STRATEGIC DISCLOSURE OF MEANINGFUL INFORMATION TO RIVAL

YOUNG-RO YOON*

I study a model of strategic disclosure of a private signal to a rival in the presence
of a payoff externality. In the model, two agents forecast the unknown true state of a
future period. Specifically, the quality of the signal is also private information. Hence,
which quality of signal is revealed for which incentive is the main question of interest. |
show that, even when disclosure is costly, the revealing equilibrium, where an agent
voluntarily reveals his signal, can exist and it should be a monotone equilibrium.
Asymmetry between the penalty for an incorrect forecast and the reward for a correct
forecast is a necessary condition for the existence of this revealing equilibrium. If the
penalty is larger than the reward, the unique revealing equilibrium is a separating
equilibrium, where only the low quality signal is disclosed in order to induce the rival’s
imitation. On the other hand, if the reward is much larger than the penalty, the unique
revealing equilibrium is a pooling equilibrium, where the signal is always revealed in
order to induce the rival’s deviation. If the reward is not much larger than the penalty,

no revealing equilibrium is robust to a costly disclosure. (JEL D81, D82)

I.  INTRODUCTION

It is common for agents or firms in the
competitive environment to disclose private
information to competitors. For example, rating
agencies such as Standard & Poor’s, Moody’s,
and Fitch, which compete with one another in
the sovereign credit rating market, announce
their own ratings to which investors refer. If one
agency publicly announces his rating, competi-
tors can also see it and infer how that agency is
evaluating the subject. The competitors can then
use it as another source of information for their
own ratings. How each agency evaluates the sub-
ject is private information because competitors
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cannot see it if no announcement is made. That
is, the announcement of a rating discloses the
agency’s private information. Similar behavior
can also be observed in the product market. Firms
in competitive industries often preannounce a
new product well in advance of its actual market
availability. Firms investing in R&D for technol-
ogy make announcements about their upcoming
innovations or intermediate achievements well
in advance of actual success. This type of prean-
nouncement gives competitors some sense about
the direction of future competition. If a firm
hides what it is doing, competitors may remain
uninformed. In that sense, the preannouncement
can be interpreted as another way of disclosing
private information.

In the above examples, the rating announce-
ment and the preannouncement of a new product
necessarily cause a spillover of private infor-
mation. Moreover, such disclosure of private
information can be intentional. Firms are not
required to preannounce a product, so their deci-
sion to do so may be strategic. Although credit
rating agencies must announce their rating, they
can decide when to announce it. That is, they
can decide whether to disclose private informa-
tion or prevent its spillover to competitors by
controlling the timing of the announcement. If
they would like to disclose private information,
they can announce before competitors. If not,
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they can delay the announcement as long as
possible to prevent competitors from observing
the announcement. Ample examples of pre-
announcement of products and the sequential
announcements by rating agencies suggest that
the disclosure of private information is common
and can be strategic. Then, it is natural to ask
what incentives induce them to disclose private
information voluntarily, and what message they
want to send to competitors.

In this article, I focus on the role of the infor-
mation quality in motivating agents to disclose
information voluntarily. Although someone has
meaningful information, they should consider the
possibility that the information may be wrong.
The agent may have different attitudes toward
disclosing information depending on his confi-
dence in the information, or as I call it, the infor-
mation quality. Previous literature focuses on the
phenomenon of information disclosure itself, the
amount of information disclosed, or the effect of
the realization of information (such as whether
it is good news or bad news) on the disclosure
of information.! In those models, the information
is assumed to be always correct or, if imperfect
information is considered, its quality is assumed
to be public information. The assumptions in
this article, that the information is imperfect and
that its precision is private information, are more
realistic than the assumptions in those models.
Thus, this article contributes to the existing lit-
erature by studying the effect of the realization of
the quality of information on information disclo-
sure.” Specifically, as the information quality is
assumed to be private information, the question
as to which quality type of information would be
revealed for which incentive can be addressed.

I am also concerned about the effect of the
payoff structure on the incentive to disclose
information. In a competitive environment, what
usually matters is how agents perform relative to

1. In the field of accounting, there is a large literature
on how the realization of information (i.e., whether it is
good news or bad news) affects the disclosure of private
information in various settings. For example, see Darrough
and Stoughton (1990), Dye (1985), Jung and Kwon (1988),
Lanen and Verrecchia (1987), Langberg and Sivaramakrish-
nan (2008), and Wagenhofer (1990).

2. Verrecchia (1990) is an exception in that it also stud-
ies how the signal quality influences the decision to dis-
close information. However, Verrecchia’s model considers
this topic in a different context from the current model. The
signal is about the liquidating value of the risky asset and the
informed manager’s objective is to maximize the market price
of the risky asset, in the presence of market traders who have
rational expectations about his motivation to withhold unfa-
vorable reports.

their competitors.> Given the relative evaluation
system, the reward for satisfactory performance
and the penalty for poor performance are affected
by the performance of competitors. For example,
in completing a task, an agent’s success is more
positively evaluated if his peers did not also
succeed. On the other hand, if an agent fails in
a task, it is not bad news if his peers also fail
because it results in a less negative evaluation
than if he alone failed. Thus, it is interesting to
ask how the incentive to disclose information
is affected by this type of competitive payoff
structure. Specifically, this article attempts to
investigate how the payoff structure affects the
quality of disclosed information, which was not
addressed in previous works.

Based on these motivations, I consider the
following model. There are two managers of two
independent firms, and each manager selects one
of two business projects. Which project would
be more profitable is not known. One manager
(henceforth M) observes an imperfect, but infor-
mative, signal regarding which project would be
more profitable, but the other manager (hence-
forth U) does not observe an informative signal.
M’s signal and its precision are private informa-
tion. The more profitable project is revealed after
each manager chooses a project. The managers
compete with each other in that their payoffs
depend on the accuracy of both agents’ choices.
The payoff structure is characterized by the
reward earned when an agent is the only one
who chose correctly and the penalty faced when
an agent is the only one who was wrong. The
reward or penalty is shared if the two managers’
choices are identical. Thus, the concept of rel-
ative evaluation is incorporated in this payoff
structure. In this set-up, M decides whether or
not to follow his signal when choosing a project
and also decides whether or not to disclose his
signal to U. Also, since the precision of his
signal is private information, M should decide
which signal quality type to reveal if he decides
to do so.

The main results can be summarized as fol-
lows. I am interested in a revealing equilibrium,
where M reveals his signal voluntarily to his rival

3. Aggarwal and Samwick (1999), Antle and Smith
(1986), Gibbons and Murphy (1990), Janakiraman, Lambert,
and Larcker (1992) provide evidence that the relative evalua-
tion is widely used in the market. In particular, according to
Mikhail, Walther, and Willis (1999), analysts who are inferior
to their peers are more likely to be fired. However, the abso-
lute accuracy of the forecast has little effect on the probability
of layoff.
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when he is not required to do so. M’s equilibrium
strategy regarding which signal-quality type he
reveals for which incentive is contingent on the
payoff structure. If the reward and the penalty are
symmetric, M never discloses his signal, imply-
ing that asymmetry in reward and penalty is nec-
essary for the disclosure of a signal. If the penalty
is larger than the reward, M reveals his signal only
if it is of low quality in order to induce imita-
tion by U. By inducing U’s imitation when he
has weak confidence in his information, M avoids
the worst case scenario of being penalized alone.
On the other hand, if the reward is greater than
the penalty, the size of the reward matters. If the
reward is not great enough, the incentive to dif-
ferentiate is not strong, and M reveals his signal
only if it is of low quality. However, if the reward
is sufficiently large, the incentive to differentiate
would be well-motivated even for U. In this case,
M reveals his signal only if it is of high qual-
ity. Given that U is willing to deviate from the
disclosed signal, if the revealed signal is of low
quality, U’s choice is more likely to be correct
than when the revealed signal is of high quality.
Hence, if M intends to reveal his signal expecting
U’s deviation, it is better to do so when his signal
is of high quality. When the reward is sufficiently
large, there also exists another equilibrium where
M always discloses his signal regardless of its
precision. In both equilibria, the disclosure of the
signal is meant to induce U’s alternative choice
by giving U an opportunity for deviation, which
is necessary for earning the reward alone.

Even when the disclosure of the signal is
assumed to be costly, M is willing to reveal his
signal if (1) the penalty is larger than the reward,
or (2) the reward is sufficiently larger than the
penalty. In the former case, M discloses his signal
only if it is of low quality in order to be imitated.
In the latter case, M always does so regardless of
the precision in order to induce differentiation. If
the reward is not much larger than the penalty,
no revealing equilibrium is robust to costly dis-
closure. This result indicates that asymmetry
between reward and penalty affects the incentive
to disclose information in different ways. If the
penalty is larger than the reward, the incentive to
share blame high enough to admit costly disclo-
sure is always motivated. On the other hand, the
payoff structure should be strongly biased toward
the reward for the incentive to differentiate, high
enough to admit a costly disclosure, to be moti-
vated. In this way, depending on whether it is
biased toward penalty or reward, the signal of
different precision will be revealed for different

incentives and so the disclosure of a private signal
can be qualitatively different.

Conner (1995), Conner and Rumelt (1991),
and Gallini (1984) are closely related with the
present paper in that they explicitly deal with
the topic of the strategic advantage from being
imitated by competitors. Gallini (1984) suggests
that licensing can be used as a tool to allow imi-
tation to prevent rivals from engaging in R&D
activity which can lead to better technology.
Conner (1995) and Conner and Rumelt (1991)
propose that allowing other firms’ imitation can
be a dominant strategy if a positive network
externality is present.* In the above models,
there is no process of inference of information
quality, and so the question of which information
quality type is revealed for which incentive is not
addressed. My model also proposes an alterna-
tive equilibrium not addressed in those models,
where information is revealed to induce the
rival’s deviation.

There is a large literature on the topic of
information disclosure related to the process of
unraveling which was first proposed in Grossman
(1981), Grossman and Hart (1980), and Milgrom
(1981).5 Here, the unraveling is derived because
an agent’s choice of hiding private information
reveals what he wants to hide (namely, others can
infer what he wants to hide from his action of hid-
ing), so his attempt should fail. The main ques-
tion asked is whether the mandatory disclosure
requirement is necessary or not. Most papers pro-
pose that if there is a credible and costless way of
delivering private information, it is fully revealed
and so the mandatory disclosure requirement is
unnecessary.® The current model considers a set-
ting where there is no such unraveling process.
Voluntary information disclosure is derived when
others remain uninformed if the informed agent
does not reveal his private signal.

4. In their models, the network externality is positive in
that other firms’ imitation can increase the size of the market;
that is, although the pie must be shared, if the pie itself
grows and so increases each firm’s slice, imitation can be
advantageous. The positive externality present in my model
is different in that encouraging others’ imitation is intended
to secure a minimum portion of the pie rather than to enlarge
the size of the pie.

5. The recent papers, Celik (2014) and Hotz and Xiao
(2013) provide good summaries of this literature.

6. Hotz and Xiao (2013) provide a model where infor-
mation is not fully revealed even when firms can credibly
disclose private information at zero cost. The intuition is that
when providing consumers with more information results in
more elastic demand, it can result in more intensive price com-
petition and lower profits for competing firms. Hence, reveal-
ing information is not an optimal choice.
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The topic of strategic information disclosure
(or information sharing) between firms has been
covered in different contexts of industrial organi-
zation.” For example, De Fraja (1993) proposes
a model in which a firm may intend to reveal
knowledge to its rival during a patent race if there
are benefits to be gained in the long term, even
though the rival’s success may be unfavorable
in the short term. Clark, Foros, and Sand (2011)
propose the idea that the competitive knowledge
can be transferred only to a subset of poten-
tial rivals, driving out the remaining rivals, with
whom the knowledge is not shared. A recent
paper by Jansen (2010) considers the effects of
the degree of protection of property right on infor-
mation disclosure. In cases of extreme protec-
tion parameters, full disclosure emerges, but for
an intermediate value, either partial disclosure or
full concealment emerges.® In contrast, the key
factor in my model which induces the informa-
tion disclosure is the trade-off between secur-
ing the minimum payoff through risk-sharing and
seeking the maximum payoff while taking a risk
of being in the worst case scenario, which in turn
affects the quality of information disclosed.

Finally, this article is related with the litera-
ture of herding and antiherding which analyzes
how the agent responds to the information dis-
closed by the predecessor. In this literature, the
analysis of how the information is generated
by the predecessor is absent. Some papers only
consider an informational externality without
a payoff externality, so the predecessor does
not need to consider the follower’s response to
the revealed information. Even in papers that
consider a payoff externality, the predecessor is
forced to reveal his choice, so there is no strategic
decision of revealing information. This article
studies both aspects of information generation
and the response to the revealed information by
considering the predecessor’s strategic disclosure
of his private information even when he is not
forced to do so.

The rest of this article is organized as fol-
lows. Section II introduces the model. Section III

7. See Anton and Yao (2003, 2004), Bhattacharya,
Glazer, and Sappington (1990, 1992), Bhattacharya and
Guriev (2006), Gill (2008), and Rosenkranz (2001).

8. In his model, the type of firm (private information)
determines whether he has good news or bad news. Also, in
his model, full disclosure of information emerges because the
competing firm infers perfectly the information he wants to
hide, so attempts to conceal information do not succeed. In
my model, the type which really matters is the precision of
the private signal and an agent’s disclosure of signal is derived
even when others cannot infer it if no disclosure is made.

provides preliminary results. Section IV consid-
ers a benchmark case where the precision of M’s
signal is public information. Section V character-
izes the revealing equilibrium when the precision
of M’s signal is private information. Section VI
considers the case where the disclosure of infor-
mation is costly. Section VII concludes.

Il. MODEL

Suppose that there are two risk-neutral man-
agers of two independent firms. Each manager
selects one business project out of two possible
projects, i and /. Only one project is profitable in
the next period, and which project is profitable is
not known. Each manager can only pursue one
project due to a practical reason such as budget
constraint. The true state is we {H,L}, and
these two states are mutually exclusive. If w=H
(w=L), it means that project & (I) is profitable.
Each manager’s prior belief for each state is
Prw=H)=Pr(w=1L)= %.9 Before making a
choice, one manager can observe an informative
signal © € {h, [}, which is correlated with the true
state. The other manager has no opportunity to
observe an informative signal regarding the true
state.! Henceforth, I denote by M the informed
manager who observes a signal 0, and by U the
other uninformed manager who cannot observe
a signal.

The signal O partially reveals information
about the true state in the following man-
ner: Pr(@=hlw=H)=Pr(0=Illw=L)=p and
Pr@=hlw=L)=Pr(0=Illw=H)=1—p where
pE (% 1). Given the true state, the probability

that the signal 0 is correct is p. Hence, p mea-
sures the precision of M’s signal 6 and represents
the quality of information. As p > %, 0 is an
informative signal in that it delivers information
about the unknown true state. However, as p < 1,
it is imperfect. I assume that it is drawn from the

uniform distribution Z(p) where p € (%, 1) =P.

9. I am interested in the equilibrium in which M reveals
his choice due to the payoff effects, even though he is not
required to do so. The assumption of an unbiased prior belief
for each state is important for this motivation. If the prior
belief for the true state is biased toward one state, then M’s
decision of not showing his choice reveals some information
about his private signal. (See Mailath 1993 which deals with
this case.) Then, M’s decision of revealing his signal can be
nonvoluntary in that the disclosure of his signal stems from
this concern.

10. This can be justified by assuming that one manager
has begun collecting information before the other, or one
manager has more experience in this business than the other.
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TABLE 1
Ex-Post Payoff Structure
® a,=m a, Fo
a =w 1,1 AT
al # 0 — .y -1, -1

M’s signal 8 € {h, [} and its precision p € (% 1)
are private information. I also assume that both
managers have no opportunity to communicate
directly with each other about M’s signal and its
precision. Hence, U faces uncertainty not only
over the realization of the signal and the true
state but also the precision of M’s signal.

M’s action set is denoted by {a}n, arzn}. Here,
a}n € {h,l} denotes M’s choice of a project. If
al =h (a! =1),itmeans that M chooses project
h (). Since M’s signal 0 is private information, M
can make a strategic decision of whether to follow
or deviate from 0 in choosing his project. He
also decides whether or not to reveal his choice
to U. I denote this decision by a2 € {R,N}. If
@’ =R (a’ = N), it means that M reveals his
choice (does not reveal his choice). If M reveals
his choice, it must be truthful in that what he
announces as his choice should be what he really
chooses. The action set of U is represented by
a,€{hl}.

After the true state w is realized, each man-
ager earns his ex-post payoff, conditional on the
accuracy of both managers’ choices (Table 1).
This model adopts the framework of a forecast-
ing contest model in which the market commits
ex-ante to a particular payoff structure.!! Each
manager’s payoff can be interpreted as either a
pecuniary gain such as a bonus or a gain in repu-
tation regarding their foresight. This payoff struc-
ture is designed to represent the basic feature of
the evaluation of a competitive environment: If
an agent is successful, the competitor’s success is
bad news. If an agent is not successful, the com-
petitor’s failure is good news. In what follows, I
assume that y> 1 and ¢ > 1.

Suppose that both managers’ choices are iden-
tical. If their identical choices turn out to be right,
both earn + 1 and, if not, both are penalized by
earning a payoff of —1. On the other hand, if
both managers’ choices are different, the man-
ager who made a correct choice gets y> 1 and

11. This approach enables me to see the effects of pay-
off structure on the players’ strategic behaviors clearly. For
a more detailed discussion regarding this approach, see Otta-
viani and Sgrensen (2006).

the manager who made an incorrect choice gets
— ¢ < — 1. In other words, if a manager’s choice
turns out to be correct, the other manager’s iden-
tical choice causes a negative payoff external-
ity because the reward is shared. Conversely, if
a manager’s choice turns out to be wrong, the
other manager’s identical choice causes a positive
payoff externality because the penalty is shared.
As the true state is revealed after both managers’
decisions are made, whether the other manager’s
identical choice causes a positive or a negative
payoff externality is uncertain.

The timing of game is as follows:

(T1) Nature chooses we {H,L}, 0 € {h,l}
andp € <%, 1).

(T2) Both managers observe the ex-post pay-
off structure.

(T3) M observes 0 € {h,l} and p € %, 1
which are private information. M decides (1)
which project to choose and (2) whether or not
to announce his choice to U. He announces his
choice if he decides to do so.

(T4) U chooses his project. If M announced
his choice in (T3), U observes M’s choice before
he chooses his own project.

(T5) The true state w is revealed. Each man-
ager earns his payoff according to the ex-post
payoff structure.

The model described above is relevant to
situations where (1) an agent who has private
incomplete information of the unknown true state
makes a choice relevant to the true state before
it is realized, and (2) a competitor who acts in
the same way may or may not be favorable,
depending on the agent’s own performance. As
this setting is of general economic interest, this
model can be applied to various economic sit-
uations. The market of credit rating agencies
or professional forecasters is a good example.
The forecasting agent’s job is to provide infor-
mation regarding future economic trends with
incomplete information. The reward y can be
interpreted as the improved reputation or bonus
for successful performance, and the penalty ¢
can be interpreted as the ruined reputation or
reduced salary due to poor performance. Firms’
competition in acquiring the global standard of
new technology is another good example.!? If
two incompatible technologies are introduced to

12. The competitions between Sony’s BETA and JVC’s
VHS, Sony’s Blu-ray and Toshiba’s HD-DVD, and NAND
flash and NOR flash in the flash memory market are famous
examples.
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the market, only one technology can ultimately
survive. Both firms should make a choice with
incomplete information about which technology
is superior and will be preferred by the market.
When firms’ choices are different, the reward y
(¢) can be interpreted as a winner’s gain (loser’s
cost) from winning (losing) the competition. If
both firms make the same choice, both firms
may share the market. Here, it would be rea-
sonable to assume that, when both firms adopt
a superior technology, each firm earns a larger
market-sharing profit than the case where both
adopt another one because there can be a poten-
tial increase in demand when superior technology
is introduced.

A point of clarification regarding a restriction
on the equilibrium strategy is in order. In this
article, M’s strategy uses the same threshold of p
for O € {h,1} in his decision to reveal his choice.
In other words, regardless of the state indicated
by the signal, the precision threshold used to
determine whether or not to reveal his choice is
the same.

ASSUMPTION 1. M uses the same threshold of
pforO € {h, 1} in his decision to reveal his choice.
Thus, both cases of 0=h and ©=1 are ex-ante
symmetric.

In this article, I mainly want to explore M’s
strategic incentive to reveal his private signal to
the rival when his rival remains uninformed if
M’s does not reveal it. Given that M uses the
same threshold of p for © € { A, [} in revealing his
choice, if M does not disclose his signal, U has
no updated information about M’s private signal
because in that case Pr(0 = ) = Pr(0 = [). This fits
the scenario I am interested in and, in this sense,
the restriction can be justified.

This model uses the Perfect Bayesian equilib-
rium concept. M has two types of private infor-
mation, 0 € {h,l} and p € %, 1). U can infer 0
only if M reveals his choice. On the other hand, U
can always partially infer p because M’s decision
of whether or not to disclose his choice reveals
some information about the precision of M’s sig-
nal p. That is, M’s action of revealing his choice
can work as a channel to signal the precision
of his private signal. Let A = 7»(6, aﬁl) be U’s
belief regarding that M follows 0 in his choice
of a project and Z ( pl arzn) be U’s posterior belief
over p, given M’s decision to reveal his choice.
Then, each manager’s strategy and the beliefs,
A and Z (p|d?), constitute a Perfect Bayesian
equilibrium if each manager’s expected payoff

is maximized, given beliefs and the other man-
ager’s strategy. In equilibrium, the beliefs A and
Z ( pl “,Zn) should be consistent with M’s strategy.

lIl.  PRELIMINARY RESULTS

A. M’s Belief for U’s Choice When M Does Not
Reveal His Choice
2

If M does not reveal his choice, that is, a, =
N, U cannot infer any information about 6. In
this case, U’s expected payoff from selecting each
project should be based on beliefs about both the
true state and M’s private signal, that is, Pr(w, 0).

Then, it can be checked that
Em, (au = h)

= > D (Prw,0)m, (a,=h))
we{H,L}0e{h,l}

(PI' (w,0) T, (au = l))
we{H,L}Y0€{h,l}

=FEm, (au = l)

for all p € (% 1) and all A€[0,1]. That is,
U earns the same expected payoff from a, =h,
a, =1, and any mixed strategy. Denote M’s belief
for a, =h when a? = N by g €[0, 1]. M’s belief
q does not affect U’s expected payoff. It mat-
ters, however, in M’s decision of whether to fol-
low his signal or not in his choice when ai =N
because, for given 0 € {h, [}, whether a,, = arln or
a, # a,]n, which depends on ¢, determines M’s
expected payoff.'3 Many different equilibria may
exist depending on ¢, so how g € [0, 1] is set mat-
ters in the analysis.

ASSUMPTION 2. When alzn =N, M believes
that q = Pr (au = h) = %

I assume that M has uniform belief for U’s
choice a, € {h,1} when a? = N. Given that a? =
N does not reveal any information about 0, the
only information U has about the true state is just
a prior belief that each state occurs with equal
probability. Then, M, who knows this, has no

13. For example, when y > ¢, if 0 = h, always alln = 0 for

q < % Ifg > %, there exists a critical value of p below which

arln # 0 and above which urln = 0. On the other hand, if 0 =1,
1 _ 1 e 1 . .

alwaysa, = 0forq > 2 Ifg < 2 there exists a critical value

of pbelow whicha! # 0and above whicha! = 0.In this way,
M’s decision on whether to follow his signal or not depends
ongqgand0e€ {h,l}.
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specific reason to have a biased belief that g #

1

E .
In this sense, M’s belief that g = % when afn =N
would be reasonable.

B. Decision on the Choice of a Project

M’s signal 0 € {h,l} is private information.
Thus, M can decide whether to follow or deviate
from 6 in his choice of a project.

LEMMA 1. M follows his signal 0 in his choice
of a project for all p € (%, 1) whether or not he
discloses his choice to U.

Proof of Lemma 1
See the Appendix. -

Lemma 1 implies that U can infer 0 perfectly
if he can observe M’s choice. Then, M’s decision
to reveal his choice is no more than a decision to
disclose his private signal 0 to U. If M reveals his
choice, it is in order to reveal 0 intentionally to U.
If not, it is to prevent 8 from being revealed.

IV.  BENCHMARK CASE: WHEN THE INFORMATION
QUALITY IS PUBLIC INFORMATION

In this section, as a benchmark, I consider the
case in which the precision of M’s signal p is
public information.

PROPOSITION 1. Suppose that p is public
information.
(1) Supposey <. Ifp € (3.4 = D/G+ -2),

ar=R and if pe(®=DIy+d=2).1),
a, =N. If afn=R, U imitates a:n for all
1

(2)Supp0sey>(b.1fpe(%,(y+1)/(y+q)+2)>,
a> =R and if pe((y+DIy+d+2)1),
a, =N. If afn =R, U deviates from arln for
pE (%,(y+l)/(y+¢+2)) and U imitates
aflnforpe((y+l)/(y+(|)+2),l).

(3) Suppose y=d. Then, aﬁl =N for all p €
1 .

<§,l>. If afn =R, U imitates a}n for all p e

1
(1)
Proof of Proposition 1
See the Appendix. -

If the reward and the penalty are symmetric,
M does not reveal his signal. In fact, asymmetry

in reward and penalty is a necessary condition for
M to reveal his choice. If the payoff structure is
biased toward the penalty, thatis, y < ¢, U’s main
concern is to avoid being penalized alone. Hence,
U always imitates M’s choice if M discloses it.
By making an identical choice, U can avoid the
worst case scenario of earning the lowest payoff,
n, = — ¢, although he has to give up the best case
scenario of earning ©, =y. As 0 is correlated with
the true state, it seems reasonable for U to rely on
it. However, it should be noted that the bias of
the payoff structure toward the penalty plays an
important role in inducing U’s strategic behavior
of imitating M’s choice. As shown below, U has
a different response when the payoff structure is
biased toward the reward; therefore, the payoff
structure affects U’s strategic response against
M’s revealed signal.

Despite his informative signal, M is not com-
pletely free from the concern of being penalized
because his signal is not perfectly informative.
Therefore, the precision of his signal matters.
If the information quality is relatively high,
that is, p € <%,((|) -D/(y+¢d- 2)), M gives
more weight to the possibility that his signal is
correct. If M’s choice turns out to be correct,
U’s identical choice causes a negative payoff
externality, because the reward must be shared.
Thus, M regards U’s identical choice as a strate-
gic substitute and therefore wants to keep his
signal private when it is of high quality. On the
other hand, if the information quality is relatively
low, that is, p € (% bG-D/(y+— 2)), M
has weak confidence in his signal, and he is more
concerned about the possibility of being penal-
ized alone. If M chooses the wrong project, U’s
identical choice would cause a positive payoff
externality, because the penalty would be shared.
In this case, M regards U’s identical choice as
a strategic complement. Therefore, M wants to
induce U’s imitation by voluntarily revealing his
signal, if his signal is of low quality.

If the reward is greater than the penalty, that
is, Y > ¢, earning the reward alone becomes more
attractive and requires both managers’ choices to
be different. Thus, even the uninformed U has an
incentive to differentiate himself. However, if 0 is
of high quality, thatis,p € ((y + D/(y + $ —2), 1),
the incentive to differentiate himself is domi-
nated because ignoring the very precise signal is
not beneficial. Hence, U imitates M’s choice if it
is observable. At the same time, M also desires to
differentiate himself and wants U to choose the
other project. M knows that if the high quality
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signal is revealed, U will make the same choice
and the reward y must be shared. Hence, M does
not reveal his choice if his signal is of high qual-
ity. Meanwhile, if the quality of his signal is rela-
tively low, that is, p € (%, y+1D)/y+d- 2)),
U does not give much credit to the accuracy of
M’s signal. Therefore, the incentive to differen-
tiate dominates and U diverges from M’s choice,
if observable, even though he knows that M’s
choice is based on the informative signal. Then, it
is better for M to reveal his signal to U in order to
induce a:n # a,, anecessary condition for earning
v. Thus, M reveals his signal if it is low quality.

COROLLARY 1. Suppose that p is public
information.

(1) When 'y < ¢, as the penalty § increases, the
parameter set of p for which M reveals his signal
increases.

(2) When y > &, as the reward vy increases, the
parameter set of p for which M reveals his signal
increases.

o 2=t

Note that (Y+:;_2)=(y -/ +¢-2)*>0,
implying that when the penalty is greater than the
reward, the parameter set of p for which M reveals
his signal increases as the penalty increases. Intu-
itively, as the penalty increases, the incentive
to avoid being penalized alone increases and
M islmore likely to reveal his choice. Also,
o 2L
(V;—‘Y””) =+ 1)/ (v +$—27°>0, implying
that if y> ¢, the parameter set of p for which
M reveals his signal increases as the reward
increases. The incentive to differentiate himself
increases with the reward, so the parameter set
of p for which U deviates from arln and M reveals
his signal increases.

REMARK 1. [Ifp is public information, M does
not reveal his high-quality signal.

Proposition 1 says that M reveals his signal
only if it is of low quality. If the penalty is greater
than the reward, he reveals his signal in order
to induce U’s imitation. If the reward is greater
than the penalty, he reveals his signal to induce
U’s deviation. M’s very precise signal is never
revealed because U always imitates it.

V. EQUILIBRIUM WHEN P IS PRIVATE
INFORMATION

Now, I consider the case in which the precision
of M’s signal is private information. I consider the

existence of (1) separating equilibrium and (2)
pooling equilibrium where M’s private signal 0
is revealed, which I call a revealing equilibrium.
I first focus on the existence of a monotone sepa-
rating equilibrium where there is one threshold of
p in M’s decision to reveal his signal.'* In follow-
ing, the notion that the decision to disclose a pri-
vate signal reveals information as to the quality of
the signal plays an important role in the analysis.

A. Monotone Separating Equilibrium

I start my analysis by considering two mono-
tone strategies.

DEFINITION 1. (1) Strategy 1 (S1):
dx e (%,1) s.t. for p e (%,x), ai =R, and
forp € (x, Z),a'znzN.

(2) Strategy 2 (S2): y € (%, 1) s.t. for p €

1 2 _ 2 _
(§,y>,am =N andforpe(y 1), a, =R.

If M reveals his choice, that is, a2 = R, U can
infer O by observing a}n from Lemma 1 since
M follows the signal. Hence, the concern is U’s
posterior belief over p inferred from observing
that a}zn = R. Given (S1), M reveals his signal
when it is of low quality. Given (S2), M reveals
his signal when it is of high quality. The goal
is to check whether or not each strategy can be
an equilibrium strategy by finding the conditions

under which the critical values x € (% 1) and

yE (% 1) exist. Given that each strategy can be

an equilibrium strategy, if M reveals his signal, U
infers that the precision of M’s signal is relatively
low in (S1) and high in (S2).

PROPOSITION 2. (MONOTONE SEP-
ARATING  EQUILIBRIUM) (1) Suppose
that y<d¢. Then, there exists a unique

monotone separating equilibrium where if
pe(5@-D/q+o-2). @& =R and if
peE(d—D/(y+d—-2),1),a> =N.Ifa’>, =R U
imitates a}n always.

(2) Suppose that <y <3¢+ 2. Then, there
exists a unique monotone separating equilibrium

where if p € (4,Gv=d+2)/Qr+20+4),
a2 =Rand ifp€(By—d+2)/2y+2p+4), 1),
a?n =N. If ai =R, U imitates a}n with
probability %

14. The discussion on the existence of nonmonotone
separating equilibrium is presented in Section V.D.
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(3) Suppose that y > 3¢ + 2. Then, there exists
a unique monotone separating equilibrium where

fpe(30-0/q+o+2)). a2 =N and if
PE(Y =Dy +d+2),1), @, =R Ifa}, =R U
imitates arln with probability 3

Proof of Proposition 2
See the Appendix. -

If the payoff structure is biased toward the
penalty, that is, y < ¢, the equilibrium is the same
as the case in which p is public information.
Recall that, when p is public information, U’s
best response against afn =R is to imitate M’s

choice for all p € (%, 1>. Then, even when p
is private information, U should have the same
best response because p € (%, l), where p is the

inferred precision of M’s signal from observing
that ai = R. Then, M should also use the same
cutoff strategy, which can be explained by the
same intuition as before.

However, if the payoff structure is biased
toward the reward, y> ¢, then p being private
information leads to different outcomes from the
case in which p is public information. M’s deci-
sion to disclose the signal depends on the size
of the reward and the signal’s precision. I high-
light that, for U’s same best response against
the revealed signal, which is to use the same
mixed strategy, the precision of the signal dis-
closed depends on the size of the reward. If the
reward is not large enough, the incentive to dif-
ferentiate is not well motivated and M reveals his
signal only if it is of low quality. On the con-
trary, if the reward is sufficiently larger than the
penalty, M reveals his signal only if it is of high
quality. Given that U is expected to deviate from
the revealed signal because of the incentive to
differentiate, U’s choice is more likely to be cor-
rect if the revealed signal is of low quality than
if the revealed signal is of high quality. Hence,
if M intends to reveal his signal expecting U’s
deviation, it is better to do so when his signal is
of high quality. If the signal is relatively impre-
cise, it is better to conceal it. That is, the intent of
the disclosure of signal in this case is to induce
U’s alternative choice by providing an opportu-
nity for deviation, which is necessary for earning
the reward alone.

As to U’s equilibrium strategy when v > ¢, it
should be noted that, unlike the case in which
vy <&, U deviates from M’s choice with a pos-
itive probability, even though he knows that

M’s choice follows an informative signal. This
happens because the bias of the payoff structure
toward the reward gives even the uninformed U
an incentive to differentiate.

B. Pooling Equilibrium

Next, I check the existence of a revealing pool-
ing equilibrium. I start my analysis by consider-
ing following pooling strategy where M always

. . L2 1
reveals his signal: a, = Rforallp € <§, 1>. The

goal is to find conditions under which this strat-
egy can be an equilibrium strategy.

PROPOSITION 3. (POOLING EQUILIB-
RIUM) (1) Suppose that y>3b+ 2. Then there
exists a pooling equilibrium. If ai =R U
deviates from a,.

(2) Suppose that y =3 + 2. Then there exists
a pooling equilibrium. If aﬁl =R, then z < %

where 7 = Pr (au = arln).

Proof of Proposition 3
See the Appendix. -

Proposition 3 indicates that for M to reveal his
signal for all p € (%, l>: (1) the reward should

be sufficiently larger than the penalty, and (2) U
deviates, or is more likely to deviate, from M’s
choice when it is observable. If the reward is
sufficiently larger than the penalty, U may intend
to deviate from M’s choice because his choice
must be different from M’s to earn the sufficiently
large reward alone. This in turn affects M. If it
is expected that U deviates (or is more likely to
deviate) from M’s choice, it is better for M to
reveal his signal because it guarantees different
choices. If M does not reveal his signal, U uses
a mixed strategy which can lead to both agents
choosing the same project under which M cannot
earn the reward y. This exg;lains why M reveals

his signal to U for all p € % l).

C. Summary of the Monotone Revealing
Equilibrium

The revealing equilibrium derived above can
be summarized in Table 2.

COROLLARY 2. No monotone revealing equi-
librium violates the intuitive criterion.

Proof of Corollary 2
See the Appendix. -
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TABLE 2
Monotone Revealing Equilibrium

Y<b b<y<3p+2 y=3¢p+2 y>3p+2

Separating equilibrium

Disclosure  Low p Low p High p
Pooling equilibrium
Disclosure All p All p

If y<¢ or p<y<3d+2, a separating equi-
librium where M’s low quality signal is revealed
is the unique monotone revealing equilibrium.!
If y =3¢ + 2, a pooling equilibrium is the unique
monotone revealing equilibrium. If y>3d+2,
multiple revealing equilibria exist: one separat-
ing equilibrium where M reveals a high-quality
signal and one pooling equilibrium.

In addition, the case of y<d¢ can be inter-
preted as the one in which a positive payoff
externality is present because the worst case
scenario can be avoided by the other manager’s
same choice. On the other hand, the case of
y> ¢ can be interpreted as the one in which a
negative payoff externality is present because the
two managers’ different choice is necessary for
earning the reward alone. This result indicates
that if there is a positive- (y <) or a weak
negative payoff (¢ <y <3¢+ 2) externality, M’s
signal is revealed only if it is of low quality. On
the other hand, if there is a strong negative payoff
externality (y>3¢ +2), M’s high-quality signal
is always revealed.

Compared with a benchmark case where p is
public information, the most distinctive result is
that M’s signal of high quality is always revealed
when the reward is sufficiently larger than the
penalty, thatis, y >3 ¢+ 2.

REMARK 2. [Incomplete information about p is
a necessary condition for the disclosure of M’s
signal of high quality.

This result is due to the fact that U cannot
infer p perfectly from observing M’s discrete
binary choice of whether or not to reveal his
signal. That is, given that M’s type p is contin-
uous, M’s binary choice is not fine enough to
allow U to infer M’s type perfectly. The inferred
quality of signal is not high enough to outweigh
U’s incentive to differentiate and trigger U’s
imitation.'® Therefore, U deviates from M’s

15. The thresholds of p below which M’s signal is
revealed are different in both cases.

16. In Proposition 1, when y > ¢, the critical value of p
above which U imitates M’s choice is p=(y + D/(y + ¢ +2).

choice if observable with a positive probability
in a separating equilibrium and he always does so
in a pooling equilibrium. This reasoning explains
the disclosure of M’s signal even when it is of
high quality. This reasoning also explains the
existence of multiple equilibria when y > 3¢ + 2.
In a separating equilibrium, U intends to deviate
with a positive probability from the revealed
signal even though the inferred quality of signal
is relatively high. As the inferred quality of
signal should be lower in a pooling equilibrium
than a separating equilibrium, it is reasonable for
U to always deviate from the revealed signal in
a pooling equilibrium. In other words, by using
a pooling strategy, M can make U infer that his
signal is of low quality. This can be a good strat-
egy for M, especially when he wants to induce
U’s deviation because U is more likely to deviate
from the revealed signal as it is less credible.

Further analysis on the separating equilibrium
sheds light on the effect of payoff structure on the
probability of signal disclosure and the average
quality of the disclosed signal (Figures 1 and 2).

If y<¢ and ¢ <y <3¢ +2, as the difference
between the reward and the penalty increases, the
probability of information disclosure increases.
Specifically, as ¢ — oo or y — 3¢ + 2, the prob-
ability of information disclosure converges to
1 because each equilibrium approaches a pool-
ing equilibrium. Meanwhile, when y>3¢p+2,
as the difference between the reward and the
penalty increases, the probability of informa-
tion disclosure decreases. As y — oo, equilibrium
approaches a nonrevealing equilibrium. The aver-
age quality of signal disclosed in each separating
equilibrium is described in Figure 2.

Finally, according to Table 2, if the reward and
the penalty are symmetric (i.e., Y = ¢), the reveal-
ing equilibrium does not exist. It can be explicitly
shown that the nonrevealing equilibrium is the
unique equilibrium when y=d¢ by considering
the following pooling strategy for M: “afn = N for

allp € <%, 1)” when y = ¢.

This implies that when p is private information, the
inferred precision of the signal has to be strictly greater
than p=(y+ D/(y+$+2) to trigger U to imitate M’s
choice when it is observable. In the separating equi-
librium derived when y>3¢d+2, M’s signal is revealed
it pe((y—¢)/(y+d+2),1). Then, U’s inference of p
is that E(pla2, =R)=(y+1)/(y+¢+2). In the pool-
ing equilibrium derived when y>3¢$p+2, U’s inference

of p is E(pla =R) =§ which is less than the criti-

cal value p=(y+ D/(y+$+2). That is, E (pla? =R) #
(y+ 1)/ (y+ ¢ +2) in both equilibria.
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FIGURE 1
Probability of Information Disclosure in Separating Equilibrium

Probability

Pooling
equilibrium

Non-revealing
equilibrium

20+2 Y-o

FIGURE 2
Average Quality of Revealed Information in Separating Equilibrium

Average quality

Pooling
equilibrium

Non-revealing
equilibrium

PROPOSITION 4. Suppose that the reward and
the penalty are symmetric, that is, y=¢. Then,
the unique equilibrium is a nonrevealing pooling
equilibrium in which M does not disclose his
signal for all p € (%, 1).

Proof of Proposition 4
See the Appendix.

Proposition 4 confirms that asymmetry in
reward and penalty is a necessary condition for
the strategic disclosure of the informative signal.

D. Nonmonotone Separating Equilibrium

In this section, I explore the existence of a non-
monotone revealing equilibrium. If a nonmono-
tone equilibrium exists, the strategy with at least
two or more thresholds of p in M’s decision to
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disclose his signal can be an equilibrium strategy.
It is not hard to show that there does not exist
a nonmonotone equilibrium if U uses a pure
strategy of either imitating or deviating from
M’s signal.!” In either case, from (Al1) and
(A13), there exists at most one threshold of p
for M’s disclosure of signal. That is, if a separat-
ing equilibrium exists, it should be a monotone
equilibrium due to the condition of consistency
which requires that U should have a correct belief
over p. Hence, if U uses a pure strategy, no non-
monotone strategy can be an equilibrium strategy.

However, if U is indifferent between imitating
and deviating from M’s choice, a nonmonotone
equilibrium can exist. If U uses a mixed strategy
Wthh makes M indifferent between a =R and

= N, the condition of cons1stency allows
that any belief over p for which U is indifferent
between imitating and deviating from M’s choice
can be a rational belief. As many nonmonotone
separating strategies can be considered, many
corresponding nonmonotone separating equi-
libria may exist. However, every nonmonotone
separating equilibrium that exists is a mixed
strategy equilibrium. Thus, in that equilibrium,
M attains the same expected payoff whether or
not he reveals his signal.

VI. REVEALING EQUILIBRIUM WHEN DISCLOSURE
IS COSTLY

So far, the revealing equilibrium is based on
the assumption that the cost of revealing M’s
choice is zero. What would be the outcome if the
action of disclosure is costly?

REMARK 3. No nonmonotone revealing equi-
librium is robust to costly disclosure.

Every nonmonotone equilibrium is a mixed
strategy equilibrium where M’s expected payoffs
are the same regardless of his choice of ai =R
and ¢ = N. This equilibrium is vulnerable to
costly disclosure. Each type who is willing to
reveal his signal has less to gain from revealing
his signal than not revealing, given that disclosure
is costly. Thus, not revealing a signal is the opti-
mal choice and no nonmonotone revealing equi-
librium is robust to costly disclosure.

17. Given any nonmonotone strategy, after considering
the p suggested in that strategy, U’s expected payoffs when
U uses two pure strategies of imitating and deviating from a}”
can be calculated respectively. The comparison of these two

expected payoffs determines U’s best response.

COROLLARY 3. Each separating revealing
equilibrium of the cases where $p<y<3d+2
and y > 3¢ + 2 is not robust to costly disclosure.

Each separating revealing equilibrium of the
case in which ¢ <y<3dp+2 and y>3dp+2 is
also a mixed strategy equilibrium, where M’s
expected payoffs are the same regardless of his
choice of @ =R and a? = N. Thus, neither
equilibrium 1is robust to costly disclosure. In
particular, when ¢ <y <3¢ +2, the separating
revealing equilibrium is the unique monotone
revealing equilibrium. This implies that when
¢ <y <3¢ +2, anonrevealing equilibrium is the
unique equilibrium if disclosure is costly.

COROLLARY 4. The separating revealing
equilibrium of the case where ¢ >y and the
pooling revealing equilibrium of the case where
y =3¢+ 2 are robust to costly disclosure if the
cost is arbitrarily small.

On the other hand, the separating equilibrium
derived when ¢ >y and the pooling equilibrium
derived when y > 3¢+ 2 can be robust to costly
disclosure. In a separating equilibrium derived

when ¢ >y, for p € (%,(q) -D/(y+d - 2)),
the gains from disclosing his signal are given
by G:Enm(afan)—Enm(afnzN)z
%(2p+¢—py—p¢— 1)>0. In a pooling
equilibrium derived when y >3 + 2, every p €
(% 1) leads to gains from disclosing the signal
given by G = Ex,, (afn = R) —Ex, (afn = N) =
% (—2p— b+ py+pd+ 1) > 0. Hence, for both
cases, if a cost of disclosure is arbitrarily small,
each revealing equilibrium is robust.

In a separating equilibrium under ¢ >, the
following holds: 0G/dp =— (y + ¢ —2) <0. This
implies that, as the quality of signal decreases,
the gains from disclosure increase, and the cost
of disclosure admissible for this revealing equi-
librium to be sustained increases. On the other
hand, for a pooling equilibrium under y > 3¢ + 2,
0G/op =y + ¢ —2 >0, implying that, as the qual-
ity of signal increases, the cost of disclosure
admissible for this revealing equilibrium to be
sustained increases. These results are intuitive.
When ¢ >y, given that M has weaker confidence
in his signal as his signal is less precise, M
should have greater incentive to reveal his sig-
nal in order to induce U’s imitation, admitting
the greater cost of disclosure. On the other hand,
when y > 3¢ + 2, given that M has stronger confi-
dence in his signal as his signal is more precise, M
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TABLE 3
Robust Revealing Equilibrium When the
Disclosure Is Costly

y<o¢ G<y<3p+2
Separating EQ (low p) Nonrevealing EQ

y>3p+2
Pooling EQ

should have greater incentive to reveal his signal
in order to induce U’s deviation, admitting the
greater cost of disclosure.

In sum, the equilibrium when the disclosure is
costly can be summarized as follows.

As Table 3 shows, even when disclosure is
costly, a robust revealing equilibrium can exist
when: (1) the penalty is larger than the reward,
or (2) the reward is sufficiently larger than the
penalty. In the former case, the revealing equi-
librium is a separating equilibrium where only
the signal of low quality is revealed. In the lat-
ter case, the revealing equilibrium is a pooling
equilibrium where the signal is always revealed.
If the reward is not much larger than the penalty,
no revealing equilibrium is robust to costly dis-
closure and so the nonrevealing equilibrium is the
unique equilibrium.

Since M is a risk-neutral agent, this result also
indicates that the asymmetry between reward and
penalty affects the incentive to reveal the sig-
nal in different ways. M is more sensitive to the
payoff structure biased toward the penalty than
not in revealing his signal. A revealing equilib-
rium always exists when the penalty is larger
than the reward, implying that the incentive to
share blame, high enough to admit a costly dis-
closure, is always motivated. On the other hand,
no revealing equilibrium robust to costly disclo-
sure exists if the reward is not sufficiently larger
than the penalty, implying that the payoff struc-
ture should be strongly biased toward the reward
for the incentive to differentiate to be triggered.

VIl. CONCLUDING REMARKS

In this article, I explore an agent’s strate-
gic incentive to intentionally reveal meaning-
ful information to a competing agent. I consider
this question in the model where the informed
agent’s signal and its precision are private infor-
mation. The key issue is that the informed agent’s
decision to reveal his signal works as a channel
through which information about the quality of
his signal is revealed.

I show that asymmetry in the reward and
penalty for the accuracy of their performance

is a necessary condition for the disclosure of
information. This asymmetry plays an important
role in the informed agent’s decision regarding
which quality type of signal he reveals for a
given incentive. If the penalty is greater than the
reward, his signal is revealed only if it is of low
quality. This disclosure reflects the desire to be
imitated for avoiding the worst case scenario of
being punished alone. On the other hand, if the
reward is greater than the penalty, the quality
type of signal he reveals is contingent upon how
large the reward is. In particular, if the reward is
sufficiently large, both a separating and a pooling
equilibrium exist in which the signal of high
quality is always revealed. This occurs so as to
induce the competing agent’s alternative choice
by giving him a chance for deviation. My result
also indicates that incomplete information about
the precision of the informed player’s signal
is a necessary condition for the disclosure of a
high-quality signal. If the informed agent’s infor-
mation quality is public information, although
the reward is sufficiently large, precise infor-
mation is not revealed because it outweighs the
competing agent’s incentive to differentiate. If
it is private information, the precision of the
signal, imperfectly inferred through observing
the informed agent’s discrete choice, is not
high enough to outweigh the competing agent’s
incentive to differentiate. Even when disclosure
is costly, both the separating equilibrium of the
case where the penalty is greater than the reward
and the pooling equilibrium of the case where
the reward is sufficiently larger than the penalty
are robust. If the reward is weakly larger than
the penalty, the nonrevealing equilibrium is the
unique equilibrium.

I conclude by presenting possible extensions
of the current model. First, my model assumes
that each player has an unbiased prior belief that
each state can be a true state with equal prob-
ability. This may preclude the analysis of how
the initial bias of prior belief toward one state
affects the information disclosure. For example,
if the informed player goes against the biased
prior, such an action may signal that he has accu-
rate information enough to dominate the prior
bias. Then, the uninformed player may be able to
infer the precision of the informed player’s sig-
nal from the revealed signal itself, in addition to
the decision of disclosure. Moreover, the deci-
sion of not revealing his choice can also reveal
information about the signal itself and its preci-
sion. In this way, if the biased prior belief for the
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true state is allowed, other equilibria may exist.'®

Second, in this model, only one player is par-
tially informed. A possible extension would be
the case in which both players observe the infor-
mative signals and the information quality is pri-
vate information. As is well known, the case of
two sided private information is difficult to ana-
lyze, because each player’s belief about the other
player’s information quality has to be considered
interactively. Finally, the results of this article can
be interpreted as testable propositions. I believe
experiments would be the most effective way to
test the proposed results because factors such as
the information quality and the payoff structure
can be controlled and how people behave can be
observed. However, as far as [ know, such exper-
iments have not been carried out and reported. I
intend to explore these issues in the future.

APPENDIX

PROOF OF LEMMA 1

Case 1: When afn = R (When M reveals his choice)

In this case, U observes a! . As 0 is private information,
U is not sure about whether a, = 6 or not. Let L € [0, 1] be
U’s belief for that a:n = 0. Then, according to A, U imitates
a,ln, deviates from a}n, or is indifferent between imitating and
deviating from alln. (I do not describe the condition of A in
detail because what I am interested in is not U’s best response
but M’s best response.) Without loss of generality, assume that
8=h. In the following, Ex,, (a! = 8) is M’s expected payoff
when he follows 6 and Ex,, (ayln # 9) is the expected payoff
when he deviates from 6.

Consider the case where U imitates a}n for given some
condition of A. Then,

Ex, (a),=0)= Y Pr(w|0=h)
we{H,L}

1

T (am =0,q, =ar1n,w) =2p—1

Em,, (a} #0) = 2 Pr(w|0=h)

we{H,L}

T, (arln #06,a, = alln,w) =1-2p
and Ex,, (a}, = 0) > Ex,, (a}, #0) forall p e (1,1).
Consider the case where U deviates from arln for given
some condition of A. Then,

Em, (a),=0)= Y Pr(wl0=h)
we{H,L}

n})‘l (a)lﬂ =e’au ¢a}n’w) =py_(1 _p)d)

18. Mailath (1993) considers the case where the prior
belief for the true state is biased toward one state. In his model,
however, the signal by the informed agent reveals the true
state perfectly. Hence, the analysis regarding the inference of
information quality is ruled out.

Em, (a), #0)= Y Pr(w|0=h)
we{H,L}

T, (arln #06,a, ;éalln,w) =—pb+1-p)y

and Em, (al, =0) —Em, (a} #0)=2p-D(y+¢$) >0
forallp € %,1 .

Consider the case where U is indifferent between imitat-
ing and deviating from a! under some condition of A. Let

m

p € [0, 1] be the probability that U imitates arln. Then,
Em,, (a}n = 6) —Em, (a'ln # 9)
=-—(r=-2p--y+pp) -1 >0

for all p € % l) because yp—2p—¢—y+pd <0 for all
pelo,1].

Therefore, if a)zn = R, M’s best response is a}n = 0 for all
re[0,1].

Case 2: When a,zn =N (When M does not reveal
his choice)

From Assumption 2, for 0 € {h, [},

m

1
=§< Z Z Pr(w|0)x,, (a,1n=9,au)>
a,e{hlywe{H L}
1
-3 < YD Pr(wlO)m, (a), ;ée,au))
a,e{hlywe({H L}

=‘l1(y+¢+2)(217—1)>0

1 s S
forallp € (E’ 1). So, M’s best response is a, = 0.

Finally, whether ",2,, =R or arzn = N, M follows 0 in his
choice of a project.

PROOF OF PROPOSITION 1

(Step 1) U’s best response when afn =R.
Suppose that arzn = R. Then, U observes arln and infers 6.
Then,

(A1)
Em, (au = a'ln) = Z Pr(w|0)m, (au = a}”,w) =2p—-1
we{H.L}
(A2) Er,(a,#a))= D Pr(w0=h)
WE(H.L}

n, (a, #al,w)=—pp+(1-p)y

where (A1) is U’s expected payoff when he imitates ar'n and
(A2) is the one when U deviates from arln. Then,

Em, (au:arln)—En:u (augﬁa}n) =py+d+2)—y-1.

So,ify>¢, forp € <%,((y+ l)/(y+¢+2))),UdeVi-

ates from arln, forpe ((y+ D/(y+d+2)), 1), U imitates arln,
and if p=(y+ 1)/(y + ¢ +2), U is indifferent between imitat-
ing and deviating from ar'n. On the other hand, if y<¢, U

.. 1 1
imitates a,, forall p € <§, 1).
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(Step 2) M’s best response
Ifa =N, for0 € {h,1},

Emn,, (a ( =N)

m

=% Z Z Pr(wl@)nm (am’au’w)

a,e{hlywe({H L}
1
(A3) =50@r=¢+pr+pp-1).

First, suppose that y < ¢. In this case, if afn
l, 1). Then,

= R, U imitates
1 ¢
a, forp €

(A4  Em, (a3 =R)= z Pr(w|0 = h)
we{H.L}

(al a —a1 w)—2p—l.

>
From (A3) and (A4),

(AS) Em,, (a? =R) - Ex,, (a% = N)

=—%(—2p—¢+pv+p¢+l).

It oy<g for  pe(f@-D/a+d-2)),
Em,, (a R)>ETC (a :N) and for
pe(@-D/(y+$-2).1), En,, (a? =R) <Em,, (a =N).
On the other hand, if y=¢, forp € (%1

),Eﬂ:m (arzn = R) <
Em, (am = N).
Second, suppose that vy > . For pE

(%,((y D/ +d+ 2))) U deviates from a!, if a2 = R.
Then,

(A6) Em, (> =R)= Z Pr(w|0 = h)

we{H.L)
" (a,ln,a“ #* arln,w) =py— b+ pod.
From (A3) and (A6),
(A7) Em,, (a? =R) - Ex,, (a2, =N)

=%(—2p—¢+pv+p¢+l)-

If  y>¢, Em,, (afn = R) > Ex, (afn = N) for
pe (%,(y + D/ +d+ 2)). On the other hand,
for pe((y+D/I(y+¢+2),1), U imitates arln if

%7 =R. Then, from (A5), if y>¢, Em, (a'zn = R) <
Em, (a2, =N) for pe((y+1)/(y+d+2)),1). Finally, if
p=@+D/Iy+¢ + 2), U is indifferent between 1m1tatmg and
deviating from a . Now, let z=Pr (a =a ) when am is
observable. Then trom (A4) and (A6),

@ =R)=z2p-D+1 -2 (py - +pd).

The comparison with (A3) yields that, when
p=G+D/(y+d+2), M is indifferent between aﬁl =R
anda%] =Nifz= %

Ex,, (

PROOF OF PROPOSITION 2

First, let’s consider (S1). Without loss of generality,
assume that ail =R and ar'n = h. Then,

(AB) Em, (au = al]n)

:/< Z Pr(w|6=h)m, (au :arln,w))
we{H,L}
dzZ pla;‘;]:R /

( )= ()

.
=5&=-1

(p—(L=p)dZ(p)

(A9)

Em, (au # a,'n)

:/< Z Pr(w|9:h)1tu(au;&arln,w))
WE(H.L)

Z(plafn=R)=/] P9+ = p)y)dZ(p)
pE(ix)

= (-5) @= 37+ 20+ 2x0)

where (A8) is the expected payoff when U imitates a}n and

(A9) is the expected payoff when U deviates from arln. Then,

Em, (au = arln) —Em, (au

=%(4x—3y+¢+2xy+2x¢—2).

#a,)

Let f(x)=4x—-3y+¢+2xy+2x$p—2. Then, U’s best
response when a1 is observable can be described as follows:
(])f(x) >0=> U imitates a o (2) f(x) <0= U deviates from
am, and (3) f(x)=0=> U is indifferent between imitating and
deviating from al,. In the followmg, I denote by Em,, (da2))
M'’s expected payoff When a , € {R,N}. Refer (A3) for M’s
expected payoff when a N

Case 1: When f(x) > O

In this case, U imitates am lfa = R. Then,

(A10) Em, (a® =R) = Z Pr(w|0=h)
we(H,L)
T (a’lﬂ,a = al W) =2p—1
From (A3) and (A10),
(Al1) Em,, (a? =R) - Ex,, (a2, =N)

= —5(—2p—¢+pv+p¢+ D.

From (All), if pZ (- DIy +$—2), Em,, (a2, =R) =
Em, (a2 =N). This satisfies the condition of (S1). The
mampulanon yields that (1) if y>¢, Em, (a? =R) <

En, (a2 =N) for all p€<§,1>, @ if y<¢, for

e (1 @=-n/a+o-2), En,, (a2, = R) >
Em, (> =N) and for pe((d—DIy+d—2).1),
Em,, (am = R) < Em, (arzn = N). Hence, the  sepa-
rating equilibrium is supported only if y<¢. In
this case, x=(p-D/(y+$p—-2) and [flx=(dp—-1)/
G+h=2)=Cy+3p -2 -y +$-2)>0. So the
condition that f(x) > 0 is satisfied.
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LEMMA Al. Suppose that
(L@-n/a+o-2),

ped-D/(y+d—2).1), a® =N. If a> =R, U imitates
1

y<o. If pe

m
al .
m
Case 2: When f(x) <0.
In this case, if arzn = R, U deviates from a,ln. Then,

(A12) Em, (a? =R) = Z Pr(w|0=h)
we{H,L}
1 1 _
T (A, # @y, w) = py — &+ pd.

From (A3) and (A12),

(A13) Ex,, (a}, = R) — Ex,, (a2, = N)
1
= 5(—2p—<b+pv+p¢+ D).
Then, if pZ(p—DIy+$—2), Em, (>, =R)Z

Em,, (a}zn =N ) However, this does not satisfy the condition
of (S1) that M reveals the signal of low quality. Hence, this
case is excluded.

Case 3: When f(x) =0.

In this case, if afn = R, U is indifferent between imitating
and deviating from a',. Suppose that z = Pr (a, = a! ) when

arln is observable. Then
(A14)
Ex,, (a5, =R) =z(p—(1=p)+ (1 =2y =1 =p)¢)

Er, (@ =N) =3 (0= =p)+ 3 Gr=(1=p)d).

If z#1, the
derived. If z= %, M is indifferent between afn =R
and a2 =N for all pe %1) Here, f()=0 at

m

x=0C3y—-¢+2)/(2y+2d+4). So, for the condition
of consistency, I only have to check whether x=
Gy—b+2)/Qy+2p+4) e (%1) is satisfied or not. If it
is, (S1) can be sustained as an e%uilibrium strategy. Note that
Gy=90+2)/G+20+)-5=--N/0G+d+2)
and (3y—¢+2)/(2y+22¢+4)—1=—((3¢—y+2)/
2004+ 0+2). So() ify>d, By —p+2) /Ry +2¢+4) >
Soand if y<¢, Gy-9+2)/Qr+20+H <, @)
if y<3¢+2, GBy-0¢+2)/Q2y+2p+4) <1 and if
Y23p+2, Gy—-0+2)/Qy+2p+4)>1. Hence, (1)
i g2y Gy—¢+2)/Qr+20+4 ¢ (3.1). @ if
d<y<3h+2, (3y—¢+2)/(2y+2¢+4)€(%,l)y and
G) if y>3hp+2, (3y—¢+2)/(2y+2¢+4)¢(%,1)-
Therefore, x=(3y—¢+2)/(27+2¢+4)€(%,1) is
satisfied only if ¢ <y <3¢ +2.

separating equilibrium is  not

LEMMA A2. Suppose that ¢p<y<3dp+2. Then, for
pe <%,(3*{—¢+2)/(2y+2¢+4)), @2 =R and for
PEGY—d+/Qy+2¢p+4),1), a’ =N. If a> =R, U
imitates or deviates from ayln with probability %

Second, let’s consider (S2). Without loss of generality,

assume that a! = h. After observing thata!, = h, U infers that
0 =h. Also, U’s posterior belief from observing that aﬁl =R

arzn =R and if

is that p € (y, 1). Then

(A15)  Em,(a,=al.w)
:/( Z Pr(w|0=h)m, (au :arln,w)>
we{H,L}
dz (p|a,2n = R)
- [ w-a-paze=y
PEWLD)
(A16)  Em, (a, #a’ ,w)
=/< Z Pr(w|6=h)x, (auaéa;,vv))
we{H,L}
dz (pld* =R)
= PO+ A =p)1dZ(p)
PEWLD)

(—%)(¢—v+yv+y¢)

Em, (au = ayln, w) —Em, (au # arln, w)

1
=§(2y—v+¢+yv+y¢).

Let g(»)=2y —y+d+yy+yd. Then, U’s best response
can be described as follows: (/) g(y) > 0= U imitates arln, (2)
g(y) <0= U deviates from a,'n. (3) g(y)=0=> U is indifferent
between imitating and deviating from a}n.

Case 1: When g(y) >0

If aﬁl =R, U imitates a!. Then from (All), pZ
-1/ +d—2)= Ex, (a> =R) S Em, (a2, =N).
However, this does not satisfy the condition of (S2) that M
intends to reveal the signal of high quality. Hence, this case
is excluded.

Case (2): When g(y) <0

If afn =R, U deviates from a:n. Then from (A13), p E
@-1/G+b—2)= En, (a> =R) Z En,, (a =N).
This satisfies the condition of (S2). The manip-
ulation yields that, (1) if y>¢, Em, (arzn = R) >

Ex,, (a2 =N) for all pe( 1), @ if y<¢, for

1
m 5’
pe(d—DIy+$—2),1), Ex,, (a> =R) > Em,, (a2, =N)
1

and for pe(L.@-1/+d-2). Ex, (@ =F) <
Em,, (afn =N ) Thus, a separating equilibrium exists only if
y <. In this case, y=(¢— D/(y+d—2) and gly=(dp— 1)/
F+o=2)=(=+yd -7y +2¢" =2/ +$~2).  Let
R($)=2¢% + d(y — 1) +y —y> = 2. Then (1) h(¢) is a convex
function, (2) i(¢) attains the minimized value at ¢ = _rl o
0 and (3) h(p=7y)=2(y — 1)(y + 1)>0. Hence, for ¢ such
that y <, h($p)> 0. Then, g(y=(d— D/(y+d—2))>0 for
y < ¢. As this does not satisfy the condition that g(y) <0, this
case is excluded.

Case (3): When g(y)=0

If a2 =R, U is indifferent between imitating and
deviating from alln. From (A14), if U imitates (or devi-
ates from) a,ln with probability %, M is indifferent
between afn =R and afn =N for all pe (%,1). Note
that g(y =(y — $)/(y +d+2)) =0. Then, due to the require-
ment that U’s posterior belief over p should be consistent, I
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have to check whether ((y—¢)/(y+¢+2))e(%,l
is satisfied or not. Here, ((y—¢)/(y+d+2)—
-=—((3¢ T+2)/ QU +d+2) and
{y = )+ +2) = 1 == (& + DIy +§+2)) <O0.

So. if y<3¢+2 ((-0)/G+o+2) ¢ (4.1). and

it y>30+2 (- 0)/@+d+2)€ (L.1). Hence, a
separating equilibrium exists only if y > 3¢ + 2.

LEMMA A3. Suppose that y>3p+2. Then, for
peE( -0y +d+2,1), a =R and for pe

( A=)/ +d+ 2))) =N. If @ =R, U imitates

or deviates from a! 1 With probabllzty E'

Lemmas A1-A3 yield Proposition 3.

PROOF OF PROPOSITION 3

If U observes that a2 =R, U’s posterior belief over p

ispe ( . On the other hand, for a

occurs on the equilibrium path, an arbltrary U’s posterior
belief over p can be assigned. It should be noted that, regard-
less of U’s belief over p for the action off the equilibrium path
and his choice of a project, U earns the same expected pay-
off because 0 is not inferred. Hence, U’s belief over p for the
action off the equlhbrlum path does not affect M’s expected
payoff When a = N. What actually affects M’s expected pay-
off when a = N is M’s own belief for a, = h. Then, M only
has to con51der whether to (1) show 6 in order to induce U’s
imitation or deviation, or (2) conceal 6 and make U use a
mixed strategy.

Suppose that U observes that afn
generality, assume that arln = h. Then

= N which never

= R. Without loss of

(A7) Em,(a,=ad)

:/< Z PI‘(Wle:h)TEM (au :a}n’w)>
we{H,L}

dZ(plai:R)

=/, (p—(=p)dZ(p)=3
re(31)

(A18)  Em,(a,#d)

=/< Y Pr(wlo=hm, (aﬁa,‘,,,w))
we{H,L}

az (pla, =R)

/ PP+ A =p)y)dZ(p)

=(31)
=(-3)co-n

1
Em, (a, = arln,w) - En, (a, # arln,w) =7 Bp-y+2).

Then, U’s best response can be described as follows: (1) if
3 +2>y, Uimitates a}n, (2) if 3d+2<y, U deviates from
a"n, (3) if 3 +2=v, U is indifferent between imitating and
deviating from a!,.

Case(l) Wheny<3¢+2
Ifam R, Ulmltatesa . From (A11), (1) if y > ¢, for all

pe (%, 1),Errm (a4 =R) < En,, (a =N),(2)ify <o, for
pe@- DIy +d=2),1), Ex, (a2 =R) < Ex,, (a2, = N)

and for pe(3.@0-1/G+d-2), Ex, (@ =R)>
Em,, (afn =N ) Therefore, there exists no condition for

which a revealing pooling equilibrium exists.

Case (2): Wheny>3¢p+2

If am R, U deviates from a . Recall (A13). Then (1) if
y>¢, for all p e (5, l), Ex,, (am :R) > Em, (am = N),
Q) ify <@, for pe((d— DIy +d-2),1), Ex,, (a?, =R) >
Em, (a2 =N) and for pe (%,(q)— /G +¢- 2)),
Em, (a? =R) < Em,, (a®, =N). Therefore, a revealing
pooling equilibrium ex1sts only if y>¢. The condition that
v > 3¢ + 2 satisfies the required condition that y > ¢. Hence,
if y> 3¢ + 2, a revealing pooling equilibrium exists.

Case (3): When y=3d+2

It a2 = R, U is indifferent between imitating and deviat-

ing froma Then from (A14),
Em,, (az =R)—E11: (a2 =N)
<z——)(2p+<b py=pb—-1.
Note that if pS(dp—DIy+d-2), 2p+d—py—

pd—1Z0. Here, (1) if y>¢. for all pe (% 1),
2p+d—py—pdp—-1<0 and (2) if y<¢, for pe
L=@=-D/C=b=-1). p+d-py—pp—1>0 and
for pe(=(p-D/I2- dJ 0D, 2p+¢—py—pp—1<0.
Hence, wheny > ¢,ifz $ 5, En,, (a,, = R) Z En,, (a;, = N)
forallp € (5, ) On the other hand, if y < ¢, M’s pooling
strategy cannot be an equilibrium strategy. Therefore, a
revealing pooling equilibrium exists if y>¢ and z < L The
condition that y =3¢ + 2 satisfies the condition that y > ¢.

PROOF OF COROLLARY 2

Now let’s apply the intuitive criterion to each derived
equilibrium to rule out an equilibrium based on an irrational
belief arbitrarily assigned for the off-the-equilibrium action.
In each of separating equilibrium, two separate types are
derived endogenously as the monotone strategy and only two
possible actions ail € {R,N} for each type are considered.
Hence, there is no off-the-equilibrium action in a separating
equilibrium and so no separating equilibrium should violate
the intuitive criterion. As for the pooling equilibrium which
exists when y > 3¢ + 2,

Enm( o =R) = Z Pr(w|0)
we(H,L)
1tm(m 9(1 ;éa W)=py—¢+p¢
Em,, (a =N)

>, Pr(wlO)m, (

a,E(hlywe{H,L}

a,'n = O,au) ,W)

=%(2p—¢+pv+p¢—l)
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where Ex,, (afn = R) is the expected payoff when M follows
the equilibrium strategy and Em,,, (afn =N ) is the one when M
deviates from the equilibrium strategy. Given that y > 3¢ + 2,
Em, (arzn = R) > Em, (afn = N) forall p € g}% 1). No type
has an incentive to deviate from the equilibrium strategy,
so this pooling equilibrium does not violate the intuitive
criterion. Thus, no monotone revealing equilibrium violates
the intuitive criterion.

PROOF OF PROPOSITION 4

Given this pooling strategy, if U observes that a,zn =
N, U’s best response is to use a mixed strategy because
0 cannot be inferred, although he correctly infers that p €
(%, 1). On the other hand, for afn = R which is off the
equilibrium path, any arbitrary belief of U over p can be
assigned. Unlike a revealing pooling strategy, U’s arbitrary
belief over p, in this case, matters in the analysis because
U’s best response against the revealed 0, and thus, M’s
expected payoff depend on it. In Proposition 4, however, I
show that if y=¢, the given nonrevealing pooling strategy
is an equilibrium strategy regardless of U’s belief over p
for arzn =R.

First, suppose that, for ai = R which s off the equilibrium
path, U believes that M follows the following strategy: Ix €

1 . 1 2 _ . 2 _
(E’ l] such that if p € (E,x>, a, = Randifpe(x,1), a, =
N. Here, as the case in which U observes that aﬁl =R is
considered, the case of x = % is excluded. For afn =R, U’s
posterior belief is p € (%,x) where x € (%, 1]. From (A8)
and (A9),

Ex, (a, = al w)

m’

% @2x—1)> 0 and En, (a, # a}n,w)|¢:y

= (—%)y(Zx— 1) <0.

1 ) : 2 _
So, for all x € (5, l] , U’s best response against a, = R

is to imitate a"n if it is observable.

Second, suppose that, for alzn = R which is off the equilib-
rium Tath, U believes that M follows the following strategy:

Jye %, 1) such that if p € (y, 1), arzn =Randifp € (%,y),
aﬁl = N. As the case in which U observes that a%} = Ris con-
sidered, the case of y=1 is excluded. For afn =R, U’s pos-

terior belief is p € (y, 1) where y € [%, 1 ) Then, from (A15)
and (A16),
Eftu(au—al w) =y>0 and

- "m

Ex, (a, # a:n,W)L‘):y =—yy<0.

N 1 , : 2
So, forall y € [5, 1), U’s best response against a, = R

is to imitate aI'H if it is observable.

Therefore, regardless of U’s posterior belief for a,zn =
R which is the off the equilibrium path, if y=¢, U’s best
response is to imitate alln if it is observable. Then from
(A10), M’s expected payoff of deviating from the given
pooling strategy is Em,, (",2,, = R) =2p—1. On the other

hand, if he follows the given pooling strategy, from (A3),

1
Ex,, (a2 = N) |¢=y =@~ 1)(y+1). Then

Em,, (a;‘;l = R) - Em, (a;‘;l = N)| -

- (—%)(2p—1)(y—1)<0.

So, when ¢p=y, M has no incentive to deviate from a
pooling strategy that aﬁl =Nforall pe (% l). Finally, if

— 2 1
b=y, =N forallp (5,1).
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