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This study develops a structural model of the initial public o®ering (IPO) pricing
process that enables the estimation of adjustment rates for public and private pricing
information gathered during bookbuilding. The estimated upward adjustment rate
of public information is only 21%, signi¯cantly less than the 28% rate of private
information. Adjustment rates decline towards the IPO date, especially for upward
adjustments. The ¯ndings contradict information acquisition theories that predict a
complete adjustment to public information and highlight the ine±ciency of the IPO
bookbuilding mechanism in handling new information even when information is
publicly available and especially when it is favorable.
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1. Introduction

Beginning with Hanley (1993), several studies have documented a positive

relation between o®er price adjustment and underpricing in initial public

o®erings (IPOs), indicating that changes in ¯rm value prior to the o®ering are

only partially incorporated into o®er prices.1 Importantly, the magnitude of

1Underpricing is de¯ned as the percentage di®erence between the o®er price and the ¯rst-day
closing market price, and the o®er price adjustment is the percentage di®erence between the
midpoint of the initial ¯le price range and the ¯nal o®er price. As bookbuilding is practiced in
the US, an initial price range is ¯rst ¯led before the roadshow starts, and a ¯nal o®er price is
chosen at the end of the roadshow, with both the initial ¯le price range and the ¯nal o®er price
being negotiated between the issuing ¯rm and the bookrunner. A bookrunner is the lead
underwriter that maintains the books of securities sold for the new issue, and solicits indica-
tions of interest for the shares from investors.
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the o®er price adjustment is by far the single biggest predictor of IPO

underpricing. During 1984 to 2008, average underpricing exceeded 54% for

issues with a ¯nal o®er price above the maximum of the original ¯le price

range, whereas it was only 3% for issues with a ¯nal o®er price below the

minimum of the original ¯le price range. During 1999 to 2000, this di®erence

was even more dramatic: Average underpricing was 120% for IPOs with

an upward price adjustment vs. 8% for those with a downward price

adjustment.

Until recently the prevailing explanation in the academic literature for this

partial adjustment of IPO o®er prices was based on the Benveniste and

Spindt (1989) model. In this dynamic information acquisition model,

underwriters use underpricing as a reward to extract favorable information

from investors during the bookbuilding process. In equilibrium, underpricing

and o®er proceeds for the issuers increase simultaneously, resulting in higher

average underpricing for IPOs with upward o®er price adjustments.

The validity of the dynamic information acquisition hypothesis in the IPO

pricing process is a matter of considerable debate. Consistent with the pre-

dictions of this hypothesis, Hanley (1993) shows that favorable information

about ¯rm value is incorporated into o®er prices only partially. Also,

Ljungqvist and Wilhelm (2002) and Cornelli and Goldreich (2003) ¯nd that

investors that provide favorable information during bookbuilding are

rewarded by the bookrunner with greater allocations of underpriced shares.

On the other hand, based on a survey of institutional investors, Jenkinson

and Jones (2009) report that information disclosure by investors before IPOs

has only a minor e®ect on IPO allocations. Importantly, Loughran and Ritter

(2002) and Edelen and Kadlec (2005) show that underpricing is positively

related to market returns prior to the o®ering, which is inconsistent with the

dynamic information hypothesis since investors should not be rewarded for

providing publicly available information.

Whether the observed positive relation between IPO underpricing and

market returns refutes information acquisition explanations of IPO under-

pricing depends on the magnitude and economic signi¯cance of the phe-

nomenon. Loughran and Ritter (2002) suggest that the partial incorporation

of public information into IPO o®er prices is quantitatively large. In contrast,

Lowry and Schwert (2004) state, \the small economic signi¯cance of [the

positive relation between market returns and underpricing] indicates that the

IPO pricing process is almost e±cient." This lack of consensus on the sig-

ni¯cance of partial adjustment is driven in large part by the inherent inability

of conventional empirical approaches to generate distinct and precise
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estimates for the adjustment rates of public and private information gathered

during bookbuilding.

In this study, I develop a parsimonious structural model of the IPO pricing

process, which enables the estimation of precise adjustment rates for public

and private information. The empirical analysis reveals that the average up-

ward adjustment rate for market returns during 1984 to 2008 is only 21%. The

adjustment rate for private information, on the other hand, is statistically

signi¯cantly higher at 28%. The adjustment rates for market returns early in

the registration period and private returns are statistically indistinguishable.

Late market returns, on the other hand, are almost entirely ignored when they

are positive. Only 9% of market returns observed during the last ¯ve days

before the IPO is incorporated into the o®er prices. On the downward side,

adjustments are much more complete: all information types have adjustment

rates that are around 100%, even after controlling for the omission of with-

drawn deals. The downward adjustment rate of late market returns (during

the last ¯ve days prior to the o®ering) is also close to 100%, refuting the idea

that partial adjustment is due to practical challenges and coordination pro-

blems associated with revising o®er prices shortly before the o®erings.

Altogether, our results contradict the idea that the partial adjustment

phenomenon is caused by IPO underwriters' use of underpricing as a reward

for the production and revelation of investors' favorable private information.

Thus, I conclude that theories based on information acquisition cannot explain

the partial adjustment of IPO o®er prices. Instead, the evidence is consistent

with explanations of IPO underpricing that do not distinguish between public

and private information. In particular, the very low adjustment rate of fa-

vorable public news is consistent with agency theories where IPO underwriters

and their favored investors receive a share of the surplus generated by an

increase in the IPO ¯rm value (see, for instance, Baron (1982), Loughran and

Ritter (2002), and Ljungqvist and Wilhelm (2003). Furthermore, the full

adjustment to unfavorable information indicates that issuing ¯rms bear the

full burden of bad news despite bene¯ting very little from good news.

The cost of the incomplete incorporation of public information to the

issuing ¯rm shareholders is economically large. During 1984 to 2008, the

average IPO with an upward o®er price adjustment had preliminary expected

proceeds of $109 million in 2009 purchasing power. The ¯nal proceeds fol-

lowing the actual upward adjustment averaged $136 million. The adjustment

rates estimated in this study suggest that a full incorporation of all public

information including industry returns and information spillovers would have

increased the proceeds to $164 million. This additional $28 million in
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proceeds is equivalent to 26% of the initial expected proceeds and 3.6 times

the gross spread the issuer had agreed to pay the investment banks for their

underwriting services. In aggregate, the partial adjustment of o®er prices for

all completed IPOs during 1984 to 2008 cost pre-IPO shareholders $63 billion

in foregone proceeds.

The rest of this paper is organized as follows. Section 2 discusses the partial

adjustment phenomenon. Section 3 develops a structural econometric model

to estimate the adjustment rates. Section 4 describes the data. Section 5

estimates the adjustment rates of public and private information in the IPO

pricing process. Section 6 discusses the results and Sec. 7 concludes.

2. The Partial Adjustment Phenomenon

The pricing process for an IPO typically starts with the meetings between the

issuing ¯rm and prospective underwriters presenting tentative valuations.2

The ¯rst pricing information is provided to the public in the form of an o®er

price range either in the registration statement or in an amended statement

¯led with the Securities and Exchange Commission (SEC). The anticipated

o®er price range may be adjusted upward or downward during the registra-

tion period depending on the level of investor demand for the o®er. The ¯nal

o®er price is set the day before the o®ering and the underwriters allocate the

shares to investors at this o®er price. The ¯rst-day closing market price is

often higher than the o®er price, with the percentage premium over the o®er

price being termed underpricing.

Hanley (1993) was the ¯rst to document a strong positive relation between

the o®er price adjustment during the registration period and underpricing for

book-built IPOs. The evidence indicates that increases in the value of the IPO

¯rms during the registration period are typically only partially incorporated

into the o®er prices.3 Potential explanations for the partial adjustment

phenomenon can be grouped under two broad categories: bookbuilding and

agency theories. The seminal bookbuilding theory is the mechanism design

model of Benveniste and Spindt (1989), in which underwriters use partial

adjustment to extract favorable information from investors in order to

2See Ritter andWelch (2002) and Ljungqvist (2007) for detailed discussions of the IPO pricing
process.
3Previous studies document an asymmetry in the relation between o®er price adjustments and
underpricing: downward o®er price revisions are more complete compared to upward revisions
(see, e.g., Lowry and Schwert, 2002; Loughran and Ritter, 2002; Benveniste et al., 2003; and
Lowry and Schwert, 2004). A more complete downward adjustment may be necessary to
induce investor participation in the face of weak demand.
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maximize the o®er proceeds. In this model with endowed information, partial

adjustment is used to induce truthful information revelation. Alternatively,

bookbuilding models with costly information production suggest that o®er

prices are only partially adjusted in order to compensate investors for the

costs of information production (Sherman and Titman, 2002; Sherman,

2005). In either case, underwriters use partial adjustment to purchase fa-

vorable information from informed investors and the result is an asymmetric

price revision pattern: Partial adjustment for upward revisions, and full ad-

justment for downward revisions.

Empirical evidence on the validity of bookbuilding theories is mixed. A

central prediction of these theories is that underpricing and o®er price revi-

sions go up simultaneously. Consistent with this prediction, Hanley (1993)

documents a positive relation between the o®er price adjustment and

underpricing. Logue (1973) and Hanley (1993) show that lagged market

returns predict underpricing as well, but they do not explain this pattern.

Loughran and Ritter (2002) revisit this latter ¯nding and point out that it is

inconsistent with the bookbuilding theories since investors need to be

rewarded or compensated only for the revelation of their private information.4

A positive relation between public information proxies and IPO under-

pricing is not necessarily conclusive evidence against the bookbuilding the-

ories. For example, Sherman (2005) argues that a positive relation might be

observed if investors' opportunity costs of information production are posi-

tively correlated with public information proxies. Sherman suggests that

\Underpricing in these models [of information production] compensates

investors for their evaluation costs, the biggest of which is the opportunity

cost of devoting time to one particular IPO instead to the many stocks al-

ready trading, or to other IPOs." Alternatively, it might seem like o®er prices

only partially adjust to public information if public and private information

arrivals are positively correlated. To investigate the possibility of a mistaken

perception of partial adjustment to public information, I examine the relation

between the estimated adjustment rates and various proxies for private in-

formation production, and adjust the estimated rates for a potential corre-

lation between public and private information.

The agency theories of the partial adjustment phenomenon are based on

the notion that the incentives of the underwriters and the issuing ¯rms are

4The partial adjustment to public information is not isolated to the US markets; Kaneko and
Pettway (2003) and Kutsuna et al. (2009) document a strong relation between market returns
and underpricing in Japanese IPOs.
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not perfectly aligned. Loughran and Ritter (2002) attribute the partial ad-

justment of public information to underwriters' ability to bene¯t from

underpricing. They argue that deliberate underpricing of new issues reduces

marketing costs (Baron, 1982) and creates an opportunity to receive quid-

pro-quo bene¯ts from investors for allocating these underpriced shares. Their

model based on the prospect theory does not distinguish between public and

private information, and therefore predicts an equal partial adjustment for

both. Ljungqvist and Wilhelm (2003) posit that the IPO o®er price revision is

the outcome of a bargaining game between the issuing ¯rm and its under-

writers. They show that the lower bargaining power of IPO ¯rms during

1999–2000 was partially responsible for the excessive underpricing observed

during that time period.5

Edelen and Kadlec (2005) o®er an alternative agency-based explanation

for the partial adjustment phenomenon. In their tradeo® model underwriters

do not directly bene¯t from underpricing, however they protect prospective

investors and preserve reputational capital by limiting the number of price

solicitations by the issuing ¯rms. Issuers respond by demanding only a partial

upward adjustment following favorable news in order to minimize the

probability of a withdrawn o®ering and maximize issuer surplus. A central

factor di®erentiating this tradeo® hypothesis from other agency explanations

is with respect to the pricing of the o®er under unfavorable circumstances.

The tradeo® model predicts that underwriters revise o®er prices downward

only partially in order to maximize issuers' expected proceeds whereas the

standard agency hypotheses predict a full downward adjustment since

underwriters have no incentives to overprice new issues. It should be noted,

however, that the potential explanations for the partial adjustment phe-

nomenon discussed in this section are not necessarily mutually exclusive, and

they may all play some role in the pricing process.

3. A Structural Empirical Model of IPO Pricing

This section develops a parsimonious structural model of the IPO o®er price

adjustment process. Then, it demonstrates the empirical estimation of the

model to obtain adjustment rates for public and private information gathered

during the registration period.

5Other studies that ¯nd empirical evidence of agency problems between IPO underwriters and
issuing ¯rms include Logue (1973), Loughran and Ritter (2004), Ljungqvist and Wilhelm
(2003, 2005), Reuter (2006), and Nimalendran et al. (2007).
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3.1. The structural model

I de¯ne the fractional change in the IPO ¯rm's value during the pricing

process as the sum of public and private information revealed during the

¯rm's registration period:

�p ¼ P � P0

Po

¼ �P pub

P0

þ �P priv

P0

¼ �r pub þ r priv; ð1Þ

where P0 is the unobserved initial value of the ¯rm's shares, P is the ¯nal

value of the shares observed at the end of the ¯rst day of trading after the

IPO, �P pub and �P priv re°ect the change in ¯rm value due to public and

private information, respectively, r pub is the return associated with public

information, � is the sensitivity of the ¯rm's returns to public returns, and

r priv is the return associated with private information production. r pub is

observed both by IPO underwriters and in the data whereas r priv is revealed

to the underwriters by investors' indications of interest during bookbuilding

but is not observed directly in the data.

The change in expected ¯rm value during bookbuilding elicits an adjust-

ment to the o®er price. I model the o®er price adjustment (�op) as a

weighted sum of the two return components, where the weights are the

adjustment rates for the two types of information °ow:

�op ¼ OP �OP0

OPo

¼ �pub�r pub þ �privr priv; ð2Þ

where OP0 is the mid-point of the preliminary o®er price range reported at

the beginning of the registration period, OP is the ¯nal IPO o®er price, and

�pub and �priv are the two adjustment rates. An adjustment rate of one

indicates a full adjustment and less than one indicates a partial adjustment to

information.

According to the information acquisition hypothesis of Benveniste and

Spindt (1989), �pub ¼ 1, 0 < �priv < 1 when r priv > 0, and �priv ¼ 1 when

r priv < 0. If o®er price adjustment is partial to favorable information but

complete to unfavorable information, then �p > �op > 0 and �p ¼
�op < 0, resulting in high underpricing when private information is favor-

able and moderate underpricing otherwise. Agency explanations of the par-

tial adjustment phenomenon, on the other hand, suggest that the o®er price

adjustment to favorable public information can also be partial: �pub < 1

when r pub > 0. The primary purpose of this study is to test if the adjustment

rate of public information is close to one, and if it is not, to examine how low

it is and how it compares to the adjustment rate of private information.
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3.2. Identi¯cation

If both information types were observable, it would be straightforward to

estimate the two adjustment rates by running a linear regression of �op

against the two information proxies as the sole independent variables. Then,

the two regression coe±cients would provide the adjustment rate estimates

for the corresponding information types. Unfortunately, identi¯cation is

complicated by the fact that r priv is not directly observable. However, as

shown in Eqs. (1) and (2), r priv is observed indirectly through both �p and

�op, which enables the structural empirical modeling approach developed

below.

Consider the following regression with �p as the dependent variable and

�op and r pub as the independent variables, all of which are observable:

�opi ¼ �0 þ � pubr pub
i þ ��Pð�piÞ þ �i; ð3Þ

where �0 is the intercept, �
pub and ��p are the two coe±cients, and �i is the

regression residual. This regression enables the estimation of the two ad-

justment rates as simple transformations of the two regression coe±cients.

However, one problem with the regression in Eq. (3) is that �pi (the pre-IPO

change in ¯rm value) is not observed in data and needs to be estimated as

shown below. As a result, estimation errors in �pi might cause a potentially

serious errors-in-variable problem, biasing the coe±cient estimate ��p and

the adjustment rates. To prevent this problem, I reverse the regression in

Eq. (3) such that the variable estimated with error becomes the dependent

variable, which ensures that estimation errors are picked up by the regression

residual instead of biasing the coe±cients:

�pi ¼ �0 þ � pubr pub
i þ ��opð�opiÞ þ �i: ð4Þ

The intuition behind this regression approach is as follows. Holding r pub

¯xed, any covariance between �p and �op can be attributed to the role of

private information production, which enables the estimation of the adjust-

ment rate of private information even though r priv is not directly observed.

The two adjustment rates can be expressed as functions of the regression

coe±cients by substituting Eqs. (1) and (2) into (4):

�r pub
i þ r priv

i þ "i ¼ �0 þ � pubr pub
i þ ��opð�pub�r pub

i þ �privr priv
i Þ þ �i; ð5Þ

where " is the estimation error in �p. Rearranging the terms on both sides of

Eq. (5) gives

� ¼ � pub þ ��op�pub�; ð6Þ
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and

1 ¼ ��op�priv: ð7Þ
Rearranging Eqs. (6) and (7) gives the adjustment rates:

�pub ¼ ð1� �pub=�Þ=��op ð8Þ
and

�priv ¼ 1=��op: ð9Þ
The adjustment rate estimates provided by (8) and (9) can be used to evaluate

the validity of the information acquisition hypothesis by comparing the esti-

mates with a full adjustment rate of one as well as comparing the two against

each other. Since the adjustment rates are non-linear transformations of the

regression coe±cients, I rely on non-parametric methods to evaluate statistical

signi¯cance. Speci¯cally, I bootstrap the adjustment rates by running the re-

gression inEq. (4) in random resamples of the data, which provides a con¯dence

interval for the adjustment rates that can be used for signi¯cance tests.

There are two remaining issues with the procedure described above. First,

�pi needs to be estimated. As shown in Eq. (1), �p ¼ P=P0 � 1, where P is

the observed value of the IPO ¯rm's shares at the end of the ¯rst day of

trading and P0 is the initial value of the shares at the beginning of the

registration period. While Po is not observed, information about the initial

value is provided at the announcement of the preliminary o®er price range.

Speci¯cally, the relation between P0 and OP0 can be described as follows:

P0 ¼ ð1þUP0ÞOP0; ð10Þ
where UP0 is the unobserved initial underpricing that is used to obtain the

preliminary o®er price by discounting the initial value of shares. I estimate P0

by ¯rst estimating the initial underpricing of the ¯rm (UP0) using a predic-

tive regression model, and then multiplying one plus UP0 with the mid-point

of the preliminary o®er price range (OP0) as in Eq. (10).6 Estimated P0 is

then used to calculate the pre-IPO change in ¯rm value (�p).

6Note that the structural model developed in this section also reveals insights regarding the
validity of underpricing regressions commonly used in investigations of the partial adjustment
phenomenon. Starting with the de¯nition of underpricing, UP ¼ ðP �OPÞ=OP, it is
straightforward to show that UP ¼ ð1þUP0Þ½ 1þ�p

1þ�op� � 1. Then, plugging in Eqs. (1) and (2),
UP ¼ ð1þUP0Þ½ 1þ�r pubþr priv

1þ�pub�r pubþ�privr priv � � 1, which is a non-linear complex function of r pub. Thus,
linear underpricing regressions with public returns as an independent variable are misspeci¯ed.
Moreover, Monte Carlo simulations show that, in contrast to conventional wisdom, a re-
gression coe±cient of zero on r pub does not necessarily indicate a full adjustment to public
information. Results available upon request.
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The extensive literature on IPO pricing has documented a number of key

cross-sectional determinants of IPO underpricing, which include various ¯rm-,

underwriter, and deal characteristics. I estimate the initial underpricing of

each IPO in the sample using a predictive regression model that establishes

the relation between the underpricing of IPOs without large o®er price

adjustments and several key determinants of IPO underpricing. Excluding

IPOs with large o®er price revisions is critical at this stage of the analysis to

ensure that UP0 is free from any e®ects of information °ow and o®er price

adjustment. The coe±cients from the underpricing regression are then used

to predict the initial underpricing, UP0, for all IPOs in the sample.

The second issue is that the sensitivity of IPO ¯rms' returns to public

returns, �, has to be estimated. I regress �pi against all public information

proxies to estimate each �. The regression model is follows:

�pi ¼ �0 þ
X

j

� jr j
i þ �; ð11Þ

where � j is the sensitivity to public information proxy type j (market returns,

IPO spillovers, etc.).7 ;8

4. Data

4.1. Data sources

The sample of completed IPOs comes from data provided by Jay Ritter,

based on the Thomson Financial Securities Data Co. (SDC) new issues da-

tabase, with numerous corrections and additions. This database contains

7,898 bookbuilt IPOs by US ¯rms between 1984 and 2008. 1,344 withdrawn

IPOs come from the SDC new issues database. American Depository Receipts

(ADRs), closed-end funds, real estate investment trusts (REITs), banks and

savings and loans, partnerships, unit o®ers and IPOs with a midpoint of the

7Compared with Eq. (1), the regression model in Eq. (11) omits unobserved private returns.
This omission should not cause an omitted variable bias as long as private returns are or-
thogonal to public returns. The validity of this assumption and the potential consequences of
its violation are discussed in Sec. 6.
8Note that this procedure produces an average sensitivity for each public information proxy.
Then, the cross-sectional variation in the � estimates is incorporated in the estimation of the
adjustment rates using the bootstrapping methodology. Each random sampling of the data
with replacement produces a slightly di®erent �, generating variation in point estimates and
standard errors for the adjustment rates. In addition, I conduct a robustness check by in-
cluding ¯rm-speci¯c interaction variables in estimating the sensitivities. The predicted ¯rm-
speci¯c sensitivities are then used to calculate the adjustment rates. The results are reported in
Table 8 in Sec. 5.3.
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¯le price range of less than $5.00 are excluded in the ¯nal sample. In addition,

successful IPOs with missing ¯rst-day closing prices and those with regis-

tration periods longer than a year are excluded. The ¯nal sample includes

5,735 completed and 1,046 withdrawn IPOs.

The IPO sample is supplemented with information from the SDC new

issues database. For each IPO, I collect information on the ¯ling date, ven-

ture capital stake prior to the issue, and the identities of the underwriters. A

ranking (Underwriter Rank) is assigned to each lead manager using Loughran

and Ritter's (2004) updated Carter and Manaster (1990) ranking. Founding

dates come from the Field–Ritter database (see Field and Karpo® (2002) and

Loughran and Ritter (2004)). Industry returns are from the Center for Re-

search in Securities Prices (CRSP).

4.2. Variable construction

Variable names and their descriptions are listed in Table 1.

The two dependent variables are the percentage underpricing and the

estimated percentage change in ¯rm value during the registration period. The

¯rst set of explanatory variables includes the information proxies. These

include (i) industry returns during the registration period, calculated as the

equal-weighted return of publicly traded ¯rms in the same Fama–French

industry as the IPO ¯rm (Industry Ret)9; (ii) four information spillover

measures: average underpricing (UP), average o®er price adjustment (�op),

proportion of IPO ¯rms that withdraw during the issuer's registration period

(Withdrawal Frequency), and the estimated value change (�p) of same-in-

dustry IPOs that went public during the issuer's registration period10; and

(iii) the o®er price adjustment of the IPO ¯rm during its registration period.

The remaining explanatory variables include various measures of issuing

¯rm, o®er, and underwriter characteristics.

Table 2 reports descriptive statistics for the constructed variables, sepa-

rately for the full sample and broken down for the two o®er price adjustment

categories: upward o®er price adjustments ðOP > HIÞ and downward o®er

price adjustments ðOP < LOÞ. The univariate results show that the direction

of the o®er price adjustment is strongly related to public information proxies.

IPOs with upward o®er price adjustments exhibit high market returns and

9Fama–French industry speci¯cations are provided by Ken French at http://mba.tuck.
dartmouth.edu/pages/faculty/ken.french/Data Library. I use the speci¯cations updated in
2005 that form 49 industries using 4-digit SIC codes.
10Following Ljungqvist and Wilhelm (2002), spillover measures are set to zero if there are no
comparable IPOs.
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Table 1. De¯nition of variables.

Variable Name Variable De¯nition

Dependent Variables
UP Percentage underpricing. Equals ½ðP=OPÞ � 1� � 100, where P is

the ¯rm's ¯rst-day close share price, and OP is the o®er price.
�p Percentage change in the IPO ¯rm's value during the registration

period. Equals ½ð1þ�opÞð1þUPadjÞ � 1� � 100, where �op

is the o®er price adjustment and UPadj is the component of

underpricing that is due to the partial adjustment of the o®er
price. UPadj is calculated as f½ð1þUPÞ=ð1þUP0Þ� � 1g�
100, where UP0 is the component of total underpricing inde-
pendent from the subsequent o®er price adjustment, and is
estimated using ¯rst stage predictive underpricing regressions
of IPOs with no o®er price adjustment.

Information Proxies
Industry Ret [Filing, �1] The average % market return of ¯rms in the same Fama–French

industry as the issuer, during the issuer's registration period.
Industry a±liations are determined following Fama–French
(1997) industry classi¯cation (49 industries using 2005
update).

Industry Ret [Filing, �6] The average % market return of ¯rms in the same Fama–French
industry as the issuer, during the issuer's registration period,
excluding the last ¯ve trading days before the o®ering.

Industry Ret [�5, �1] The average % market return of ¯rms in the same Fama–French
industry as the issuer, during the last ¯ve trading days before
the o®er.

Industry �p The average �p (percentage value change during the registration
period) of same-industry IPOs that went public during the
registration period of the issuer. If there is no same-industry
IPO in that time period, it is set to zero.

�op The percentage o®er price adjustment of the IPO ¯rm.
Industry �op The average percentage o®er price adjustment of same-industry

IPOs that went public during the registration period of the
issuer.

Industry UP The average percentage underpricing of same-industry IPOs
taken public by the same lead underwriter as the issuer,
completed during the registration period of the issue.

Withdrawal Frequency The proportion of IPOs that withdraw within 138 calendar days
of their ¯ling relative to all active IPOs during the issuer's
registration period.

Firm Characteristics
VC Dummy Equals 1 if a venture capital ¯rm owns shares of the IPO ¯rm at

the time of the o®ering. The data from the SDC New Issues
database is supplemented with data from SDC VentureXpert.

Lnð1þAgeÞ The natural logarithm of one plus ¯rm age, de¯ned as the dif-
ference between the IPO calendar year and the founding year.
Founding dates are from the Field–Ritter dataset available on
Jay Ritter's website.
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Table 1. (Continued )

Variable Name Variable De¯nition

Ln (Sales) The natural logarithm of ¯rm's trailing 12 months sales prior to
going public, in millions in 2009 purchasing power. Firms with
zero sales are assigned a value of $10,000.

Tech Dummy Equals 1 if the ¯rm operates in a technology industry excluding
internet ¯rms, as identi¯ed in Loughran and Ritter (2004).

Net Dummy Equals 1 if the ¯rm operates in an internet-related industry, as
identi¯ed in Loughran and Ritter (2004).

O®er and Underwriter
Characteristics

Underwriter Rank Lead underwriter prestige ranking, using Loughran and Ritter's
(2004) classi¯cation, based on Carter and Manaster (1990). If
there is more than one lead underwriter, I use the highest
ranking.

Overhang Ratio of retained shares to public °oat.
Ln (Exp. Pro.) The natural logarithm of expected o®er proceeds as indicated at

the time of the initial ¯le price range ¯ling, in 2009 purchasing
power (millions).

Time Dummies
Nineties Dummy Equals 1 if the o®er year is between 1990 and 1998.
Bubble Dummy Equals 1 if the o®er year is 1999 or 2000.
Post Dummy Equals 1 if the o®er year is between 2001 and 2008.

Table 2. Descriptive statistics.

Full Sample OP > HI OP < LO

Mean
(%)

Median
(%)

Mean
(%)

Median
(%)

Mean
(%)

Median
(%)

Industry Ret [Filing,�1] 3.96 2.91 9.30 6.37 �0.73 �0.69
Industry Ret [Filing, �6] 3.64 2.67 8.30 5.82 �0.69 �0.71
Industry Ret [�5, �1] 0.31 0.26 0.85 0.74 �0.03 0.18
Industry �p 12.06 0.00 34.15 11.88 �1.03 �0.52
Industry �op 1.60 0.00 8.71 4.54 �3.64 �0.12
Industry UP 18.45 8.02 34.27 18.58 10.54 4.64
Withdrawal frequency 10.19 0.00 9.38 0.00 12.61 0.00

Note: The full sample includes 5,763 successful and 1,046 withdrawn US operating ¯rm IPOs
during 1984–2008 with non-missing values. The descriptive statistics below are reported only
for the successfully completed IPOs. Unit o®ers, REITs, closed-end funds, banks and S&Ls,
ADRs, and IPOs with a midpoint of the ¯le price range less than $5.00 are excluded. The
de¯nitions of the independent variables are provided in Table 1. The ¯rst two columns present
the mean and median statistics for the full sample of completed and withdrawn IPOs. The
third and fourth columns present the statistics for successful IPOs with upward o®er price
revisions during the registration period. The last two columns present the statistics for suc-
cessful IPOs with downward o®er price revisions.
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substantial information spillovers during the registration period as evidenced

by large o®er price adjustments, underpricing, and change in ¯rm value for

recent comparable IPOs.

5. Estimation of the Adjustment Rates

This section estimates the adjustment rates of public and private information

in the IPO pricing process. Section 5.1 estimates the change in the pre-IPO

¯rm value during the registration period. Section 5.2 estimates the adjust-

ment rates. Section 5.3 investigates the robustness of the adjustment rate

estimates to alternative empirical approaches.

5.1. Measuring the change in the pre-IPO ¯rm value

The empirical analysis begins with the estimation of the initial ¯rm value

using the predictive underpricing regression analysis described in Sec. 3.

Table 3 presents the ordinary least squares regression results. The coe±cients

from the underpricing regression of IPOs with a ¯nal o®er price inside the

original ¯le price range are used to estimate the adjustment ratio in the next

step of the analysis. I also report the regression results for the full sample of

IPOs for sake of comparison.11

I estimate the initial underpricing of IPOs with subsequent o®er price

revisions using the coe±cient estimates from Column 1 in Table 3:

UP0 ¼ 9:71þ 0:70�Underwriter Rankþ 0:03�Overhang

þ 0:66� LnðSalesÞ � 1:38� Lnð1þAgeÞ � 2:90� LnðExp ProceedsÞ
þ 3:52�Tech Dummy� 0:03�VC Dummy

þ 6:99�Nineties Dummyþ 23:40�Bubble Dummy

þ 8:48�Post Dummy: ð12Þ

The estimated initial underpricing is then used with the midpoint of the

preliminary ¯le price range to calculate the initial anticipated price per share

of the IPO ¯rm (P0), followed by the calculation of the change in ¯rm value

during the registration period (�p) using Eq. (10). Table 4 reports summary

statistics for the estimates of UP0 and �pi, as well as the actual o®er price

adjustment for comparison purposes.

11While the coe±cient estimates in Table 3 might potentially be biased due to endogeneity
and sample selection problems, the predicted values are unbiased estimators of the dependent
variable.
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Table 3. Predictive underpricing regressions.

HI � OP � LO Full Sample

UP UP

Constant 9:71��� 1:87
(1.50) (1.71)

Underwriter Rank 0:70��� 3:22���

(0.23) (0.31)
Overhang 0:03 0:03

(0.02) (0.02)
Ln(Sales) 0.66��� 0.78���

(0.22) (0.29)
Lnð1þAgeÞ �1:38��� �2:91���

(0.33) (0.41)
Ln(Exp. Pro.) �2:90��� �5:78���

(0.43) (0.63)
Tech Dummy 3:52��� 6:51���

(0.81) (1.28)
VC Dummy �0.03 2:47��

(0.81) (1.25)
Nineties Dummy 6:99��� 11:17���

(0.60) (0.67)
Bubble Dummy 23:40��� 61:12���

(2.58) (3.31)
Post Dummy 8:48��� 12:01���

(0.96) (1.12)
N 2,847 5,763

Adjusted R2 0.11 0.23

Note: The sample includes 5,763 US operating ¯rm IPOs with non-missing values
over 1984–2008. Unit o®ers, REITs, banks and S&Ls, ADRs, reverse LBOs, and
IPOs with a midpoint of the ¯le price range less than $5.00 are excluded. OP is the
¯nal o®er price. LO is the minimum of the initial ¯ling price range. HI is the
maximum of the initial ¯ling price range. Underwriter Rank is the updated Carter–
Manaster prestige measure of the lead underwriter. Overhang is the ratio of
retained shares to public °oat (the number of shares issued). Ln(Sales) is the
natural logarithm of the total pre-issue revenues during the prior 12 months,
expressed in millions of dollars of 2009 purchasing power using the CPI. Lnð1þ
AgeÞ is the natural logarithm of one plus the number of years since the ¯rm's
founding date as of the IPO. Tech Dummy takes a value of one (zero otherwise) if
the ¯rm is in the technology business. VC Dummy takes a value of one (zero
otherwise) if a venture capital ¯rm owns shares of the IPO ¯rm at the time of the
o®ering. Nineties Dummy takes a value of one (zero otherwise) if the IPO occurred
during 1990–1998. Bubble Dummy takes a value of one (zero otherwise) if the IPO
occurred during 1999–2000. Post Dummy takes a value of one (zero otherwise) if
the IPO occurred during 2001–2008. White's (1980) heteroskedasticity consistent
standard errors are in parentheses. ***, **, and * denote signi¯cance at the 1%,
5%, and 10% level, respectively.
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The mean predicted initial underpricing for the full sample is 12.4%, very

similar to the mean actual underpricing of IPOs with no o®er price revisions

at 11.5%.12

A comparison of the predicted change in pre-IPO ¯rm value with the

actual o®er price adjustment reveals the extent of the partial adjustment

phenomenon as well as the asymmetry with respect to the direction of the

adjustment. The ratio of the average �p to average �op is only 38% (28.1%

divided by 74.6%) for upward adjustments vs. 83% (24.4% divided by 29.5%)

for downward adjustments. Figure 1 presents a scatter plot of the o®er price

adjustments against changes in ¯rm value, which demonstrates the asym-

metry more clearly.

The slope of the trendline for positive �pi values is only 0.35 vs. 0.88 for

negative �pi values.
13 In addition, the power of �pi to explain the variation

in �opi is surprisingly high, especially when the change in the pre-IPO ¯rm

value is negative. Negative�pi values explain 76% of the observed o®er price

Table 4. O®er price adjustment and change in ¯rm value.

Full Sample OP > HI OP < LO

Mean
(%)

Median
(%)

Mean
(%)

Median
(%)

Mean
(%)

Median
(%)

Initial Underpricing ðUP0Þ 12.4 11.1 15.5 13.3 11.1 10.5
O®er Price Adjustment ð�opÞ 0.1 0.0 28.1 20.0 �24.4 �22.7
Change in Firm Value ð�PÞ 10.0 �3.6 74.6 39.3 �29.5 �28.9

Note: The full sample includes 5,763 successful and 1,046 withdrawn US operating ¯rm IPOs
during 1984–2008 with non-missing values. The descriptive statistics below are reported only
for the successfully completed IPOs. Unit o®ers, REITs, closed-end funds, banks and S&Ls,
ADRs, and IPOs with a midpoint of the ¯le price range less than $5.00 are excluded. The
de¯nitions of the independent variables are provided in Table 1. The ¯rst two columns
present the mean and median statistics for the full sample of completed and withdrawn IPOs.
The third and fourth columns present the statistics for successful IPOs with upward o®er
price revisions during the registration period. The last two columns present the statistics for
successful IPOs with downward o®er price revisions.

12 Interestingly, the predicted initial underpricing of IPOs with subsequent upward o®er price
adjustments is signi¯cantly higher than that of IPOs with downward adjustments, even
though the predictive regression model does not include any ex post information related to
o®er price revisions. This is consistent with the evidence in Lowry and Schwert (2004) that the
initial ¯ling prices are lowballed by IPO underwriters, leading to predictable o®er price
adjustments.
13Note that the slope coe±cients might be biased towards zero since �p is estimated with
error. Section 5.2 estimates the adjustment rates using regressions with �p as the dependent
variable in order to prevent an errors-in-variable problem.
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adjustment and positive �pi values explain 43%. These results suggest that

other factors (e.g., private vs. public information distinction, ¯rm char-

acteristics, market conditions, etc.) play a greater role in the o®er price ad-

justment of IPO ¯rms with an increase in the pre-IPO ¯rm value compared to

those with a decline.

5.2. Estimation of the adjustment rates

�p is the dependent variable in the regression model of Eq. (11), which is

used to estimate the sensitivity of IPO ¯rms' pre-IPO returns to the public

information proxies. I include two types of public information proxies: (i) the

average market return of public ¯rms in the same Fama–French industry as

the issuer during the registration period, and (ii) the average pre-IPO value
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∆op = 0.35∆p + 0.03
R2 = 0.43

∆op = 0.88∆p + 0.04
R2 = 0.76

∆pi

∆opi

Fig. 1. O®er price adjustment vs. the change in ¯rm value.

Note: The ¯gure presents a scatter plot of IPO o®er price revision ð�opÞ against the estimated pre-IPO

change in ¯rm value ð�pÞ. The sample includes 5,483 completed US operating ¯rm IPOs with non-missing

values over 1984–2008. Unit o®ers, REITs, closed-end funds, banks and S&Ls, ADRs, and IPOs with a
midpoint of the ¯le price range less than $5.00 are excluded. �p is the percentage change in pre-IPO ¯rm

value between the ¯ling of the preliminary o®er price range and the close of ¯rst day of trading. The

beginning value of the ¯rm is estimated by applying a predicted initial level of underpricing over the mid-

point of the preliminary price range. Initial underpricing is estimated using Eq. (27). Separate trend lines
are estimated and reported for positive and negative �p values.
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change of same-industry IPOs that successfully went public during the

issuer's registration period.14 Table 5 reports the results.

The ¯rst speci¯cation includes industry returns during the entire length of

the registration period and the value change of all recent same-industry

IPOs.15 The coe±cient of 1.46 on industry returns indicates that IPO ¯rms

are more sensitive to market returns than their more mature industry peers.

The positive and statistically signi¯cant coe±cient of 0.56 on the spillovers

from comparable IPOs suggests that the pricing of recent same-industry IPOs

provides valuable information regarding the pricing of future IPOs. The

second speci¯cation in Table 6 splits the registration period into two sub-

periods: the last ¯ve days before the IPO and the rest of the registration

period. This categorization allows me to investigate potential changes in the

adjustment rates towards the end of the registration period. The coe±cient

estimates for the categorized variables are noteworthy. Industry returns

observed shortly before the IPO have a signi¯cantly larger impact on the

market value of the issuing ¯rm compared to those observed earlier in the

registration period.16

Next I run the regression model in Eq. (4) to estimate the � coe±cients

that are used to construct the adjustment rates. I conduct the analysis and

report the results separately for the whole sample of IPOs, those with an

upward o®er price adjustment, and those with a downward adjustment due

to the asymmetry in IPO pricing with respect to the direction of the

14I orthogonalize information spillover proxies with respect to industry returns to isolate their
unique information content.
15The change in pre-IPO ¯rm value and o®er price adjustment are measured starting with
the ¯ling of the preliminary o®er price range, which sometimes takes place after the start of the
registration period. Even in those cases I measure the public information proxies during the
entire registration period due to Lowry and Schwert's (2004) ¯nding that the negotiated ¯le
price range is often announced with a delay and thus IPO pricing is more closely related to
market returns observed during the entire registration period than those observed only after
the ¯ling of the preliminary o®er price range.
16The sensitivity estimates reveal that late market returns have a signi¯cantly larger impact
on the pre-IPO value of the issuing ¯rm compared to early market returns. Similarly, Korteweg
and Sorensen (2010) report that the market beta of venture capital backed prospective IPO
¯rms increase from 0.74 at the time of their seed ¯nancing round up to 5.89 before the IPO.
One potential explanation is that pre-IPO ¯rms' systematic risk ��� and therefore their
beta ��� might increase as they transition from private to public ownership and become more
like their publicly traded industry peers. An alternative explanation is initial overpricing
during the ¯rst day of trading that is positively correlated with market returns. However, in
untabulated results I ¯nd that prices do not reverse during the next few weeks after IPOs and
estimated sensitivities to late market returns remain as high. See also Krigman et al. (1999)
and Loughran and Ritter (2002).
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adjustment.17 Table 6 presents the OLS regression results with the change in

IPO ¯rm value during the registration period (�p) as the independent

Table 5. Estimation of the factor sensitivities.

(1) �p (2) �p

Constant 4:97��� 4:37���

(0.76) (0.74)

Industry Returns
½Filing; � 1� 1:46���

(0.16)
½Filing; � 6� 1:37���

(0.15)
½�5; � 1� 4:02���

(0.61)

Spillovers from Contemporary IPOs
�p (Industry) 0:56��� 0:57���

(0.05) (0.05)
N 5,483 5,482

Adjusted R2 0.18 0.19

Note: OLS regressions for the percentage change in the value of the IPO ¯rm
during its registration period. The sample includes 5,483 completed US
operating ¯rm IPOs with non-missing values over 1984–2008. Unit o®ers,
REITs, closed-end funds, banks and S&Ls, ADRs, and IPOs with a mid-
point of the ¯le price range less than $5.00 are excluded. The dependent
variable,�p, is the estimated percentage change in the value of the IPO ¯rm
during the registration period. The independent variables include several
industry returns and proxies for information spillovers from recent IPOs in
the same Fama–French industry as the issuer. Industry returns include
percentage returns observed during the whole registration period (Filing,
�1), excluding the last ¯ve days (Filing, �6), and during the last ¯ve days
before the IPO (�5, �1). Information spillover proxy is the percentage
change in the ¯rm value of all same-industry IPOs that went public during
the registration period of the issuer. The �p spillover proxy is orthogonal-
ized with respect to the industry return variables. White's (1980) hetero-
skedasticity consistent standard errors are in parentheses. ***, **, and *
denote signi¯cance at the 1%, 5%, and 10% level, respectively.

ð1Þ �p ¼ �0 þ �1 Industry Ret ½Filing;�1� þ �2�p ðIndustryÞ þ "1 ;

ð2Þ �p ¼ �0 þ �1 Industry Ret ½Filing;�6� þ �2 Industry Ret ½�5;�1�
þ�3�p ðIndustryÞ þ "2

:

17This categorization does not cause a sample selection bias since the magnitude of the o®er
price adjustment, which is the only sample selection criterion, is included as an independent
variable. There may, however, be a sample selection bias due to the exclusion of withdrawn
IPOs, in particular in the downward adjustment subsample. The Heckman (1979) two-stage
maximum likelihood procedure is used to control this potential problem in Table 9 of Sec. 5.3.
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variable. The explanatory power of the regression model is very high with an

adjusted R-square for the whole sample of over 63% for both speci¯cations.18

Table 6. Full-speci¯cation regressions.

All IPOs OP > HI OP < LO

(1) �p (2) �p (3) �p (4) �p (5) �p (6) �p

Constant 9:27��� 9:10��� �34:24��� �34:38��� �6:70��� �6:56���

(0.60) (0.60) (8.00) (7.85) (0.63) (0.65)

Industry Returns
½Filing;�1� 0:17�� 0.32 �0:01

(0.09) (0.20) (0.04)
½Filing;�6� 0.08 0.16 �0:04

(0.09) (0.20) (0.05)
½�5;�1� 1.82��� 2.71��� 0:47��

(0.39) (1.00) (0.23)

Spillovers from Contemporary IPOs
�p (Industry) 0:19��� 0.19��� 0.20��� 0.21��� �0:02� �0:02

(0.03) (0.03) (0.06) (0.06) (0.01) (0.01)

O®er Price Adjustment
�op 2:26��� 2:25��� 3:69��� 3:66��� 0:94��� 0:95���

(0.12) (0.12) (0.33) (0.33) (0.02) (0.02)
N 5,483 5,482 1,307 1,306 1,457 1,457

Adjusted R2 0.63 0.63 0.63 0.63 0.37 0.37

Note: OLS regressions for the percentage change in the value of the IPO ¯rm during its
registration period, reported separately for the full sample, for the upward adjustment
sample, and for the downward adjustment sample. The sample includes 5,483 completed
US operating ¯rm IPOs with non-missing values over 1984–2008. Unit o®ers, REITs,
closed-end funds, banks and S&Ls, ADRs, and IPOs with a midpoint of the ¯le price range
less than $5.00 are excluded. The dependent variable, �p, is the estimated change in the
value of the IPO ¯rm during the registration period. The independent variables include the
percentage o®er price adjustment (�op), several industry return measures and proxies for
information spillovers from recent IPOs in the same Fama–French industry as the issuer.
White's (1980) heteroskedasticity consistent standard errors are in parentheses. ***, **,
and * denote signi¯cance at the 1%, 5%, and 10% level, respectively.

ð1Þ �p ¼ �0 þ �1 Industry Ret ½Filing;�1� þ �2�p ðIndustryÞ þ �3�opþ �1 ;

ð2Þ �p ¼ �0 þ �1 Industry Ret ½Filing;�6� þ �2 Industry Ret ½�5;�1�
þ �3�p ðIndustryÞ þ �4�opþ �2

:
.

18The explanatory power is lower for downward adjustments, possibly because of the noise
introduced into the pricing of those IPOs by the price stabilization activities of the under-
writers. Indeed, the proportion of IPOs with exactly zero underpricing is 27% when o®er prices
are revised downwards, whereas it is only 1.5% when the revision is upwards, suggesting that
price stabilization is more common in IPOs with downward o®er price adjustments.
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The adjustment rates are calculated plugging the coe±cient estimates

from Tables 5 and 6 in Eqs. (8) and (9). Since the adjustment rates are non-

linear combinations of the coe±cient estimates, I use bootstrapping to gen-

erate a population of adjustment rates and evaluate their statistical signi¯-

cance using con¯dence intervals. To that end, I randomly resample the IPO

sample with replacement, rerun the regressions in Tables 5 and 6 for each

random sample to determine the coe±cient estimates and the resulting ad-

justment rates, repeat the procedure 1,000 times, and record all adjustment

rate estimates to evaluate their distributional properties.

The mean adjustment rates are reported in Table 7 separately for the full

sample and the upward and downward adjustment subsamples. The ¯rst

column in each category includes asterisks indicating the statistical signi¯-

cance of the adjustment rate's di®erence from a full adjustment (� ¼ 100%)

and the second column reports the statistical signi¯cance of the di®erence

between the adjustment rates of public and private information proxies

Table 7. The adjustment rates.

All IPOs OP > HI OP < LO

�ð%) �� �privð%) �ð%) �� �priv(%) �ð%) �� �priv(%)

Industry Returns
½Filing;�1� 39*** �5* 21*** �6 106** 1
½Filing;�6� 42*** �3 24*** �3 108** 3
½�5;�1� 24*** �20*** 9*** �18*** 93 �13***

Spillovers from
Contemporary IPOs

�p (Industry) 29*** �15*** 17*** �10*** 109*** 4

Private Info

�priv 45*** 27*** 105***

Note: The adjustment rates are calculated using the coe±cient estimates from Table 6. The
information proxies include industry returns categorized by the timing of the return during
the IPO ¯rm's registration period and information spillovers from the change in anticipated
¯rm value of recent same-industry IPOs. The ¯rst columns in each o®er price adjustment
category provide the adjustment rates and statistical signi¯cance test results for the di®er-
ence from full adjustment ð� ¼ 100%Þ. The second columns report the point estimate and the
statistical signi¯cance of the di®erence of the estimated adjustment rate with the adjustment
rate of private information. Since adjustment rates are constructed as non-linear combina-
tions of earlier regression estimates, statistical signi¯cance tests incorporate the distribution
of each input variable using the bootstrap method. ***, **, and * denote signi¯cance at the
1%, 5%, and 10% level, respectively.

� ¼ �priv½1� ð� j=� jÞ� and �priv ¼ 1=�OP:
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(�� �priv). Statistical signi¯cance is determined using con¯dence intervals

generated from the 1,000 bootstrapped estimates.19

The results show that the adjustment of public information is far from

complete: the adjustment rate of market returns for all IPOs during the

registration period is only 39%, signi¯cantly lower than the full adjustment

rate of 100%. The adjustment rate of information spillovers from recent IPOs

is only 30%. Interestingly, the adjustment rate of private information is 45%,

which is also signi¯cantly less than 100%, but statistically signi¯cantly higher

than the adjustment rates of the two public return proxies.

The adjustment rate estimates are particularly low for upward adjust-

ments at only 21% for industry returns, 17% for information spillovers from

recent IPOs, and 27% for private information. The adjustment rates for

industry returns and information spillovers are both statistically signi¯cantly

lower than that of private returns at the 10% and 1% levels, respectively.

Splitting the registration period into two subperiods (last ¯ve days before

the IPO and the rest) reveals interesting insights. Even though market

returns during the last ¯ve days before an IPO have a large impact on the pre-

IPO value as reported in Table 5, very little of this information is incorpo-

rated into o®er prices: the adjustment rate of late market returns in the full

sample is 24% vs. 42% for earlier market returns. Similarly, in upward

adjustments, late market returns have an adjustment rate of only 9% vs. 24%

for earlier market returns. The di®erences are signi¯cant at the 1% level for

the full IPO sample and at the 5% level for the upward adjustment sub-

sample. In both cases, adjustment rates of early market returns and private

returns are statistically indistinguishable.

The evidence is strikingly di®erent for downward revisions where the in-

corporation of neither public nor private information appears to be partial. In

fact, adjustment rates for full period industry returns, information spillovers

from comparable IPOs, and private information are all above 100% at least at

the 5% signi¯cance level. These results con¯rm that upward and downward

revisions are treated very di®erently in the IPO o®er pricing process.

The challenges associated with renegotiating a new o®er price shortly

before ¯nal pricing is often cited as a potential explanation for the partial

adjustment of o®er prices to public information. However, the di®erence in

the adjustment rates of late market returns between upward and downward

19Note that the mean adjustment rates generated with the bootstrapping method might not
be equal to the adjustment rates calculated using the means of the coe±cient estimates from
Tables 5 and 6 due to the non-linearity of the adjustment rate expression.
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adjustments paints a very di®erent picture. I ¯nd that the downward ad-

justment rate for late market returns is 93% and statistically indistinguish-

able from the full adjustment rate of 100% vs. a rate of only 9% for late

upward adjustments. Consequently, coordination problems among under-

writers, investors, and the issuing ¯rms are unable to explain the partial

adjustment phenomenon since issuers appear to bear the full burden of un-

favorable market movements late in the IPO process while bene¯ting very

little from favorable news. Instead, the evidence is more consistent with

agency explanations of the partial adjustment phenomenon with the issuing

¯rms ¯nding themselves increasingly at a disadvantage as ¯nal pricing

approaches.

5.3. Robustness checks

In this subsection, I conduct robustness checks to ensure that the preceding

results are robust to alternative approaches. I address four particular con-

cerns. First, the empirical approach uses IPO ¯rms' predicted initial under-

pricing (UP0Þ to calculate the change in their pre-IPO ¯rm value (�p). A

potential concern is that UP0 is measured with error and adjustment rate

estimates might be sensitive to the method used to estimate �p.20 Here I

conduct a randomization test to investigate the sensitivity of the adjustment

rate estimates to predicted UP0 values. To that end, I shu®le UP0 data

randomly in the cross section, reassign the shu®led values to di®erent IPO

¯rms, and recalculate �p for each ¯rm using these reassigned UP0 values. As

a result, UP0 is unlinked from the ¯rm characteristics that are used in its

prediction while its distribution is preserved. I repeat the simulation 5,000

times and record each new adjustment rate estimate. Column 1 in Table 8

presents the results. Interestingly, simulated adjustment rates are uniformly

lower than the original estimates: 33% for market returns, 23% for infor-

mation spillovers, and 40% for private information. In fact, the maximum

adjustment rate estimate for market returns obtained from 5,000 simulations

is 39%, which is equal to the original estimate reported in Table 8 for the full

sample. Furthermore, the distribution of the adjustment rates is very tight

with a standard deviation of only 1.1% for market returns. Altogether, the

randomization tests suggest that the original low adjustment rate estimates

20Note that random noise in the predicted UP0 alone should not bias the results. This is
because the estimated variable, �p, enters the two main regressions (Eqs. (4) and (11)) as the
dependent variable; consequently, estimation errors are picked up by regression residuals
instead of causing an errors-in-variable problem and an attenuation bias.
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from Table 7 are unlikely to be caused by estimation errors in IPO ¯rms'

initial underpricing.

Second, the predictive initial underpricing regression in Table 3 is esti-

mated using all IPOs from the full sample period of 1984–2008. This approach

might induce a look-ahead bias since information from the pricing of future

IPOs is used to estimate the initial underpricing of earlier IPOs. Column 2 in

Table 8 repeats the analysis using annual rolling-window regressions instead

where the initial underpricing is estimated using only IPOs completed before

the end of the previous calendar year. This alternative approach produces

uniformly lower adjustment rate estimates and the adjustment rates of public

information proxies remain below the adjustment rate of private information.

Third, in the original methodology, the sensitivity of IPO ¯rm values to

public information proxies does not vary across ¯rms. Instead, the cross-

sectional variation in sensitivities is captured indirectly through resampling,

with each random sample producing a di®erent mean sensitivity. As a result,

the variation in sensitivities is re°ected in the standard errors of the ad-

justment rate estimates. Here, I incorporate the cross-sectional variation of

the sensitivities more directly by including interaction terms between the

public information proxies and several ¯rm characteristics in the estimation

of the sensitivities in Eq. (11). The resulting coe±cient estimates on the

Table 8. Robustness Checks.

Shu®led UP0 Rolling UP0 regressions Firm-speci¯c �
�ð%) �ð%) �ð%)

Industry Returns
½Filing;�1� 33��� 36��� 38���

Spillovers from Contemporary IPOs
�p (Industry) 23��� 25��� 27���

Private Info

�priv 40��� 40��� 44���

Note: The adjustment rates are calculated using three alternative methods. The Shu®led UP0

method uses the original predictive underpricing regression speci¯cation, but randomly
resamples the initial underpricing estimates to generate new adjustment rates and repeats this
simulation 5,000 times. The Rolling UP0 Regression method estimates the initial underpricing
of an IPO using only the information provided by IPOs from 1984 to the end of the previous
calendar year, instead of the full sample period of 1984 to 2009 used in Table 3. The Firm-
speci¯c � method adjusts the estimation of factor sensitivities to account for cross-sectional
di®erences. The sensitivities are estimated by adding interactions of IPO characteristics in the
regressions in Table 5. The coe±cients are then used to determine the sensitivities of each
IPO's valuation to market returns and IPO spillovers. Statistical signi¯cance test results report
the di®erence from full adjustment ð� ¼ 100%Þ. ***, **, and * denote signi¯cance at the 1%,
5%, and 10% level, respectively.
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interaction terms allow the estimation of ¯rm-speci¯c sensitivities separately

for both market returns and information spillovers. This is followed by the

construction of the adjustment rates with ¯rm-speci¯c �s instead of an

average �. The results reported in Column 3 in Table 8 are quantitatively

very similar to the original adjustment rate estimates.

Fourth, Table 9 examines whether downward adjustment rate estimates

su®er from a sample selection bias caused by IPO withdrawals. To the extent

that most withdrawals are by IPOs that would otherwise experience down-

ward o®er price revisions (see, e.g., Edelen and Kadlec (2005)), downward

adjustment rates estimated using only completed IPOs might be biased and

this bias may go in either direction. On the one hand, if IPO ¯rms withdraw

when they foresee excessive downward adjustments, then the true adjust-

ment rates might be higher than those conditional on IPO completion. If, on

the other hand, IPO ¯rms that insist on higher o®er price revisions are forced

by their underwriters to withdraw in order to prevent excessive solicitation,

as suggested by Edelen and Kadlec (2005), then the true downward adjust-

ment rates might be lower than reported in Table 7.

Table 9. Downward adjustment rates with sample selection correction.

OP < LO

Dummy ¼ 1 if IPO Completed
Probit Selection Model

�p
Heckman 2SLS � (%)

Constant �0:86��� �6:96���

(0.10) (0.93)
Industry Returns
½Filing;�1� �1:17��� 0.02 104

(0.37) (0.03)
½Filing;�1�� 8:29���

(0.47)
Spillovers from Contemporary IPOs
�p (Industry) �0:02� 110��

(0.01)
�op (Industry) 0:46���

(0.17)
UP (Industry) �0:10

(0.10)
Withdrawal Frequency �0:23

(0.17)
Private Info
�op 0:95��� 105��

(0.02)
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I deal with this potential sample selection problem using Heckman's (1979)

correction for self-selection. The ¯rst column in Table 9 reports the ¯rst stage

of the Heckman procedure. The dependent variable is a dummy that equals

one if an IPO is completed, and zero otherwise. Following Edelen and Kadlec

(2005), the independent variables include market returns as both a stand-

alone variable and interacted with a dummy that equals one when the returns

are negative, the natural logarithm of the ¯ling proceeds, the Underwriter

Rank, the average o®er price adjustment and underpricing of comparable

recent IPOs (�op and UP respectively), and the percentage of IPOs that

withdrew during the issuer's registration period (Withdrawal frequency).

In addition, VC Dummy and the Tech Dummy are included as the presence of

Table 9. (Continued )

OP < LO

Dummy ¼ 1 if IPO Completed
Probit Selection Model

�p
Heckman 2SLS � (%)

Other
Underwriter Rank �0:01

(0.01)
VC Dummy 0:24���

(0.06)
Tech Dummy 0.04

(0.06)
Ln (Exp. Pro.) 0:22���

(0.01)
N 6,228 1,450

Pseudo R2 0.312 0.367

Note: The ¯rst column reports the ¯rst stage probit estimation of the Heckman procedure,
where the dependent variable is a dummy that equals one for completed IPOs, and zero
otherwise. The independent variables are the same as the ones used in the Heckman analysis of
Edelen and Kadlec (2005), except for the addition of the VC Dummy and the Tech Dummy.
Industry Ret ½Filing;�1� with a negative sign as the superscript equals Industry Ret ½Filing;
�1� when the return is negative, and equals zero otherwise. Industry�op and Industry UP are
the average o®er price adjustment and underpricing of all same-industry IPOs that went
public during the issuer's registration period. Withdrawal Frequency is the proportion of
withdrawn IPOs within 138 days of their ¯ling relative to all active IPOs during the issuer's
registration period. In the probit analysis, the independent variables are in decimals instead of
percentages for presentation purposes. The full sample includes 5,494 completed and 734
withdrawn US operating ¯rm IPOs with non-missing values over 1984–2008. Unit o®ers,
REITs, closed-end funds, banks and S&Ls, ADRs, and IPOs with a midpoint of the ¯le price
range less than $5.00 are excluded. White's (1980) heteroskedasticity consistent standard
errors are in parentheses. The ***, **, and * denote signi¯cance at the 1%, 5%, and 10% level,
respectively. The statistical signi¯cance of the adjustment rates is determined using bootstrap
con¯dence intervals and evaluates the di®erence from full adjustment ð� ¼ 100%Þ.
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institutional sponsors and the industry a±liation of the issuing ¯rm may be

related to the propensity to withdraw.21 According to Table 9, poor market

returns and downward o®er price adjustments of recent IPOs are associated

with a higher likelihood of withdrawal. On the other hand, venture capital

backing and expected o®er size are associated with a higher likelihood of

completion.

The second column in Table 9 reports the second stage of the Heckman

procedure for the downward adjustment sample and the last column reports

the adjustment rate estimated after controlling for sample selection. The

adjustment rate for market returns remains slightly higher than 100%

but becomes statistically indistinguishable from a full adjustment. The ad-

justment rates for both the information spillover proxy and private infor-

mation remain statistically signi¯cantly larger than 100%. I conclude that

sample selection issues do not drive the original results.

Finally, as discussed in Sec. 5.2, the results in Table 5 indicate that the

sensitivity of pre-IPO ¯rm values to market returns increases as the IPO date

approaches. While this might re°ect an increasing systematic risk for IPO

¯rms during their transition from private to public ownership, an alternative

explanation is investor's over-reaction. If investors tend to overvalue new

public ¯rms in the after-market, and if investor sentiment is positively related

to recent market returns, then the change in IPO ¯rms' valuations could

become particularly sensitive to late-period returns. Furthermore, if these

higher valuations are temporary and reversed subsequently, it might be op-

timal for o®er prices to be under-adjusted in the face of investor sentiment.

To ensure that the high sensitivities documented in Table 5 are not due to

temporary investor over-reaction, I estimate the change in IPO ¯rms' value

using stock prices 30 days after the IPO as the end value instead of the stock

price at the end of the ¯rst day of trading. In untabulated results, the sen-

sitivity of this new measure to late market returns remains as high as it is in

the original analysis, implying that the large impact of late market returns on

IPO ¯rms' valuations is not due to temporary investor over-reaction to recent

market returns.

21Following Edelen and Kadlec (2005), I include spillovers from recent IPOs' o®er price
adjustments and underpricing separately in this analysis, as opposed to combining them in one
variable capturing the total change in ¯rm value. This is because o®er price adjustment and
underpricing might have opposite in°uences on the decision to withdraw as shown by Edelen
and Kadlec.
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6. Discussion

This section discusses the economic signi¯cance of the partial adjustment

phenomenon and the extent of private information production in the IPO

process. Given the upward adjustment rate of 21% for market returns, 17%

for information spillovers, and 27% for private information, the opportunity

costs of partial adjustment to issuing ¯rms and their shareholders are

substantial. To assess the economic signi¯cance of the partial adjustment

phenomenon, I estimate the hypothetical o®er price adjustment for each

IPO under the following three scenarios: (i) market returns are fully in-

corporated, (ii) all public information including information spillovers is

fully incorporated, and (iii) all information is fully incorporated (i.e.,

�op ¼ �p). IPOs with upward o®er price adjustments in 1984 to 2008 had

an average preliminary expected o®er proceeds of $109 million in 2009

purchasing power. The ¯nal proceeds averaged $136 million after an o®er

price adjustment of 28%.

If the adjustment rate of positive industry returns were 100% instead

of 21%, the o®er price adjustment would have been 47% instead of 28%,

increasing average o®er proceeds by $18 million to $154 million. In addition, a

full adjustment to information spillovers would bring the o®er price revision

to 59% and total proceeds to $164 million. Therefore, the average money left

on the table due to the incomplete incorporation of public information ($164

million–$136 million = $28 million) is approximately 3.6 times the expected

preliminary gross spread revenue of $7.6 million. Finally, if the percentage

o®er price adjustment were as high as the change in the ¯rm value during the

registration period, the proceeds would equal $177 million (the median IPO in

the upward adjustment sample would still experience a 12% \initial"

underpricing). Therefore, if o®er price adjustments were complete, issuing

¯rms would raise a total of $41 million in extra proceeds, which is more than

¯ve times the expected initial underwriting costs.

The calculations above only consider IPOs with upward o®er price

adjustments, and therefore the true cost of partial adjustment may be un-

derstated. If we also consider the valuation of IPOs without o®er price

revisions despite an increase in the ¯rm value, issuing ¯rms would raise av-

erage proceeds of $135 million instead of $120 million. There are 4,199

completed IPOs in the sample that did not experience a downward adjust-

ment, which brings the total amount of money left on the table due to the

partial upward adjustment of IPO o®er prices during 1984 to 2008 to $63

billion, which is approximately one tenth of the total IPO proceeds raised
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during that time period. This represents a substantial wealth transfer from

issuing ¯rm shareholders to IPO investors.

The analysis also reveals that private information production during the

IPO process is substantial, even if little of it is re°ected in upward o®er price

revisions. The R-square of 0.19 from speci¯cation 2 in Table 5 implies that

public information proxies explain 19% of the change in ¯rm value during the

registration period.22 The R-square of 0.63 from speci¯cation 2 in Table 6

implies that residual returns not captured by the public and private returns

explain 37% of the change in ¯rm value. Consequently, 54% of the idiosyn-

cratic change in the IPO ¯rm's value during the registration period is cap-

tured by private information production during the registration period

(½1� 0:37� 0:19�=½1� 0:19� ¼ 0:54).

7. Conclusion

Using a structural econometric model of the IPO pricing process, I estimate

the adjustment rates of o®er prices to public and private information that

arrive during the registration period and evaluate the e±ciency of the IPO

pricing process. I ¯nd that private information production by investors

during the registration period plays an important role. Private information

revealed prior to the ¯nal pricing accounts for 54% of the idiosyncratic change

in the IPO ¯rm's value during the registration period. However, pre-IPO

shareholders bene¯t little from this private information production since the

adjustment rates are remarkably low. When o®er prices are revised upwards,

the adjustment rate of private information is only 27%. Remarkably, the

adjustment rate for public news is signi¯cantly less than 100% and lower than

the adjustment rate of private information. Moreover, the timing of the in-

formation °ow appears to matter. The upward adjustment rate of market

returns during the last ¯ve trading days before the ¯nal pricing is only 9%. In

contrast, downward adjustment rates for both public and private information

are around 100%. Overall, the evidence is inconsistent with information ac-

quisition theories of the partial adjustment phenomenon.

The economic costs of the partial adjustment phenomenon are substantial.

The results show that if all public informationwere fully incorporated into o®er

prices, an average IPO ¯rmwith an upward o®er price adjustment would have

raised $164 million in o®er proceeds instead of $136 million, a 21% increase. If

22This is very similar to Pastor and Veronesi's (2003) ¯nding that for new public ¯rms residual
return volatility from the market model accounts for 80% of the total return volatility.
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the o®er price adjustments were complete with respect to both public and

private information, total o®er proceeds would have been 30% higher than the

actual proceeds. Prospectively, even a modest improvement in the o®er price

adjustment process would result in large gains for the pre-IPO shareholders.

In sum, the IPO pricing process appears to lead to very ine±cient out-

comes for the issuing ¯rms. The use of auctions rather than bookbuilding

could be a simple way to improve the e±ciency of the pricing process, given

the evidence in Derrien and Womack (2003) that new information is treated

more e±ciently in auction IPOs. It remains a puzzle why auction IPOs are

not used more frequently.
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