

8<:
�(p�i�x

T
obs
)

(1��2)3=2� +
[g(p�i ;xobs;�)]

2

(1��2)3=2

��[(1��2)(p�i�x
T
obs
)+��g(p

�
i ;xobs;�)]

(1��2)3=2�

9=;
�

ci
�(g(p�i ;xobs;�))

� 1�ci
1��(g(p�i ;xobs;�))

�
� [(p�i�x

T
obs
)(1��

2)+��g(p�i ;xobs;�)]
2

(1��2)3�28>><>>:
[� (g (p�i ; xobs; �))]

2

�
ci

[�(g(p�i ;xobs;�))]
2 +

1�ci
[1��(g(p�i ;xobs;�))]

2

�
��

0
(g (p�i ; xobs; �))

�
ci

�(g(p�i ;xobs;�))
� 1�ci

1��(g(p�i ;xobs;�))

�
9>>=>>;

3.3 The non-parametric approach

The discussion so far assumes that the error disturbances are normally distributed.and that a para-

metric function for the conditional expectation of a dependent variable has been speci�ed correctly.
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However, There is no prior assumption that the intrinsic relation between xunobs;i and xobs;i must

be linear (see Chen, Ho, Lee, and Shrestha (2004) on using residual analysis technique to detect the

nonlinear speci�cation in corporate �nance research). It is also possible for the pair of informed

parties' decisions given observable variables to be linearly uncorrelated but dependent.

Since the functional forms of the parametric procedures are relatively restrictive. we propose a

nonparametric approach based on sign test, and a chi-squares test for independence.

3.3.1 Sign test and Chi-squared test for independence

A sign tests based on a 2x2 contingency table are performed to examine whether the signs of the gen-

eralized residuals for equity-selling mechanism choice ( b"i ) match with the signs of the generalized
residuals for insider trades (b�i) from equation (5) using the saturated models (models that include a
exhaustive set of xobs;i) under two independent probit models, the bivariate probit models, and the

mixed binary and censored probit models.6 Here, we also use the non-parametric Chi-square test to

examine if the estimated impact of abnormal insider purchases (sales) is sensitive to the methodolog-

ical approach The proposed grouping is to let xi be a vector ofm (number of independent variables)

dummies (either 0 or 1). Firms having the same values for m dummies are grouped by 2m: In each

grouping, a two-by-two classi�cation table generated by the values of ci and pi is computed. Let

j = 0; 1:

pi = 0 pi = 1

ci =0 n00 n01

ci =1 n10 n11

De�ne nj: = nj0 + nj1; n:j = n0j + n1j ; and n:: = n:0 + n:1. Now consider the test statistic

Vm =
P

j;k=0;1

[njk�(nj:n:k=n::)]2
njk

, which is the well-known �2 test for independence. If ci and pi

are independently distributed, then Vm is �2(1). The probability of rejecting independence in each

grouping is assumed to be 0.05. That is, if the value of Vm for a certain grouping is greater than 3.84,

the 5 percent critical value for �2(1), the null hypothesis of independence is rejected. Furthermore,

if Vm is assumed to be independent between groupings, then the probability of rejecting indepen-

dence for the 2m groupings has a binomial distribution with the number of trials equals 2m and the
6Bear in mind that the estimated generalized residuals in binary response models (ci,pi) are not direct measures of error

terms from the underlying regression models where the dependent variables (c�i ; p�i ) are not directly observable.
The estimated correlation coef�cient for the individual generalized residuals is as follows:b� = E[(ci�E(ci))(pi�E(pi))]p

var(ci�E(ci))
p
var(pi�E(pi))

= E(ci=1;pi=1)�E(ci=1)E(pi=1)p
var(ci�E(ci))

p
var(pi�E(pi))

: Since Max(0,1-�(xTobs;i�) � �(xTobs;i
)) �

E(ci = 1; pi = 1) �Min(�(xTobs;i�);�(xTobs;i
)):
Therefore, the range of b� is bounded within certain range and varies with the independent variable. Becasue of this important

caveat, we propose to use the sign test that focuses on the sign as a robustness test.
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probability of success equals 0.05, the probability of rejecting independence in each grouping. The

statistic is generated by adding up the Vm values for 2m cells, which is distributed as a �2(2m).

To implement this test, we �rst need to do the groupings. It is infeasible to use all observable

variables (xobs), since it will result in too small number of observations in each cell. We could

use around four to �ve variables, depending on the sample size, that are highly signi�cant in the

regressions for equity-selling mechanism choices and the intensity of insider trading.

4 Conclusions

Recently, there has been a considerable debate on the information content of the equity-selling mech-

anisms. This paper adopts a two-stage estimation approach and a conditional correlation methodol-

ogy to re-examine this debate. This paper assumes that both the choice of equity-selling mechanisms

and insider trades are driven by the same set of private information. This paper uses the estimated

residuals from the insider trading regression as a measure of insiders' superior information about

the �rm's prospects and hypothesizes that private placement �rms are undervalued when the esti-

mated residuals from the insider purchase (sale) regression correlate positively (negatively) with the

probability of making private placements. The conditional correlation coef�cient we explore is quite

different from Pearson correlations in that it is purged of public information and measures correlation

between two set of private information. These two approaches help to circumvent the problems with

cross-sectional studies that proxies for information asymmetry are plagued by signi�cant measure-

ment errors and the problems with event studies that long-term ex post stock performance may be

endogenously affected by equity-selling mechanisms (Wruck (1989)) and statistical signi�cant event

date returns could be driven by market microstructure problems (Lease, Masulis, and Page, (1991))

or long-term event-study methodologies (Mitchell and Stafford (2000)).

This conditional correlation is initially used by Chiappori and Salanie (2000). This paper relaxes

an extremely restrictive assumption required by Chiappori's and Salanie's test statistic (pp. 66) of

conditional independence within residuals of a pair of regressions and retains information on both

the direction and magnitude of correlation. This retention is crucial because the key objective of

this paper is to detect the direction of the conditional association in order to infer whether private

placements signal positive, negative, or no �rm-speci�c private information, respectively. In our

application of the conditional correlation approach, one of the pair of the informed parties' decisions

is the equity selling mechanism choice and the other informed parties' decision is the insider trading

activity. Instead of using the insider trading, we could use the revisions in analysts' EPS forecasts.

Studies widely use analysts as a good proxy for well-informed investors (e.g., Womack (1996)). The

rationality of analysts' EPS forecasts is supported by Keane and Runkle (1998). The rationality is in

the sense of Muth (1961), that is, the analysts' EPS forecasts are equal to the expectation of actual
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EPS, conditional on the available information at forecasting date. This paper applies the conditional

correlation approach to incorporate cases where both response variables are binary and cases where

response variables are continuous instead of binary. Similar application of the conditional correlation

approach in other setting may allow researchers to answer other important empirical questions more

convincingly.

Apart from its methodological contribution, the empirical results shed light on the debate over

private placement puzzles and the estimates could offer suggestions to the SEC proposal of integrat-

ing private and public offerings (Davidson, Nash, and Plumridge, 1998, pp. 151-382).
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