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Abstract

We consider a static cheap talk model in an environment with either one or two experts
whose biases are privately known by the experts themselves. Before the experts learn the state,
they send a cheap talk message about their bias to the decision maker. Subsequently, the deci-
sion maker chooses one expert to get state relevant advice from. We ask two questions - One,
is there an equilibrium where the experts’ bias is fully revealed? Two, is the bias revealing
equilibrium welfare improving for the decision maker? We find that when there is only one
expert, there is no bias revealing equilibrium. However, if there are two experts, there exists a
bias revealing equilibrium, and under some conditions it gives the decision maker more utility
than any equilibrium which is possible without bias revelation. This highlights a new channel
through which sender competition can benefit the decision maker.
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1 Introduction

Consider an individual who wants to consult a doctor. He realizes that the doctor’s preference may
not be perfectly aligned with her own. In particular, a very conservative doctor may under-prescribe
medicines, while there may be other types of doctors who will want her to spend more money than
required on his treatment. Suppose he is uncertain about how conservative the doctor is. Therefore,
when the doctor recommends spending a certain amount of money for her treatment, he is unsure
about both a) the bias of the doctor and b) the true state of her illness. In many other real-life
situations, a decision maker has to decide which expert to colnsult, where the experts have privately
known biases. For medical advice, one has to choose among several doctors, a defendant in a legal
case has to hire one from a pool of lawyers, for financial advice one has to hire one of several

financial managers etc.

Motivated by such examples, we consider a cheap talk game with N € {1,2} senders, where the
bias of each sender is her private knowledge. It is common knowledge that the bias can be either high
or low and that the bias of all senders is chosen independently from a known distribution. Before any
player gets information about the payoff relevant state, we add a pre-play bias communication stage
(stage 1). In this stage, the senders simultaneously send cheap talk messages about their bias type,
following which the receiver selects one sender. Once selected, the sender can perfectly observe the
true payoff relevant state, which is commonly known to have a uniform distribution. The next stage
(stage 2) is a standard cheap talk game where the chosen sender observes the true state perfectly and
sends a cheap talk message about it to the decision maker. The decision maker chooses an action

and all players get paid.

We ask two questions. One, is there an equilibrium where the sender(s) reveals their bias
truthfully, and what role does sender competition play? Two, if such an equilibrium exists, does it
give the decision maker higher utility than any equilibrium where the senders’ bias is not revealed in
the pre-play bias communication? While exogenous bias revelation in a cheap talk game has been
studied (Li and Madarasz (2008)), to the best of our knowledge, ours is the first to study endogenous
bias revelation by the senders, and explore the conditions required for all types of senders to reveal

their bias, and the impact of these conditions on equilibria and welfare.

We start with a baseline case of one sender only and then analyze the case of two senders. We



find that there does not exist an equilibrium where the sender truthfully reveals her bias when there
is only one sender. The reason for this is as follows. First, note that any bias revealing equilibrium
will feature a Crawford-Sobel type partition equilibrium (Crawford and Sobel (1982)) in the second
stage. Suppose that there is a bias revealing equilibrium where the high bias message results in a
m partition equilibrium and the low bias message results in a n partition equilibrium. If m < n, it is
easy to show that the high bias sender would deviate and pretend to be low bias since she will be
able to obtain higher actions in equilibrium, whereas the low bias sender would want to announce
her type honestly. That is, the gain from deviation' is non-negative for the high bias sender and the
gains from not deviating is non-negative for the low bias sender. Furthermore, we show that the
former is higher than the latter for any m > n. Thus, as we increase m to incentivize the high bias
sender to not deviate, before the gains from deviating becomes negative for the high bias sender, the
gains from not deviating becomes negative for the low bias sender. Therefore, we cannot incentivize

both types of senders to reveal their bias truthfully in any equilibrium.

However, when two senders compete to be hired by the decision maker, there exists a bias
revealing equilibrium. The two sender case presents two new forces. First, since the decision maker
hires only one expert, the senders are competing to get hired. Second, since the probability of selec-
tion depends on every sender’s bias message, there is an element of strategic uncertainty that is not
present in the one sender case. These new forces allow us to control incentives by identifying condi-
tions on the outside option and on the strategic uncertainty which allow the incentive compatibility

constraints to hold.

Next, we want to understand the welfare implication of competition and, in particular, we
would like to know when the bias revealing equilibrium is welfare improving for the decision maker.
When the model permits a public randomization device, we find an example where the receiver
prefers a bias revealing equilibrium over any equilibrium that exists without the bias revelation
stage. Since bias revelation is only possible with multiple senders, we conclude that competition
can improve welfare in this game. The fact that sender competition can influence decision maker
welfare by influencing the incentive of the senders to reveal their biases demonstrates a new channel

through which competition can impact the welfare of the decision maker.

IPayoff from deviation minus the payoff from announcing own type correctly.



We contribute to the literature on cheap talk games with uncertain sender bias. The paper
closest to ours is Li and Madarész (2008) which discusses a static cheap talk game with one sender
of unknown bias. They compare two regimes - one where the sender must announce her true bias
before communicating about the state, and another where the sender has no possibility of revealing
any information about her bias before sending state relevant information to the decision maker.
They find that if the utility function of the decision maker is concave enough, then he may prefer

the regime where the sender’s bias is not revealed.

Our paper differs from Li and Madardsz (2008) in two ways. One, we allow the senders to
choose if they want to reveal their biases by adding a pre-play bias communication stage before any
expert gets to observe the true state. This is different from the exogenous bias revelation regime
considered in Li and Madardsz (2008) for two reasons. First, since a sender’s bias is her private
information, in most environments, it would be very difficult to explain how an exogenous truthful
bias revelation can be enforced. This assumption becomes harder to justify because we show that
in the one sender case, endogenous bias revelation is not possible. Furthermore, while Li and
Madardsz (2008) considers equilibria that follow exogenous true bias announcement, they do not
consider the conditions needed for the sender to endogenously reveal her bias prior to learning the
state. These conditions limit the outcomes possible in equilibrium. Second, we allow for more than
one sender. We show that while endogenous bias revelation is not possible with one sender, bias
revealing equilibria exist in the two sender world, and they can even be welfare improving for the

decision maker.

Quement (2016) also considers a model with unknown bias. In his paper, there are two senders
and the receiver gets messages from both the senders sequentially. One important difference be-
tween this setup and ours is that, in our model, the receiver can only get message from one sender
and the sender has the option to reveal her bias before learning state relevant information. Further,
in contrast to Quement (2016), where an increase in the number of senders reduces the receiver’s

payoff, we find sender competition can improve the welfare of the receiver.

The second strand of literature we connect to is the one on cheap talk models with multiple
senders. Li (2010) considers a model with multiple senders and privately known bias with three
different protocols of learning - sequential, simultaneous, and hierarchical. This paper finds that

competition is welfare improving and that simultaneous learning is the most efficient of all three.



In contrast, we introduce sender competition in a different way: only one sender is hired after the
pre-play bias communication stage, so the senders compete to get hired, without knowing the state.
We state conditions under which this can be welfare improving. Li et al. (2016) also considers a
model of cheap talk with multiple senders, where each sender gets a private signal about their own
project. In contrast, in our model, there is only one payoff relevant state; and once hired, the sender

learns the state perfectly.

The rest of the paper is organized as follows: section 2 describes the model. In section 3, we
start with a baseline case of one sender and show that there does not exist a bias revealing equilib-
rium in the one sender model (subsection 3.1). Subsequently, in section 3.2 we show that such an
equilibrium does exist in the two-sender model. Next, we show that a bias-revealing equilibrium

may give the decision maker more utility than any equilibrium possible without bias revelation.

2 Model
Primitives

We consider a one-shot strategic communication game with one decision maker (he) and N € {1,2}
experts (she) (Si,...,S,) . The state of the world 6 is commonly known to be uniformly distributed
on the unit interval [0,1]. The decision maker can hire exactly one of the experts to get state-
relevant advice from. If an expert is hired, she learns the state perfectly and can send a cheap
talk message (m) to the decision maker. Following this message, the decision maker takes an action
y(m). All experts are biased in that their preferences do not align perfectly with the decision maker’s
preferences. An expert S;’s bias b; is her private information, but it is common knowledge that biases

are drawn IID from the distribution:

by, with probability py, € (0,1)

by with probability 1 — py,

where |b;| < |b,|. We assume that biases are low enough (|b;| < £ V i) so that there exists at least

one informative cheap talk equilibrium when the hired expert’s bias is known.

Since biases are unknown, we consider a two-stage game. In the first stage, the players play



a cheap talk game which could reveal information about the type of the expert, i.e., her bias.?
Following this, in the second stage, the hired expert and the decision maker play a standard cheap

talk game where the expert sends a message to the DM about the payoff relevant state.

To contrast our results with those of the nondisclosure world in Li and Madarasz (2008), we
will often consider a strategic communication game where the experts do not have the option to
reveal their types in the first stage. This game will not have the first stage game. We will call this
the LM game. The analysis for such a game would follow the non-disclosure environment analysis

presented in Li and Madarédsz (2008).

Timing

The timing of the game is as follows. At the beginning of the game in stage 1, each expert S;
privately learns her own bias b; € {b;,,b;} and then simultaneously sends a costless message mz €
M, to the DM that potentially conveys information about their own bias. Without loss of generality,
we focus on direct mechanisms, so, .#, = {b;,b;}. The decision maker then chooses to hire one
expert as her advisor according to a hiring rule A : .#), — A{Si,...Sy}, where the hiring rule
depends on the observed message vector sent by the N experts, and ;(m;,) denotes the probability
of hiring expert S; if the message vector is my, = (m}?, mév ). Note that, if N = 1, the DM hires the

expert for sure.

In stage 2, the hired expert i learns the true state 0 perfectly and sends another message m’é €
A to the DM possibly conveying some information about the state. Focusing on direct mechanisms,
We assume .2 = [0, 1]. Upon observing mi,, the DM takes an action y (m}) € [0, 1]. Note that stage
2 looks like Crawford and Sobel (1982) if the bias of the chosen expert is fully revealed in stage 1.
If not, then stage 2 looks like the non-disclosure world of Li and Madardsz (2008). The expert who

is not hired gets her outside option (described under ‘Payoffs’ below).

Beliefs

Let Pli € [0, 1] denote the posterior belief that the DM forms about the hired expert i being high bias

(by) type at the end of stage 1 upon receiving bias-relevant information from all the experts. Let

ZNote that an expert learns the state only after being hired. Therefore, in stage 1, the only information that can be
conveyed is about the experts’ bias.



P € A(6) be the posterior belief about true state 6 that the DM forms in stage 2 upon receiving

state-relevant information from the hired expert.

Payoffs

If the true state is 0, the hired expert is expert i, and the decision maker takes the action y, then the

payoffs are as follows:

Upm(8.y) = —(y—6)
Ui(0,y,b;) = —(y—60—b;)’
Ujri = —Ap,

where the expert who is not selected (for N = 2) gets a reservation payoff of —A, for b € {b;, b, }. We
assume that A; = A,A, = A—+c, so ¢ > 0 captures the idea that the high bias sender’s outside option
is allowed to be worse than the low bias sender’s outside option. To make sure that experts always
want to get hired, we assume their reservation payoff is weakly worse than the lowest possible
equilibrium payoff obtained by any expert from being hired, that is - worse than the payoff of from

a babbling equilibrium in the Crawford-Sobel world.

Strategies

We will consider only pure strategies for the experts. A pure strategy for an expert S; with bias
b; consists of two functions. The first function up; : {b;,by} — .#), determines the bias message
sent by the expert in stage 1. This depends upon the expert’s own true bias. The second function
Wi = {b1,bp} X PL x 8 — .4 = [0,1] determines the message (m}, € [0, 1]) about the state 6 € [0,1]
sent by the expert i in stage 2 if hired. This message depends upon the chosen expert’s true bias
in {b;, by}, the decision maker’s posterior belief (Pli) that the chosen expert is type by, and the true
state O observed by the expert.

The DM’s strategy also consists of two functions. One, a hiring function i : .7, — A{S|,...Sy}
which determines which expert to hire as a function of the stage 1 vector of messages. Two, an ac-
tion function y : P} x .# — [0, 1] which determines the action taken as a function of the belief about

the chosen expert and the message sent by the chosen expert in stage 2.
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Perfect Bayesian Equilibrium

A Perfect Bayesian equilibrium consists of a profile of strategies for the decision maker and all
experts, and belief vectors P, P, such that: given the strategies of all players, the beliefs are derived
using Bayes’ rule whenever possible. The decision maker’s hiring rule / and the action function y,
maximize his ex-ante expected utility given his belief P, P, and the strategy of all experts. We can

write the DM’s problem as,

max EUpy (P(Py(my) ),y (Py(my) i ™))

For each type of expert, their strategy should maximize their expected payoff given the strate-

gies of all the other experts and the decision maker. We can write expert i’s problem as

max EU;(P(Py(mp),ntly), y(Py(mp), m ™)), by)

mz R
Notation

For ease of exposition, let us denote CS{;j, (k) as the payoff for a b; type sender in a k partition
equilibrium when the sender’s bias is thought to be b with probability 1. Thus, when senders are

truth-telling, from Crawford and Sobel (1982), we get:

1 b3 (m* +2)

€S} (m) =~ 3 =3
1 b(n?+2)
CSé’(n) T2 l 3

In the next section, we will find expressions for the payoffs CSZ, (n) and CSéh (m) and how they
impact equilibrium. An n partition cheap talk equilibrium between a sender of known type b and
the receiver will be denoted as ‘n partition CS b equilibrium’ (since this will be exactly the same as

a n partition equilibrium in Crawford and Sobel (1982)).



3 Analysis

We first study our benchmark case of one sender. We explore if truthful bias revelation is possible
in equilibrium in stage 1. We show that this is not possible in the one sender world. However, we
show in later sections that truthful bias revelation is possible in the two sender world. Moreover,
under some conditions, the bias revealing equilibrium can give the decision maker a higher utility
than any feasible bias hiding equilibrium. This analysis demonstrates a new channel through which
competition and strategic uncertainty amongst senders can improve the welfare of the decision
maker. In the two following subsections we show the role of competition and strategic uncertainty

on the incentive compatibility constraints of the different types.

3.1 One sender world

Is it possible that the experts reveal their biases perfectly in stage 1 in some equilibria? We start our
analysis by exploring the possibility of such bias revealing equilibria existing when there is only
one sender. This will serve as our baseline case. Before going further, we note that it is obvious
that if the receiver plays a babbling equilibrium in stage 2 irrespective of the messages received in
stage 1, then both types of senders will have no incentive to deviate from truth telling in the bias
revealing stage. However, since this equilibrium is uninteresting>, we will henceforth only consider
those equilibria in stage 2 where the receiver is playing a non babbling cheap talk equilibrium after

at least one of the stage 1 messages.

Our main result in this subsection is that with one sender, there does not exist a bias revealing
equilibrium in pure strategies. This is not intuitive at first glance. In stage 2 of the game, the receiver
can promise different cheap talk equilibria as a reward to the sender for revealing her bias in stage
1. For example, the DM may compensate the higher bias sender with a finer partition equilibria* for
revealing her bias as compared to the equilibrium following the lower bias revelation.” However,

we show that no matter which equilibria are offered for revealing their true bias types in stage 2,

3Though the bias is revealed in equilibrium, this is not payoff relevant for the decision maker.

“To the extent allowed by the size of the bias.

>The reader may wonder if the lower bias sender will want to deviate and lie about her type to benefit from the
finer partition offered to the higher bias sender in such an equilibrium. The lower bias sender’s incentive compatibility
constraint will be satisfied if the partition points of the high bias sender are unbalanced (many small partitions at the
lower levels of the state with larger partitions at the higher levels) enough. This is because of the risk averse utility
function of the senders.



either the low bias sender or the high bias sender (or both) will want to deviate from a bias revealing
equilibrium in stage 1. This is in contrast to the two sender case (section 3.2) where we show that
there exist equilibria where the senders truthfully reveal their bias in equilibrium. Proposition 1

shows our main result for this section.

Proposition 1. When there is only one sender (n = 1), there is no bias revealing equilibrium in

pure strategies.

Proof. The proof is presented in the appendix. In the proof we also derive expressions for CSZI (n)

and CSf?h (m). We use these expressions in the rest of the analysis. ]

The intuition behind the non existence of a bias revealing equilibrium in the one sender case is
as follows. Suppose that there is a bias revealing equilibrium where the high bias message results in
a m partition equilibrium and the low bias message results in a n partition equilibrium. If m < n, it
is easy to show that the high bias sender would deviate and pretend to be low bias since she will be
able to obtain higher actions in equilibrium, whereas the low bias sender would want to announce
her type honestly. That is, the gain from deviation is non-negative (i.e. CSZ, (n) — CSZh (n) > 0) for
the high bias sender and the gains from not deviating is non-negative (i.e. CSf?l (n) — CSéh (n) >0)
for the low bias sender. Now consider any m > n and the difference between these two differences

1.e.:

(€S}, (n) = €S}, (m)] ~ [CS}, (n) — CS;, (m))

- (bh—bl)z(Z—%_lH_M

- 3 (m?* —n?) (1)

This expression is clearly positive since m > n, b, > b; and at least one of m,n is greater than 1 (else
it would be a babbling equilibrium and we have stated before - we are interested in only informative
equilibria). Thus, as we increase m to incentivize the high bias sender to not deviate, before the gains
from deviating becomes negative for the high bias sender, the gains from not deviating becomes
negative for the low bias sender. Therefore, we cannot incentivize both types of senders to reveal

their bias truthfully in any equilibrium.

So, what kind of equilibria exist when there is only one sender? From our result, we know that

any equilibrium will be one where there is uncertainty about the sender’s bias in stage 2. In these
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environments, ‘conflict hiding’® equilibria may exist. One example is as follows:

Example 1. Suppose b; = %, by = % and py, = % The following strategy profile constitutes a perfect

Bayesian Equilibrium.

Stage 1

Hp(x) =b; V x € {by, by}
h(b) =1Vb € {b;,b,}
Stage 2

Sender Strategy:

Ugp, =my if 6 € [0,0.146]
Ugp, =ma if 6 € (0.146,1]
Ugp, =my if 6 €[0,0.113]

Uy, = my if 6 € (0.113,1]

Decision maker strategy:
If DM observes b; in stage 1 and m; in stage 2 = 0.0631
If DM observes b; in stage 1 and my in stage 2 = 0.5631

If DM observes by in stage 1 and m # my,my in stage 2 = 0.0631 If DM observes by, in stage 1 = 0.5

Belief's

P, = p;, Y messages in stage 1

P = p(b=by/m;)U[0,0.146] + p(b;/m;)U[0,0.113] ; if DM observes b, in stage 1 and my in stage 2

P = p(by,/my)U[0.146,1] + p(b;/my)U[0.113,1] ; if DM observes by in stage 1 and my in stage 2

P = p(by,/my)U[0,0.146] + p(b;/m1)U[0,0.113] ; if DM observes by in stage 1 and m # my,my in stage 2

P =U|0,1] ; if DM observes by, in stage 1 (2)

6See Li and Madarasz 2008
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The decision maker’s expected payoff in this equilibrium is —0.056.

3.2 Two sender world

Now, we consider the environment with two experts. After stage 1, the decision maker hires one of
the experts based on their messages about their bias. In stage 2, this hired expert gets to see the true
state and sends cheap talk message about the state. We ask two questions of this environment. One,
does there exist a bias revealing equilibrium? The two sender environment is notably different from
the one sender world in two ways - the introduction of sender competition (only one expert is hired
while the other gets her reservation payoff) and strategic uncertainty (arising because the hiring de-
cision depends upon the vector of bias announcements). Can these forces generate a bias revealing
equilibrium when the one sender case could not? The second question of interest is whether the bias
revealing equilibrium can give the decision maker a higher payoff than any equilibrium that arises

in an environment without the bias messaging stage.

First, we show that in contrast to the one-sender case, truthful bias revelation in pure strategies
is possible in an informative equilibrium in the two-sender world. We provide conditions under
which such an equilibrium exists. Later, we find conditions under which we are able to demon-
strate an example where there exists a bias revelation equilibrium which is strictly preferred by the

decision maker to any equilibrium that can be achieved without the bias revealing stage.

3.2.1 General bias revealing equilibrium

Let n (respectively, m) be the highest partition cheap talk equilibrium possible when the sender’s
bias is known to be b; (respectively, by,). Since by, > b;, we know n > m. Let the payoff from not
getting selected for the low bias sender be —A; = —A, where —A = — % — b;? is the babbling payoff
for low type sender when there is no uncertainty about her type. If the high bias type sender does

not get hired, she gets the payoff: —A;, = —(A+c¢).
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Consider the following strategy profile:

Stage 1
Uip(x) =xV x € {b;,by} and i € {1,2}

h(b;,by) = (1 1)

2’2
h(by,by) = (0,1)
h(bp,b;) = (1,0)

h(bp,by) = (%, %)

Stage 2

If senders reports (b;,b;) in stage 1: Play a n partition CS b; equilibrium with chosen expert

If senders reports (b, b,) in stage 1: Play a babbling equilibrium with chosen expert

If senders reports (by,b;) in stage 1: Play a babbling equilibrium with chosen expert

If senders reports (by,by,) in stage 1: Play a m partition CS b, equilibrium with chosen expert

Deviation by chosen expert in stage 2: take the lowest equilibrium action in n partition CS b; equilibrium

Deviation by decision maker in hiring in stage 1: Play a babbling equilibrium with chosen expert

3)

The following proposition shows that this strategy profile constitutes a PBE, so bias revelation is

supported in equilibrium.

Proposition 2. There exists a p' such that if py, € [0,p’], then the above strategies are part of an

informative Perfect Bayesian equilibrium.
Proof. The proof is presented in the appendix. [

The existence of this bias revealing equilibrium depends crucially on both strategic uncertainty
amongst the experts and sender competition. In particular, suppose there was no strategic uncer-
tainty because the senders knew each other’s bias. Consider the same conditions as outlined in this
proposition and one low bias expert and one high bias expert. The above strategies would not con-

stitute an equilibrium because the low bias sender would never be selected giving her a low payoff

13



(her outside option). The low bias sender would deviate and announce her type as high. Sender
competition is modelled here by our assumption that only one sender is selected whereas the other
sender gets her outside option. As the proof indicates, by manipulating the outside option, we can
incentivize experts to reveal their bias accurately. For example, here when pj, is low, the high bias
sender faces a tradeoff between most likely getting a babbling payoff (if bias is revealed truthfully)
or lying about her bias and getting a payoff which mixes between hiding in CS b; n partition equi-
librium and getting her outside option with probability half. If the outside option is low enough, the

former is preferred.

3.2.2 Welfare

In this subsection, we want to determine conditions under which a revealing equilibrium is payoff
superior to any equilibrium possible without the bias revealing stage. First, we notice that while
the equilibrium illustrated in proposition 2 allows for endogenous bias revelation, it fares poorly
on receiver welfare owing to the babbling equilibrium (which gives the worst equilibrium payoff)
being played when the senders’ messages don’t match in stage 1. There is a trade-off between bias
revelation and decision maker’s payoff maximization: in stage 2, if the most informative equilibrium
is selected, that will enhance the utility of the decision maker, but in stage 1, the incentive constraints
will not be satisfied, especially for the high bias type sender, if that most informative equilibrium is
played later. The issue is that if we pick either type with probability one after mixed messages (when
the senders’ reports about bias do not match), we are unable to generate incentives for truth-telling
for both types. On the other hand, if we let the receiver use a non-deterministic hiring strategy after
mixed messages and this is followed by the most informative equilibria then the receiver will choose
to deviate from the non-deterministic hiring strategy and will always pick the low-type sender after

mixed messages in any bias revealing equilibrium.

To mitigate this we allow the receiver to use a public randomization device to commit to mixed
strategies as a response to bias announcements. Any deviations by the receiver will now be observ-

able and can be punished with a babbling equilibrium.

First, we consider the one sender case again and show that allowing the receiver the ability to
commit to mixing on hiring does not alter the result there. The following result shows there cannot

be a bias revealing equilibrium in the one sender case even after allowing for mixed strategy in

14



hiring by the receiver.
Proposition 3. There does not exist any informative bias revealing equilibrium with one sender.
Proof. In the appendix. [

Next, we turn to the two sender case and show an example where under some conditions, not
only does a bias-revealing equilibrium exist, but it gives the decision maker a higher utility than any

equilibrium that can be achieved without the bias-revealing stage 1.

First we will find the payoff maximizing bias revealing equilibrium. Then, we will construct
an example in which this equilibrium does better than the best possible equilibrium when there is

no bias revealing stage.

Consider the following bias revealing strategy profile:

Stage 1
Uip(x) =xV x € {b;,by} and i € {1,2}

h(b;,by) = (%7%)
h(b,by) = (1—vyv) v € [0,1]

h(by,br) = (v,1 —v)
11
73

h(by,bp) = (
Stage 2

If senders reports (b;,b;) in stage 1: Play a n partition CS b; equilibrium with chosen expert

If senders reports (b;,b,) or (by,b;) in stage 1: If b; chosen - play a n partition CS b; equilibrium, If b, chosen
- play a m partition CS b, equilibrium

If senders reports (by,by,) in stage 1: Play a m partition CS b, equilibrium with chosen expert

Deviation by chosen expert in stage 2: take the lowest equilibrium action in n partition CS b; equilibrium

Deviation by decision maker in hiring in stage 1: Play a babbling equilibrium with chosen expert

4)
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We will construct an example where this strategy profile can be supported as a PBE.

IC for by,:

. 3(CS} (n) = CS}. (m)) + (3 —v)(CS}, (m) +A+c)
)

(v—1)(CS}, (n) — 5, (m)
We need that the RHS is less than 1 to get a feasible region for py,.

Consider v > % Then, denominator is positive, since CSZ; (n) > CSgh (m). In the numerator,
since CSZ (n) > CSZh (m), and CSZh (m) > —(A+c), we have the first expression to be positive while
the second expression to be negative. We can increase ¢ to make sure that the RHS is less than 1. For

every v, let ¢1 (v) be the lowest positive real number such that for that v, forall ¢ > ¢y (v) = RHS < 1.

IC for b;:
3(CS} (n) — €S}, (m)+ (3 —v)(CS}, (m) +A)

(v—3)(CS}, (n) = CS, (m))

Pn <

We need that the RHS is greater than zero to get a feasible region for p;. Again consider v > %
Then, denominator is positive. Further, the first expression of numerator is positive while the second
expression is negative. Note that when v is close to % from above, RHS is positive. Let v be the

highest v above % such that % <v<vi= RHS>0.

To satisfy both the ICs simultaneously, we need:

5(CS} () —CSp (m)) + (5 —v)(CS}, (m)+A+c) g 5(CS}, () =CS}, (m))+ (5 —v)(CS}, (m)+A)
(v—3)(CSk (n) —CSp: (m)) (v—3)(CS}, (n) = CS}, (m))

Choose a v’ such that % <" < vi. For each v in this range, we can always choose ¢ high enough to
make the above inequality hold. Suppose it holds when ¢ > ¢ (v”> . Now for this v’ (> %) , We can
find cq (v"> which makes the IC for b;, feasible.

Then, for % <V' < vi, we can find a ¢ > max {cz (v//) ,Cl1 (v//) } such that our bias revealing
strategy profile is an equilibrium.

Consider an example where b;, = 0.2 and b; = 0.072 (notice that 1/24 < b; < 1/12). Thus,

when biases are known a three partition equilibrium is possible with the low bias sender but the

high bias allows a maximum of 2 partitions.
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Payoff for decision receiver in this best revealing equilibrium =

1 1;,2-(32—1)>+

1
2 2 2

2 (22
2ph(1—ph)(v(—%—b%)—|—(l—v) <_12{32_b, (33 1)>) )

In particular, if v = 0.65 and ¢ = 0.17, for p; € (0.068,0.092), this bias revealing strategy

profile constitutes a PBE.

Now, let us compare this payoff to the maximum payoff that can be achieved without a bias
revealing stage. First, we find conditions under which the receiver payoff maximizing equilibrium
when there is no bias revealing stage 1 can sustain a maximum of two partitions. Intuitively, if pj, is
high enough this will hold. Then, we find conditions under which this equilibrium does worse than

the equilibrium specified by the bias revealing strategies in 4.

Note that without a bias revealing stage, the decision maker has no way of differentiating
between the two senders and will therefore pick one at random. Subsequently, the chosen expert
and decision maker will play a cheap talk game where the sender’s bias is uncertain, a la the non-

disclosure world of Li and Madarasz (2008).

For a three partition equilibrium without the bias revealing stage, the cutoffs for the high type

are:

1
ay :§—|—3d(1—ph)—4bh

2
a; = §+3d(1—ph)—4bh

and the low bias sender’s cutoffs are a; +d,a> +d where d = b, — b;. The high type sends message
my in [0,a;), my in [a;,az) and m3 in [ay, 1], and the low bias sender sends messages m in [0,a; +d),
my in [a; +d,ay +d) and m3 in [ay +d, 1]. Note that if a; < 0 and a; +d > 0, then we could have a
three partition equilibrium where the bias of the low type is endogenously revealed in equilibrium
for the states which lie between zero and a; +d.” Suppose a1 +d < 0. Then, the maximum number
of partitions possible in the world without a bias revealing stage is two. This is because if a; +d <0

then a; < 0, thus in the LM equilibrium both types will choose exactly two partitions if

Li and Madarasz (2008) speak about the possibility of such conflict revealing equilibrium.
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(3 —4by)

d<o0
ar+ad <0 = p,> 3d

Payoff for the decision maker in any two partition equilibrium without the bias revealing stage:

aj 1

_ph/oah(n—t)zdt—(l—ph)/o ()’I—I)zdt—ph/ (yz—t)zdf—(l_p)/l(yz_t)zdt ©

an a

where ay = 3+ (1 — py)d —2by, aj = ap+d, y1 = ; — ppd — by, y2 = 3 — pd — b,

Now, we can check that if v = 0.65, and p;, € (0.068,0.092), Ay, = % + blz, Ap, = Ap, +0.17,
then the conditions required for a bias revealing equilibrium are met and the bias revealing equilib-
rium we highlight gives the decision maker a higher payoff than that possible in any equilibrium in

the LM world.

4 Conclusion

In this paper, we consider a model of strategic information transmission where the experts have
uncertain biases and may choose to disclose them before communicating state-relevant informa-
tion. We build on the framework developed in Li and Madardsz (2008) and make bias revelation an
endogenous choice. We find that if there is only one sender, full revelation of bias is not possible
in equilibrium. With two senders, we identify conditions for a bias-revealing equilibrium to exist.
Moreover, we find that if the players have access to a public randomization device, then the deci-
sion maker could be better off with a bias-revealing equilibrium compared to the best equilibrium

possible with no bias revelation.
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A Appendix

Proof of proposition 1

Proof. We will prove this result by contradiction. Suppose there exists a bias revealing equilibrium

in pure strategies. WLOG, let the equilibrium be the following:
Stage 1:
Hp(x) = xVx € {by, b}
h(b) =1Y b € {b;,by}
Stage 2:
If sender reports type b; in stage 1: Play an n partition CS b; equilibrium
If sender reports type by, in stage 1: Play an m partition CS by, equilibrium
If the decision maker arrives at an off equilibrium node, she takes the lowest equilibrium action in
n partition CS b; equilibrium
First, let us consider the incentives of the high bias sender. If she plays according to the
strategies proposed above, her expected payoff is:

—1 b 2(m*+2)
12m? 3

(7)

Clearly there is no reason to deviate in stage 2 of the game if she reveals her type truthfully in stage
1 (since stage 2 play is an equilibrium, there is no incentive to deviate). If she deviates in stage 1
and reports her type to be b;, then in stage 2 she can exploit the n partition CS b; equilibrium to

her advantage. In particular, while she does not have the incentives to deviate from the equilibrium
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messages (else the decision maker plays the action %), she will change the interval of the state space
on which the messages are reported (a la Li and Madarasz’s conflict hiding equilibrium). In an n
partition CS b; equilibrium, the equilibrium actions are given by

21
Yi= 2n

+b; (2% 4 (1 +n)(1 —2i))

where i = 1,2,...,n. Now, in equilibrium, the high bias expert will not deviate from the messages the
low bias expert was meant to send in equilibrium (else the dm takes the action half). However, the
high bias expert does not have to choose the same partition function as the low bias expert. In fact,
she will choose cut off points on the state space to maximize her own payoff from the equilibrium
messages. In particular, in equilibrium, she will choose points ay, ...,a,—1 such that a; + b, = %
When the state is between a; and a;1, the sender will send the message so that action y; will be

played in response. The expected payoff to the high bias expert from deviating is therefore given

by:

aj ap 1
cshn) = [ ~01-0-b2d0+ [ " (2 -0 -biPd6 .. [ ~(n—6-b)do
1

Aap—1

Substituting the expressions for y; and a; and simplifying, we get that the expected payoff to the

high bias expert from deviating is

—1 4 1 n? 2(1—n) by?
CSh (n) = — 2o ——— =) +bb - — 8
n () 12n2+ ! (3 n 3)+ P n ®)
Comparing 7 and 8, we get that the high bias sender will not deviate if:
3 3 6(n—1) 1.1 1
b4 —=—n®)+ by (m*+2—=)—bb < —(5-— 9
A= ) by (42— ) = biby < 405 3) €)

Inequality 9 captures the incentive compatibility constraint of the high bias expert for the pre-

scribed strategies to constitute an equilibrium.

Now, let us consider the incentives of the low bias sender. Doing the same analysis as before,
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we can show that the low bias expert will not deviate from the prescribed strategies if:

3 3 6(m—1) 1,1 1
—b2(4—=—m?) = b +2— )+ bppy——— > (= — — 10
i m me) = b+ m)+lh _4(n2 m2) (10)
Looking at the bias revealing incentives of the two types of senders jointly, we see that 9 and

10 can simultaneously hold only if:

1 —1
b= ) bR 2 ) 4oy ) S 23 2y 22 2= 2 ) -y, S
m m n n
(1T)
S 11
= (b—b)*2—-——)<0 (12)
n m

This inequality cannot hold unless b, = b; or n = m = 1 (only babbling equilibrium is played).
Since we have assumed that b; < b;, and we are only looking for non trivial equilibria in stage two,
we conclude that the proposed strategies do not constitute an equilibrium since at least one type of

sender will have incentives to deviate from truth telling in period 1. [

Proof of proposition 2

Proof. For a high bias sender:

. 1 CSp (m) i

Payoff from announcing b, = ph[§<_A —c)+ #] + (1= pn)(CSy, (1)) (13)
. 1 CSy (n)

Payoff from announcing b; = p,(—A —c¢)+ (1 — pp) [5(—A —c)+ 5 ] (14)

Thus, to satisfy this IC, we must have:
CS! (n) " A
F——CS, (1) — 53¢

CS" (n)
4——CSp (1) +5CS} (m)

Ph =

Note that for a feasible solution to exist, we need
CS! (n)
i h A+c
57— —CS,, (1) — =3¢

CS" (n)
4——CSp (1) +5CS} (m)

<1
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Since %CSﬁh (m) > —43<8 this is always satisfied.

Next, consider the incentives for a low bias sender:

, 1 CSj, (m) l
Payoff from announcing b, = ph[i(—A) + 5 ]+ (1= pr)CS,, (1) (15)

, 1 CSj, (n)
Payoff from announcing b; = p,(—A) + (1 — py) [z (—A) 5 ] (16)

This incentive constraint is satisfied if:
O _cs) -4
] (17)
Ph="cs () ) m)

Now, the numerator

since —A = CSél (1), and CSZZ (n) > CSél (1) since n > 1. The denominator can be rewritten as:
CSj, (n) —CS}, (1) N Csj,, (m) = Csj, (1)
2 2
> CS), (m)—CS} (1) (sin cen>m= CS} (n)>CS}, (m))

This holds if b,% < #. We know this is true because b, < m (to guarantee an m partition
equilibrium in the CS world for the sender’s bias equal to by,).

So, there is a range of pj, for which both types’ incentive constraints hold only if:

csp, (n) h Atc CSp, (n) I A

1 —csp, (1) -2 1 —csp (1) -4
CS" (n) CS! (m) — CS. (n) Cst (m)
4——CSp (1)+—% 4——CS), (1) +—%—

8 As the payoff from being hired is always designed to be greater than not being hired.
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For ¢ > (CS’;I (n) — CSgh(l)) + (CSf?l(l) - CSZ’h(l)), the LHS is negative. We have already
shown that the right-hand side is positive. Thus, the ICs can be satisfied simulteneously for a range

of Ph-

Equating the IC for the low bias sender, we find

/ A
by 2 —CS, (1) -5
Csj, (n) / 5, (m)
2l - CSbI (1) %
such that if p;, € [0, p'] then bias revelation is an equilibrium for the strategies given in 3. [

Proof of proposition 3

Proof. Consider the following strategies. Both types of senders reveal their type. For the decision

maker’s strategy, we abuse notation and write the equilibrium she will play:

Decision maker strategy:
If DM observes b; in stage 1 = (v;)Play j partition CS b; eq+ (1 — v;)Play k partition CS b; eq

If DM observes by, in stage 1 = (v, )Play x partition CS by, eq+ (1 — vj,)Play y partition CS by, eq

where j,k,x,y € Nand v;,v;, € [0,1]. WLOG let j > k,x >y
Suppose such an equilibrium exists for some choice of parameters. The IC conditions for

truth-telling is give by,

ICy, : viCS), (j) + (1= v;)CS}, (k) > viCS), (x) + (1= v)CS), (¥) (18)

ICy, : viCSy, (x) + (1= vy)CSE (v) = viCSy, (j) + (1 —v,)CSp (k) (19)
Adding, we get,

vi(CS}, () —CSp, (/) + (1= vi)(CS}, (k) — CSp, (k) =

v (CS, (x) = €S, (6)) + (1 = vi) (CS}, (v) = CSp, (7)) (20)
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Using equations 7, 8 and the corresponding expressions for the low bias sender, we can calculate:

S}, (n) — €S} (n) = (b —by) (b +b1(2— 1)

€S}, (m) S}, (m) = (by— i) (by(2— )+ )

Plugging in the values from above in 20 we get,

- -
(by— by) (V—,’+ﬂ+v—h+ﬂ—2) >0
J k X y

Since by, > b; this would be true if and only if

y 1—v V 1—v
v U=v) vn (=)

>0
J k X y

1)

(22)

(23)

(24)

which would require j,k,x,y < 1. This would imply the equilibrium play would be babbling under

all possible revelation in the first stage. However, this is not true since we were looking for an

informative bias revealing equilibrium. Therefore our assumption is wrong and there does not exist

any informative equilibrium in the one sender case even if we permit the receiver to mix with

commitment in hiring.
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