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Abstract

The auction literature indicates that uncertainty about the value of auctioned
goods increases underpricing in discriminatory price auctions. Such uncertainty
has a smaller effect on uniform price auctions because the pricing rule aggregates
bidders’ information. We find that uncertainty resulting from inexperience with
an auction mechanism has similar effects. Using initial public offering (IPO) data
from Japan and Israel, we find that average underpricing increases temporarily
in Japan’s discriminatory price auctions after changes in the auction rules, which
suggests that bidders reduce their bids in response to uncertainty. Underpricing
in Israel’s uniform price auctions is not affected by rule changes.

JEL Classification: D44

I. Introduction

Auctions are used in many markets to price and allocate divisible goods. The U.S.
Treasury conducts weekly auctions of government debt securities; the International
Monetary Fund auctions gold; and in France, Japan, Israel, Taiwan, and the United
States, auction mechanisms have been used to sell initial public offerings (IPOs)
of common stock.

Although much theoretical and empirical work examines the effects of
value uncertainty on auction outcomes, none addresses the effects of uncertainty
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regarding how others will bid. Theory shows that optimal bidding strategies depend
on one’s expectations of competing bidders’ demand. Thus, implementing optimal
bidding strategies may be particularly difficult when participants lack experience
with the auction mechanism. In this article, we examine the effects of bidder inex-
perience using data from auction markets that have introduced new mechanisms.
An ideal data set would include individual bid schedules, but we do not have access
to these data. Thus, we examine aggregate auction outcomes.

In much of the empirical auction and IPO research, profits are the price
paid in the auction or offering subtracted from a secondary market price, a proxy
for the unobservable true value of the good. Profits in IPOs are widely referred to as
“underpricing” because the IPO offer price tends to be lower than the first-available
secondary market price. We examine IPO auctions in Japan and Israel to determine
whether underpricing is affected when an auction mechanism is introduced or
auction rules are changed. In both Japan and Israel, IPO auction rules required
firms to set a minimum and a maximum price between which bids were accepted.
In both countries, the auction rules were later changed, so that the maximum price
is no longer required. We compare average underpricing in the periods immediately
following the introduction of auctions and the subsequent rule change, when bidders
are inexperienced with the new mechanism, with underpricing in later periods, when
we assume bidders have become experienced.

Because the Japanese auctions were discriminatory price auctions and the
Israeli auctions were uniform price auctions, we can also investigate whether the
auction format makes it more or less susceptible to the uncertainty caused by a new
mechanism. In other words, we examine whether there are greater differences in
auction outcomes when discriminatory price mechanisms change than when uni-
form price mechanisms change. In uniform price auctions all winning bidders pay
the price at which aggregate demand equals available supply, but in discriminatory
price auctions winning bidders pay their bids. Therefore, we expect the uncertainty
caused by mechanism changes to have a greater effect on discriminatory price
auctions.

We also examine a secondary issue: the purpose and effect of a maximum
price in auctions. In both countries, sellers were required to set a maximum price. In
both countries, the maximum price requirement was revoked, presumably because
it hindered the price-discovery process. We find it puzzling that regulators would
impose a maximum price requirement because auctions are typically used when
price discovery is desired. Furthermore, there is no auction theory that analyzes
the effects of a maximum price on auction outcomes. We empirically examine two
reasons a seller might willingly set a maximum price and two unintended outcomes
that may be attributed to the maximum price.

Our research contributes to the comparison of discriminatory and uniform
price auctions. Our results suggest that underpricing increases immediately follow-
ing rule changes in discriminatory price auctions. As bidders adjust to the change,
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underpricing falls. In contrast, underpricing in uniform price auctions is not affected
by rule changes. This implies that the pricing rule is an important determinant of
how bidders react to uncertainty. Our results are consistent with other empirical
work that indicates that the winner’s curse and underpricing in discriminatory price
auctions increase with value uncertainty.

II. Institutional Settings and Data

The IPO Process in Israel: Uniform Price Auctions

In Israel, IPO firms can choose between a fixed-price offering method and a uniform
price auction. In the former, the firm sets a fixed price, investors submit orders, and
shares are distributed on a pro-rata basis. In a uniform price auction, all winning
bidders pay the same price, called the stop-out price, which is typically the highest
price at which demand equals or exceeds supply. Any investor may participate in
the auctions by submitting price-quantity bids. Bid quantities cannot exceed 7.5%
of the offer size. Bid prices must be in whole New Israeli Shekel (NIS) increments.
From December 1991 until December 1, 1993, firms were required to set both a
minimum and a maximum price between which bids would be accepted. There were
no restrictions regarding how high the maximum price could be set. In our data, the
percentage difference between the minimum and the maximum ranged from 4%
to 43%, with a mean of 17% and a standard deviation of 5%. Since December 1,
1993, firms are required to set a minimum price only.

On the day of the auction, investors may submit bids to participating banks
between 8:30 a.m. and 12:30 p.m. free of commission. The banks forward all IPO
applications and supporting funds to the lead underwriter, who aggregates the bids
to determine the auction stop-out price. Bids above the stop-out price are filled
fully; bids equal to the stop-out price are rationed, typically in pro-rata fashion.
Lower price bids are left unfilled. All winning bidders pay the stop-out price for
each share. On the day following the auction, the lead underwriter distributes shares
to the winning bidders, collects money, and publishes the auction results, including
subscription levels at the minimum bid price and the stop-out price.

The IPO Process in Japan: Discriminatory Price Auctions

Between April 1, 1989, and September 1997, Japanese firms used discriminatory
price auctions to determine their IPO offer prices. Before the auction, the firm
announced a comparable company price.1 Firms typically auctioned 50% of the IPO

1The comparable company price is the average stock price of the comparable company for the latest
month × 1/2 × [(per share net income of the IPO company/per share net income of the comparable
company) + (per share net assets of the IPO company/per share net assets of the comparable company)].
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shares and announced the results immediately following the auction. Remaining
shares were sold in a fixed-price offering.

Until April 1992, the minimum price for the auction was set at the compa-
rable company price and the maximum price was set at 30% above the comparable
company price. According to the Office of Listing Examination, the maximum
price was intended to reduce underwriter risk. Shares not auctioned were sold at
a fixed price equal to the quantity-weighted average of the winning bids. Under-
writers worried that the resulting auction price would be too high to sell all the
remaining shares; they required the maximum price to prevent this. In April 1992,
underwriters determined that the auction design was hindering the price-discovery
process. Thereafter, minimum prices were set at 85% of the comparable company
price and maximum prices were eliminated.

Investors from the following groups could not participate in the auction or
the fixed-price offering: issuing company employees and their families, the issuing
company’s 10 largest shareholders, and the employees of securities companies or
companies that had equity or debt ownership in the issuing firm. Investors could
not bid for or purchase more than 5,000 shares of each IPO. Though auction rules
did not formally restrict bidders from purchasing shares in the fixed-price offering,
investors were allowed to participate in only four fixed-price offerings per year.
Thus, we expect bidders in the auctions to bid to win rather than to depress the
price for the fixed-price offering. Nevertheless, we consider the possible effects of
the fixed-price stage on bidding strategies in section III.

III. Development of Hypotheses

Primary Hypotheses: The Effect of Uncertainty

In this article, we question how uncertainty arising from inexperience with an
auction mechanism affects bidding strategies. Because we do not have access to
individual bid data, we examine how this type of uncertainty affects underpricing
in the auctions and whether the effects differ across uniform and discriminatory
price formats. Underpricing is the percentage difference between the secondary
market price and the lowest winning bid in uniform price auctions or the quantity-
weighted average of winning bids in discriminatory price auctions. We assume, as
most IPO and auction researchers do, that the market value is the true value of the
good and is independent of auction outcomes. Thus, we attribute any changes in
average underpricing to changes in bidding, and we employ divisible good auction
theory on optimal bids to develop our hypotheses.

The comparable companies must be listed companies in the same line of business as the IPO company.
Underwriters must disclose the comparable company and the selection criteria.
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Wang and Zender (2002) model equilibrium bidding strategies in a divisible
good auction. The most general characterization of their solution involves risk-
neutral and risk-averse bidders who possess private information about the common
value of the auctioned goods. Although they present their results in the context of
U.S. Treasury auctions, Wang and Zender do not include the possibility of resale.
This assumption is necessary to simplify the optimization problem. Divisible good
auctions are difficult to model without such assumptions because bidders may
submit multiple price-quantity bids, giving them a large strategy space. However,
this assumption may limit the applicability of their results to Treasury auctions and
IPO auctions, which have active resale markets.

Haile (1999) shows that resale opportunities may affect bidding behavior
during an auction in two ways. First, the resale market has option values for winners
and losers in the auction. The option for the winners to sell in the secondary market,
the “resale seller effect,” tends to raise bids, whereas the option for the losers to buy
in the secondary market, the “resale buyer effect,” tends to lower bids. Second, the
resale opportunity creates a signaling effect as bidders may attempt to manipulate
their opponents’ beliefs through their bids.

However, Haile’s (1999) model also relies on assumptions that differentiate
his setting from ours. First, he considers resale in the context of unit auctions, not
in the more complicated divisible good auction environment. Second, in Haile’s
model, the identities of the winning bidders are announced. In the aftermarket for
IPOs, buyers and sellers are anonymous. Auction theory cannot offer a model that
captures all the complexities of a Treasury or IPO auction.

We formulate our hypotheses, with the appropriate caveats, using Wang
and Zender’s (2002) characterization of the equilibrium bid schedule. Wang and
Zender show that the equilibrium bid consists of the marginal valuation of the asset
and bid shading. The marginal valuation at each point on the demand curve is the
conditional expected value of the asset minus a risk premium if bidders are risk
averse. The expected value is conditioned on the bidder’s private signal and the
information he can infer about other bidders’ signals if he wins that quantity at that
price. In other words, marginal valuation includes an adjustment for winner’s curse.
Wang and Zender do not explicitly model that adjustment.

Ausubel (2004) shows that a bidder’s best response to the winner’s curse
in divisible good auctions is a downward-sloping bid curve consisting of multiple
price-quantity bids. The winner’s curse adjustment increases with quantity; win-
ning only a small proportion of a bidder’s demand indicates that the bid was high
enough to win but that many other participants bid as high or higher. In contrast,
winning a large proportion indicates that few participants bid as high. Because
the concern inherent in the winner’s curse is that one paid too much for the good,
the winner’s curse adjustment is likely to be larger in discriminatory price auc-
tions than in uniform price auctions, in which all winning bidders pay the same
price.
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The second component of the marginal valuation, the risk premium, in-
creases with the bidder’s level of risk aversion, the variance of the asset value, and
the quantity demanded. Because both the winner’s curse adjustment and the risk pre-
mium tend to increase with the quantity demanded, the marginal valuation curves
tend to be downward sloping whenever bidders possess asymmetric information or
are risk averse.

When marginal valuation curves are strictly downward sloping, Wang and
Zender (2002) show that equilibrium bids will include bid shading: bid reduction
intended to depress the price. The optimal level of bid shading trades off the like-
lihood that reducing the bid price will increase profit by reducing the price paid
and the probability that it will decrease profit by reducing the quantity won. The
likelihood that a bidder will win at any given bid price decreases as other bidders’
demand at that price increases. Therefore, Wang and Zender’s model suggests that
bidders in divisible good auctions need to have expectations regarding other bidders’
demand to bid optimally. How bidders acquire these expectations is not modeled. If
expectations develop through experience with the mechanism, changes in the IPO
mechanism may reduce bidders’ confidence in their expectations. Consequently,
bidders’ inexperience may affect bid shading and underpricing.

For bidders in discriminatory price auctions, profit is the difference between
the value of the good and the bid price multiplied by the number of goods won.
Reducing the bid by one unit increases the profit per good by one unit, but whether it
decreases the number of goods won depends on other bidders’ demand. When there
is uncertainty about other bidders’ demand, we conjecture that a bidder’s incentive
to reduce his bid will outweigh the incentive to increase his bid: the bidder knows
that reducing his bid will increase his profit per good, but he does not know whether
it will decrease the quantity he will win. Thus, our first hypothesis is:

H1: Underpricing will increase when bidders in discriminatory price auc-
tions are relatively uncertain about how others will bid. If bidders
are risk averse, the increased uncertainty may also increase the risk
premium, further increasing underpricing.

In contrast, we expect bidders in uniform price auctions to decrease bid
shading when they are unsure of other bidders’ demand. Profit in a uniform price
auction is the difference between the value of the good and the stop-out price
multiplied by the number of goods he wins. Because the stop-out price is determined
by aggregate demand, a bidder who reduces his bid is unlikely to decrease the stop-
out price unless his bid quantity is relatively large or many bidders submit similar
bids (as in Wang and Zender’s 2002 “collusive seeming equilibria”). Yet, that same
bidder may decrease his probability of winning if he reduces his bid. Conversely,
a bidder with relatively small demand can submit a very high bid to virtually
guarantee that he wins without increasing the stop-out price. Therefore, when there
is increased uncertainty about other bidders’ demand in a uniform price auction,
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we conjecture that a bidder’s incentive to raise bid prices to increase his chance of
winning will outweigh his incentive to decrease bid prices to depress the stop-out
price. Our second hypothesis is:

H2: Underpricing in uniform price auctions will decrease when bidders
face relatively more uncertainty about how others will bid.

Secondary Hypotheses: The Effect of the Maximum Price

The preceding hypotheses are presented under the assumption that the substance
of the change in the auction format, the elimination of the maximum price, is
less important than the fact that there was a change. Theory does not directly
address how a maximum price might affect auction results. Indeed, setting a price
ceiling when price discovery is desired seems counterintuitive. In this section we
develop four hypotheses regarding the effect of a maximum price. Two involve
possible justifications for requiring a maximum price; two involve unintended and
undesirable effects.

One hypothesis relates to Japan’s two-stage mechanism; therefore, it is
unlikely to apply to Israel. Japan’s Office of Listing Examination informed us that
the maximum price was used to reduce underwriter risk. Because underwriters were
required to offer half of the IPO shares in the second stage at a fixed price set equal
to the quantity-weighted average of the winning bids, underwriters worried that
auction prices might be so high that they would be unable to sell all the shares.
Thus, our third hypothesis is:

H3: The maximum price reduced underwriter’s risk. After the elimina-
tion of the maximum price, average underpricing decreased because
bidders tended to bid too high.

The next hypothesis is based on Back and Zender’s (1993) and Sade,
Schnitzlein, and Zender’s (2006) analyses of the effects of supply uncertainty on
bids in uniform price auctions. Back and Zender note that the presence of noncom-
petitive bidders, who submit quantity-only bids that are guaranteed to be filled at
the quantity-weighted average of the winning bid prices, randomizes the residual
supply curve that competitive bidders face. The resulting uncertainty of supply
discourages competitive bidders from submitting steep demand curves, which in-
creases the seller’s expected revenue. Sade, Schnitzlein, and Zender report that
seller-generated supply uncertainty has a similar effect. In an experimental setting,
they find that bidder demand curves in uniform price auctions are flatter when the
seller has the option of reducing supply than when supply is fixed.

Quantity-only bids were not accepted in the Israeli auctions and sellers were
not allowed to change supply after viewing bids. However, we assume that bidders
could submit bids at the maximum price if they wanted to secure at least some
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portion of their demand and were willing to let the market set the price they paid.
If the possibility of significant demand at the maximum price created uncertainty
about the residual supply curve, competitive bidders would be less likely to submit
steep demand curves. Thus, our fourth hypothesis is:

H4: In Israel, the maximum price encouraged noncompetitive, price-taking
bidders to bid the maximum; this made competitive bidders less likely
to submit steep demand curves. When the maximum price was no
longer required, underpricing increased.

Our last two hypotheses are concerned with unintended effects of the max-
imum price. One effect may have been to discourage firms that were relatively hard
to value from going public. Such firms may have found it difficult to set a price
range. In the IPO literature, firm age or book value before the IPO are associated
with underpricing because younger or smaller firms are often harder to value. This
leads to our fifth hypothesis:

H5: Younger or smaller firms were more likely to go public after the max-
imum price was eliminated.

Another unintended effect of the maximum price may have been to limit
price adjustment to demand, thereby increasing underpricing. Thus, our sixth hy-
pothesis is:

H6: Underpricing is greater when the maximum price was required, with
the highest underpricing resulting when the IPO sold at the maximum
price.

A Final Consideration: Japan’s Two-Stage Mechanism

Finally, we must consider the effect that Japan’s fixed-price stage may have had on
outcomes in the auction stage. The quantity-weighted average of winning bids was
used to set the fixed price in Japan’s IPO offerings. Thus, bidders who expected
to receive shares in the second stage may have bid low in the auction stage hoping
to depress the fixed price. However, in any auction, each bidder’s effect on the
outcome increases with the size of the bid and decreases with the offer size and
total demand. In the Japanese IPO auctions, no investor could bid for or purchase
more than 5,000 shares; on average, 2.2 million shares were offered in each auction.
Therefore, in the average offering, each bidder could represent at most 0.2% of the
demand for a fully subscribed issue. If the bidder expected to buy shares in both
stages, he had to bid for fewer than 5,000 shares in the auction, further reducing his
potential effect on the fixed price. A large group of bidders following this strategy
would have a greater likelihood of depressing the price, but such a collusive strategy
could not be sustained. It is unlikely that every bidder in the group would receive
shares in the fixed-price stage, particularly if demand for the IPO was high. As the
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probability of receiving shares in the fixed-price stage decreases, bidders’ incentive
to behave competitively in the auction increases. Consequently, we do not expect the
presence of the fixed-price stage to affect auction outcomes. Nevertheless, because
the potential for collusion increases when the offer size and demand decrease, we
include a seventh hypothesis:

H7: If bidders participate in the auctions to depress the second-stage fixed
price, underpricing will increase when the offer size and demand
decrease.

IV. Hypotheses Tests and Results

Data and Methods

To test our hypotheses, we gathered data from Israel and Japan. Our sample consists
of 68 IPOs conducted as uniform price auctions in Israel between December 1991
and February 1994, and 85 discriminatory price IPO auctions in Japan between
April 1989 and September 1995. The timing of the change events in Japan and
a market crash in Israel affected the composition of our samples. Only 31 IPOs
occurred on the Tokyo Stock Exchange between the introduction of auctions and
the elimination of the maximum price; thus, our Japanese sample includes these
31 IPOs plus the first 54 that occurred after the maximum price was eliminated. In
Israel, only 28 IPOs occurred on the Tel-Aviv Stock Exchange after the elimination
of the maximum price because a market crash dried up the IPO market for the next
few years. Our Israeli sample includes these 28 plus the first 40 IPOs that occurred
after auctions were introduced. Sample sizes reflect data availability and our desire
for roughly equivalent numbers of IPOs before and after the maximum price was
rescinded. Our results do not appear to be sensitive to changes in the sample sizes.

To distinguish among our hypotheses, we regress underpricing on variables
related to offer size, demand in the auction, firm age, book value, market condi-
tions, and dummies that indicate whether the IPO occurred immediately after a
change event, whether the IPO had a maximum price, and whether the auction was
fully subscribed at the maximum price. Underpricing is the percentage difference
between the stock’s closing price on the first day of public trading and the IPO offer
price determined by the auction, adjusted for the market return. In the discrimina-
tory price auctions, we use the quantity-weighted average of winning bids as the
IPO offer price. In the uniform price auctions, we use the stop-out price.

Offer Size is the total number of shares offered in the auction. Hypothesis 7
implies underpricing will be higher when offer size is smaller. Alternatively, offer
size may reflect the difficulty of selling all the IPO shares, with larger offerings
requiring larger undepricing. Carter and Manaster (1990) find that offer size is
positively related to underpricing, after controlling for underwriter reputation.
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To proxy for the level of demand in the Israeli auctions, we calculated
the ratio of the total number of shares demanded at the minimum price to the
supply of shares to create the variable Demand-Supply. Because these data were
unavailable for many Japanese IPOs, we also use the price adjustment in the auction
(the percentage increase from the minimum price to the quantity-weighted average
winning bid) as a proxy for demand. Biais and Faugeron-Crouzet (2002) show in
their model of French IPO auctions that the price adjustment increases with total
demand. Empirically, they find that the relation between the two variables is positive
and significant. Among the IPOs for which we have demand and supply data, the
correlation between the price adjustment and the Demand-Supply ratio is 0.623,
and it is significant at the 1% level. A positive relation between Underpricing and
Demand would suggest that bidders decrease their bids in response to increased
competition and the winner’s curse (Gordy 1999), whereas a negative relation would
be consistent with hypothesis 7.

Firm Age is the number of years between the date of incorporation and the
IPO date, and Book Value is the book value of assets just before the IPO. We use
these variables in a logistic regression to test hypothesis 5 and in the underpricing
regression to control for the effects of value uncertainty. We cannot test hypothesis
5 using Israeli data because we do not have firm-specific information for the Israeli
IPOs. However, because Israeli firms could set the price range as far apart as they
deemed reasonable, we believe that the maximum price is less likely to have kept
hard-to-value firms out of the Israeli IPO market.

Following Derrien and Womack (2003), we construct a series of Market
Return and Market Volatility variables to control for market conditions. Using data
from Bloomberg Professional Service, we calculate buy-and-hold market returns
for the one-month and one-week periods immediately preceding each IPO auction
date. The TOPIX Index and the Tel-Aviv 100 Index proxy for the markets in Japan
and Israel, respectively. We also calculate a Market Volatility variable, which is equal
to the standard deviation of the daily returns of the market indexes over one-month
and one-week periods immediately preceding each IPO.

Change equals 1 for the first N IPOs following the introduction of auctions
and the elimination of the maximum price. We varied N from 5 to 25 in suc-
cessive regressions. A positive relation between Underpricing and Change would
be consistent with hypothesis 1. Maximum Price equals 1 when the maximum
price was required, and 0 otherwise. Max=Price equals 1 when all winning bid-
ders bid the maximum price. Hypothesis 4 implies a negative relation between
Underpricing and Maximum Price, whereas hypotheses 3 and 6 imply a positive
relation. Hypothesis 6 also implies a positive relation between Underpricing and
Max=Price.

Other possible determinants of underpricing in IPOs include underwriter
reputation, high-tech industry presence, and venture capital backing. We do not
have sufficient data to analyze the effects of underwriter reputation on the Israeli
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auctions, nor can we identify high-tech or venture-capital-backed firms. However, in
early versions of this article, we included various proxies for underwriter reputation
in our analysis of the Japanese data. Seven underwriters handled the 85 IPOs. For
comparison, Carter and Manaster (1990) find 117 different lead underwriters in
their sample of 501 IPOs. The 3 less frequently used underwriters in Japan handled
5 IPOs; the other 4 underwriters handled the remaining 80. Though we tried various
ways to rank the underwriters on the basis of number of IPOs issued, none affected
our results, nor did excluding it from our regressions; therefore, we do not include
underwriter reputation in the regressions presented.

Results

We first compare the means of our variables according to Change and Maximum
Price. Hypothesis 1 implies that underpricing in discriminatory price auctions in-
creases immediately following a change event, whereas hypothesis 2 implies that
underpricing in uniform price auctions decreases following a change. Hypotheses 3
through 6 imply that underpricing is related to the presence of the maximum price.
The results in Tables 1 and 2 indicate that underpricing in both auction types is af-
fected by mechanism changes but not by the maximum price. Average underpricing
in the uniform price auctions decreased following the changes, whereas underpric-
ing in the discriminatory price auctions increased. These results are consistent with
hypotheses 1 and 2.

To more precisely test our hypotheses, we regress Underpricing on Demand-
Supply (Israel) or Price Adjustment (Japan), Market Return, Market Volatility, Book
Value (Japan only), Offer Size, and the dummy variables Change, Maximum Price,
and Max=Price. We expect the coefficient of the change dummy to be positive
for our Japanese sample but negative for our Israeli sample. The results, in Table 3
are consistent with hypothesis 1 but inconsistent with hypothesis 2. Underpricing
appears to be significantly higher in discriminatory price auctions after a mechanism
change. When we define the adjustment period as the 10, 15, or 20 IPOs immediately
following the mechanism change, the coefficient estimate for Change is positive and
statistically significant. This suggests that, on average, bidders needed to observe
or participate in between 10 and 20 auctions after a mechanism change to develop
their expectations regarding other bidders’ demand. In contrast, underpricing in
uniform price auctions is not affected by the change event. The results suggest that
bidders in discriminatory price auctions reduce bid prices and perhaps quantity
demanded in response to increased uncertainty regarding how others will bid, but
bidders in uniform price auctions do not change their bidding strategies. It may
be that few bidders in the Israeli IPOs attempt to bid shade, leaving little room to
reduce bid shading after mechanism changes. It is also possible that our inability
to control for other causes of underpricing clouds our results.

In contrast, the maximum price does not appear to be an important de-
terminant of underpricing. The coefficient of Maximum Price is not significant
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TABLE 1. Means of Key Variables—Israel.

Panel A. Means According to Change Period

Variable Change Period N Mean Std. Dev. t-statistic

Underpricing (%) 0 38 11.0 23.7 2.1∗∗

1 30 2.1 8.8
Demand-Supply 0 38 54.3 174.8 1.4

1 30 12.8 49.3
Market Momentum (%) (one month) 0 38 2.38 6.0 −1.8∗

1 29 4.3 1.2
Market Volatility (%) (one month) 0 38 1.3 3.7 0.5

1 29 1.2 1.7
Market Momentum (%) (one week) 0 38 0.0 0.4 −1.5

1 29 1.0 0.2
Market Volatility (%) (one week) 0 38 1.2 0.6 −0.7

1 29 1.3 0.7
Offer Size 0 38 197,139 267,291 −1.0

1 30 7,629,854 40,654,176

Panel B. Means According to Maximum Price Period

Maximum Price
Variable Period N Mean Std. Dev. t-statistic

Underpricing (%) 0 28 4.7 8.4 −1.0
1 40 8.8 23.9

Demand-Supply 0 28 5.1 3.1 −1.9∗

1 40 57.6 174.3
Market Momentum (%) (one month) 0 28 1.4 4.5 −2.8∗∗∗

1 39 4.5 4.5
Market Volatility (%) (one month) 0 28 1.3 2.0 0.2

1 39 1.2 3.6
Market Momentum (%) (one week) 0 28 −0.1 3.5 −1.2

1 39 0.8 2.0
Market Volatility (%) (one week) 0 28 1.2 5.6 −0.5

1 39 1.3 6.9
Offer Size 0 28 207,138 192,934 −0.8

1 39 5,764,676 35,209,699

Note: This table presents the means of the key variables we use in our analysis of uniform price auction
outcomes in Israel and the t-statistics for the independent samples t-test procedure to compare means when
observations are grouped by the Change dummy variable or the Maximum Price dummy variable. Change
equals 1 for the first 15 initial public offerings (IPOs) following the introduction of auctions and the
elimination of the maximum price. Maximum Price equals 1 when the maximum price was required, and
0 otherwise. Underpricing = (closing price on first trading day – auction stop-out price)/auction stop-out
price, adjusted for the market return (Tel-Aviv 100 Index). Demand-Supply = aggregate demand at the
stop-out price/total supply. The one-month and one-week Market Return variables are the buy-and-hold
returns of the Tel-Aviv 100 Index for the one-month and one-week periods before each IPO auction date,
respectively. The one-month and one-week Market Volatility variables are the standard deviations of
the daily returns of the index over those same periods. Return data come from Bloomberg Professional
Service. Offer Size is the number of shares auctioned.

∗∗∗Difference significant at the 1% level.
∗∗Difference significant at the 5% level.
∗Difference significant at the 10% level.
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TABLE 2. Means of Key Variables—Japan.

Panel A. Means According to Change Period

Variable Change Period N Mean Std. Dev. t-statistic

Underpricing (%) 0 55 5.4 21.9 −2.1∗∗
1 30 16.4 24.6

Price Adjustment (%) 0 55 25.5 28.0 0.7
1 29 21.2 20.0

Market Momentum (%) (one month) 0 30 −1.1 5.8 0.2
1 55 −1.3 4.8

Market Volatility (%) (one month) 0 30 1.3 5.7 2.4∗∗
1 55 1.0 4.1

Market Momentum (%) (one week) 0 30 0.0 2.4 0.8
1 55 −1.0 2.8

Market Volatility (%) (one week) 0 30 1.0 0.6 −0.2
1 55 1.0 0.9

Offer Size 0 30 2,179,290 1,989,392 0.0
1 55 2,173,500 1,179,657

Book Value (million yen) 0 30 51,118 161,862 −0.1
1 55 55,179 101,063

Panel B. Means According to Maximum Price Period

Maximum Price
Variable Period N Mean Std. Dev. t-statistic

Underpricing (%) 0 54 8.0 22.6 −0.7
1 31 11.7 24.7

Price Adjustment (%) 0 51 26.0 31.0 1.2
1 31 21.0 12.0

Market Momentum (%) (one month) 0 54 −0.9 4.0 0.5
1 31 −1.6 7.4

Market Volatility (%) (one month) 0 54 1.1 0.4 −1.5
1 31 1.3 0.7

Market Momentum (%) (one week) 0 54 0.0 2.2 −0.1
1 31 0.0 3.1

Market Volatility (%) (one week) 0 54 1.0 0.6 −2.8∗∗∗
1 31 1.0 0.8

Offer Size 0 54 2,106,590 1,992,297 −0.5
1 31 2,300,320 1,196,694

Book Value (million yen) 0 54 62,579 178,064 1.1
1 31 35,084 23,033

Note: This table presents the means of the key variables we use in our analysis of discriminatory price
auction outcomes in Japan and the t-statistics for the independent-samples t-test procedure to compare
means when observations are grouped by the Change dummy variable or the Maximum Price dummy
variable. Change equals 1 for the first 15 initial public offerings (IPOs) following the introduction of
auctions and the elimination of the maximum price. Maximum Price equals 1 when the maximum price was
required, and 0 otherwise. Underpricing = (closing price on first trading day – quantity-weighted average
of winning bids)/quantity-weighted average of winning bids, adjusted for the market return (TOPIX Index).
Price Adjustment = (quantity-weighted average of winning bids – minimum price)/minimum price. The
one-month and one-week Market Momentum variables are the buy-and-hold returns of the TOPIX Index
for the one-month and one-week periods before each IPO auction date, respectively. The one-month and
one-week Market Volatility variables are the standard deviations of the daily returns of the index over those
same periods. Offer Size is the number of shares auctioned. Book Value is the book value of the IPO firm’s
assets.

∗∗∗Difference significant at the 1% level.
∗∗Difference significant at the 5% level.
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in any of the regressions, suggesting that we should reject hypotheses 3 and 4.
However, for Japan, the coefficient of Max=Price is significant. This suggests
that the maximum price inhibited price discovery in some cases, as implied by
hypothesis 6.

The coefficient estimates for Price Adjustment and Offer Size in Japan are
not negatively related to underpricing, indicating that we should reject
hypothesis 7. Price Adjustment is significant but positive, whereas Offer Size is
insignificant. The positive relation between underpricing and the price adjustment,
our demand proxy, suggests that bidders are adjusting for the winner’s curse. Our
results are consistent with Gordy’s (1999) finding that bidders in discriminatory
price Portuguese Treasury auctions respond to increased competition by reducing
bid prices and quantity demanded.

To test whether the maximum price inhibited firms that were harder to
value from going public, as predicted in hypothesis 5, we regressed Maximum
Price on Firm Age and Book Value, Offer Size, Market Momentum, and Market
Volatility using the logistic model. However, the results in Table 4 do not support
the hypothesis; none of the coefficient estimates is significantly different from
zero. We conclude that the presence of the maximum price had no effect on the
Japanese firms’ decisions to go public.

TABLE 3. Determinants of Underpricing.

Panel A. Dependent Variable: Underpricing in Israeli Uniform Price IPO Auctions

Variable N = 7 N = 10 N = 15 N = 17 N = 20 N = 22

Change −0.9 −3.2 −4.0 6.6 12.2 10.6
−0.1 −0.6 −0.7 1.2 2.0∗∗ 1.8∗

Maximum Price −1.4 −1.9 −1.9 −0.2 1.5 1.8
−0.2 −0.3 −0.3 0.0 0.9 0.2

Max=Price 8.5 8.7 8.1 8.7 7.3 6.2
0.2 1.5 1.4 1.5 0.2 1.1

Market Momentum
(one month) 13.1 20.4 28.1 −7.9 −11.4 −3.4

0.4 0.6 0.7 −0.2 −0.3 −0.1
Market Volatility

(one month) 176.0 230.0 297.5 −98.0 −425.7 −420.8
0.8 1.0 1.0 −0.3 −1.2 −1.2

Demand-Supply 0.1 0.1 0.1 0.1 0.1 0.1
3.8∗∗∗ 3.7∗∗∗ 3.3∗∗∗ 4.1

∗∗∗
4.3∗∗∗ 4.2∗∗∗

Size −1.3 −0.5 −0.6 −3.2 −4.5 −4.3
−0.4 −0.2 −0.3 −0.8 −1.2 −1.1

Adj. R2 0.1 0.1 0.1 0.1 0.2 0.2
F-statistic 2.4∗∗ 2.6∗∗∗ 2.7∗∗ 2.5∗∗ 3.3∗∗∗ 3.0∗∗∗

(Continued)
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TABLE 3. Continued.

Panel B. Dependent Variable: Underpricing in Japanese Discriminatory Price IPO Auctions

Variable N = 5 N = 7 N = 10 N = 15 N = 20 N = 25

Change 0.1 0.1 0.1 0.1 0.1 0.1
2.3∗∗ 1.9∗ 2.7∗∗∗ 3.3∗∗∗ 2.8∗∗∗ 1.2

Maximum Price 0.0 0.0 0.0 0.0 0.0 0.0
−0.4 −0.4 −0.6 −0.3 −0.4 −0.4

Max=Price 0.2 0.2 0.2 0.1 0.1 0.2
3.0∗∗∗ 2.7∗∗∗ 2.6∗∗ 2.1∗∗ 2.2∗∗ 2.4∗∗

Market Momentum
(one month) 0.9 0.9 0.9 0.9 0.9 0.9

2.8∗∗∗ 2.6∗∗ 2.4∗∗ 2.5∗∗ 2.6∗∗∗ 2.8∗∗∗

Market Volatility
(one month) 4.3 4.6 4.5 3.6 2.4 2.8

1.4 1.4 1.4 1.1 0.7 0.4
Price Adjustment 0.5 0.4 0.4 0.5 .04 0.4

3.7∗∗∗ 3.5∗∗∗ 3.5∗∗∗ 3.5∗∗∗ 3.1∗∗∗ 3.2∗∗∗

Size −1.6 −1.6 −1.7 −1.6 −1.4 −1.2
−1.4 −1.4 −1.5 −1.4 −1.3 −1.2

Book Value −2.1 −2.0 −2.1 −2.3 −2.0 −2.0
−2.7∗∗∗ −2.7∗∗∗ −3.0∗∗∗ −3.5∗∗∗ −3.0∗∗∗ −2.8∗∗∗

Adj. R2 0.3 0.3 0.3 0.3 0.3 0.3
F-statistic 4.8∗∗∗ 4.9∗∗∗ 5.5∗∗∗ 5.9∗∗∗ 5.5∗∗∗ 4.7∗∗∗

Note: We perform ordinary least squares (OLS) with Underpricing as the dependent variable. Standardized
regression coefficients and t-statistics using the Newey-West correction are reported. The Change dummy
variable equals 1 for the first N initial public offerings (IPOs) following the introduction of auctions and
the elimination of the maximum price. The Maximum Price dummy variable equals 1 when the maximum
price was required, and 0 otherwise. Max=Price equals 1 when the auction was fully subscribed at the
maximum price, and 0 otherwise. Underpricing = (closing price on first trading day – quantity weighted
average of winning bids)/quantity weighted average of winning bids, adjusted for the market return.
One-month Market Momentum is the buy-and-hold market return for the one-month period before each
IPO auction date. One-month Market Volatility is the standard deviation of the daily market returns for
the same period. The market proxies are the Tel-Aviv 100 Index in Panel A and the TOPIX Index in
Panel B. Demand-Supply = aggregate demand at the stop-out price/total supply. Price Adjustment =
(quantity-weighted average of winning bids-minimum price)/minimum price. Size is the number of shares
auctioned. Book Value is the book value of the IPO firm’s assets. Results using one-week momentum and
volatility variables do not differ in direction or significance; they are not reported here.

∗∗∗Difference significant at the 1% level.
∗∗Difference significant at the 5% level.
∗Difference significant at the 10% level.

V. Conclusions

Discriminatory price and uniform price auctions are used around the world to
sell divisible goods such as Treasury securities, IPOs of common stock, foreign
exchange, and gold; thus, it is important to understand the trade-offs inherent in the
choice between the auction formats. The theoretical and empirical auction literature
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TABLE 4. Determinants of When Firms Went Public in Japanese IPO Auctions.

Variable

Market Momentum (one month) −1.6
0.2

Market Volatility (one month) 55.2
1.5

Offer Size 0.0
0.5

Book Value 0.0
0.6

Firm Age 0.0
1.2

Note: We performed logistic regressions with the Maximum Price dummy as the dependent variable.
Regression coefficients and Wald statistics are reported. The sample size is 85 initial public offerings
(IPOs): the 31 IPOs that took place after the inception of auctions when the maximum price was required
(Maximum Price = 1) and the first 54 IPOs following the elimination of the maximum price (Maximum
Price = 0). One-month Market Momentum is the buy and hold return of the TOPIX Index for the one-month
period before each IPO auction date. One-month Market Volatility is the standard deviation of the daily
returns of the index over the same period. Offer Size is the number of shares auctioned. Book Value is the
book value of the IPO firm’s assets in millions of yen. Age is the number of years between the IPO date
and the firm’s incorporation. None of the coefficients is statistically different from zero.

makes two important distinctions between them: (1) discriminatory price auctions
are highly susceptible to the winner’s curse because bidders pay their bids, and (2)
uniform price auctions may encourage bidders to submit steep demand curves to
depress the resulting stop-out price because bidders do not pay their bids. To this,
our research adds a third distinction: bidders in discriminatory price auctions may
decrease their bids in response to the uncertainty generated by the introduction
of auctions or changes in the auction format. Our analysis also indicates that the
substance of the rule change is less important in determining bidder responses than
is the change itself. However, this may not generalize to all rule changes. The change
we analyze is the elimination of the maximum price, a feature that seems to have
had little effect on the auctions.

These conclusions are subject to the constraints of our study, which include
limited data availability with respect to bids, number of observations, and appro-
priate control variables. These constraints may affect the significance and direction
of our results. Furthermore, the fact that we are unable to include the same control
variables in the regressions using the Israeli (uniform price) data as in the regres-
sions using the Japanese (discriminatory price) data may affect the validity of our
comparisons across auction types.

Nevertheless, researchers and repeat sellers in auctions, such as national
treasuries auctioning government securities, may find it useful to consider our
results when evaluating auction outcomes if the mechanism is relatively new, if
auctions are infrequent, or if many inexperienced bidders are likely to participate.



Rule Changes 89

For example, the Banco de Mexico has changed its Treasury auction mechanism
several times in the past 20 years. Castellanos (2003) reports that price differentials
(underpricing) in the auctions increase following adoptions of the discriminatory
price format in 1993 and in 1996, whereas price differentials decrease after uni-
form price auctions were adopted in 1990 and in 1994. This pattern appears to be
consistent with our first and second hypotheses, but Castellanos does not explicitly
examine auction results around the change events as we do here.

The U.S. Treasury has also changed its auction mechanism from a discrim-
inatory price auction to a uniform price auction. In an experiment before making
the change, the U.S. Treasury used uniform pricing for auctions of two- and five-
year notes from September 1992 to December 1994. Malvey, Archibald, and Flynn
(2002) compare the results of the uniform price auctions with those of discrimi-
natory price auctions for two- and five-year notes conducted between June 1991
and August 1992. They report that uniform pricing produced lower average under-
pricing but higher variance of underpricing across auctions. They do not examine
whether auction results vary with time after the introduction of the uniform price
mechanism. It may be useful to test whether underpricing in the auctions is rel-
atively low when auctions are first introduced and then rises as bidders become
comfortable with the mechanism and are able to confidently predict other bidders’
demand. Such a pattern would be consistent with our second hypothesis and might
partially explain both the reduction in average underpricing and the increase in
volatility.

Interpreted broadly, our results suggest that sellers in discriminatory auc-
tions should seek to maintain auction rules and conditions as stable as possible to
minimize uncertainty. In contrast, uniform price auctions may be less susceptible
to uncertainty created by mechanism changes. However, further empirical research
is needed to confirm whether these results generalize to other markets and other
types of rule changes.
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