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Abstract

We explore the management of information and the response of market prices to such information.
Sellers may be uncertain of dividends. We examine whether sellers anticipate buyers’ pricing
behavior and whether buyers’ prices reflect correct inferences of the disclosure strategy of sellers.
Buyers’ inferences and sellers’ anticipation require implicit Bayesian updating in solving for the
equilibrium decision strategies of sellers and pricing behavior of buyers. Because of traditional
problems in inducing Bayesian behavior we employ a manual technology. Our results show
that if we split selling strategies into “information management” (sanitization), full disclosure,
and randomization, then the information disclosed is consistent with sellers anticipating buyers’
pricing functional. Furthermore, prices themselves are sensitive to the information environment (full
certainty, intermediate certainty, and low certainty) in which information asymmetry is manipulated.
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1. Introduction

Consider the seller of an asset who may observe imprecise and private signals about
the value of the asset. Does she manage her private information in order to disclose the
most favorable news about the asset? If the answer is yes, are buyers sophisticated enough
to take this information management into account when they bid for the asset? Given that
the seller’s information is informative but imprecise, the following question arises. For the
same disclosures by the sellers, do buyers’ bids change when the probability that the seller
observes private information changes?

The literature on disclosure has been concerned with the problem of the informed
party misrepresenting the facts to the uninformed party. Grossman (1981) and Milgrom
(1981) are the first papers to provide a framework for studying disclosure issues. These
two seminal papers establish the conditions under which the so-called unraveling result
is obtained. In its simplest form, the unraveling argument rests on the following three
conditions:

(1) the informed party has perfect information concerning the payoff relevant state,
(2) cannotlie, and
(3) can costlessly disclose.

Given these assumptions, the pair of strategies in which the informed announces the most
favorable report consistent with the truth and the uninformed assumes the worst given the
announcement constitutes an equilibrium. Consequently, the informed party finds it in her
best interest to disclose all her information given the buyer’s extreme skepticism.

Much of the theoretical accounting literature on voluntary disclosure has relaxed
the previous three conditions so that the unraveling result “unravels” and therefore full
disclosure is not an equilibriuThese theoretical models show that by relaxing one or
more of these three conditions, partial disclosure can occur in equilibrium. Dye (1985)
and Jung and Kwon (1988) relax condition (1) and show that when buyers are unsure
of the information endowment of a seller, only relatively good news is disclosed in
equilibrium. Shin’s model (1994) provides the most general results on partial disclosure.
In the Dye and Jung and Kwon studies, whenever a seller has private information about the
asset’s value, it is precise information. Shin (1994) relaxes condition (1) by introducing
uncertainty and imprecision in the seller’s private information about an &s&etin

2 The accounting disclosure literature has also examined other numerous interesting and complex disclosure
issues such as disclosure regulation or the real effects of accounting disclosures; not all of which have been
fully resolved. As a sample of the disclosure issues and the nature of differences among theorists, as well as
between theorists and archival researchers we recommerdutrel of Accounting and Economics conference
issue, volume 31, September 2001 andJd@nal of Accounting and Economics, volume 32, December 2001,
especially the paper on “Essays on disclosure” by Robert E. Verrecchia (2001) and the discussion on “Essays on
disclosure” by Ronald A. Dye (2001).

3 For example, consider an asset that psiy statei wherei € {1, ..., N}. Suppose the true state of nature
is k. If a seller receives precise private information about the asset, she knows for sure that the asget@ays
the other hand, if the seller’s private information about the true state of nature is not precise, she may only know
that the asset's payoff lies in the partition elemgsyt, ..., Sptwhere 1< j <k <L < N.
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previous models, it is possible that the seller has no information at all. However, if the
seller is informed, the nature of her informational advantage may be qualitatively different.
This richer information structure enables us to ask the following empirical question. Given
the information endowment of the seller (whether the news is good or bad), does she
manage that information in order to disclose the most favorable news about the asset?
Shin characterizes sequential equilibria in which the following are true: the seller discloses
the most favorable information about the asset; the buyers rationally anticipate the seller’'s
disclosure strategy and discount her disclosures. This anticipation is reflected in the price
the buyers bid for the assét.

Despite theoretical work in the disclosure area, direct empirical evidence testing
theory has been relatively scart@wo major obstacles impede the empirical testing of
disclosure theories. First, it is difficult to match the private information of sellers to their
corresponding disclosures. Second, it is impossible for a researcher to &ipoiori
the likelihood with which sellers are informed. Laboratory experiments can be used to
overcome these two obstacles by controlling these two elements.

Our study differs from the previous experimental literature on information management
because it presents a new challenge to both the buyers and the sellers of the asset. In the
previous literature, if sellers receive a message, then they know with certainty the value
of the dividend. Therefore, at most, when buyers receive no message from the seller, the
buyers must only decide whether the seller received a message or not. In our study, the
seller may receive, at most, two messages about the amount of the dividend, each of which
contains the true dividend. If the seller receives both messages, then the seller knows the
amount of the dividend with certainty. However, it is also possible that the seller will only
receive one of the two messages, or none at all. In this case, the seller will not necessarily
know the exact amount of the dividend, but instead some set that it is in. Therefore, when
the seller sends a message to the buyers, she must not only decide if she wishes to send a
message, but whether she wants to send both messages or just one of the two messages.

Of the previous experimental studies on disclosure, this paper relates primarily to
Forsythe et al. (1989) and King and Wallin (1991a, 1991b). In both the Forsythe et al. and
the King and Wallin (1991b) studies, an informed seller determines whether to disclose
that information or to remain quiet. The buyers know that the seller is informed. Therefore,
they must only determine how the seller is managing the information that they know the
seller has.

In Forsythe et al.’s (1989) experiment a seller can either credibly disclose the exact value
of her asset to potential buyers or choose to “blind bid” the asset by making no disclosure.
Forsythe et al. generally find evidence consistent with the sequential equilibrium that

4 Itis conceivable that there could be some additional costs to truthful but partial disclosures. For example, if
a buyer could observe the seller’s information endowment ex-post, the buyer could penalize the seller in future
transactions. Similarly, legal institutions could also impose penalties on the seller for partial disclosures. Shin
(1994) does not consider such costs and we therefore deliberately abstract away such reputational and legal
issues in our study.

5 There has, however, been an abundance of interestipgrimental research on disclosure issues in
accounting (see, for example, Dopuch et al. (1989), or King (1996), or more recently, Dopuch et al. (2001)).
We have chosen to discuss and work with a small subset of the experimental disclosure research that is directly
relevant to our current study.
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sellers disclose their asset’s value truthfully and completely. This evidence is consistent
with Grossman'’s full disclosure result.

King and Wallin (1991b) has similarities to this paper. While the seller in King and
Wallin knew the exact dividend with certainty and the buyers knew the seller had that
knowledge, the seller was presented with a menu of disclosure options depending on
the true dividend. The true dividend belonged to the{4&t 25, 35, 45, 55, 65, 75, 85}.

A seller, knowing the dividend was 35, could, in one treatment, issue the disclosure
{35}, {25,35}, {35,45}, {15, 25, 35,45}, or remain silent, consistent with the imposed
antifraud rule.

King and Wallin (1991a), a test of the Dye (1985) and the Jung and Kwon (1988)
models, had a seller who may or may not be informed of the exact value of the dividend. If
the seller was informed, she could only issue the exact dividend value, or no information
at all. King and Wallin (1996) extend this to a situation where the probability of the seller
becoming informed changes over time.

Our paper fills a gap in the literature. Like King and Wallin (1991b), it allows for
imprecise disclosure even when the exact dividend is known. Like King and Wallin
(1991a), the seller may be uninformed. And, unlike either, the seller may have imprecise
information®

By adding uncertainty to the knowledge of the seller, we increase the difficulty of the
buyers’ bidding decision. Therefore, when buyers receive a message, they may not know
the amount of the true dividend. In the previous literature if the buyers received a message,
they knew the seller knew the true value of the dividend. Thus they needed only to be
concerned with the seller’s disclosure strategy insofar as it changes the expected value of
the dividend when no message was received. However, with the more extensive message
space that we have employed, buyers must now also be able to compute the expected
value of the dividend conditional on each possible message received. In doing so, they
must revise their beliefs about the probabilities of each dividend conditional on the seller’'s
strategies, and the probabilities of each message being received by the seller. For the fully
rational buyer, this revision takes the form of Bayesian updating.

To implement a setting with severe probabilistic revision demands we employ several
criteria of long standing in experimental economics. Davidson and Suppes (1957) were
the first to advocate the use of physical objects to encourage beliefs by the subject
in the nature of the apparatus. A major point was that if the subject could check the
apparatus and actually observe it (even if only in practice rounds) there was a much
better chance that the subject’s perception of the setting would be consistent with what
the experimenter was attempting to implement. In studying the “representative heuristic”
Grether (1980) has implemented physical apparatus to ensure subject understanding before
testing the predictive ability of Bayes theorem. Sedimeier and Gigerenzeer (2001) suggest
that individuals throughout life are exposed to naturally occurring frequencies. We argue
that this makes the choice of a coin a good one. People have experience with coins and we
hypothesize they are able to adjust their sensitivity based on the actual natural frequencies
with which they occur. In addition, we believe the use of manual technology reduces the

6 We thank the referees for helping us better relate our study to the relevant prior experimental literature.
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skepticism of the subjects by allowing them to check the probabilistic mechanism anytime
during the experiment.

Itis in such a probabilistic world that we are concerned with how subjects are able to
manage information. When sellers receive a message, do they always send this message?,
or are there instances where they sanitize the information that they permit the buyer to
observe? And, if the seller does omit some of the messages that she receives, do the buyers
consider this when making their decisions? We now discuss how buyers and sellers might
employ such probability revisions, and how these probability revisions affect the signals
that the seller sends, and the prices that buyers bid.

For clarity, we will work backwards. When buyers observe a message that was sent
by the seller, how do they decide what to bid? The buyers must decide what the message
they receive tells them about the true dividend. They then calculate the expected value
of the dividend given the message. This expected value depends on the probability of each
state, given the messages received, and the seller’s reporting strategy. Therefore, in order to
calculate these probabilities, the buyers must form some beliefs about the seller’s strategy
for relaying messages. If the buyer believes that the seller is not sending all of the messages
that she receives, then the buyer must use these beliefs, and the underlying probabilities of
each state, given the message, to compute the price that she is willing to pay. Buyers then
bid against each other in a first price sealed bid auction. The Bertrand nature of this pricing
rule suggests that buyers’ bids accurately reflect the expected (by the buyers) value of the
dividend.

In addition, the sellers must choose which messages to send. Because of this, they must
have some beliefs about the actions that the buyers will take in response to each message.
Again, the seller must have some beliefs about the buyers’ behavior when determining
the optimal reporting strategy. While the seller's Bayesian revision may be slightly less
complicated than that of the buyers, it is still important that the seller be able to compute
the conditional price of the dividend for each message, given the beliefs of the buyer.

For these reasons, we attempt to follow the most widely accepted practice to ensure that
subjects understand the probabilities of each of the messages being received by the seller.
We used a coin to determine which messages were sent. We assume that people tend to
have a belief that a coin, after inspection, is fair.

In our experiment, we study three different information treatments. Using a laboratory
approach, we are able to control the amount of private information that a seller observes
about the value of the asset. By analyzing the information that the seller discloses, we
investigate the seller’s disclosure strategies. By analyzing the buyers’ bids we test whether
the buyers are sophisticated bidders or naive bidders. If the buyers are sophisticated
bidders, they understand the seller’s reporting incentives and adjust their bids accordingly.
If the buyers are naive bidders they believe the seller is making truthful and complete
disclosures and ignore the adverse selection problem they face. We compare the bids across
the three different information treatments to see if the bids are significantly different for the
same disclosures made by the seller as the degree of information asymmetry between the
seller and the buyers changes. If the buyers are sophisticated bidders, then theory predicts
that bids will be different. This is not true for naive bidders.
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2. Experimental design
2.1. Environment’

In our experiment a seller owns an asset that has payoffs in three equally likely states
of nature® The payoffs are 100, 200, or 300 francs. This prior distribution is common
knowledge. The true dividend (100, 200, or 300) is privately drawn by the experimenter.
Based on the true dividend selected, the seller may observe up to two messages about the
true dividend. The probability with which the seller observes each message depends on
the information treatment as shown in Table 1. The seller has two independent chances
to observe messages about the true dividend. The lower partition element, the unfavorable
message containing the true dividend, will be reflected in the first message. The upper
partition element, the favorable message containing the true dividend, will be reflected in
the second message. If she does not observe a message on either attempt, she observes
a null message. Suppose the true dividend is 100 francs. The seller may observe a first
message that is the lower partition element containing the true dividend, i.e., the message
{100}. The seller may observe a second message that is the upper partition element
containing the true dividend, i.e., the mess&t@0, 200}.

The information treatments are identical except for the probability with which a seller
observes a message about the true dividend. Sellers in the full certainty treatment always
observe two messages about the true dividend and thus are perfectly informed about the
true dividend. On the other hand, sellers in intermediate and low certainty treatments may
observe zero, one, or two messages about the true dividend. The degree of information
asymmetry between a seller and buyers is therefore the highest for the full certainty
treatment, moderate for the intermediate certainty treatment, and lowest for the low
certainty treatment. For each information treatment the messages that the seller may

Table 1
Probability of the seller observing messages for each information treatment
Probability of Suppose the true dividend is
each message: 100 200 300
messages observed messages observed messages observed
{100, {#} {100,200} {4} {100,200 {4} {200,300 {#} {200 300 {¥} {300 ({¥}
Full certainty
treatment 1 0 1 0 1 0 1 0 1 0 1 0
Intermediate
certainty
treatment 2 12 12 12 12 12 12 12 12 12 12 1/2
Low certainty
treatment 18 78 18 78 18 78 18 78 1/8 7/8 1/8 7/8

7 Foran explanation of the main elements of Shin’s (1994) model, see Appendix A.

8 We chose three states of nature to test the most parsimonious version of Shin’s (1994) model. Using two
states of nature would have been equivalent to testing the Dye and Jung, and Kwon models—see for example,
King and Wallin (1991a, 1991b).
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observe depend on the true dividend selected, but the messages are observed independently
of each other. The messafE00 200, 300} is always implicitly observed because the true
dividend is always one of these three.

After the seller observes the messages, she decides which message(s) to disclose to
the buyers. After observing the seller’'s disclosures, if any, three buyers bid for one unit
of the asset in a first-price, sealed bid auction. We use a first-price, sealed bid auction
to overcome the limitations of oral and second-price, sealed bid auctions, respectively.
Oral auctions may lead buyers to adapt their behavior in response to the behavior of other
buyers. Previous experimental work, e.g., Kagel et al. (1995) has shown that the second-
price common value auctions provide noisier data compared to first-price common value
auctions. Because of the Bertrand nature of pricing in this environment, and the common
value of the asset, subjects’ bids should, in principle, be arbitrarily close to their true value
for the dividend®

2.2. Procedures

Eighteen sessions were run in this experiment: 6 sessions for each of the three
information treatments. Each session consisted of 6 subjects recruited from undergraduate
economics courses at the University of Minnesota. Subjects were over-recruited for each
session. Any subject bumped due to over-recruiting was paid $8. At the beginning of each
session, each of the 6 subjects drew a poker chip without replacement from a bag. This chip
determined their seat in the experiment. Each seat location was surrounded by a screen to
maintain privacy. A no-talking rule was strictly enforced. Each buyer began the experiment
with a balance of 1200 francs. During the experiment, payoffs were calculated in francs.
The payoffs were converted back to dollars at the end of the experiment using a rate of
0.01 francs to the dollar.

Once subjects were seated, the instructions were read aloud to them. The instructions for
the intermediate certainty treatment are reproduced in Appendix B. After the instructions
were read and any questions answered, a practice round started. No cash was earned in the
practice round. Each session consisted of a practice round and 10 trading rounds. In each
round only one unit of the asset was traded. Three out of the five buyers were randomly pre-
selected to bid for one unit of the asset in each of ten trading rounds thus making it difficult
to identify who was bidding in that round. However, all buyers were required to submit
a bid form whether or not they participated in a round. Those bidders not bidding in the
current round submitted blank bid forms. We randomized the bidders’ group composition
from round to round in order to make it difficult for buyers to collude.

9 We do, however, acknowledge that there may be some problems with the first price auction. It is the case
that it only requires one person to over bid, to distort prices compared to theory whereas the second price auction
requires that at least two people overbid in order to obtain the same results. However, we have no evidence in this
case that the results are driven by a single buyer’s beliefs in any of the results.

10 Though outright collusion among bidders has not been reported under standard experimental procedures, we
felt that by using 5 players, and rotating, we would help ensure this did not happen. In fact, we did occasionally
observe unusually low bids by individual buyers in some of our sessions as a message of a possible willingness to
cooperate. However, this behavior was short lived. We do not formally test for collusion. The fact that individual
buyers earned quite modest trading profits (approximately $2.50 for the entire experiment) is indirect evidence
that behavior was close to competitive.
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We will now describe the timing of the experiment for the intermediate certainty case
because it is the most difficult to understand. We then require a small modification for the
other cases.

First, the experimenter selected the true dividend for the round by privately drawing
a poker chip from a bag. Each dividend (100, 200, or 300) was equally likely to be
chosen. Next, the messages that the seller would receive were determined. The two possible
messages that the seller might observe depended on the true dividend drawn in step 1 (see
Table 1). To determine which of these messages the seller would receive, the experimenter
tossed a coin twice behind a screen, once for the first message and once for the second
message.

Once the box was received, the seller privately opened the message box and examined
the messages. The message box might contain zero, one, or two messages. It was then up
to the seller to decide how many messages to send back to the experimenter. The seller
then returned some, all, or none of the messages in the message box.

After collecting the message box from the seller, the experimenter publicly disclosed
the messages returned by the seller. After observing the disclosures, each buyer bid for one
unit of the asset. The experimenter publicly announced the true dividend, the bid made by
each buyer along with the buyer’s identification number and the highest bidder. The highest
bidder purchased the asset at the amount of hetlbithe profits or losses for the round
were calculated for each player and were checked by the experimenter. The seller’s profits
equal the amount of the highest bid. The highest bidder’s profit (or loss) equaled the true
dividend less the amount of the highest bid. All other bidders earned zero profits. A new
round was started.

To modify this procedure for the other treatments, all that was different was the
determination of which messages the seller would receive. In the full certainty case, the
experimenter always placed two message cards in the message box. The two message cards
that the seller observed depend on the true dividend drawn in step 1 (see Table 1). For the
low certainty case, to determine which messages the seller would see, the experimenter
performed two series of coin tosses behind a screen. The messages were then delivered to
the seller in a closed message éx.

Upon completion of each session, the seller’s profits were added up for all the rounds
and converted into dollars by using the exchange rate on the seller’s personal history form.
Each buyer’s profits (or losses) were added to (or subtracted from) the beginning cash
balance of 1200 francs and converted into dollars by using the exchange rate on the buyer’s

11 if two or more bidders tied for the highest bid, the winning bidder was determined by randomly choosing
one of the highest bidders.

12 Each series consisted of 3 coin tosses to reflect the probabiliy, of the seller observing any message
at all. If the coin landed on “Heads” all 3 times, a message card was placed in the message box. Otherwise, no
message card was placed in the box. The coin was tossed 3 times in each series regardless of the outcomes; (e.g.,
even if the first toss landed on “Tails,” the coin was still tossed the remaining two times). This was done to prevent
the buyers from inferring whether or not the seller observed a message from a premature termination of the coin
tosses.
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personal history form. Each subject was paid her cash earnings privately at the end of the
experiment3 Each session lasted approximately 90 minutes.

3. Equilibrium
3.1. dler’'sdisclosure strategies and buyers' pricing strategies

A disclosure strategy for the seller is a function from the Mgtof messages that the
seller observes to the s&f; of messages that the seller discloses. A pricing strategy for
a buyer is a function from the seéf; of messages that the seller discloses to bidding
decisions inRk ..

3.2. Sanitization disclosure strategy

Shin (1994) establishes that there exist sequential equilibria in which the seller employs
a sanitization disclosure strategy, and buyers rationally anticipate this strategy in pricing
the asset.

Shin (1994) denotes a sanitization disclosure strategy as one in which a seller manages
her information by selectively disclosing the most favorable information about the asset.
This information management is accomplished by disclosing the message that provides the
most favorable information about the true dividend and suppressing all other messages.

Formally, consider an asset that pa§sin statei whereS; < --- < §; <--- < Sy.
Suppose the seller observes messages which together reveal that the true dividend lies in
the partition{S;, ..., Sp}, where 1<i < L < N. Thenthe seller uses a sanitization strategy
by disclosing only the message that provides the most favorable information about the true
dividend: the messaggs;, ..., Sy}. Note that the information partition is such that the
message disclosed always contains the true dividend, thus preventing the seller from lying.

Following Milgrom and Roberts (1986), if a bidder’'s pricing functional takes into
account the seller’s sanitization strategy, we call him a sophisticated bidder. Sophisticated
bidders are capable of game-theoretic reasoning. A sophisticated bidder takes a seller’s
reporting incentives into account in forming posterior beliefs about the value of the asset.
As compared to the prior probabilities, these posterior beliefs will discount a seller’s
disclosures by putting less weight on the higher states of nature. An alternative hypothesis
is that buyers take the seller’s disclosures at face value. Like Milgrom and Roberts, we
call these naive bidders. A naive bidder is an unsophisticated bidder in the sense that he
will form beliefs about the value of the asset using naive updating by Bayes’ rule on the
ex-ante probabilities. Naive bidders ignore the bias that adverse selection introduces into
the seller’s disclosures.

In our experiment, the sanitization disclosure strategy by a seller is always an
equilibrium strategy, regardless of whether a bidder is sophisticated or naive. However,

13 Sellers earned an average of $19.00 for each session. Buyers earned an average of $14.50 for each session.
The exchange rate used was the same for buyers and the seller but each subject was privately informed about only
his or her exchange rate. As stated before, the conversion rate is 0.01 dollars per franc.
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Table 2
Messages disclosed by the seller as a function of messages observed by the seller depending on the disclosure
strategy

Messages the seller may Messages the seller discloses if the sellerMessages the seller discloses if the

observe uses a sanitization disclosure strategy  seller uses a full disclosure strategy
{#} {#} {#}

{100 {2} {100

{100, 200} {9} {100, 200}

{100} and{100, 200} {7} {10gP

{200, 300} {200, 300} {200, 300}

{100, 200} and{200,300; {200, 300} {100, 200} and {200, 300}

{300} {300} {300}

{200, 300} and{300} {30012 {300

2 Note that disclosing the messag@90, 300, and {300} is informationally equivalent to simply disclosing
the messag€300}. A seller who is sanitizing could then either disclose both messgf¥300; and {300} or
simply disclose the messa@@00. Instead of writing{200, 300} and {300} for messages disclosed, we simply
write {300} in the tables.

b Disclosing the messaged00; and {100,200} is informationally equivalent to simply disclosing the
messageg100;. A seller who uses a full disclosure strategy could either disclose both mesgSdifsand
{100, 200} or simply disclose the messafH00}. Instead of writing{100} and {100, 200} for messages disclosed,
we simply write{100} in the tables.

the sanitization disclosure strategy is not unique when the seller is fully informed as
in the full certainty treatment. Full disclosure is also an equilibrium strategy in the full
certainty treatment. This is because the inferences made by the buyer and therefore the
information conveyed in equilibrium by the sanitization disclosure strategy or the full
disclosure strategy are the same in the full certainty treatment. When a seller follows a
sanitization disclosure strategy and buyers know that such a seller has perfect information
about the true dividend, they put zero weight on all the states disclosed except for the
lowest. Consequently, the seller then is indifferent between sanitizing the disclosures or
making a full disclosure. Unlike the full certainty treatment, the sanitization disclosure
strategy is unique in the intermediate and low certainty environments.

Table 2 lists the messages that the seller may observe and disclose if she uses a
sanitization disclosure strategy. Note that in our environment the information content of
the set{#} (or no message) is equivalent to that of the {d€X0, 200, 300}. Suppressing
the messag€l00} and/or{100, 200} is, therefore, equivalent to employing a sanitization
disclosure strategy since this would mean that the true dividend would be an element of
the set{100, 200, 300}.

Table 2, column 2, shows that if the seller follows a sanitization disclosure strategy, only
three messages will be disclosed by the seller in equilibrih: {200 300}, and{300}.

No other messages will be disclosed in equilibrium.

3.3. Full disclosure strategy

To focus on the bias introduced by the sanitization disclosure strategy, we illustrate
the disclosures under another strategy: full disclosure. If the seller truthfully discloses all



36 J. Dickhaut et al. / Games and Economic Behavior 44 (2003) 26-53

the information that she observes, then the buyers will observe the messages in the third
column of Table 24

We first address the following question: Do the sellers manage the information that they
observe by disclosing the most favorable message about the true dividend as predicted by
the sanitization disclosure strategy? Alternatively, it may be that sellers use some other
disclosure strategy, such as truthfully revealing all of their information to the buyers. It is
also possible that sellers follow some random disclosure strategy.

Next, we ask that if sellers follow a sanitization disclosure strategy, are buyers
sophisticated bidders so that they partially discount the seller’s disclosures in bidding for
the asset. Alternatively, buyers may naively bid for the asset with the belief that the seller
is truthfully disclosing all of her information.

If buyers are sophisticated bidders, as is conventionally assumed in game theory, they
will take the seller’'s information management (e.g., the use of the sanitization disclosure
strategy) into account in forming posterior beliefs for each message disclosed by the seller.
Given that the buyers are sophisticated bidders and the seller uses a sanitization disclosure
strategy, the predicted prices for each treatment are shown in Table 3. In order to illustrate
how the buyers form posterior beliefs in calculating the expected value of the asset, we
next solve for the price in the case that the disclosure is the null mesgggédor the
intermediate certainty case.

If the seller follows a sanitization disclosure strategy, then only 3 messages will be
disclosed in equilibrium{#}, or {200 300}, and/or{300}. The buyers form posterior
beliefs for each statey, wheres € {100, 200, 300} based on the message disclosed to
calculate the expected value of the asset.

Suppose the seller follows a sanitization disclosure strategy and discloses the message
M, = {@} (i.e., the seller does not disclose any message). Then the buyers will calculate
the following posterior probabilities: préb00| (M = {?})], prod200| (M, = {#})], and
pro300| (M, = {#})].

To calculate each of the posterior probabilities, the buyers must first assess the
following conditional probabilities: prdieM; = {#}) | 100], prod (M, = {¢}) | 200], and
probi (M, = {#}) | 300).

Note first that prop(M; = {#}) | 100] = 1 because the true dividend is at least 100,
and the seller is following a sanitization strategy. Suppose the true dividend is 200. Then
the seller will discloseM; = {@} if she does not observe the mess&?@0, 300. Whether

Table 3
Predicted prices if a seller uses a sanitization disclosure strategy and buyers are sophisticated bidders
Message(s) disclosed by seller Predicted price for each message disclosed in equilibrium
under each information treatment

Full certainty Intermediate certainty Low certainty
{7} 100 15714 19112
{200, 300 200 23333 24667
{200, 300} and{300} 300 300 300

14 The highest bid determines the price here as it did in the experiment.
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Table 4
Predicted prices if a seller uses a sanitization disclosure strategy and buyers are naive bidders
Message(s) disclosed by seller Predicted price for each message disclosed in equilibrium
under each information treatment

Full certainty Intermediate certainty Low certainty
{7} 200 200 200
{200, 300} 250 250 250
{200, 300} and{300} 300 300 300

or not the seller observes the mess&t)@0, 200} is irrelevant because it will never be
disclosed if the seller is following a sanitization disclosure strategy. Thus a buyer will
assess that probV; = {¢}) | 200] = 1/2. If the true dividend is 300, the seller will disclose
M; = {0} if he or she does not observe either of the independent mesg@f®800} and
{300}. Thus a buyer will assess that pfok; = {¢}) | 300 = 1/4.

Using Bayes rule, prd00| (M5 = {?})] = 4/7, pro200| (M5 = {#})] = 2/7, and
prod300| (M, = {#})] = 1/7. So, the expected value of the asset given the buyer’s beliefs,
7w, Ex (s | My ={¥}) = 100°4/7 + 200°2/7 + 300°1/7 = 157.14.

Similar calculations show that if a seller follows a sanitization disclosure strategy,

a sophisticated buyer will assess the expected value of the asset given the message
M; = {200, 300} to be equal to 233.33.

On the other hand, if the buyers are naive bidders, they will simply update their beliefs
in a purely statistical way using the prior probabilities of each state and ignoring the
possibility of strategic behavior by the seller. Table 4 below shows the predicted prices
for each information treatment given that the seller uses the sanitization disclosure strategy
and the buyers are naive bidders.

Finally, we assess the following comparative static of Shin’s model. As the degree of
information asymmetry between the seller and the buyersases, Shin’'s model predicts
that buyers discount the seller’'s disclosuname for the same disclosures by the seller.

The most symmetric environment is the one with the lowest probability of the seller
receiving a message. The same message will, in general, have a different meaning in
different treatments. This result occurs because the seller’s ability to use her information
strategically depends on her informational advantage, which is different for each treatment.
This leads to the prediction that for sophisticated bidders, prices fall as the probability that
the seller is informed increases. This occurs because the buyers put less and less weight on
the higher states relative to the lower states for the same message. This is not true in the
case of naive bidders.

4. Results
4.1. Discussion
Table 2 illustrates how the messages that the seller discloses depend on what messages

she observes and on her disclosure strategy. If the seller is managing information according
to the sanitization disclosure strategy, then the mes4d§€sand{100 200} should never
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be disclosed in equilibrium. On the other hand, the full disclosure strategy predicts that
the messag¢l100} should always be disclosed when the corresponding meqdagg

is observed, and the messad®0, 200} should always be disclosed when the message
{100, 200} is observed. When both messad&80; and {100, 200} are observed, the full
disclosure strategy predicts that either both messages are disclosed or only the message
{100} is disclosed since they are informationally equivalent.

4.1.1. Descriptive analysis of the message data

Tables 5-7 summarize the empirical frequency with which each message is observed
and disclosed by the sellers in the full certainty, intermediate certainty, and low certainty
treatments, respectively.

From Table 5, it is clear that when the sellers are perfectly informed about the true
dividend, they are not following a full disclosure strategy. When the true dividend is 100
and the sellers observe messaffé¥0} and{100, 200}, the sellers suppress both messages
12 times and disclose the messa@0 200} 10 times. When the true dividend is 200 and
the sellers observe messad&80 200} and {200, 300}, the sellers suppress the message
{100, 200} 24 times and disclose the mess§g@0, 300} 21 times. The sellers are generally
following a sanitization strategy. The notable exception occurs when the true dividend is
100. The messagid 00, 200} is disclosed 10 times. As discussed earlier, if the sellers are
managing information, the messadd0, 200} should never be disclosed in equilibrium.

Table 5
The empirical frequency of messages disclosed given messages observed by the sellers for the full certainty
treatment

Messages observed Messages disclosed
{#} {1000 {100,200 {100} and {200, 300 {100 200 and {30G {200 300}
{100, 200} {200,300} and{300}
{100} and {100, 200} 12 10
{100, 200} and{200, 300, 4 2 20 1
{200, 300} and {300} 1 8 2
Table 6

The empirical frequency of messages disclosed given messages observed by the sellers for the intermediate
certainty treatment

Messages observed Messages disclosed
{#} {100 {100,200, {100 and {200,300} {100 200} and {300 {200,300
{100, 200} {200, 300} and{300}
{7} 6
{100 6
{100, 200 6 4
{100} and {100, 200} 7 2
{200, 300 1 7
{100,200} and{200,300; 1 0 7
{300 6

{200, 300} and{300} 7
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Table 7
The empirical frequency of messages disclosed given messages observed by the sellers for the low certainty
treatment

Messages observed Messages disclosed

{4} {100, {100,200} {100} and {200,300} {100 200} and {300} {200, 300
{100, 200} {200 300} and{300}

w

) 3
{100} 4
{100, 200} 7
{100} and {100, 200} 4
{200,300} 4

{100, 200} and {200, 300} 3

{300} 3
{200, 300} and{300} 1

1

However, one plausible explanation for disclosing this message is that the seller believes
that there is some slim chance that by putting the 200 explicitly before the buyer, rather
than the null set, this may encourage the buyer to believe there is some slim chance that
the value is 200 rather than 100. The disclosure of the null set may not frame the pricing
decision for the buyer in this way. Thus, disclosing the mes$ag@ 200} may still be
consistent with sanitization. In addition, we find evidence of what has been described in
previous literature as “gaming” on the part of the sellers. We have found that some sellers
will disclose {100, 200} in the full certainty case early on in the experiment when the true
dividend is 200. It seems that they take this early loss in order to gain later from a disclosure
of {100 200} when the true divided is 100.

From Table 6 itis clear that for the intermediate certainty treatment when the probability
of observing a message ig2, the sellers are managing the information that they observe;
the messagé€l00} is observed 6 times and is never disclosed. The megd@§e200; is
observed 10 times but is disclosed only 4 times. The mesgd§€s and {100, 200} are
observed together 9 times. The messdd@®)} is not disclosed and the messd@60, 200}
is disclosed only twice. The messadd€0, 200} and {200, 300} are observed together 8
times; the sellers suppress the messdd@®, 200} all 8 times and disclose the message
{200, 300} 7 times.

For the low certainty treatment, (see Table 7) when the probability of observing any
message is/B, the frequency of observing any messages is much lower. However, we can
still deduce sanitization by the sellers. The mesga@6} is observed 5 times and disclosed
only once. The messag&00, 200} is observed 7 times and never disclosed. The messages
{100} and {100,200} are observed together 4 times and never disclosed. The messages
{100 200} and {200, 300} are observed together 3 times. The mes4d@e, 200} is not
disclosed, and the messa@®0, 300} is disclosed all 3 times.

Overall, the results in Tables 5-7 lend qualitative support to the hypothesis that the
sellers are following a sanitization disclosure strategy instead of a full disclosure strategy.
However, the sellers occasionally deviate from the sanitization disclosure strategy by
disclosing the messaggl00} or {100 200} when they should have suppressed these
messages in the equilibrium characterized by Shin. Another deviation occurs when sellers
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suppress the messa@d0, 300} or {300 when they should have disclosed these messages.
We next present a formal statistical test of this hypothesis.

4.1.2. A Bayesian analysis of the message data

As discussed above the qualitative analysis of the data suggests that the sellers generally
follow a sanitization disclosure strategy except for occasional deviations. We present
a Bayesian analysis of the messages observed and disclosed by the seller using the
techniques developed by Boylan and EI-Gamal (1993). The use of this technique allows for
the examination of strategies with errors. We start by specifying the probability of seeing
a disclosure, given the messages received by the seller, if the seller is playing each of the
possible strategies, a sanitization disclosure strategy (Table 8), a full disclosure strategy
(Table 9), or a randomized strategy in which each message observed is equally likely to be
disclosed (Table 10).

For each session we start with a prior likelihood at the beginning of the first round that a
seller is equally likely to use each of the three disclosure strategies. We gétiste the
prior probability the seller is playing a sanitization strateg% F), the prior probability
that the seller is playing a full disclosure strategy, ap®(,R), the prior probability that
the seller is playing a randomized disclosure strategy. In addition, we denqtlja(b)y
the probability at stagethat seller;j is playing strategy. Similarly, we will Ietq; (i) be
the probability that a disclosure is made by sellegiven the messages at timand the
seller is playing strategiy= S, F, R. Then, we can calculat@jf (i) for each seller and each
strategy type using Bayes rule as follows:

PO 104} )
PO($) [Ti=0 4} ($) + PO [T/ _oq (F)+p°(R) [T/_o '} (R)

Because in Tables 8 and 9 there are disclosures that occur with zero probability, this gives
rise to the zero probability estimation problem. In order to avoid this problem, we assume
that a seller makes errors at the raten following a sanitization disclosure strategy

or a full disclosure strategy. We assume a very specific form of this error model. If a
disclosure strategy predicts that a seller should disclose a message with probability 1, we
assume instead that she discloses it with probabilitys]1 and if there aré other feasible
disclosures, she is equally likely to disclose each one of them, i.e., each is disclosed with
probability ¢/ k. Using the above error model, Tables 8-10 show the conditional matrix

Py ()=

Table 8
Conditional probability matrix of disclosing a message given that it is observed under the hypothesis that the
seller follows a sanitization disclosure strategy with an error rate of

Messages observed Messages disclosed
{#} {100 {100 200 {100} and {200,300} {100 200 and {300} {200 300
{100, 200} {200, 300} and{300}
{100} and {100, 200} 1-¢ ¢/3 ¢/3 e/3 0 0 0 0
{100 200} and{200,300 ¢/3 0O /3 0 1-¢ e/3 0 0
{200, 300} and {300} /2 0 0 0 e/2 0 1-¢)/2 1—¢)/2

Full certainty treatment.
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Table 9
Conditional probability matrix of disclosing a message given that it is observed under the hypothesis that the

seller follows a full disclosure strategy with an error rate of

Messages observed Messages disclosed
{7} {100, {100,200, {100} and {200 300} {100,200} and {300} {200, 300}
{100, 200 {200, 300 and {300}
{100} and{100Q, 200} e/2(1—¢e)/2 /2 (1—¢)/2 0 0 0 0
{100 200} and{200,300} £¢/3 O /3 0 e/3 l1—¢ 0 0
{200, 300} and {300} e/2 0 0 0 e/2 0 1-8)/2 (1—¢)/2

Full certainty treatment.

Table 10
Conditional probability matrix of disclosing a message given that it is observed under the hypothesis that the
seller follows a randomized disclosure strategy where each feasible message is equally likely to be disclosed

Messages observed Messages disclosed
{#} {100 {100,200} {100;and {200 300, {100 200} and {300} {20Q 300}
{100, 200} {200, 300} and{300}
{100} and{100Q, 200} 1/4 1/4 1/4 1/4 0 0 0 0
{100 200} and{200,300 1/4 O 1/4 0 1/4 1/4 0 0
{200, 300} and {300} /4 0 0 0 V4 0 1/4 1/4

Full certainty treatment.

Table 11
Conditional probability matrix of disclosing a message given that it is observed under the hypothesis that the

seller follows a full disclosure strategy with an error rate of

Messages observed Messages disclosed
{4} {1000 {100 200} {100} and {200,300} {100,200} and {300} {200 300}
{100, 200} {200,300} and{300}
{9} 1 0 0 0 0 0 0 0
{100} e l-—¢ 0 0 0 0 0 0
{100, 200} & 0 1-¢ 0 0 0 0 0
{100} and {100, 200} e/2(1—¢e)/2 /2 (1—¢)/2 0 0 0 0
{200, 300} e/3 0 e/3 0 e/3 1-¢ 0 0
{100 200} and{200,300} £¢/3 0O /3 0 e/3 l—¢ 0 0
{300 e 0 0 0 0 0 1-¢ 0
{200,300} and{300} /2 0 0 0 /2 0 1—¢)/2 1—¢)/2

Intermediate certainty and low certainty treatments.

for the full certainty treatment if the seller uses a sanitization disclosure strategy, a full
disclosure strategy or a randomized disclosure strategy, respectively.

Tables 11-13 show the conditional matrix for the intermediate certainty and low
certainty treatments, under the above error model, if the seller uses a sanitization disclosure
strategy, a full disclosure strategy or a randomized disclosure strategy, respectively.

Using an error rate of = 0.1 and an equal prior likelihood for the experimenter of
1/3 for each disclosure strategy at the beginning of the first round, prior probabilities are
updated over each round for all ten rounds for every session under each disclosure strategy.
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Table 12
Conditional probability matrix of disclosing a message given that it is observed under the hypothesis that the

seller follows a sanitization disclosure strategy with an error rate of

Messages observed Messages disclosed
{#} {100} {10Q 200} {100} and {200,300} {100 200, and {300} {200,300}
{100, 200} {200, 300} and {300}
{9} 1 0 0 0 0 0 0 0
{100} l1-¢ ¢ 0 0 0 0 0 0
{100, 200} l1-¢ O e 0 0 0 0 0
{100} and {100, 200} 1-¢ ¢/3 /3 /3 0 0 0 0
{200, 300} e 0 0 0 1-¢ 0 0 0
{100 200} and{200,300 ¢/3 0O /3 0 l1-¢ e/3 0 0
{300 e 0 0 0 0 0 1-¢ 0
{200, 300} and{300} /2 0 0 0 e/2 0 1—¢)/2 1—¢)/2

Intermediate certainty and low certainty treatments.

Table 13
Conditional probability matrix of disclosing a message given that it is observed under the hypothesis that the

seller follows a randomized disclosure strategy with each feasible message is equally likely to be disclosed

Messages observed Messages disclosed

{4} {100} {100 200 {100 and {200 300} {100 200} and {300} {200 300}

{100, 200} {200, 300} and{300}

{7} 1 0 0 0 0 0 0 0
{100} 1/2 1/2 0 0 0 0 0 0
{100, 200} /2 0 1/2 0 0 0 0 0
{100 and{100, 200} 1/4 1/4 1/4 1/4 0 0 0 0
{200, 300} /2 0 0 0 Y2 0 0 0
{100,200} and{200,300} 1/4 O 14 0 1/4 1/4 0 0
{300 /2 0 0 0 0 0 ¥2 0
{200, 300} and{300} 1/4 O 0 0 Y4 0 14 1/4

Intermediate certainty and low certainty treatments.

The final posterior probabilities of the experiment under each disclosure strategy in each
information treatment are presented in Table 14. Similar results hokd£dd.2 and 03.

For 16 out of the 18 sessions, the final posterior probabilities support the hypothesis
that the sellers are following a sanitization disclosure strategy rather than a full disclosure
strategy or a randomized disclosure strategy. We conclude that the seller in session 4 of
full certainty treatment is following a randomized disclosure strategy, while the seller in
session 1 of the low certainty treatment is following a full disclosure strategy.

4.2. Buyers bidding behavior

The results of the previous section indicate that the sellers are generally managing their
information to disclose the most favorable message that they could send about the true
dividend. Are the buyers sophisticated enough to take this information management into
consideration? Do they partially discount the seller’s disclosures in bidding for the asset,
or do they naively bid for the asset? Comparing Tables 3 and 4, we notice that the predicted
prices for the messad800} are the same under sophisticated and naive bidding behavior
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Table 14
Terminal posterior probabilities at the end of each session using an errar ct&0% and starting with the
experimenter’s prior probability for each disclosure strategy/8f 1

Session No. Sanitization disclosure strategy Full disclosure strategy Randomized disclosure strategy

Full certainty treatment

1 0.9999 0 00001
2 1 0 0

3 0.9028 0 00072
4 0.0063 0 09937
5 0.9027 0 00073
6 0.9994 0 00006
Intermediate certainty treatment

1 0.9999 00001 0

2 0.9999 00001 0

3 0.9474 00526 0

4 1 0 0

5 0.9999 00001 0

6 0.9969 00031 0

Low certainty treatment

1 0.0780 Q7043 02647
2 0.9993 00007 0

3 0.9959 00041 0

4 0.9939 00061 0

5 0.9027 00001 00972
6 0.9994 0 00006

for all three treatments. The difference in the predicted prices for the mesgggasd

{200 300} is the smallest for the low certainty treatment (less than 10 francs) and the
largest for the full certainty treatment (at least 50 francs). The intermediate certainty and
full certainty treatments therefore provide the sharpest contrasts in predicted prices for the
message$d} and {200 300} for sophisticated versus naive bidders. If buyers are indeed
sophisticated bidders, we should expect the actual bids for the meggagesi{200 300}

to be, on average, much closer to their predicted prices in Table 3 than to their predicted
prices in Table 4 for the full certainty and intermediate certainty treatments. Since the
predicted prices in Tables 3 and 4 are so close to each other for the low certainty treatment,
the actual bids could, on average, be close to either one of the predicted prices. The results
in the next section confirm both observations.

4.2.1. Descriptive analysis of the price data

Table 15 summarizes the number of times that a particular message is disclosed, the
average actual value of the asset for each message disclosed, the mean price for each
message disclosed and the predicted prices of naive and sophisticated bidders.

15 The out-of-equilibrium price for the messag00, 200} is obtained by deriving the posterior beliefs that
assume the seller makes small mistakes in implementing the sanitization disclosure strategy, i.e., discloses an
unfavorable signal with some positive probability but does not make any mistake in disclosing the favorable
signal.
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Table 15
Mean price for each message disclosed under each information treatment and the predicted prices for naive and
sophisticated bidders

Message disclosed Frequency of Average actual Mean Predicted price Predicted price
messages disclosed value price  naive bidders sophisticated bidders

Full certainty treatment

{7} 16 125 11963 200 100
{100 200 12 11666 11711 150 100
{100,200} and{200, 300} 1 200 198 200 200
{200, 300} 21 20476 21196 250 200
{300 10 300 29119 300 300
Intermediate certainty treatment

{9} 27 16296 15526 200 15714
{100, 200} 6 13333 12550 150 13333
{200, 300} 14 24286 23800 250 23333
{300 13 300 29537 300 300
Low certainty treatment

{7} 48 17500 18468 200 19112
{100} 1 100 105 100 100
{200, 300 7 24286 26171 250 24667
{300} 4 300 29167 300 300

Note that the following messages are out-of-equilibrium messages under the sanitization
disclosure strategy100}, {100, 200}, and both messagé¢$00, 200} and{200, 300}. Since
the messag€l0Q; is disclosed only once and the messagé30, 200} and {200, 300} are
disclosed together only once, we do not include them in any of the price analyses. The
messag€100, 200} is, however, included in the price analyses because it is disclosed 12
times out of the 49 times that the seller observes itin the full certainty treatment and 6 times
out of the 27 times that the seller observes it in the intermediate certainty tredfment.

The mean bids for the messag® in full certainty and intermediate certainty treatments
are 119.63 and 155.26, respectively. They are much closer to their respective predicted
prices of 100 and 157.14 under the sophisticated bidding hypothesis than to the predicted
price of 200 under the naive bidding hypothesis. The mean bids for the out-of-equilibrium
messagé¢100, 200} in these two treatments are 117.11 and 125.50, respectively. They are
also closer to their respective predicted prices of 100 and 133.33 under the sophisticated
bidding hypothesis than to the predicted price of 150 under the naive bidding hypothesis.
Similarly, the mean bids for the messa@®0, 300} in the full certainty and intermediate
certainty treatments are 211.96 and 238.00, respectively. They are much closer to their
respective predicted prices of 200 and 233.33 under the sophisticated bidding hypothesis
than the predicted price of 250 under the naive bidding hypothesis.

16 | addition, we partitioned our data to try to look for differences across time and find that subjects in general
have similar bidding behavior over the time of our study. However, there are a couple of bidders who do react
to the gaming that we discussed above. Furthermore, we note that while for some experiments adaptation may
require some time due to different sets of instructions and procedures, the adaptation period can easily vary.
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For the low certainty treatment, the mean bid for the mes§apis 184.68. The mean
bid is lower than both predicted prices of 191.12 and 200 under the sophisticated bidding
hypothesis and the naive bidding hypothesis, respectively. However, the mean bid is closer
to the prediction of the sophisticated bidding hypothesis. The mean bid for the message
{200,300} is 261.71. The mean bid is higher than both predicted bids of 246.67 and 250
under the sophisticated bidding hypothesis and naive bidding hypothesis, respectively. The
mean bid is however closer to the prediction of the naive bidding hypothesis.

Table 15 also shows that, for each message disclosed, the average actual values of the
asset behave in a similar fashion to the mean prices. This occurs across all three treatments.

Notice that for the disclosure messags, {100, 200}, and{200, 300}, the predicted
price for sophisticated bidders is increasing in the level of information uncertainty.
However, for naive bidders, this is not true, and in fact, the predicted prices are constant.
Thus, we show in Fig. 1 that as uncertainty increases, the prices do indeed fall. This can
also be seen in Table 15.

As the probability that the seller is informed decreases, the sophisticated buyers discount
the seller’s disclosures less and less and therefore bid more and more for the asset given
the same disclosures by the sellers. To see if the actual bids for the same messages
are significantly different from one another across the three information treatments, we
conduct a Kruskal-Wallis test. We reject the null hypothesis for both mes$@pesd
{200, 300} but not for the messag@00} at a significance level of 0.05. A Kruskal-Wallis
test also shows that for any two information treatments as the probability that the seller
is informed increases, the actual bids significantly decrease for the meggagasd
{200, 300}. We therefore conclude that when the true dividend is not knagwen the
same disclosures by the sellers, the actual bids are significantly different from each other

350
300
250
(]
Q20
S
o C
c
3 w0
=
£
100
50
0 t 1
i {200, 300} {300}
Message Disclosed
[ =t Full Certainty —o= Intermediate Certainty o LowCettainy |

Fig. 1. Mean price for each equilibrium message disclosed in each information environment.



46 J. Dickhaut et al. / Games and Economic Behavior 44 (2003) 26-53

and decrease as the degree of information asymmetry between the seller and the buyers
increases.

The overall results lend support to the hypothesis that whether buyers are sophisticated
or naive bidders depends on the probability that the seller is informed about the true
dividend. When the probability that the seller may be informed about the true dividend
is relatively high, the buyers do not bid naively for the asset. They discount the seller’s
disclosures. On the other hand, when the probability of the seller being informed is
relatively low, buyers do not discount the seller’s disclosures and make bids according
to the naive bidding hypothesis.

We do not control for the risk preferences of the subjects in our experiment. Risk
aversion could be a plausible explanation for the difference between the theory and our
data. Risk aversion is not a reasonable explanation for the bidding behavior of buyers in
our experiment. This is best illustrated by a comparison of tables.

From Table 15, for the full certainty treatment, the mean prices for all but one of
the messages sent by the seller, exceed the predicted prices for risk neutral sophisticated
bidders. Overbidding would be inconsistent with risk aversion on the part of the buyers. For
the one messag€300}, for which mean price (291.14 averaged over 10 observations) was
lower than the predicted price (300) of the theory, it is hard to attribute the small shortfall
of 8.86 cents to risk averse behavior on the part of the buyers. Risk averse buyers should
not bid below 300 when they know with certainty that the true dividend is 300.

For the low certainty treatment, the mean prices for the mesgag&sand {200, 300}
exceed the predicted prices for risk neutral sophisticated bidders. Overbidding would once
again be inconsistent with risk aversion on the part of the buyers. For the null message and
the {300} message, the mean prices of 184.68 and 291.67 are lower than their predicted
risk neutral prices of 191.12 and 300 by 6.44 cents and 8.33 cents, respectively. These
shortfalls are of about the same magnitude as the shortfall of 8.86 cents in the full certainty
treatment for the messad®00}. This therefore is hard to attribute to risk averse bidding
behavior by the buyers.

5. Conclusion

This paper examines information management in a laboratory experiment. We show
that sellers generally manage their information to disclose the most favorable information
about an asset. When the probability that the seller is informed about the true dividend is
relatively high, buyers behave as sophisticated bidders and discount the seller’s disclosures
in bidding for the asset. When the likelihood of the seller being informed about the true
dividend is low, buyers do not discount the seller’s disclosures. Furthermore, given the
same disclosures by the sellers, the buyers discount the disclosures more as the degree of
information asymmetry between the seller and the buyers increases.

This study adds to our understanding of the applicability of theory to the disclosure
setting by placing more implicit demands on subjects’ ability to revise beliefs. Such
demands were not present in previous studies on disclosure. Given the heavy emphasis
on Bayesian revision in most applications of economic theory in understanding the role
of information structure, it is useful to have such studies especially in light of the long
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history that suggests that handling Bayesian revision is difficult. To ensure that we gave
Bayesian revision a reasonable chance we followed the guidelines that go back to the
work of Davidson and Suppes (1957) that have been part of the history of experimental
economics. Namely we used physical objects as well as a manual experiment.

There are of course numerous additional possible questions that come out of this study.
We believe that this paper contributes to the reasonableness of examining the more recent
developments in the disclosure literature. In particular the so-called “real effects” models
attempt to examine the impact of different disclosure settings on real production and
investment decisions of firms. As with the earlier literature, one of the guiding economic
forces in such “real effects” models is Bayesian probability revision. More specifically,
these real effects studies assume that economic agents are able to extract all information
from any disclosure regime and revise their beliefs about the firm’s future cash flows
and hence prices. Thus, it seems reasonable to ask if in environments where even more
demanding Bayesian revisions are required, is it the case that the type of experiment
developed here can serve as a basis for exploring even deeper questions about disclosure?
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Appendix A

A.l. Major elements of Shin's model

A seller owns an asset that pays dividengdén statei where 1< i < N ands; increases in. The ex-ante
probability of each staté is p;. The dividends paid in each state and the ex-ante probability of each state is
common knowledge.

Nature selects the true dividesgdwith probability p;, where

S1 <82 < < Sk < Sky1<-'r <SN-.

Based on the true dividend, a seller may observe &&et) of N — 1 messages about the true dividend.

m;i(sg): sg=s; Where 2<i <k,
mi(sg): s <s;i wherek+1<i<N,

where, for example, the messagg(sy): sk > sa means that the true dividend belongs to the partitian. . . , sy}
and the messagey.3: sk < sx+3 means that the true dividend belongs to the partitian. . . , sx+2}. The message
m1: sx = s1 IS always implicitly observed since the true dividend is always at lgast

The seller observes each messagewith probability 6; and does not observe messagewith probability
1-— 6;. The messages are observed independently of each other, but they depend on the truesdividend

The seller observes a random subsgf C M(s;) of these messages and discloses theMet My of
messages to the buyers.

Risk Neutral buyers price the asset based on the seller's announcement ofthyeasettheir posterior beliefs
about the seller’s disclosure strategy.
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Shin (1994) shows that in equilibrium the seller follows a sanitization disclosure strategy, i.e., discloses the
most favorable information that she possesses about the true dividend and suppresses all other information. The
buyers rationally take the seller’s strategy into account in pricing the asset.

Using the above notation, the sanitization strategy means that the seller discloses the message in Mg subset
that provides the most favorable information about the true dividend and suppresses all other messages. Suppose
that the seller observes messages in théggthat inform the seller that, € {s;, ..., s .} where 1<i <L < N.

She sanitizes her disclosure by disclosing the messagethdt;, ..., sy} where 1<i < N. The setM; thus,
contains the message with the most favorable information about the true dividend. Mg catld be empty
(no messages are disclosed at all) therefore, implicitly disclosing the message> s1.

Buyers price the asset &t whereV = E, (s | M) wherer are the posterior beliefs of the buyers given the

seller is using a sanitization disclosure strategy.

Appendix B. Instructionst’

General instructions

This is an experiment in the economics of decision-making. Various research foundations have provided funds
for this research. The instructions are simple. If you follow them carefully and make good decisions, you may
earn a considerable amount of money that will be paid to you in cash, privately, immediately after the experiment
ends today. Before we proceed to describe the experiment, we would like to establish some simple rules:

1. It is very important that you do not talk at any time during the experiment. The screens between the
participants are to maintain privacy.

2. If you have any questions during the experiment, please raise your hand and an experimenter will answer
your questions.

In this experiment, you will be either a seller or buyer of an asset. There will be 5 buyers and 1 seller
participating in this experiment. Whether you are a seller or a buyer will be randomly determined at the beginning
of the experiment. At this stage, please note that your identification number is at the top of this page.

o If you are a seller, you will find your personal history form in your folder.

o If you are a buyer, you will find your personal history form and a set of bid forms in your folder. The bid
forms are ordered by round number. Each buyer will begin the experiment with a balance of 1200 francs in
your account.

e Each form has your ID number and the round number printed on it.

For each round, 3 out of the 5 buyers have been randomly pre-selected to bid for one unit of the asset. The other
two buyers will not bid in that round. If you are not bidding in a round, your bid form and your personal history
form for that round have a largeX” marked through them. There will be a practice round followed by 10 rounds

in this experiment. All 5 buyers will participate in the practice round. However, no cash will be earned in the
practice round. We will now describe what will happen in each round.

Drawing a poker chip to select a dividend

At the beginning of each round, the experimenter will privately draw one poker chip from a bag. The bag
contains 15 poker chips altogether (5 red, 5 blue, and 5 white). Each red poker chip is marked with the number
“100” on it. Each blue poker chip is marked with the number “200” on it. Each white poker chip is marked with
the number “300” on it. The numbers 100, 200, or 300 represent the dividends in francs that the asset pays in
each round. The number that the experimenter privately draws for each round is callagttigidend. The 3
dividends (100, 200, or 300) are equally likely to be selected.

17 These instructions are for the intermediate certainty treatment.
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Picking the messages that will be sent to the seller

After the true dividend has been determined, the experimenter will randomly draw the two messages that will
be privately observed by the seller. Each message will be written on a message card and consists of a list of one
or two numbers enclosed in brackethe true dividend is always one of the numbers on the message card.

These messages will provide information to the seller about the true dividend that was selected.

Examples
e The messaggl00 200} means that the true dividend is either 100 or 200 francs.
e The messag€l00} means that the true dividend is 100.
o If the true dividend is 200, then the seller may observe the me448@e200 or the messagg00, 300};
but the seller willnot observe the messa§@00} or the messaggl00;.
The message cards that the seller observes are determined as follows:
First coin toss

First, the experimenter will toss a coin privately behind a screen to determine whether the seller will observe
the 1st message.

o If the coin lands “Heads,” the experimenter will place a message card in the box.
o If the coin lands “Tails,” the experimenter witbt place a message card in the box.

Second coin toss

Second, the experimenter will toss the coin again behind a screen to determine whether the seller will observe
the 2nd message.

o If the coin lands “Heads,” the experimenter will place a message card in the box.
o If the coin lands “Tails,” the experimenter witbt place a message card in the box.

Tables B.1-B.3 below show how the 2 messages that the seller may receive depend on the true dividend.

Table B.1
Suppose the true dividend is 100
1st Coin Toss, if the coin lands on 2d Coin Toss, if the coin lands on
Heads Tails Heads Tails
The message card will The seller receiveBlO The message card willsay: The seller receiid®
say: message card message card
{100} {100 200}
Table B.2
Suppose the true dividend is 200
1st Coin Toss, if the coin lands on 2d Coin Toss, if the coin lands on
Heads Tails Heads Tails

The message card will The seller receiveBlO The message card willsay: The seller receiid®
say: message card message card
{100, 200} {200 300}
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Table B.3
Suppose the true dividend is 300
1st Coin Toss, if the coin lands on 2d Coin Toss, if the coin lands on
Heads Tails Heads Tails
The message card will The seller receiveBlO The message card willsay: The seller receiid®
say: message card message card
{200, 300} {300}

After the experimenter has tossed the coins twice, he or she will place the message cards in a message box.
If no messages are drawn, the message box will be empty. The experimenter will then deliver the message box to
the seller who will open it and examine its contents behind a screen.

Sdler’s decision

After the seller has seen the contents of the message box, he or she will decide what messages to disclose. The
seller makes a disclosure by choosing which of the message cards he or she will return to the experimenter and
which of the message cards he or she will ret@e seller may return some, all, or none of the message cardsthat
he or shereceives. After collecting the message box from the seller, the experimenter will write on the blackboard
exactly the messages that were returned by the seller. If the seller sends back no cards, the experimenter will write
“No Messages” on the blackboard. In every round, the seller will place the cards that he or she wants to retain
in a box marked “Retain” behind his or her screen. The experimenter will collect that box at the end of the last
round.

Reminder
e In every round, the seller may only return some, all, or none of the message cards that he or she receives.
e The message cards that the seller retains in a round cannot be used for any other rounds.

Buyer’s decision

After the experimenter has written the messages that were returned by the seller on the blackboard, the buyers
will be asked to fill out a bid form for that round.

Reminder
e If you are not bidding in a round, your bid form will have aXx™ marked through it. Whether you are
bidding in a round or not, the experimenter will still collect your bid form.

After the buyers have made their bids, the experimenter will collect all of the bid forms.
Updating your personal history sheet and payoffs

The experimenter will then announce and write the true dividend on the blackboard. He or she will also
announce and write down all of the bids along with the buyer’s ID on the blackboard. The highest bid will be
circled. The asset will be sold to the highest bidder at the price equal to his or her bid. If two or more buyers
submit the same highest bid, the experimenter will resolve this tie by a random choice of the buyer. The other
bidders will pay zero.

The seller and all buyers will then be asked to update their personal history forms for that round.

e The seller and the buyers will write down the true dividend on their personal history form.
e Each buyer will write down the amount of his or her bid.
e The seller and buyers will calculate their respective profits for the round as follows:
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Computing the seller’s profits
e Seller’s Profits= Amount of the highest bid

Computing the buyer’s profits
e Winning bidder’s profits= True dividend— Amount of the highest bid
o All other bidders should record a profit of zero.

An experimenter will check the calculations of the seller and the buyers.
Other rounds

After the first round, the experimenter will repeat the process and begin another round by drawing a poker
chip from the bag again. This will continue for ten rounds.

Determining your cash earnings for the experiment

Sdler’s cash earnings

At the end of the experiment, the experimenter will add up the profits the seller has earned in each round.
This amount in francs will be converted into dollars by using the exchange rate on the seller's personal history
form. This is the seller’s total cash earnings for the experiment. An experimenter will pay the seller his or her
cash earnings privately at the end of the experiment.

Buyer’s cash earnings

If the true dividend for a round is higher (or lower) than the price the buyer paid for the asset, the buyer will
make a profit (or loss) on the purchase. The profits (or losses) earned by the buyer for a round will be added to
(or subtracted from) the beginning cash balance of 1200 francs. At the end of the experiment, the ending balance
in francs will be converted into dollars by using the exchange rate on the buyer’s personal history form. This is
the buyer’s total cash earnings for the experiment. An experimenter will pay each buyer his or her cash earnings
privately at the end of the experiment.

Summary of stepsin each round
Step 1. The experimenter privately draws a poker chip from a bag that determines the true dividend.

Step 2. The experimenter tosses a coin twice behind a screen to determine whether the seller will see the two
message cards about the true dividend. The two messages cards that the seller may receive are in Tables B.1,
B.2, or B.3 depending on the true dividend. The messages card(s) that are drawn are put in a message box and
delivered to the seller.

Step 3. The seller opens the message box and privately examines the message cards, if any, in the message box.
The message box may contain 0, 1, or 2 message cards. The seller may not see the true dividend. However, the
message cards the seller receives may provide information about the true dividend. It is up to the seller to decide
how many message cards to send back in the message box to the buyers. The seller may return some, all, or none
of the message cards in the message box. The seller places the message card(s) that he or she wishes to retain in
the box marked “Retain.” These message cards cannot be used in any other rounds.

Step 4. After collecting the message box from the seller, the experimenter opens the message box and writes
the messages returned by the seller on the blackboard or writes “No messages” if he or she receives an empty
message box. After observing the messages, buyers will be asked to bid for the asset.

Step 5. The experimenter collects the bid forms. He or she then announces and writes on the blackboard: the
true dividend, the bid made by each buyer, and the highest bidder. The highest bidder purchases the asset at the
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amount of his or her bid. The personal history forms for the round are updated. A new round is started by going
back to Step 1.

To ensure that you understand the instructions, please answer the following questions. An experimenter will
check your answers.

(1) If the seller gets the messaff00}, what is the true dividend?
(a) 100,
(b) 200,
(c) 300,
(d) do not know.
(2) Suppose the true dividend is 300 francs. Write down all the messages the seller may receive.
(3) Suppose the seller receives the message ¢a0@5200} and{200, 300}. Then the true dividend can only be

(4) Suppose the seller receives the message ¢20@s200; and {200, 300}. Circle the correct answer.
(a) The seller may return the message dd@D, 200} and retain the message cd&00, 300}.
(b) The seller may return the message ¢&@0, 300} and retain the message c44®d0, 200}.
(c) The seller may retain both message cards and send an empty box.
(d) The seller may return both message cards.
(e) All of the above.
(5) In a particular round, buyer 1 bid 50 francs, buyer 2 bid 100 francs and buyer 3 bid 150 francs. The true
dividend was 200 francs. Calculate the profits for buyer 1, buyer 2, buyer 3 and the seller for that round?

Profits:.  Buyer 1=; Buyer 2=; Buyer 3=; Seller=.
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