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Abstract

The present study analyzes a cheap talk game engaged by two plakers, ane is
endowed with some information and transmits it to the other. Communication alefut su
information state is performed with costless messages and no effort in irjrigne in-
formation. Both players have a personal type of preferences oveapipiecation of the
information state into an action. However, each one knows only her own Wwiite the
others is unknown. Therefore, the receiver and the sender of themafion state do not
know the real preferences difference. Both players utility dependevadtion taken at the
end of the game by the receiver, where such action is based on the ititortmansmitted.
In the model, it is included a communication stage before cheap talk is perfowhede
the players signal each other their individual types, with which the ganmeeeds in the
style of Crawford and Sobel (1982) model. The results of the propgaet: are based in
the ex ante expected utility of the players (before the sender is endowethwiitiforma-
tion state knowledge), and they show that whenever the players’ distritnftjgreferences
satisfy certain conditions, informational communication is attainable even wigere#h
misalignment is large enough to prevent it. In other words, informational camuamion
is always feasible, if there exists the opportunity to engage it.

1 Introduction

The present study considers the interaction of two playerse of them wants to perform an
action, which is based on an unknown information. For thasoe, she asks for it to another
player, who is naturally endowed with it. The way to transidhe information into an action
is commonly known, and depends on the information state lamgéersonal preference of the
player. Therefore, both players may present differenigpretl actions, which they would like to
perform given an information value. However, only the uomfied player can take the ultimate
action in the game. But this final realization depends on tfognmation transmitted, with which
the informed part would attempt to induce the receiver tégoer her preferred action.

These kinds of models are called cheap talk games, becauseesages sent are costless
during the communication process. | focus on the situatvamsre the players are misaligned,
in the sense that they have different preferences about didransform the information into
an action. Moreover, | assume that the players know thatdheynisaligned, but they do not
know how much, since they only know their own type of prefeem This fact is the main
characteristic of the model | develop in this study.

Both players have the same function that generates an attissyme that the relationship
of the arguments of such function is additive. The only argataon it are the information state



2

and the specific preference or personal type. Using the exbefore the exposure of the infor-
mation state to the sender) expected utilities of each playell prove that the game proposed
can be structured as a static game with imperfect informatibhe solution is characterized
for each player strategies, about how they signal theirgypéerefore, it is a condition of the
game, that after the players signal each other simultahethesr types, the continuation game
via cheap talk is constructed using them exclusively. Megthat the receiver will only listen
messages about the information state, which she expectato h

The results show the existence of a pooling equilibrium,clvimeans that despite their
true types, there is a dominant strategy for signaling typ€Bis unique strategy increases
their ex ante expected utility functions. Also, there ex@thybrid equilibrium possibility for
certain cases, when it is expected that the counterparplayi her dominant strategy with null
probability. These results are constructed based on thergd®on, that the sender possible
types are higher than the receivers’. This assures theignsaént to be always positive, which
means that the sender will have a higher preferred actionttiereceiver’s. The equilibrium is
constructed for the cases where among their type distobsitithere is the possibility to incur
in at least one informational communicator restrict the attention to distributions with two
possible types per player.

This pooling equilibrium shows the willingness of the ples/éo lie about their types, this
in order to produce a more informational communication. Bteait is always preferred by
both players to have the most aligned communication, whialg ot be feasible using their
true types. Whether the type signaled suits better the @aydity (given a specific value of
the information state) is to be studied in an ex post analygigch it is not conducted here.

As remarked by Sobel (2010), while examining ex post situnti there are three associated
problems with selecting the solution in cheap talk games.ltiMa off the equilibrium path
solutions, multiple meaning of messages and multiple dayiglassociations between state in-
formation and actions taken by the receiver. Considering tmé ex ante analysis allows to
circumvent these problems, or at least to deferred themdthantype of analysis, where is to
be included refinements to select the solution among melgguilibrium. The objective here,
however, is to study the behavior of the players, when thggadisimultaneously their types
to each other. If both players commit to believe their typed they signal their types truth-
fully, the communication game converges exactly to theioailgCrawford and Sobel (1982)
model. However, if the types are signaled strategicallg #hown, that there would be always
informational communication, because the players woul@gsd they were as much aligned as
they can, but the communication quality may decrease forengiealization of the information
state.

The analysis is organized as follows, Section 2 exposesdemasions regarding the cheap
talk model and the multi stage kind of games, in Section 3fiquar a literature review of cheap
talk games and studies that refer to the case where the eecgivnbiased and ignorant about
the sender bias and the information state, while the sengieals the information realization

Linformational communication is referred to the situatioo@untered when the equilibrium strategies allow higher
utility than in the case where no communication about thermftion state is performed.
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but there is not bias disclosure, in Section 4 the game isdbynpresented, in Section 5 |
characterize the theoretical approach of the equilibridrthe model proposed, Section 6 is
devoted to illustrate the findings with an example and Sactiooncludes.

2 Considerations

The solution to the game known as cheap talk is credited to ©rdvand Sobel (1982) and to
the earlier versions of Green and Stokey (2007). Neverketbe focus of this study is based
on the former’s, where an information transmission modéhwio players is developed, one of
them is privately informed about the information state @& #orld, while the other is endowed
with the power of performing an action. Such action is pemfed given the knowledge of the
information transmitted, passed directly by the informad pia costless messages. From here,
the informed player is called “the sender” and her counteéfitize receiver”.

The sender knows that the message she is going to transrhéfigitt her own utility via
the action the receiver might take. The conflict in this gamyes lon the fact, that the sender
and the receiver want different uses of the information @isacTypically, as it will be shown
in the literature review, it is assumed that the receivemiBiased, and the sender presents a
positive bias towards any kind of action for a given inforioatstate. This fact implies that the
latter prefers higher action realizations for a given infation state. Given that both players
know the magnitude of the bias, the receiver cannot expeeicgive the exact information he
is looking for, since she knows the sender want to persuad® Iperform a different action.

Having the basic model established, it is worth to noticat this setup involves no ex ante
commitment from the receiver, in order to chose an actiomfeospecific sub set of actions.
Moreover, there are no monetary transfers for consultimgsénder, and communication is
costless. Nevertheless, there exists an endogenous ctisé feender to exaggerate, especially
while signaling high messages, this is because the biasisrkrand the receiver will tend to
alleviate its effect after hearing the inflated signal.

From here, it is clear that there exists a misreporting iticeron the side of the sender,
which conducts the proper transmission of the actual sthtefarmation to become noisy.
This distortion would increase whenever the sender is fiigldsed or less aligned from the
receiver. Moreover, given the solution Crawford and Sob8B@) proposed, there exists an
specific minimum level of misalignment in each game, whefermational communication via
cheap talk is attainable. However, for larger biases egisisbabbling equilibriurd. Moreover,
babbling equilibrium is always a solution possibility, eughen informational communication
is attainable.

The solution proposed is based in the Bayesian Nash equitibof Harsanyi (1968) given
the incomplete information nature of the game. Since trermiverifiability of the messages,
but the bias is known, the solution can be characterized astaign equilibrium, where such

2When referring to babbling equilibrium | mean the equililbnithat provides the same utility as if communication
were not even engage.
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specific result depends on the magnitude of the misalignin®@hte message space is partitioned
N times depending the bias size. While the misalignment temdsrbo,N tends to infinity, then,
the information communication via cheap talk is more adeuriN — 1 caused by a large bias
that exceeds the value of a threshold, the communicatiastena babbling equilibrium, where
the sender is signaling the whole messages set, which &dglkeown by the receiver, and then,
communication is practically useléss

When common language among the players can be set, and thegasgsce is partitioned
in N parts, the model assures that there exists a best stratethefeender after knowing the
true information state. This is characterized by signating of those partitions. In that case,
she could signal “the information state is[iyy]”, wherex,y are in the information space and
in the message space, and correspond to the boundaries ditempa This signal increases
the sender utility more than reporting other partition. €ivthe common knowledge of the
bias, the receiver can expect to obtain a message like tdabdmelieve it, because she knows
that it includes the true state of information and the sepdeferred action. When a common
language is not set, the message is abstract and is opentiplenuterpretations.

Because the game timing requires the emission of a messége/dd by the receiver taking
an action, the model is a kind of dynamic game. By definitiorréhshould always be off the
equilibrium path results. Moreover, it can be seen that whiena bias magnitude allows certain
number of partition® > 2, there are multiple equilibrium. This is explained giviea existence
of babbling equilibrium for any amount of misalignment. ldenthis implies that there is more
than one partition that she could choose from, in order toadithe information state, to induce
the same receiver action.

In order to understand the behavior of strategic playerpwahem to signal each other
their misalignments, with which the total bias can be coraguf his approach implies to incor-
porate to the analysis another signaling period beforedhetunication about the information
Is performed. During this initial stage, both players areedb communicate costless and si-
multaneously. To perform such analysis, it is a requirenh@néfer the solution to the class of
strategic and dynamic games with imperfect information.

The strategic dynamic games with imperfect informationaas®mpilation of consecutive
continuation games, one consequence of the previous, déalsaro can start with a singleton
or not. In a dynamic game, a history is the compilation of@atdiand strategies that lead to
certain point in the game, where the player, whose turn tg islaperforms her move based
on the beliefs she has about the future moves of the otheemplay other words, she solves
the continuation game to decide which action to take nexd, pdates her beliefs about the
imperfect information she has given the actions the otheregslhas taken until then. In order to
name a continuation game a proper sub game, the player haswotke history (past moves)
where she is in the game. If the point she stands at is a simgl#te continuation game is a

3] treat the misalignment as the difference of the playerfepred actions, which difference is the bias as treated
in most of the literature.

4t is useless, because babbling equilibrium does not peofiicther hints, about where the true information state
is, and equals the situation before engaging communicatibare no information is transmitted.
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proper sub game already, but whenever it is not, she shouédbleeto assign a probability to
each singleton that composes the history

The solution to this type of games is given the Perfect Bapesguilibrium criteria. Seen
from another perspective, it can be said that at each plagari the continuation game is
solved with the Bayesian Equilibrium criteria developed iarganyi (1968). The game that |
propose satisfies the conditions to be solvable with theeBeBayesian criteria, and it nests the
original cheap talk game as a continuation game after thegignaling stage.

The fact that the first period of signaling involves a simadtaus move of the players, im-
plies that the ex ante expected utilities of the originalaghtalk can be used as payoffs, when-
ever itis possible to assign them a proper belief of hapmeniherefore, it is straightforward to
construct a game that is of static imperfect informatioroleesthe complete game, if it is not to
be analyzed the case where the sender is not yet endowedwetbalization of the information
state.

As a condition to find the strategies in equilibrium, it is @ssary to assume that after sig-
naling their types, the cheap talk game that continues wifpérformed with the misalignment
signaled. Another important remark is that the game is sodwdy for ex ante situations. There-
fore, the model does not select the partition to be playedinlibrium given the realization of
a information state, which is required in ex post situatiaiereover, | assume a naive behav-
ior of the players, exclusively while they form their stigites carried during the information
transmission stage (the last stages). That means thatakeytte signals exchanged in the first
period as their true misalignment.

3 Literature

3.1 About General Cheap Talk Games

As mentioned before, cheap talk games have been a prolificetie information communica-
tion and signaling research. The simplicity of Crawford anté& (1982) approach is notorious,
and together with the leading quadratic loss function exantpis model has established itself
as a workhorse in this research area. Moreover, the equilibis worked through intuitively,
making its approach fairly easy to employ with differengguations. Consequently, numerous
researchers have contributed to the literature with varimnsiderations, which enriched the
model in different situations.

Given the basic specification of the model, solutions thatrove the common welfare were
proposed, which add several players, either sendersd&illand Krehbiel, 1987; Krishna and
Morgan, 2001; Battaglini, 2002; Ambrus and Takahashi, 2@08kceivers (Farrell and Gib-
bons, 1989), in order to compare information, and consdatussduce the misreport degree.
These approaches have proved to be useful, and enlarge shibipty of revelation. These
results hold even when the biases are larger than in the ivaslel.

5A proper definition of a Perfect Bayesian Equilibrium can derfd in Fudenberg and Tirole (1991) for example.
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Adding another consecutive stage, where cheap talk is glagain by the same players
was considered by Krishna and Morgan (2004) as another ®ippeton. The repetition of
the game allows players to update their set of strategiesesftly in the following stage. This
efficiency occurs because they are able to update theirvbslia the next stage. All of these
extensions mentioned before improve the Pareto allocagilative to the Crawford and Sobel
(1982) original findings.

Approaches over the enlargement of the level of dimensignaf the game have been
proposed in various perspectives. For example, ChakrabodyHarbaugh (2010) studies mul-
tidimensional cases, where dimensions are referred taisb{situations or subjects), which
the information about them is comparable. The sender, mtyipie of game, proposes sugges-
tions regarding the information state of the subjects caingahem. The receiver after hearing
the suggestion performs an action involving the subjectsis $tudy employs an unconven-
tional mathematical method to find the equilibrium. The lisasharacterized as the form of the
sender’s utility function, where the subjects are a linganan linear combination in the util-
ity function. The shapes of the indifference curves (spigciae senders ones) are important,
which evokes a limitation bounding the functionality ofdl@pproach. This model only works
with quasi convex utility functions, which means that gammeslving senders, who might per-
ceive a risk premium, have a feasible solution. Such eqiulith happens even when the sender
is highly biased towards a specific action about the subjéta/ever the limitations, it exploits
a not so popular fact, which is the characterization of tlaes lais the utility function shape, and
not as a value as in the basic model. The sender, as a riskfloNsereveals her preferences, be-
cause of the common knowledge of her utility function. Aresttmportant remark is about the
sender state independence, which means that although efws kime true state of the informa-
tion, her utility only depends on the realizations perfodbg the receiver. These facts together
with the multidimensionality are the key components of taeg. Contrasting to Crawford and
Sobel (1982)'s model where the players utility functionpeled on the action performed by the
receiver and on the specific value of the information state.

On the other hand, Levy and Razin (2007) demonstrate thatievealtidimensional mod-
els, informative equilibrium typically disappears whearthis sufficiently large conflict of inter-
est. In this model are two messages regarding two diffexgajests, and two respective actions
decided. However, informational communication is atthlador one of the dimensions where
there is no conflict. These findings contrast Chakraborty asb&ligh (2010) that ensure that
communication is attainable and preferable by the two ptagegen with large disagreement.
Levy and Razin (2007) focus their study in spillovers of imf@tion on one dimension over
another.

Delegation is a refinement of the game, which has become otteeahain areas of re-
search. Occurs when the receiver gives to the sender the pbaeciding what action to take.
Nevertheless, the receiver restricts the set of possiltiersc from which the sender chooses
her preferred one. This literature evolves strongly aftemibtom (1979, 1984 This kind

SHolmst®m (1979) is a paper based on the forth chapter of the autinpsblished Ph.D. dissertation in Stanford
University.
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of setup was analyzed with existence and non existence oétapntransfers. Melumad and
Shibano (1991) explore the differences in cases of delmgaind no commitment in a setup
of no transfers. Alonso and Matouschek (2008) generaliegesthution of delegation without
transfers, allowing general distributions and broaderilfamof utility functions. As Dessein
(2002), they conclude that delegation is optimal, and bettgenever the players are more
aligned. However, a solution still might exist for higheases in the form of a non continuous
set as studied by Szalay (2005) and Alonso and Matousché@8) 20 different model settings.
Going even further to restrict the set of messages and isicigdhe gap in the middle, one
could delegate the suggestion only for the extreme pointsen§et as proposed by Kawamura
(2011).

Another problems arise in cheap talk, since communicatonbe performed through vari-
ous means and in different setups. For example, there isseaf cheap talk in organizations,
where hierarchies communicate vertically. In the simpteste, Liang (2012), in the spirit of
Dessein (2002), has employed delegation in a setup of thweds|of vertical communication,
where delegation is a possibility only from one level dowrnhe immediate lower. The find-
ings suggest the reason why top levels should preferabijigodottom level workers that are
strictly more aligned to them. A more complex game focus oghg the communication
within groups and between them. Alonso et al. (2008) exairtieease where senders in each
group observe different pieces of information, which makiéigcult to achieve coordination be-
tween groups. As a result, decentralization of the groupestorms centralization when the
group receivers (top hierarchy within the group) incerdiage sufficiently aligned. However,
it is also shown that vertical communication with a highearhrchy (each group leader with a
headquarters leader) is more efficient than horizontal comeation among group receivers.
This because, group leaders share more information witmbarased headquarter leader than
with each other.

Focussing in Dessein (2002) results, it is important to r&rtieat, given the usual workhorse
model of Crawford and Sobel (1982), delegation is prefersabt®mmunication. This happens
whenever the set of messages has more than one partitioreap d¢hlk terms. In contrast,
letting all values constant, it is shown that communicatian be preferable to delegation when
the information state set can be reduced. This reductiawalffiner partitions than in the
original set, and therefore the receiver can perform mocerate decisions. However, in this
last environment, there exists still noise in the sendersamgss.

The research in this area has grown because of the improve®legation means to the in-
formation communication. Specially for the recefyarho is the one that restricts the message
set. Delegation works as a convenient tool for avoiding oasfin higher information states.

In various models, it is assumed that the sender do not incwasy cost for retrieving the
information state. However, for example Che and Kartik (9320dy the endogenous informa-
tion retrieval situation, where it is claimed that wheneWere is a high bias, less informational
communication exist. Nevertheless, this situation ceagmder incentives for information ac-

"Delegation lowers benefits for senders when they are mosethia
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quisition. As a side note, it can be seen, that these resutisast some of the ones found in
behavioral economics literature.eéBabou and Tirole (2003) propose theoretically, that there
exist incentives that can harm the performance of a task.dhiinteresting avenue to analyze,
whether delegation is a sufficient motivator for the sendeoltitain the information required.
For Che and Kartik (2009), the incentives for retrieving thieimation are self enforced, be-
cause exerting more effort allows the sender to performuasien and avoid prejudice. More-
over, the study shows that delegation can be demotivatioguse it eliminates the sender’s
need to persuade and avoid prejudice.

This delegation models (viewed as well as mediation probjeare shown as optimal deter-
ministic mechanisms to confront the problem given infolioraasymmetries and misalignment
of preferences. Randomizing mechanism is also possibleadand Mylavanov (2009) study
this fact concluding that deterministic delegation dortesahe stochastic approach.

The other avenue of research on cheap talk games has beempeftowards developing
refinements respect the equilibrium criteria, in order tteptally reduce the set of possible
optimal strategies. In studies of Farrell (1986, 1988, 198&tthews et al. (1991), itis intended
to look for an interpretation of messages where there arg/maaiced equilibrium because of
the messages meaning and intended meaning problem. Ka888) proposes a refinement
called the neologism proofness. However, other perspeatiout this topic could be seen as
well as a problem of message quality, where the suggestimnisperturbed stochastically, as
shown by Blume et al. (2007). In other studies, the problembeas analyzed with a certain
degree of agnosticism about the reason why multiple eqjuilfis exist. Chen et al. (2008)
propose a selection of equilibrium criteria, NITS, thatupgorted in the Crawford and Sobel
(1982) monotonicity condition, where such induced resullt mot be neologism proof in the
Farrell (1993) sense. This approach helps to reduce the satltple equilibriums, and it is
based on the idea that when the sender observes low reathigaif the information state, and
has a positive bias, she has no incentive to signal a medsaigs below the state observed.

Ultimately, the solution criteria and equilibrium selegtiare based mainly on the model
specifications proposed in Crawford and Sobel (1982). Moshefliterature is based in the
positive biased sender. However, Gordon (2010) studieshibap talk game through another
avenue, and grants solutions for all the possible direstiba bias can take. Moreover, Gordon
(2011) provides an equilibrium selection that satisfiestaraiive procedure, and does not de-
pends exclusively in the monotonicity condition of Crawfamtd Sobel (1982). This approach
does not need to assume any specific form of the utility fonadf the players. These analyses
are performed with a supermodularity approach that is bas#te ordering of strategies and
information combinations in lattices.

All models cited until here are built on the assumption of coon knowledge of the bi-
ases. Another direction of research is less prolific, anddtigates cheap talk models where an
unbiased receiver presents uncertainty about the serater bi



3.2 About Cheap Talk Games With Bias Uncertainty

One of the first approaches, and the most cited study wheniexmrthe uncertainty of the
sender’s bias is Dimitrakas and Sarafidis (2005). This amakhows the strategical behavior
of a sender who signals the information state, such messdggesed in the posterior belief of
the receiver about the sender’s bias and the informatide.stBhey assume that both uncer-
tain variables are continuously distributed. They coneltltht this setup allows informational
communication even when the sender is more biased than inf@dhand Sobel (1982) model.

This last study helps to embody Li and Madsz (2008) work, where they compare situ-
ations where the sender performs or not the disclosure dbiaer This model allows for the
sender to be biased positively or negatively. Their reqadist that non disclosure is preferable,
however, compulsory disclosure provides meaningful miaiion transmission.

There exist approximations, such as Morgan and Stocker3j2@® which they analyze
a situation where the sender with unknown bias performsstecommendation to an unin-
formed receiver. They conclude that aligned senders cah@edibly unfavorable information
but cannot signal credibly favorable information for theewer. This result is based in the
construction of this specific stock recommendation modedwel/er, the intuition is clear in
terms of the basic cheap talk model, where lower states atensere credibly than higher
states specially when the sender bias is unknown.

Although these approximations show the possibility of madgame where the sender bias
is unknown, it has not been proposed a model where even therskas uncertainty about the
total difference of preferences in the game. In the presgmistion, | perform the analysis for
the case where both players know their preferred informataplication, but they are ignorant
regarding the complete misalignment that exist in the gdmthis case, | perform an extension
of the Crawford and Sobel (1982) model when this situationdas iAs it has been remarked, the
knowledge of the bias is important for the game to have aisolusince cheap talk information
is unverifiable. Therefore, | allow in my model the playersstgnal each other preferences
in a simultaneous strategic communication pre engagingpchadk with the misalignment that
resulted signaled in the first period.

4 Model

The model | propose is similar to Crawford and Sobel (1982) ehoBoth models are based
in the information transmission problem, in which the playaction preferences are different,
and they present the same assumptions regarding the playgysunctions. However, | make
explicit the difference of the players preferred actioni®wang the receiver to have a personal
bias as the sender does. Typically, my model converges tofGrand Sobel (1982) model
for additive action functions. This case is studied heremsively in order to compare them.
Assume that both players are privately endowed with a tyje.thie players in the game,
there exists an action functica(m,t), which is a transformation of the information state
and the player’s typé into an action. Without loss of generality, the type as defihere is
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the bias that each player has, and it determines the way fieniation is transformed into an
action, which is characterized as the functéoon assume that this action function is an additive
transformation, meaning thatm,t) = m+-t.

Throughout the model, it is assumed that the personal tyjbe @layers are private infor-
mation. Since the knowledge of them is vital for the game tsdieable, the players exchange
simultaneously signals about them. Therefore, in the feesiog, the players signal each other
their types, in the second, the sender signals the infoomatiate with the message space par-
titioned given the types signaled, and in the last periodd¢iceiver performs a final action. In
these last periods the players assume that the types sigai@ehe true types. In the period
zero, the nature decides a value of information, a type ®s#nder and a type for the receiver.
The solution of the game is based in a Perfect Bayesian Equitib

The conflict in this game is produced by the difference of $yfe players have. As men-
tioned before, this is unknown for both players who are oelgain about their own type. Each
player type is Bernoulli distributed and | assume that thes$yim the sender distribution are
strictly larger than all possible receiver’s types. Thiswb positive misalignment in all situa-
tions, and it is the only certainty the players have abodut ttion preferences differences.

Throughout the game, the utility functions are common keagk for both players. The
idea how they are constructed is based on what the playenstarested on. They both want an
action to be performed by the receiver at the end of the gaftes,leearing the sender’s signal.
Nevertheless, they both want specifically their own prefgiaction to be played at the end of
the game. Then, their utility functions are composed by ifferénce of the receiver’s action
taken at the end of the game and the player’s preferred or@cally, more utility would be
attained whenever this difference is minimized.

Formally, the utility function for player measures the distance between the action that
is going to be performed by the receivexy;tR)) after hearing the senders message, and the
personal preferred action of playgra(m,t!)) given the informatiorm. Then, the utility is
defined as)! (a(y,tR) —a(m,t!)), wherej = R Sare the receiver and the sender respectively.
The type of each playerise T whereT € {t,t}, the information state is1c M whereM € [0, 1]

Is a compact set uniformly distributed, the action funct®xefined ag: M x T — A where
A€ [a @] is a compact set. The only argument that is not yet defingdaied requires special
attention to be given in the next paragraph. | assume thaittlig function has a bliss point
in zero, the reason why this is the case is because the plagaches her highest utility when
the distance betweea(y,tR) anda(m,t!) is null, whenever this distance increases, the utility
decreases. The assumptions regarding the derivativeseaitifity function and the action
function are presented in the formal definition.

Definition 1 (Action function) The action function is defined agmt), for an me M and
teT, where a M x T — A produces a unique a and prese@&/om > 0 and da/ot > O.
Moreover, the action function is characterized to be addit{m,t) = m+t

Definition 2 (Preferred action)The preferred action for player j, where5§ R S, is defined as
a(m,t}) for a given me M andt! € T. Then dm,tl) = m+tl.
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To allow a better understanding of the variabJeonsider the following cases. Whenever
tR = tS =1, for a givenm both players have the same preferred actiafms t?) = a(mt) =
a(m,t5), which is a result of Lemma 1 defined in the next section. Ihijgayers are aware
about this full alignment, then the sender would like to maxe her utility function by sending
a message = m. Therefore, the receiver would understang: n, and she will execute the
action that is preferred for both playea§y,t), which is equal to both players preferred actions,
thus the utility functions would reach the bliss point, anda(y,t) —a(m;t)) = 0 wherey =
n=m.

Whenever the types are differefft + tS, the sender cannot send a messageat equals
the true statam, because a naive receiver would understandsn = m, and therefore will
take actionrm+tR, which is different tom+tS. When both players known th#f # tS, a non
strategical sender would send a messagem-+tS, which is her preferred action. A strategical
receiver would know that the real information state is imfthadditively bytS, and she will
understang = m = n—tS correcting for the sender’s bias. Hence, she will perforenabtion
m+tR which is different tom+-tS.

However, none of these cases would happen in a strategicsd gdnere both players are
rational. Moreover, how the game would finish depends on titztegical message sent and
how the receiver will rationally understand it. Therefaitee variabley depends om. This is
the point where communication problems arise given the tdck common language among
players, becauseis not what affects the utilities. What really matters is wihaeans to the
receiver, and what she can understand about it. In othersydrdnly has influence changing
the beliefs of the receiver abontthroughy.

With all the arguments exposed, | formally postulate thityfunction and the assumptions
behind it.

Definition 3. The utility function for player j is U(a(y,tR) —a(m,t!)) measures the distance
between the actions. It has a unique bliss point in zero, aiglassumed thatdU ! /dy < O,
0(U1)2/8%y < 0,8(U1)2/ayom> 0, dUS/dyatS > 0, where the double derivatives are calculated
with the chain rule. With an additive action function the feésion utilities of the form B(y, m)
and US(y,m,tS—tR).

In this framework with individual private information, tfessumption about how expecta-
tions are formed is necessary. There are three variablearth@ot common knowledge, each
players type and the information state. These variableg@nerated by their own probabil-
ity distribution independently from each other. All the y#as know the distributions and the
bounds the variables are enclosed in, and they are awaré thigofact that they are all inde-
pendently distributed. | defin(m) as the uniform distribution of the information stae= M.
y(t5) is the probability mass distribution for the sender &(t&) is the receiver’s, these last two
are Bernoulli distributed.

The game is constituted by signals and responses. The sigxaianged in the first period
fR andt® follow this rule:
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1. For the sender case, eacte {t5,t5}, [sq(fStS)dfS = 1, where the sef S = {iS S} is
the set of feasible signals, andif is in the support of(-|t5), thent*S solves

max US(a(y(n"),ER) — a(m,t%))q(ERt7)a(t%)

TSR RRETR
max US(y(n*), mt5—EF)q(EF[tR)8(tF). 1)
BeTS (RETRIRETR

2. For the receiver case, eathe {tR iR}, [zrq(ER[tR)diR = 1, where the sefR = {iR i}}
is the set of feasible signals, and‘iR is in the support of(-|tR), thenf*R solves

max UR(a(y(n"),t%) — a(m t%)q(Et)v(t%)

ReTR scTsiseTs
max UR(y(n"), maEe)v(td). 2
eT ST stsets

Where the associated valuesyandn* are calculated for every possible misalignment signaled
with the following rules:

e Foreachme [0.1], [y q(njm)dn= 1, where the sell is the set of feasible signals and if
n* is in the support ofj(-|m), thenn* solves

maxS(a(y(n), %) —a(m %))

maxU S(y(n), m £ —{R). 3

neN

e For eacm(fS,iR), y(n) solves

m;:lx/olu Ra(y,tR) —a(m,t?)) p(min)dm

X 01UR<y, m) p(mjn)dm (4)

f
wherep(min) = o

At this point is necessary to highlight some facts about thead rules of the game. The
receiver presents in her maximization problem (2) no depecglon her own type. However, it
does depend on her type signal indirectly through the messaigt by the sender. In contrast,
the sender’s routine (1) depends on her actual type, medmidnow much is she going to be
able to go beyond her true type depends on the expected gmsant respect her true type.
The receiver’s strategy only depends in maximize her ytgiven the signal the sender would
emit, without any regards over her own type.

In order to summarize, | assume that playetility depends on the difference of ultimate
action taken by the receiver and the playepseferred action. | allow both players to be biased
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(to have a type) towards a preferred action. Both playersstygpe only private information,
and signaled to each other strategically before commung#te signal about the information,
with which the ultimate action is taken. Both players commibelieve the signaled types as
their true types with which cheap talk is conducted. Theivecéen my model understands the
signal about the information state with which an action ibeédaken.

5 Equilibrium

In this section, | characterize the cheap talk equilibriemthe model proposed in the previous
section. The main focus is to find the preferred strategy efsdinder in the first period of
communication, where the types signals are exchange sinadtsly. The condition to find
the strategies in equilibrium is to focus on the ex &ntiility functions, in order to obtain the
attainable pay offs for the first period. The ex post analisisot performed; nevertheless,
certain considerations are made while conduction the ebaimphe next section.

In the first part of this section the expectation and the podityacharacterization will not
be taken in consideration. Whenever it will be necessary,illthve added explicitly. The
analysis begins studying the players behavior while comaating the information state, which
equilibrium is characterized by Crawford and Sobel (1982)xtNthe exposition is focused on
the strategies while signaling the types. The reason foctgading this way is because how
the players signal their types is a consequence of the claiapduilibrium. Since this model
can be seen as an extension of Crawford and Sobel (1982), heis¢hteoretical approach and
findings to give shape to my model. Therefore, | collect theast important findings for which
the proofs are already exposed in Crawford and Sobel (1982yeMer, the intuition about such
the theoretical approach will be provided.

Equally as Crawford and Sobel (1982), itis allowed all sigmab be compiled in the group
N if induce y whenever[q(njm) > 0, thenminducesy, such selection ofi € N is signaled
if US(y,m,tS—tR) = maxcyUS(y,mtS—tR). Because of the assumptiatUS)?/d%y < 0
the utility function can take at most two values for a giverandm induce at most twg in
equilibrium.

As there are preferred actions for the players, there acepabkferred information under-
standinggy for each one.

y3(mtS—tF) = arg maotJ Sy, mt5—tR) (5)
yR(m) = arg mastJ R(y,m) (6)

In equation (6)yR(m) only depends om, because as defined above, the utility function
measures the distance between two actions. Whenever thaemtfif is fixed, the difference
Is just due tom, which is a direct conclusion from Lemma 1. Therefore, thdaratanding

8As remarked before ex ante and ex post are referred to thiveeemdowment of the information state.
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of the information just depends on the value of the infororati For the sender, (5) depends
on both players misalignment. As noted by Crawford and Sdl#8Z%) because of the utility
function assumptiong;>(m,tS—tR) andyR(m) are well defined and continuousrin since this

is continuous and bounded.

Lemma 1. If the preferred actions of the players are differer(iret®) £ a(m,t5), it is because
the misalignmentt = tS.

Proof. By contradiction, assume the action function produa@s t) = v for a givenm andt,
if there exists ara(m,t’) = v, it must the case tha(m,t) = a(m,t’), thust =t’, which is a
contradiction. Therefore, for a givenanda(-,-), if a(m,t) # a(m,t’), it must be the case that
t £t O

Lemma 1 formally shows the claim that the preferred actioesegual whenever the types
are the same. This conclusion is trivial when the actiontionds additive.

Lemma 2. If the players’ types are misaligned? # tS, then the preferred understandings of
the information of both players diffefRy£ yS,

Proof. By contradiction, assumi& = t> =t then because of Lemmaalm, tR) = a(m,tS) =
a(m,t), therefore according to (5) and (6)

yS(m) = argmat) S(y, m,t —t) 7)

yR(m) = argmatJR(y, m) (8)

then for a givenm, yS(m) = yR(m), which is a contradiction. In this situation, the utility
functions reach the unique bliss point with respectiwgigm) andy?(m). This case happens
uniquely whertR = tS, because it is the situation where the two players reachritgpie bliss
point.

Therefore, for the other cases whefez t5, there exisyS(m, tS—tR) andyR(m), and it must
be the case that even when one of the types is zero, the other ba different to zerat #t5),
then,yR + yS holds, and holds whenever none of the types are zero antlesstffs tS. ]

The intuition behind Lemma 2 establishes that; the onlyasitutn when the receiver is going
to understand a signal abautexactly as the signal suggested is when the types of botlerday
are equal and common knowledge. The next lemma was postigt€rawford and Sobel
(1982) and its proof is based on theirs.

Lemma 3 (Lemma 1 and proof in Crawford and Sobel (1982j)yS(m,tS —tR) # yR(m) for
all m, then, there exists a> 0 such that if u and v are understandings induced in equilitosiu
|u—v|> €. Further, the set of understandings induced in equilibrisrfinite.

Proof. Assume the understandings of the receiver under a signairsequilibrium areu < v,
from which the sender reveals a preference for one of thbsefeference for one must be true
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since theu # v). Because of continuity, there must bense [0, 1] for which the utility of the
sender is the same for eitheor v US(a(u,tR),a(m,t5)) = US(a(v,tR),a(m,t5)).

u<y (mtS—tR) <v (9)

Becaus@U ! /dy < 0 andd(U1)?/dydm> 0 the preferred understanding of the sendém, tR t5)
is betweeru andv, and becausé(U!)?/dyom > 0, the understandingis not induced by any
m > m, andv is not induced by anyn < m. This produces:

u<yR(m) <v (10)

The inequality holds strictly when Lemma 2 is satisfied. Wieg tS thenyR £ yS for anym,
then there igyR — yS|> ¢ for all m [0, 1]. From (9) and (10) it must follow that—u > € where
the set of understandings is boundedyBg0) andy?(1). O

This Lemma refers to the fact that because Lemma 2, in equifibit is not possible for the
sender to induce his preferred understanding when the ggedifferent. The result is a noisy
communication, where the produced understanding is nettiie, and the true information
state is unattainable. The lemma shows as well that themglysadfinite set of understandings
induced in equilibrium, since there is only a reduced senhfafrmation states with which those
are feasible. In this case the inclusion of the action fumctioes not change the results of
the Crawford and Sobel (1982), since the assumptions of thy fiinctions are the same.
Moreover, the lemma suggests that any equilibrium is atgartequilibrium.

To illustrate this lemma, assume an utility quadratic laggyifunction in equilibrium that
satisfies the assumptions defined.

UR=—(y—m?=x, (11)
The understandingsandv induced in equilibrium are:

y=m+ /X (12)

From here, it can be seen already that whenavgr0Q, then, the difference betweenand
v is somee. Now it is necessary to find the value of, for which the sender and receiver
understandings are in equilibrium.

US(u,m,tS—tR) = US(v,m t5—tR) (13)

Which yields as resultn = (v+u)/2 — (t5—tR). Getting the preferred sender understanding
givenm, it is obtainedy® = (u+v)/2, and this satisfies equation (9). The preferred receiver
understanding givemis yS = (u+v)/2 — (t5—tR) satisfies (10). In this last step, it is seen how
the receiver corrects her understanding given the misalkem. Moreover, since an equilibrium
has been computed here, it can be seen that whenever thatgmiferent, any sender message
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can only produce two receiver understandings in equilibr{@2), also, the set of information
state for which it has been generated is bounded. This reanlalso be founded in Li and
Mada@&sz (2008).

As in Crawford and Sobel (1982), | form the equilibrium as atiian equilibria. The
essence of the equilibrium is based in the continuous jmartif the message set defined@nl]
in N parts. The bins separating each partition are denoteNn= (ag(N),a1(N),...,an(N)),
whereag(N) < a;(N) < --- < an(N) with lower boundag(N) = 0 and upper boundy(N) = 1.
Without loss of generality, for all, a € [0, 1], a pair of bins one besides the other satisdiesa.
A signal (or message) regarding the information state is conformed by a paa,offhere one
Is next to the other. Basically, the receiver signals thehlt®ghood where the information state
is.

Given a signah, the receiver strategically performs her response, whereisderstands the
signal given the probability of occurrence of the set of aigrand the set of the information.

Definition 4 (Best response of the receiveth expectation, the best response of sender’s un-
derstanding given a sender’s message @ [0, 1] uniformly distributed is:

argmax/2UR(a(y.t?) —a(m,t?)) f (m)dm if

<a
yR(@) fa=a

(14)

Via.a) = { N
a
As a side note, it is important to note that the explicit reees best response just defined
is based in the maximization of the conditional expectabbithe utility. The nature of its
derivation is based in the assumption that the informatiatess uniformly distributed. A
deeper understanding of this result is given after the #radhat defines the existences of the
equilibria.

Theorem 1 (Theorem 1 in Crawford and Sobel (19828upposeft # tS and Lemma 2 holds
for every m. Then there exists a positive integét?\S) such that for every N with < N <
N(tR t5), there exists at least one equilibriutg(n),q(njm)), where ¢njm) is uniform and
supported ona;, a+1] if me (a1 1,a).

Us(a(Y(aiaai—O—l)atR)va(matS)) - US(a(ﬂai—laai)atR%a(matS)) =0
foranyi=1,....N—1 (15)

y(n) =y(a,a41) foralln e (a,a,1) (16)
ag=0 (17)
ay =1 (18)

Further, any equilibrium is essentially of this class fonsavalues of N with < N < N(tS,tR)

The proof is in Crawford and Sobel (1982), and holds in thegremodel since the as-
sumptions regarding the signals and utility functions heesame assumptions and arguments
as in the original work.
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For clarity’s sake, | present the intuition that leads toeqeilibrium given the lemmas and
theorem exposed. Both players form strategical respons¢idms. Let the intervaly;, a1 1) be
defined as a step. Equation (15) is known as the sender’'sagbitondition, it shows the point
where she is indifferent between two receiver understaysdior different but consecutive steps.
This last argument implies that there should be#mat is in both signals, typically the one that
is between two signals dividing these steps, nanaglpr [a_1,a] and[a,a+1]. Solving for
this bin generates a well defined second order non lineardiice equation, where (17) and
(18) are the initial and terminal conditions. With this difénce equation it can be found the
steps defined by the biggN) = (ag(N),a1(N),...,an(N)), which are in the set dD, 1] given
conditions (17) and (18). For a value of the sender can choose the step where the state lies
in, which maximizes her utility given the receiver undenstiag (16) that would be induced
with this message. The arbitrage condition assures, foegabfm € (g, a+1), this message is
strictly preferred among the others, with the exceptionaltigs ofm that are exactly equal to
one of the bins, where, of course, the sender is indifferetwéen those two messages. This
last fact is a consequence of the nature of the arbitragetommd

The receiver on the other hand, maximizes her conditionadebed utility given the signal
received. This criteria is characterized in equation (4)e Perfect Bayesian Equilibrium states
that at every continuation game, the strategies on theibquih path must be formed rationally,
and they must be a Bayesian equilibrium by itself, where thiefseare updated with Bayes’
rule when possible. Therefore, without taking into accdbetfirst part of the game where the
players signal their types, the receiver’s best strateggmstituted as (4).

The receiver’s beliefs updating, when receives a signalisha the interval(a;,a;1), are
formed as follows

___qnmf(m) _ f(m)
PMIN) = g et ()l 3 F (mf ) (19)
which replacing in the conditional expected utility yields
& R Rl R JRUR@(y,tR) —a(m tR)) f (m)dm
| UR(@t™) —am %) p(minjdm-— T (0

which holds for uniform distribution ofn, where f(m) = 1 whenm € [0,1]. The solution
that maximizes this expectation is the understanding (4@)edined in Definition 4 for an €
(ai,8i+1). Moreover, this result has to be a best response foralN; whereN; =n:y(n) =Y.
This means that in the s&t are all the signals that produce the understangjnghen the
sender sees an information state (&, 8;+1). To satisfy condition (15), (17) and (18), the best
response (16) to any signak N; has to maximize the conditional expected utility:

[ URGatyn). %)~ ami®atnimandm= [“URGaty(n).1%) - a(mi®) f(mom @1)
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Where the conditional density integrates to the unity bes@ssvhole mass is uniformly dis-
tributed troughN;. Moreover, since\; = n:y(n) =Yy;, y(n) is constant over the integration
range.

As seen until here, the model has a solution as partitionibguim. Theorem 1 establishes
the existence of a partition wit (tR,tS) steps, which depends on the difference of the players’
types. It is easy to see this fact from solving the differeegeation formed with the arbitrage
condition. As noticed before, such equation (15) dependsotimplayers type difference given
the additive nature of the action function. Moreover, it eiegs on the collection of biresfor
which the difference equation is solved. This leaves theihce of types as the determinant
for the number of partitions that occurs in equilibrium. Cfasd and Sobel (1982) provides the
formalization to this fact

Lemma 4 (Lemma 6 in Crawford and Sobel (1982))he maximum possible equilibrium par-
tition, N(tS,tR), is non increasing in/(tS—tR)2, the distance between agents’s preferences.

The simplest partition equilibrium that could occur in treage occurs when the message set
is divided one time. Theorem 1 proves it existence, along alitthe other partition equilibrium
that could occur depending on the misalignment. Moreoveawrd and Sobel (1982) show
that this equilibrium is non informative. It can be seen iu&ipn (16), which is a result
from Definition 4, that whenever the sender signals a &g |, and those correspond to the
message space bounds defined in (17) and (18), the receiveaisequal situation as when
she would be without communication. This fact is true, sibgethe model definition she
knows already that the information state i§@n1], she could compute the same result without
communication.

The ex ante expected utilities are important for compariffgreént realization of the game.
Whenever the information state is drawn and shown to the sgtheegpreferences over the equi-
librium to be chosen depends on such realization. This somtien more than one partitions
are available. Therefore, a generalization for ex poshimdense) case is a sensible matter and
for the comparison’s sake, the following analysis is paerfed over ex ante utility expectations.

Definition 5 (Expected Utility) Using similar calculations as in equatiq@1) the utility expec-
tations are defined over the players typeand the signals about their typés For a receiver
type R who signald® her expected utility ex ante is defined as:

N aj
ELR= 5§ > UR(@ay(a-1.a),t%) — a(mt®) f(m)dm) g@SHovts)  (22)
tSeTS{SeTSi=1 "7 &-1
For the sender with type’tand s.ignalingfkS her expected utility ex ante is defined as:
N

DI A " US(aly(ar-1.a). ) - alm ) Fmdm) @3 (@3)
tRETRIRETRI=1 "/ &i-1

Where N= N(f5,{R).
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When simultaneous type signaling is allowed before che&pttad game can be treated as
a static imperfect game. The reason why this holds is baséteassumption about the players
belief that the true misalignment is the one signaled. Thoeeethe possible payoffs for each
combination of type signals for each real players’ typesfcam the game payoffs for every
situation possible. This fact is true only if it is analyzée tex ante case, since in the ex post
situation, the multiple equilibrium existence does nab\alan accurate analysis.

Theorem 2. The multi stage signaling game with costless and unverifiatdesages can be
reduced to a static game with imperfect information where tagoffs are produced by the
expected utilities ex ante the realization of the informiatstate. In the first period, the play-
ers signal their types (preference about how to executertfegmation state) simultaneously.
During the second period the sender delivers a message.nDtine final period the receiver
performs an action. In the last two periods the game is coratlaiith the assumption that the
players believe that the types signaled in the first comnatioic period are the true ones.

Proof. To prove the theorem it is needed to show that the game satibiePerfect Bayesian
Equilibrium conditions. Then, the justification of why tharge turns to a static game with
imperfect information finishes the proof.

The PBE as postulated by Fudenberg and Tirole (1991) recihia¢#n every player’s point
in the game that is not a singleton, the player is able to assigrobability to all the elements
that are in such non singleton. This is guaranteed when fbe obability distributions of
the types and information state are common knowledge fdr bbthe players. Therefore, all
the continuation games can be treated as sub games. Thuhe#e talk model constitutes a
proper sub game for every combination of types and type Egaad presents a unique solution
for the ex ante expected utilities as shown in their definifar both players.

As seen in Lemma 4, the number of partitions in the cheap t@tkegdepends on the mis-
alignment signaled. Moreover, the ex ante expected asldiepend on the number of partitions,
the misalignment signaled and the players types. Thusg silithese information are signaled
in the first period, the game reduces to finding the playeetegres played in the first period
when signaling their types. The assumption that the playelisve their signals as their true
types completes this idea allowing to use the ex ante expetiigies defined in (22) and (23)
as pay offs for the static game. ]

At this point | summon the Crawford and Sobel (1982)’s res@tmrding the players’ pref-
erences over different kinds of equilibriums and varialhed define the partition equilibrium.
These are without proofs and can be found in the original r®euot.

Theorem 3(Theorem 3 in Crawford and Sobel (1982Fpr given preferences (i.e }ttS), the
receiver always strictly prefers equilibrium partitions tvinore steps (larger N’s).

Theorem 4 (Theorem 4 in Crawford and Sobel (1982For given number of steps (i.e., N),
the receiver always prefers equilibrium partition assoethtvith more similar preferences (i.e.
smaller differenceX—tR).
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Theorem 5 (Theorem 5 in Crawford and Sobel (1982For given preferences (i.e.Rtt9),
the sender always strictly prefers ex ante (before learnhmgibformation state realization)
equilibrium partitions associated with more steps (larges)N’

These results are a consequence of the monotonicity assuppdposed by Crawford and
Sobel (1982). Theorems 3 and 4 hold even for ex post situatibime reason is based on the idea
that more partitions involve more accurate messages. Téanhsiess distorted messages. More
partitions are a consequence of more aligned players, giegeshare closer action preferences
it is convenient for them to communicate better in such sbna. However, theorem 5, only
holds for ex ante situations. Given the sender’s privaterk@dge of the information state,
she might prefer even a smaller number of partitions. Soreeip preferred understandings
given an information state, where the sender utility is ipestation better than with any other
partition, could be induced when communication with fewantiions may occur. The difficulty
of selecting this kind multiple equilibriums makes the miadifficult to solve ex post.

The following Theorem characterizes the preferred strasag a game, where the possible
sender types in her distribution are all larger than the améise receiver distribution. | focus
only in pure strategies equilibriums. For the existenceunhs it is needed to assume that
given the possible misalignments prior the game, therdsaisleast one that produces more
partitions, and at least one that produces less than thesothe

With a discrete distribution of types, each player choosegyaal constituted as one of
the types in her distribution that maximizes her utility. gl be shown next, in this kind
of games and under some distribution conditions, the ssgr@tstitute the misalignment with
which the cheap talk equilibrium is to be constructed in tegtrgame stages. The theorem
shows that under some conditions there are dominant seatethis equilibrium characterizes
the conditions where only exists pooling equilibrium.

Theorem 6. Assume the extended multistage signaling game of stratgagcdisclosure fol-
lowed by a cheap talk game where the misalignment is deternmnibe first stage signaling
game. There are two types distributed discretely for eachgrlavhere R < tR < tS < tS and
the smallest distance between sender and receiver typesigesdt least N> 2 number of
partitions. Among the type differences there should beéastlene that produces the smallest
partition and at least one that produces the largest. Despither actual type, the sender is
always strictly more interested in the equilibrium where tigahce of types is the smallest for
all possibilities in the distributions, and their asso@dtprior and posterior probabilities are
strictly larger than zero.

Proof. It has to be shown the existence of a pooling equilibrium. ilt suffice to determine
which are the dominated strategies for different typesu¢hsdominated strategies are the same
despite the actual player type, then the pooling equiliexiats.

If tR < R <5 < t5 the smallest difference of players types(8,tR) and the largest is
(t5,tR). The number of partitions is denoted M-S, tR), according Lemma 4 the higher the
differencetS —tR the lower the number of partitions.
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For clarity’s sake, | perform a change of notation for thet i&fsthe proof. The types
tR < R < t5 < t5 are renamed dsR < HR < LS < HS. AssumeN(LS HR) > N(HS HR) >
N(LSLR) > N(HS LR) impliesEUR(N(LS HR)) > EUR(N(HS HR)) > EUR(N(LS LR)) >
EUR(N(HSLR)).

The receiver prefers to signal the messH@&that generates the largest number of partitions,
and compares her expected utility against the one genebgtedynalingLR. In this case as
postulated in (22)g is the probability of the sender signaling her low typ&lotice that this
calculation is the same despite any player type.

oEUR(N(LS HR))+ (1— 0)EUR(N(HS HR)) >
oEUR(N(LSLR)) + (1—0)EUR(N(HS,LR)) (24)

The receiver’s strategy playing her higher type is pretbakvays wherEUR(N(HS HR)) >
EUR(N(LS,LR)) for any value ofo € [0,1]. WhenEUR(N(HS HR)) = EUR(N(LS,LR)) =
EUR(N(HS,LR)) (in which case there must existeUR(N(HS,HR)) larger than the all the
others by the theorem assumption). Therefore, whenevefotlmving linear combination
oEUR(N(LS HR)) + (1— 0)EUR(N(HS HR)) is larger than the highest possible value of the
right hand side of the inequality, which happens wimex 0. In this case the receiver plays
her highest type whenever there is a positive probabilitgrieeally small but not strictly equal
to zero) that the sender is playing her lowest type, and thereeaching the most informa-
tive number of partitions. This allows the receiver to al&gpol her strategy independently
her type. A similar analysis can be performed for the caseeiN¢LS HR) > N(LSLR) >
N(HSHR) > N(HSLR). O

For the sender a similar appreciation can be performed. Tteeahce is that her expected
utility depends on her true type. If the sender is far enougimfthe receiver’s signal analyzed,
this will hurt her utility function. However, the effect ofgnaling the type that is closer to the
best response of the receiver is stronger than telling thk.tThen it is expected for the sender
to pool her strategy while signaling her type.

6 Example

To illustrate the equilibrium derived in the previous senti present an example. The utilities of
the sender and receiver are characterized as the leadingpkxaf Crawford and Sobel (1982),
where the actions function are additive in its argumentisfyaig the assumptions proposed.

%In the characterization of the expected utility (22) the tiplitation of probabilitiesy(tS/tS)y(t5) is equal to the
probability of o of sender signaling some of her types.
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The information state is distributed uniformly ¢ 1] with cumulative distributiori (m).

UR=— (a(y.tR) —a(mtR))?
= (y+tR— (m+1R))2
_ (y—m)2 (25)

= (y—m— (15— tF))? (26)

This utility representations are in line with Lemmas 1, 2 8nd he difference of action prefer-
ences is present only in the sender’s utility. This misatignt characterization is similar to the
sender’s bias approach that is common in the cheap talktitex. Since the distribution of the
players types are all strictly larger for the sender, it camgbaranteed that the misalignment is
always positive.

To put together the results of Theorem 6, it is require to firedequilibriums generated for
the cheap talk game. As the characterization of the eqiuilibrs ex ante, the expected utilities
of incurring in the game are to be calculated following thigecia. The best response of the
receiver is based on the theoretical calculation defineckiimidion 4. For some partitioN and
i=0,1,...,N—1

i@, ai1) — aj —|—23i+1‘ 27)

The best response of the sender is characterized by theaiartition of the message
space given the misalignment. The calculations are to benpeed disregarding the actual
realizations of the this value. The sender solves the agmtrcondition (15) following the
starting and finishing bin as postulated in Theorem 1, giterbest response of the receiver of

equation (27).

US(a( L R) — a(@,t9) =US(a(E R 1R) — aaitd))
4 +ai+1 di—1+3a;
_( 5 + —ai—(ts—tR))ZZ—( 5 —a;—(ts—tR))z, (28)
solving forajt1
a1 =28 — a1+ 45— (29)

This second order difference equation can be iterativalyesidor g;, holdinga; as a parameter
and using the initial bin condition equate to zero as (17),

a = agi +2i(i—1)(t5—tR), (30)

As it can be seen in the difference equation (30), theabiis an additive combination i
and 2(i — 1)(t>—tR). However, since the maximum bin is bounded by (18) to be etpal
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the unity at most, then the additive contribution &fi2- 1)(tS —tR) cannot be larger than 1.
Therefore, solving for the number of bimgor number of partitions) given this last second
order restriction 1> 2i(i — 1)(t>—tR) produces two solutions. From which, the solution that
is needed is the one that that produces the maximum numbessitppe partitions. In order to
find the maximum real number of bins given the solution, iteeded to refine this result with
the use of the ceiling function, it can be found that the nundgartitions is determined by
the misalignment measure.

1 1 2
2t 31

The use of derivatives to observe the marginal contribusaisky in this case since the ceiling
function is discontinuous. However, applying limits it daa found that when theé —tR tends
to infinity the optimal number of partitions is 1, on the otheand when the misalignment tends
to zero, the number of partitions tends to infinity. This pegs the idea that while less conflict
of interests exists between the players a more accurateagesan be sent, since the sender
has more partitions to choose from and make her message peniéc
This result preserves the findings of Crawford and Sobel (L882rred to the fact that
while the larger the attainable partition is (equal to thgy)rihe sender’s message is non infor-
mative (he would signal ‘the information state is|@1]’), since the receiver implies the same,
as he would not even enter to the communication proceduoause he already knowns that
the information state is between 0 and 1. It also shows thatethgth of the step&y,aj 1]
are growing while is reachingN. This is referred to the fact that senders that observe a high
realization ofm cannot efficiently communicate it because of the misalignnegistence. A
receiver might believe that a high message can be due eitllee fact of the senders type)
or simply because of the information state is large. Befoadyamg the players’ strategies a
last comment referred Crawford and Sobel (1982) findingsesied. The cut off number from
which there is babbling equilibrium corresponds wheneatuestS —tR > 1/4 are in the game.
Following this best response, the ex ante expected utifiiethe players as defined in (22)
(23) can be found for angn and for all the possible messages associated with thishBoittis
required to obtain some results derived from (30) presensttution.

If i =Nanday =1,
C1-2N(N-1)(t5-tR)

ag N (32)
Therefore, _
| .
a = N+2(t3—tR)|(|—N) (33)
and 1
a—a 1= —+2t5-tR) (2 -N-1). (34)

N
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With this results, the ex ante expected utility for the reeedisregarding the type signals is
characterized by

= Tzii(ai —a-1)°
= (liZN [%JrZ(fs—fR)(Zi _N— 1)}2>
- (12}\12+ (fs_fR);(Nz_l)>’ (35)

and the ex ante expected utility for the sender disregartiagype signals and changing the
notation for the misalignment equal fo=tS—tR

N g

Euszizl/a—1

=— 15> (122 + (@ —ai-1)’)(a —ai-1)

8_1+8
2

—[(—1)(m+2— )rdm

1 : 1 .
== (1222+(N+2(f5—fR)(2| —N—l))z)(NJrZ(fS—fR)(Zl ~N-1))

B
_ < 1. (-t)2(N2—1)
12N2 3

(S tR)2> . (36)

It is worth to notice that the expected utility ex ante of bpthyers are different. The
sender’s utility depends on the real misalignment thate®song the players. In contrast, the
receiver is not interested in knowing for sure the type ofdtiesr player, but the signal that is
going to generate the number of partitidd&S, tR).

When additionally taking the expectations for the type aradignal of the type, the ex-
pected utilities are defined as:

B 1 (B-R)2(N2-1)
B33 (g + =)AoV 37)

B 1 (B-R2(N2-1)
EUS= TZ ) (12N2 + 2 + (ts—tR)z) q(ER[ED3(R) (38)
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With these last two equations, pay offs for both players camdnstructed when they are in
period 1.

As part of the example | propose the following types distiiinu that satisfieg® < tR <
tS < tS. The proposed model requires that these are common knosvietdgng the players,

(R_ 0.3 with probabilityd € [0, 1] (39)
~ | 0.2 with probability 1— 5

(S_ 0.5 Wl.th probabl.ll.tyye [0,1] (40)
0.47 with probability 1—y

The associated misalignment for the combination of typésfga’ heorem 6 requirements.
Moreover, there is at least one that produces the highesbauai partitions. In this example
N(0.5,0.3) = 2, N(0.47,0.3) = 2, N(0.5,0.2) = 1 andN(0.47,0.2) = 1. Theorem 6 suggests
that there is a receiver’s strategy that dominates the albspite the player’s type. Therefore,
the receiver should always signal that her type 8 &olving for every player strategy and type,
the pay offs are presented in the following tables, as norepksentations.

tS=0.5,tR=0.3
fS=05 tS=0.47
fR=0.3 | -0.06083| -0.10083| -0.04973| -0.08973
fR=0.2 | -0.08333| -0.12333| -0.08333| -0.12333

tS=0.5,tR=0.2
fS=05 tS=0.47
fR=0.3 | -0.06083| -0.15083| -0.04973| -0.13973
fR=0.2 | -0.08333| -0.17333| -0.08333| -0.17333

tS=047,tR=0.3
itS=05 iS=0.47
f{R=0.3 | -0.06083| -0.08973| -0.04973| -0.07863
fR=0.2 | -0.08333| -0.11223| -0.08333| -0.11223

tS=05,tR=0.2
fS=05 {S=0.47
fR=0.3 | -0.06083| -0.13373| -0.04973| -0.12263
fR=0.2 | -0.08333| -0.15623| -0.08333| -0.15623

With equations (37) and (38), the results of Theorem 6 careipécted. As announced be-
fore, the receiver has the same pay offs in all the tableg;iwiieans that she is only affected by
the type signals but not by the types themselves. From reythie Bayesian Nash equilibrium,
it is concluded that she has a pure strategy of always pldy@ndpigher type. Solving equation
(37) when the receiver is playing®against the strategy of signaling20it can be seen that
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regarding any probability betweéd 1], she is going to play her preferred strategy that provides
her the Nash equilibrium.

For the sender’s case, her pay offs depends on hers and énearéctype. Solving equation
(38) and maximizing it for her best strategy, it can be sean $he is going to prefer to play
her lower signal no matter what type she really is. Howeverehs a condition when solving
the inequalities for the sender when comparing her strasegbhe is going to always signal
her lower type whenever the probability of the receiver along her higher type is going to
be strictly larger than zero or in the ran@® 1]. That means that she is always going to pool
whenever (no matter with which low probability but not zettog receiver is signaling her higher
type. On the other case, with probability zero, there shbeld hybrid equilibrium.

As it has been shown, both players pool their strategieckiay always for meaningful
communication to occur. This exercise can be performed different players type$, and
even with very large differences between their types, whenthe conditions of the Theorem
6 are met, there exists the opportunity to incur in meaniigtommunication.

The model presents an equilibrium strategy whenever thatexcandition is met. However,
when analyzing the ex post case, it can be seen that theygobtbmmunication is poor, and
improves only the welfare of the sender in comparison to Guetvbind Sobel (1982) model.
Moreover, in situations ex post, no equilibrium existscsithe receiver knows that it is only
in the benefit of the sender, who is able to signal more aceurassages in the direction of
her preferences (which in certain situations can be vergligised), leading to several loss of
welfare in the case of the receiver, who would perform astidloser to the sender preferred
actions. Then, in ex post situation, there is no equilibrium

7 Conclusions

In this study, | show that whenever there is a period befogagimg communication via cheap
talk to signal each others preferences, exists a poolindilegum regarding their strategies.
This pooling equilibrium shows the willingness of both pday to signal themselves as closer
to each others type no matter their true nature. The intuibithis results is referred to the
fact that both players are highly interested in informatioccommunication and are willing to
lie in order to let communication to occur even in situatiovisere the basic model showed
that this kind of communication was not possible. The thicakapproach holds for the re-
ceiver’s strategy whenever the players have quadratiaitil#ty functions with additive action
functions. The sender’s strategy is shown to hold emplyied well. This class of study is per-
formed whenever the sender may present a larger prefereaicétte receiver’s for all available

types.

10For example, it can be consider the case where the receiypgs are M1,0.1 and the sender’s.8,0.99, with
similar results. The difference is that in the latter, theereer is always going to pool, whenever the sender’s
probability of playing 03 is strictly larger than zero as predicted by Theorem 6.

HMeaningful in the sense that it provides a better equililrthan babbling equilibrium.
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Ex ante examination of the expected utilities is a key chargstic of the analysis to ensure
the possibility of communication. The equilibrium selectianalysis is not examined, since
the main focus is to show the players behavior while playingap talk. Naturally and first of
all, a strategic player would lie about her types (bias)owlhg a possibility of informational
communication that is not going to happen, especially #ftemoment that the sender observes
the information state, and takes the advantage of the irgbomal communication window to
use convincing messages to persuade the receiver to pdtersender’s preferred action.

Although the model in ex post situations was not formallydgtd, the example conducted
suggests a collapse of the equilibrium in such situation.dlWhieans, that what it is appealing
ex ante, ex post may be useless. The main problem in this Kigdroes in ex post situation is
the way how the players update their beliefs abogiven the updated belief dfand the signal
n, moreover, the conditional probability aofgiven the updated belief of the type. The reason
why with this model, ex post analysis is not possible traodhe assumption about the players
commitment to take as true the type signals emitted in thiede@sod. However, without it the
ex ante communication would not be feasible because of tHatuny beliefs problems.

| contemplate several ways to conduct new approaches ahligubpic. It seems that in
order to open the possibility of an ex post analysis in ebriim, it is required to allow noisier
communication to happen. Verifiability in cheap talk modedse been already been developed
as noticed in the literature review, and the applicationuzhscharacteristic might add enrich-
ment to the characterization of this kind of game. The sotupiossibly can be worked as cheap
talk with several biased receivers and several biased sendaother avenue seems to be the
use of a supermodularity approach, since it does not relpyesian updating.

Nevertheless, this model shares an agreement in its résgéther with others in the litera-
ture of bias uncertainty, specifically with Li and Maéaz (2008), about the fact that under the
uncertainty of the players misalignment, informationahoounication happens more often but
its meaning is diminished.



28

References Dessein, W. (2002, October). Authority and

communication in organizationReview of
Alonso, R., W. Dessein, and N. Matouschek  £.5nomic Studies §9), 811-838.

(2008, March). When does coordination
require centralizationThe American Eco- Dimitrakas, V. and Y. Sarafidis (2005, Au-
nomic Review 98), 145-179(35). gust). Advice from an expert with un-

known motives.
Alonso, R. and N. Matouschek (2008). Opti-

mal delegationReview of Economic Stud- Farrell, J. (1986, September). Meaning and

ies 751), 259-293. credibility in cheap-talk games. Depart-

ment of Economics, Working Paper Se-

Ambrus, A. and S. Takahashi (2008, March). - yies Department of Economics, Institute

Multi-sender cheap talk with restricted  for Bysiness and Economic Research, UC
state spacesTheoretical Economics(3), Berkeley.

1-27.
Farrell, J. (1988). Communication, coordina-

Battaglini, M. (2002, July). Multiple referrals  tjon and nash equilibriumEconomics Let-
and multidimensional cheap talkEcono- ters 2793), 209-214.

metrica 7@4), 1379-1401.
Farrell, J. (1993, October). Meaning and

Bénabou, R. and J. Tirole (2003, JUly) Intrin- Cred|b|||ty in Cheap talk gamegames and
sic and extrinsic motivationlhe Review of Economic Behavior @), 514-531.

Economic Studies 18), 489-520.
Farrell, J. and R. Gibbons (1989, December).

Blume, A., O. J. Board, and K. Kawamura  Cheap talk with two audience¥he Amer-

(2007, December). Noisy talkTheoreti- ican Economic Review 18), 1214-1223.
cal Economics @), 395-440.
Fudenberg, D. and J. Tirole (1991). Game
Chakraborty, A. and R. Harbaugh (2010, De- theory, 1991.

cember). Persuasion by cheap talkhe

American Economic Review 1(%), 2361— Gilligan, T. W. and K. Krehbiel (1987, Au-
2382. tumn).  Collective decisionmaking and

standing committees: An informational ra-
Che, Y.-K. and N. Kartik (2009, October). tionale for restrictive amendment proce-
Opinions as incentivesJournal of Politi- dures. Journal of Law, Economics Orga-
cal Economy 11{5), 815-860. nization 32), 287-335.

Chen, Y., N. Kartik, and J. Sobel (2008, Gordon, S. (2010, August). On infinite cheap
January). Selecting cheap-talk equilibria. talk equilibria. Universié de Monteal, Un-
Econometrica 7@l), 117-136. published Manuscript.

Crawford, V. P. and J. Sobel (1982, Novem- Gordon, S. (2011, May). Iteratively stable
ber). Strategic information transmission. cheap talk. Univers&de Montéal, Unpub-
Econometrica 5(), 1431-1451. lished Manuscript.



29

Green, J. R. and N. L. Stokey (2007, July). A Levy, G. and R. Razin (2007, May). On the
two-person game of information transmis- limits of communication in multidimen-
sion. Journal of Economic Theory 18b), sional cheap talk: A commenEconomet-
90-104. rica 7%(3), 885-893.

Harsanyi, J. C. (1968). Games with incom- ;v and K. Madafsz (2008).  When

plete information played by "bayesian”  \4nqatory disclosure hurts: Expert advice

plgyers, I-iil. part ii, baye§ian equilibrium 54 conflicting interestsJournal of Eco-
points. Management Science (B}, pp. nomic Theory 13@), 47-74.
320-334.

Liang, P. (2012, January). Transfer of au-
thority within hierarchies. Southwestern
University of Finance and Economics Re-
search Institute of Economics and Manage-

Holmstiom, B. (1984). On the theory of dele-  ment.

gation.Bayesian Models in Economic The-
ory 6(3), 190—206. Matthews, S. A., M. Okuno-Fujiwara, and

A. Postlewaite (1991, December). Refining
cheap-talk equilibriaJournal of Economic
Theory 5%2), 247-273.

Holmstiom, B. (1979, Spring). Moral hazard
and observabilityThe Bell Journal of Eco-
nomics 1Q1), 74-91.

Kawamura, K. (2011, June). A model of pub-
lic consultation why is binary communi-
cation so common. The Economic Jour-
nal 121(1), 819-842. Melumad, N. D. and T. Shibano (1991, Sum-

mer). Communication in settings with

no transfers. The RAND Journal of Eco-

nomics 222), 173-198.

Kovac, E. and T. Mylavanov (2009, July).
Stochastic mechanisms in settings with-
out monetary transfers: The regular case.
Journal of Economic Theory 144), 1373~
1395.

Morgan, J. and P. C. Stocken (2003). An anal-
ysis of stock recommendationshe RAND

Krishna, V. and J. Morgan (2001, May). A  Journal of Economics 34), 183-203.
model of expertiseThe Quarterly Journal

of Economics 11@), 747—775. Sobel, J. (2010, August). Giving and re-

ceiving advice. Econometric Society 10th
Krishna, V. and J. Morgan (2004, August). \yorid Congress.

The art of conversation: eliciting informa-

tion from experts through multi-stage com- Szalay, D. (2005). The economics of clear ad-
munication. Journal of Economic The- vice and extreme optionskReview of Eco-
ory 1172), 147-179. nomic Studies 42), 1173-1198.



