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Abstract
Chakraborty and Harbaugh (Am Econ Rev 100(5):2361–2382, 2010) prove the exis-
tence of influential cheap talk equilibria in one sender one receiver games when the
state is multidimensional and the preferences of the sender are state independent. We
show that influential equilibria do not survive the introduction of any small degree of
Harsanyi-uncertainty, i.e., uncertainty about the sender’s preferences in the spirit of
Harsanyi (Int J Game Theory 2(1):1–23, 1973).
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1 Introduction

This paper is concerned with the strategic information transmission (as first ana-
lyzed in Crawford and Sobel 1982) between one informed sender and one uninformed
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receiver. The sender can attempt to communicate her information to the receiver before
the receiver takes an action. The receiver would, ideally, like to make his choice of
action dependent on the state of the world, but in a way that differs from the sender’s
ideal choice of action. Thus, there is a conflict of interest. Communication is costless
(termed “cheap” in the literature). Messages the sender transmits to the receiver have
no intrinsic meaning, or no intrinsic meaning that can be verified, and only possibly
take on meaning (reveal information) in equilibrium.

One of the main findings of the cheap talk literature, started by Crawford and Sobel
(1982), is that influential communication in one sender one receiver games is typically
only possible if the conflict of interest is not too large.1 This has been shown in the
equilibriumcharacterization byCrawford andSobel (1982) and expandedbyGoltsman
et al. (2009). If the conflict of interest is large, credible communication seemed only
possible if messages are verifiable or costly (for a survey of this literature, see Sobel
2013).

Chakraborty and Harbaugh (2010) propose and analyze a one sender one receiver
gamewith amulti-dimensional state space with an extreme form of conflict of interest.
The receiver is essentially asmodelled in Crawford and Sobel (1982), but the informed
sender actually does not at all care about the state itself2: the sender’s preference is
state independent.

Surprisingly, and by a beautiful argument—which eventually allows the use of
the Borsuk–Ulam theorem (a fundamental fixed-point theorem)—Chakraborty and
Harbaugh (2010) show that, in their model, influential cheap talk equilibria always
exist.

To analyze games of incomplete information, such as those of the cheap talk lit-
erature, in addition to specifying players, strategies, and consequences (payoffs) to
complete the model one has to make informational assumptions. The informational
assumptionsmade inChakraborty andHarbaugh (2010), as also inCrawford and Sobel
(1982), are as follows. The utility functions of both sender and receiver are common
knowledge, as is the receiver’s subjective belief about the state.

In fact Chakraborty and Harbaugh (2010) relax these informational assumptions
in a robustness exercise in two different ways, and show, for each case, that the game
so modified still exhibits influential equilibria. Both robustness exercises allow the
sender to have possibly different utility functions. In both cases the sender knows her
utility function and the receiver’s subjective belief about the sender’s utility function
is common knowledge. In one specification this commonly known distribution has
finite support with the number of positive probability utility functions less than the
dimensionality of the state space. In the second specification this commonly known
distribution places a sufficiently large atom on a single utility function.

As the state space is a compact subset of, at least, two-dimensional Euclidean space
and as there are, in principle, an infinite number of possible utility functions the sender
could have (even an infinite number of utility functions that are all very close to each

1 In an influential equilibrium the sender is able to influence the receiver’s choice of action by the sender’s
choice of message.
2 For multiple sender one receiver models Battaglini (2002) showed that a multi-dimensional state space
implies the existence of equilibria with full information revelation. For one sender one receiver models this
is not typically true. See also Ambrus and Takahashi (2008).
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other) we feel a different robustness check should also be undertaken. In this paper
we assume that the receiver, while possibly having a good general idea about the
sender’s preferences, does not believe that any particular utility function (out of the
infinitely many possible ones) has positive probability. We call this the Chakraborty
and Harbaugh (2010) model with Harsanyi-uncertainty, as the uncertainty is very
much as it is in the purification argument of Harsanyi (1973). Completing this model
by assuming that the receiver’s subjective belief about the sender’s utility function is
common knowledge, we then find that this modified game has no influential equilibria.
This result does not depend on the choice of the set of possible utility functions (as
long as a belief without atom can be specified and a genericity assumption is satisfied)
nor on the exact shape of the distribution of these beliefs.

One could possibly argue that the fact that Chakraborty and Harbaugh (2010) did
not perform a robustness check with Harsanyi-uncertainty already indicates that no
such robustness can be proven. Note however two things. First, the absence of such a
robustness result could also simply mean that it is hard to prove that “there is a robust
influential equilibrium in every game”. In Appendix A we show that in many cases
there are in fact infinitely many other kinds of equilibria in the original Chakraborty
and Harbaugh (2010) model, in addition to the hyperplane-based equilibria identified
by Chakraborty and Harbaugh (2010), and it might be possible that one of these is
robust. Second, the opposite statement to “there is a robust influential equilibrium in
every game” is only that “there are some games in which there is no robust influential
equilibrium”. We prove here that “no game has any robust influential equilibrium”, a
much stronger statement.

The paper is organized as follows.Webegin by stating themodel ofChakraborty and
Harbaugh (2010) and our modification to that model in Sect. 2. Section 3 demonstrates
the main finding of Chakraborty and Harbaugh (2010), as well as the non-robustness
to Harsanyi-uncertainty of all influential equilibria, by means of the simplest possible
example. The main result of our paper is then stated and proven in Sect. 4 for the case
of finite message spaces and in Sect. 5 for the case of infinite message spaces. Sect. 6
concludes.

2 Themodel

A sender (female) is privately informed about the realization of θ ∈ �, where � is
a convex and compact subset of RN with non-empty interior and N ≥ 2. The sender
can send a costless message m from a finite set of messages M to a receiver (male).3

The receiver observes the message and then takes an action in action spaceA = �. A
sender strategy is thus a mapping from state space � to the set of messages M , while
a receiver strategy is a mapping from message space M to action space �. The utility
function of the receiver is given by −‖a − θ‖2, where ‖ · ‖ is the Euclidean distance.
This implies that, in any equilibrium, the receiver, “knowing” the sender’s strategy,
plays, as his best response, the (conditional) expectation of θ . The prior of the receiver
is described by the distribution function F with full support on �. The utility of the

3 This is as in Chakraborty and Harbaugh (2010). See Sect. 5 for the case of infinite message sets.
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sender is a function u : A → R that does not depend on the realization of the state
variable θ .

The equilibrium concept is Bayesian Nash. A Bayesian Nash equilibrium is termed
influential if there are at least two messages (sent with positive probability according
to F) that induce different actions.4,5

Up to this point, the model we presented here is exactly the model introduced by
Chakraborty and Harbaugh (2010). We now add uncertainty about the preferences
of the sender in the following way to the model. There is a set of possible utility
functions U for the sender. The sender is privately informed about her utility function
u ∈ U . The receiver has a prior belief given by distribution function φ, a distribution
over the set U which has no atoms.6 We call this extended model the Chakraborty
and Harbaugh (2010) model with Harsanyi-uncertainty, as the way we introduce
uncertainty is essentially as in Harsanyi (1973), the “purification” paper.

3 Themain example

For our main example, also denoted as Example 1, suppose that � = [0, 1]2 (i.e.,
N = 2) and that the sender’s preferences are linear. That is, for any a ∈ �, we have
u(a) = a1 + xa2. The “indifference slope” x is known to the sender, but not known to
the receiver. The receiver has a non-atomic prior φ over x in the interval [x0−ε, x0+ε]
for some fixed and commonly known x0 ∈ R and ε > 0. In terms of our general model
we have U = {u(a) = a1 + xa2|x ∈ [x0 − ε, x0 + ε]}. Suppose, further, that the set
of messages M consists of exactly two elements m+ and m−.

Consider first the case inwhich there is no uncertainty about the sender’s preference.
For such a case Chakraborty and Harbaugh (2010) show that there is an equilibrium of
the following kind, as illustrated in Fig. 1, which is essentially Fig. 1a in Chakraborty
and Harbaugh (2010). There is a hyperplane h that divides the state space � into two
regions. In region 1 (say, above the hyperplane) the sender sends message m+, which
induces action a+, while in the other remaining region 2 the sender sends messagem−
inducing action a−. The two actions are simply (and necessarily in equilibrium) the
updated expected state given the sender’s strategy. If the sender is indifferent between
actions a+ and a−, this is indeed an equilibrium. If the sender is not indifferent between
these two actions, then the hyperplane can be rotated around any arbitrary state c on
the hyperplane, to find a new hyperplane for which the sender is exactly indifferent
between actions a+ and a−. That there must be such a hyperplane follows from the
fact that if we flip the hyperplane by 180◦ we are back to where we started but with
the old a+ now a− and the old a− now a+, i.e., with a reversal of the preference
ranking of the two actions. As we are rotating the hyperplane continuously and as

4 Note that in any equilibrium the receiver will never want to randomize between two actions. His best
response (for messages sent with positive probability) is always unique.
5 Sobel (2013) differentiates between an influential and an informative equilibrium. In an influential equi-
librium different messages induce different actions, while in an informative equilibrium different messages
induce different receiver beliefs.
6 We assume the necessary technical assumptions on U are satisfied, such that a non-atomic distribution
exists.
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Fig. 1 No uncertainty in the
linear case. The lines parallel to
the line through a+ and a− are
indifference curves

the sender utility function is continuous there must be an angle of rotation (between
0◦ and 180◦) where the sender is indifferent between the two actions. Therefore, an
influential equilibrium exists.

In Proposition 6 in their online appendix, Chakraborty and Harbaugh (2010) show
that an influential equilibrium exists also when there is uncertainty about the sender
preferences, as long as there is a sufficiently large atom on a single sender preference
type. Chakraborty and Harbaugh (2010) show this, assuming a condition (S) that we
utilize as well for our argument below, that implies that all other (small probability)
sender types have a strict preference for one of the two actions. As long, however, as
their is one high probability sender type, the proof of existence of an influential equi-
librium is essentially the same as for the case of only one sender type. The hyperplane
may have to be rotated a bit more in one or the other direction to account for the fact
that the receiver will adjust his actions to the knowledge that the small probability
sender types do not maker their message choice dependent on the state.

Suppose now, however, that there is Harsanyi-uncertainty about the slope of the
indifference curve as modelled above. This case is illustrated in Fig. 2 with the uncer-
tainty indicated by the range for indifference lines between the dotted and the dashed
line. Now consider the following strategy. The state space is divided into two regions
(by, for instance, but not necessarily, a hyperplane). As before, the sender sends mes-
sage m+ in region 1 and message m− in region 2. It is now possible that there is
a preference-type of the sender who is indifferent between the two induced actions
a+ and a−. Note, however, that this is true for only exactly a single one of these
preference-types of senders. All other preference-types have a strict preference for
one or the other action. This means all other preference-types (and they have cumula-
tive probability 1 in this model) will want to deviate to a strategy that involves sending
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Fig. 2 Uncertainty in the linear
case

one and the same message irrespective of the state. Thus, there is no such influential
equilibrium in the model with Harsanyi-uncertainty.

4 Themain result

We now state and prove the main theorem. In order to do so, we first define Condition
(S), as stated in the online appendix of Chakraborty and Harbaugh (2010).

The set of possible utility functions U (that the sender might have, from the point
of view of the receiver) satisfies Condition (S) if for any two distinct actions a and b,
if u

′
(a) = u

′
(b) for u

′ ∈ U , then u(a) �= u(b) for all u ∈ U , u �= u
′
. For example,

the linear preference model in our main example (Sect. 3) satisfies this property. More
generally, Condition (S) holds for preferences whose indifference curves satisfy a
single crossing property.7 The following theorem is the main result of this paper.

Theorem 1 Consider a sender-receiver game as defined in Sect. 2. Suppose the set
of possible utility functions for the sender, U , satisfies Condition (S) and suppose
that φ, the receiver’s prior belief over U , is non-atomic. Then there does not exist an
influential equilibrium in this game.

Proof The proof is by contradiction. Suppose there exists an influential equilibrium.
Hence, there exist messages m+ and m− that are sent with positive probability (under
F and φ) and induce different actions, a+ = E(θ |m+) �= a− = E(θ |m−). For this to
be possible there must be a positive mass of senders (under φ) that send message m+

7 A set of utility functions U satisfies the single crossing property if the following is true. Take any two
utility functions from the given set of utility functions and take any indifference curve for each one of the
two utility functions. Then these two indifference curves intersect at most once.
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Fig. 3 Existence of influential
equilibrium despite
Harsanyi-uncertainty

in some states and m− in other states. Denote this set of senders by V ⊂ U . Action
a◦, for ◦ ∈ {+,−}, is then the receiver’s unique (and pure) best response to receiving
message m◦ (given the senders’ strategies).

The strategy profile given is thus such that the receiver behaves optimally. We now
turn to the (various types of) senders in V . In order for a sender to use message m+ in
some states andmessagem− in other states (and given the sender has state-independent
preferences) the sender must be exactly indifferent between both induced actions a+
and a−. We thus must, at a minimum, have that there is a sender-type u′ ∈ U such
that u′(a+) = u′(a−). But then Condition (S) implies that for all u ∈ U , u �= u

′
, we

have u(a+) �= u(a−). Given that distribution φ is non-atomic, the “event” u �= u′
has probability one under φ. This means that a unit measure of senders has a strict
preference to send only one of the two messages (over the other) irrespective of the
state. This, in turn, implies that only a zero-measure (under φ) of sender types in V
make their choice of message dependent on the state. We thus arrive at a contradiction.


�
Comments

1. An example sketched in Fig. 3 explains why a condition like Condition (S) is
needed for the non-existence of an influential equilibrium.
Take an interior point c and a hyperplane h which splits the state space in two
halves. The indifference curves of the different sender types are the dotted lines.8

Importantly all indifference curves intersect at two points (violating Condition
(S)), which are exactly the best response actions a+ and a− of the receiver to
receiving message m+ (state is above line h) and m− (state is below line h). Thus,
there is an influential equilibrium. Condition (S) rules out such situations.

8 One may think of a continuum of indifference curves between the left-most and the right-most curve.
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2. Nevertheless, it is straightforward to generalize Theorem 1 to a somewhat weaker
condition than Condition (S): Say Condition (S

′
) holds if for any two actions a

and b, Pφ(u ∈ U |u(a) �= u(b)) = 1. The proof is the same.
3. If allu ∈ U are ε-close to someu0 ∈ U , then any influential equilibriumof the game

with sender preference u0 and without uncertainty about the sender’s preference
remains an ε-equilibrium of the sender-receiver game with Harsanyi-uncertainty.9

4. Suppose there is no Harsanyi-uncertainty about the preferences of the sender.
Instead, there are possibly infinitely many different receiver types in terms of the
receiver’s subjective belief F over the state space �. That is, there is a set F of
distributions over the state space. Each receiver privately knows his distribution
F . The sender is not informed about the receiver’s prior, but holds her own prior
ψ over the set F . This prior ψ is commonly known and can be anything (e.g.
discrete, continuous, with or without atom). The same argument as in the proof
of the existence result of Chakraborty and Harbaugh (2010) can be used to prove
also existence of an influential equilibrium in this context. The intuition for this
result is that, as the receiver is not able to signal her preferences, the sender simply
averages all optimal receiver reactions and the situation is essentially “as if” the
receiver has one commonly known “average” preference.

5. Harsanyi-uncertainty, as modelled here, implies that there is no common knowl-
edge between the sender and receiver as to what the sender’s preference over
actions is. This is not necessary for the non-robustness result. Consider the situa-
tion (building on the previous comment), in which there is common knowledge of
the sender’s preference, but the receiver does not know what the sender believes
that the receiver’s subjective belief over the state-space is.10 To be specific, let
θ ∈ � be the state, privately known to the sender. Let F ∈ F be the subjective
belief of the receiver about the state, privately known to the receiver. Let u be the
sender’s utility function, commonly known to sender and receiver. Let ψ ∈ � be
the subjective belief of the sender about the receiver’s subjective belief, privately
known by the sender. Let, finally, μ be the belief of the receiver about the sender’s
private belief ψ , commonly known to sender and receiver. Now suppose that there
is an influential equilibrium with at least two used messagesm+ andm−. Suppose
each message m◦, for ◦ ∈ {+,−} induces optimal receiver actions aF◦ (differ-
ent for different receiver beliefs F). The sender evaluates the expected utility of
these actions according to her private belief ψ ∈ � about the distribution over the
receiver’s private belief F byEψu(aF◦ ). Suppose further that the commonly known
belief of the receiver,μ, over the private beliefs of the sender is non-atomic and the
set� satisfies the following condition: if one sender-typeψ is indifferent between
the two messages, i.e., Eψu(aF+) = Eψu(aF−), no other sender-type ψ ′ is indiffer-

9 In Section C of their online appendix Chakraborty and Harbaugh (2010) analyze the case in which the
sender has state-dependent preferences equal to the negative of the Euclidean distance between the state
and the action plus some bias. They show that, if the bias is sufficiently large, in which case the sender
preferences are almost state independent, the equilibria of the state-independent sender preference model
are ε-equilibria of the Euclidean distance sender preference model.
10 We, thus, have uncertainty in higher-order beliefs. Prominent examples of the effect of higher-order
beliefs in game theory include Rubinstein (1989), Monderer and Samet (1989), Carlsson and Van Damme
(1993), Morris and Shin (1998), Bergemann and Morris (2005), and Weinstein and Yildiz (2007).
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ent. That is, for all ψ ′ ∈ � with ψ ′ �= ψ we have that Eψ ′u(aF+) �= Eψ ′u(aF−). By
the same argument as in the proof of Theorem 1 almost all sender-types will want
to deviate from the proposed strategy. Thus, this game (with higher-order belief
uncertainty as described here) has no influential equilibria.

6. As already mentioned in the Introduction, Chakraborty and Harbaugh (2010),
in their online appendix, Sections A and B, show that a game with uncertainty
over sender preferences has influential equilibria if there are not too many sender
types or if one sender type has sufficiently high probability. In this comment we
address the question whether there could be a discontinuity between a finite and
an infinite number of sender types in terms of the informativeness in equilibrium.
The answer is no. Suppose there is a finite number of K sender types, such that
the set of their utility functions, satisfies Condition (S) (for all K ) and put small
weight, say 1

K on each sender type. What happens when we take K to infinity (i.e.,
have vanishing limiting probability on each type)? Fix k as the finite number of
messages, which is fixed for all K .11 Then the number of possible induced actions
is also k. The number of individual sender types that are indifferent between at
least two such induced actions is at most k ∗ (k − 1) as there are k times k − 1
pairs of induced actions and if one sender type is indifferent between one pair, by
Condition (S) no other sender type is also indifferent between that pair. But then,
in any influential equilibrium, at least a fraction of K−k(k−1)

K sender types do not
make their choice of action contingent on the state.12 This fraction tends to 1 as K
tends to infinity. Thus, any action is either induced with a vanishing probability, as
K tends to infinity, or tends to the ex-ante average state. Thus, any such sequence
of influential equilibria becomes non-influential in the limit.

7. Harsanyi (1973) uses, what we here call, Harsanyi-uncertainty to show that mixed
equilibria, in which the players are indifferent between at least two pure strategies,
can be thought of as pure strategy equilibria in the game played by, at least in the
minds of the players, infinitely many possible “types”. As explained in Sect. 3, the
influential equilibria in Chakraborty and Harbaugh (2010) also rely on indiffer-
ence. One way to state our result is that the influential equilibria in Chakraborty
and Harbaugh (2010), even though they are actually in pure strategies, cannot be
purified in the sense of Harsanyi (1973). Alternatively, one could also say that
the influential equilibria in Chakraborty and Harbaugh (2010) are not regular in
the sense of Harsanyi (1973). This is reminiscent of the non-purifiability of many
“belief-free” type equilibria in repeated games that are also based on indifference,
see e.g., Bhaskar (1998, 2000), and Bhaskar et al. (2008, 2013). Bhaskar (2000)
also proves a result, in the same spirit, on the difficulty of implementing direct
mechanisms under Harsanyi-uncertainty.

11 See Sect. 5 for the case of infinite sender types and infinite messages.
12 It may seem that taking the limit of K and k to infinity simultaneously would allow a limiting influential
equilibrium. That this is not the case is shown in Sect. 5. Note that, in any influential equilibrium we must
have two properties satisfied. First, sufficiently many sender types must be indifferent between certain
induced actions (and, thus, messages), otherwise they would not make their choice of message dependent
on the state. Second, every sender type must actually prefer his intended induced actions over all other
available actions. The more actions there are available the harder it is to satisfy this second requirement. In
the present comment we are not using this second requirement at all.
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5 Equilibria with infinitely manymessages

In the previous sections, in particular also for Theorem1,we assume, as inChakraborty
andHarbaugh (2010), that themessage space is finite. In this section we investigate the
possibility of the existence of an influential equilibriumwith infinitelymanymessages.

Consider the following example, denoted Example 2, with a single-dimensional
state space.13,14 Let � = A = [−1, 1]. Let F be uniform on �. To make it as
simple as possible let x ∈ [ 12 , 1) parameterize an infinite family of utility functions
u : A → R as follows15:

ux (a) =
{

1 if a = − 2
9 or a = x

1
4a + 1

4 otherwise.

Let φ, the distribution of sender utility functions, be the uniform distribution over
[ 12 , 1). The message space is given by M = {0} ∪ [ 12 , 1).16

This infinite set of utility functionsU satisfies Condition (S). Consider the following
strategy profile. For any x ∈ [ 12 , 1), the sender of utility type with parameter x sends
message x if and only if the state θ ≥ 2x − 1 and sends message 0 otherwise. If the
receiver receives message x he knows that the sender is of type x (which he does not
care about) and more importantly he knows that the state θ is uniformly distributed in
the interval [2x − 1, 1). Thus, the expected state, conditional on observing message
x , is x . If the receiver receives message 0 all sender types are possible (not all equally
likely, though) and he has to form a somewhat more complicated updated expectation
of the state. It can be verified that the probability of the state being below some θ given
message 0 is given by

G(θ) =
{ 2

3 (θ + 1) if θ < 0

2
3 + 2

3θ − 1
3θ

2 otherwise.

The density is then given by

g(θ) =
{ 2

3 if θ < 0

2
3 (1 − θ) otherwise,

and the conditional expected state is − 2
9 .

Thus, the receiver’s best response to the sender strategy is to play action − 2
9 after

observing message 0 and action x after observing message x . Then, each sender type

13 We are grateful to an anonymous referee for providing us with an example along these lines.
14 Note that our main theorem also applies to the case of a single-dimensional state space.
15 The three key features needed here are that ux (− 2

9 ) = 1 and ux (x) = 1 and that ux (a) ≤ 1 in the

interval a ∈ [ 12 , 1]. Everything else can be chosen arbitrarily. In particular, the rest can be chosen in such a
way that u is continuous or even differentiable. In these cases the family of u’s can be made sure to satisfy

at least Condition (S
′
) if not (S).

16 One could also choose M = [ 12 , 1] with 1 taking the place of 0.

123



The (non-)robustness of influential cheap talk equilibria... 921

x is exactly indifferent between sending message 0 and message x and prefers these
two messages over all others. Thus, we have an equilibrium.

Recall that we call, following Chakraborty and Harbaugh (2010), a Bayesian Nash
equilibrium influential if there are at least twomessages (sent with positive probability
according to F) which induce different actions. According to this definition the above
equilibrium is not influential. The reason for this is that, while action− 2

9 is induced by
a message sent with positive probability, no other action message is sent with positive
probability. The above equilibrium should, however, clearly also be called influential.
Thus, when dealing with infinite message spaces, we need a weaker definition of what
constitutes an influential equilibrium, one that reduces to our previous definition, i.e.,
the definition given inChakraborty andHarbaugh (2010), for the case of finitemessage
spaces.

In order to avoid confusionwe shall denote this weaker notion of influential equilib-
rium by influential∗ equilibrium. Let a∗ : M → A denote the induced action function
for a fixed given strategy profile. An equilibrium is termed influential∗ if there are two
disjoint closed subsets of the set of all induced actions such that the overall probability
of each of the two sets is positive.

Note that for the case M finite this definition is equivalent to the original definition.
Note furthermore that the strategy profile described above (in which each payoff type
sends two distinct messages) is influential∗.17 Thus, conditions (S

′
) or (S) are not

sufficient to rule out influential∗ equilibria.
We now provide a stronger condition than Condition (S

′
) that suffices to rule out

all influential∗ equilibria. The set of possible utility functions U (that the sender might
have, from the point of view of the receiver) together with the atomless distribution
φ over it, satisfies Condition (S

′′
) if for any two disjoint closed subsets A, B ⊂ A the

probability that maxa∈A u(a) = maxb∈B u(b) is zero under φ. Note that this condition
is, for instance, again satisfied for the linear preference model in our main example
(Sect. 3) and also, more generally, for preferences whose indifference curves satisfy
a single crossing property.

Condition (S
′′
) is strong enough to rule out the set of utility functions given in the

example of this section. Consider the two disjoint sets of actions A = {− 2
9 } and, e.g.,

B = [ 12 , 3
4 ]. Then all types of senders with x ∈ B are indifferent between their most

preferred elements in A and B. The probability mass of all such senders is 1
2 under

φ. Therefore, this set of sender utility functions, paired with distribution φ, does not
satisfy Condition (S

′′
).

We next show that Condition (S
′′
) is sufficient to preclude the existence of an

influential∗ equilibrium.

Theorem 2 Consider a sender-receiver game as defined in Sect. 2. Suppose the set of
possible utility functions for the sender,U , is such thatφ, the receiver’s prior belief over
U , is non-atomic, and satisfies Condition (S′′

). Then there does not exist an influential∗
equilibrium in this game.

Proof For all u ∈ U , let σu : � → M denote the equilibrium strategy of the
sender of type u. Let ρ : M → A denote the receiver’s equilibrium strategy.

17 We could, for instance, choose M− = {0} and M+ = [ 12 , 1).
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Let Ã = {a ∈ A | ρ(σu(θ)) = a for some θ ∈ � for some u ∈ U} denote the set of
induced actions in this equilibrium.

Given that the equilibrium is influential∗ there must be two closed subsets Ã+ and

Ã− of Ã with the property that Ã+ ∩ Ã− = ∅ and that PF,φ

(
Ã◦

)
> 0 for both

◦ ∈ {+,−}.
For this to be possible there must be a set V ⊂ U with positive mass under φ

such that for all u ∈ V and for both ◦ ∈ {+,−}, ρ(σu(θ)) ∈ Ã◦ for some θ ∈ �.

By condition (S
′′
) we have that Pφ

(
{u ∈ U | maxa∈Ã+ u(a) = maxb∈Ã− u(b)}

)
= 0,

which provides a contradiction. 
�

6 Conclusion

We study sender-receiver games with a single sender and a single receiver. The sender
is fully informed about a state that the receiver would like to know in order to make an
informed decision by choosing an action as close as possible to the state. The sender
has preferences about the receiver’s actions that are independent of the state.

Chakraborty and Harbaugh (2010) show that, provided the state space is multi-
dimensional, such a game always has an influential equilibrium, where the sets of
states, in which the sender sends any given message, are separated by hyperplanes. In
the Chakraborty and Harbaugh (2010) model the receiver knows (at least with some
sufficiently large probability) the preferences of the sender.

We show, that if the receiver is unsure about the sender’s preferences in such a way
that she considers a continuum of possible sender utility functions (all close to each
other) and has a belief about these that is a generic atomless distribution over these,
then the game does not have influential equilibria.

This paper’s only goal was to investigate the robustness of influential equilibria to
Harsanyi Uncertainty in sender receiver games in which the sender has state indepen-
dent preferences. What would be an interesting alternative direction? There is a third
and final robustness check in Chakraborty and Harbaugh (2010), in which they show
that for every ε > 0 when the sender preferences are state dependent but sufficiently
close (as a function of ε) to state independent and linear, then some influential equi-
libria of the limit game are ε-equilibria of this nearby game. We are not pursuing this
in this paper, but we feel that looking more generally at a model in which the sender
has preferences that are close to but not completely state independent could provide
interesting insights. Adding lying costs (this is an interpretation that Chakraborty and
Harbaugh (2010) give ε) such as in Kartik (2009) in more general situations may also
be a worthwhile direction. Finally, the recent model of Lipnowski and Ravid (2020)
nests the model of Chakraborty and Harbaugh (2010). As a consequence, equilibria
in their model need not be robust to the introduction of a small degree of Harsanyi
Uncertainty either.
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appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence,
and indicate if changes were made. The images or other third party material in this article are included
in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If
material is not included in the article’s Creative Commons licence and your intended use is not permitted
by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the
copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

A Appendix: Multiplicity of equilibria in the original CHmodel

In this section we show that in the original Chakraborty and Harbaugh (2010) model
(i.e., with common knowledge of the sender’s preferences), under a specific assump-
tion, there are influential equilibria also in games with a single-dimensional state and
action space.We then show how the argument used to prove this statement can be used
to prove Theorem 1 of Chakraborty and Harbaugh (2010) that every sender receiver
game considered by CH has a continuum of influential equilibria even with only two
messages.18 Finally, we then show that many such games have a continuum of other
types of continua of equilibria as well (even with only two messages).

A slightly different way to explain and prove the main result of Chakraborty and
Harbaugh (2010) is as follows. Suppose� = A = [0, 1], i.e., the state and action space
are both single-dimensional. Suppose the sender preference is state independent and is
a continuous function u : A → Rwith the property that u(0) = u(1). Suppose further
that the receiver’s full support and atomless prior F over � is such that u (E[θ ]) �=
u(0).

Any such game then has an influential equilibrium with two messages. To prove
this suppose that the sender uses a message cutoff x ∈ [0, 1] such that she sends
message m− if θ ≤ x and message m+ if θ > x . Let u∗−(x) = u (E[θ |θ ≤ x])
and u∗+(x) = u (E[θ |θ ≥ x]). Finally, let f (x) = u∗+(x) − u∗−(x). By assumption
f (0) �= 0 and f (1) = − f (0). Then by the intermediate value theorem there is an
x∗ ∈ (0, 1) such that f (x∗) = 0 and the cutoff strategy x∗ constitutes an influential
equilibrium in this game.19

This can be used to prove the general theorem, Theorem 1 of Chakraborty and
Harbaugh (2010), as follows. Let� = A be again a compact subset ofRN with N ≥ 3
with nonempty interior.20 Take any point c in the interior of � and any hyperplane h
going through c.Moreover, take any line l within the hyperplane h also going through c.
Now rotate the hyperplane around l to obtain a new hyperplane h(x) that still contains
point c and line l. Let x ∈ [0, 1] denote the normalized angle between hyperplane
h(x) and h with h(0) = h(1) = h. For any h(x) the sender sends one message in
all states “above” and another message in all states “below” the hyperplane.21 The
sender, thus, induces distinct actions a+(x) and a−(x) with induced sender utility of

18 Note that Chakraborty and Harbaugh (2010) also already identify a continuum of equilibria even with
only two messages.
19 In this context one can also easily prove a version of Theorem 2 of Chakraborty and Harbaugh (2010)
that under a quasiconcave sender utility function the sender prefers any influential equilibrium over any
non-influential equilibrium and that the sender’s preferences are reversed under a quasiconvex sender utility.
20 For N = 2 the proof is slightly different and does not provide a continuum of continua of equilibria.
21 As F is assumed atomless, it does not matter what the sender does for states on the hyperplane.
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u∗+(x) = u(a+(x)) and u∗−(x) = u(a−(x)). Suppose that u∗+(x) = u∗−(x). Then the
strategy constitutes an influential equilibrium. Suppose not. Then we can apply the
previous proof to obtain, by the intermediate value theorem, an influential equilibrium
for some x ∈ (0, 1).

This proof is, of course, very similar to the original proof in Chakraborty and
Harbaugh (2010) in that the intermediate value theorem is very similar to the Borsuk
Ulam theorem. One could probably call the Borsuk Ulam theorem a generalization of
the intermediate value theorem. But note that this proof works for any interior point c
and any line l through this point c.

By the same argument we can prove existence of another continuum of continua of
influential equilibriawith twomessages, at least in some cases. Suppose that the sender
has linear preferences, a case also considered in Chakraborty and Harbaugh (2010).
This means that the sender’s indifference curves in A are hyperplanes. Let c = E[θ ]
and let h be the sender’s indifference hyperplane that goes through c. Consider a point
y ∈ �, not on the hyperplane h and let B(y) ⊂ � be a small Euclidean ball around y
that does not intersect the hyperplane h.22 Consider any y′ ∈ � that lies on a circle
that goes through y and has c as its center. Let B(y′) denote the Euclidean ball around
y′ that is of the same size as B(y). For any y′ on this circle let x ∈ [0, 1] denote the
normalized angle between the lines c, y and c, y′. The sender’s strategy for any x is
then to choose one message in all states within B(y′) with y′ determined by x and
another message in all other states. We need to assume that for any such y′ the set
B(y′) includes an open set within �. The original point y can always be chosen to
guarantee this.

As B(y) does not intersect the hyperplane h and as the induced action given the
message that indicates that the state is within B(y) must be in B(y) the sender is
not indifferent between sending the two messages (for x = 0). Similarly, for x =
1/2, the corresponding B(y′) also does not intersect the hyperplane and the sender’s
preferences over the two messages is reversed. Then the same argument applies as
before and we get existence of an influential equilibrium of this kind for some x
between 0 and 1/2 (and one for x between 1/2 and 1).

References

Ambrus A, Takahashi S (2008) Multi-sender cheap talk with restricted state spaces. Theor Econ 3(1):1–27
Battaglini M (2002) Multiple referrals and multidimensional cheap talk. Econometrica 70(4):1379–1401
Bergemann D, Morris S (2005) Robust mechanism design. Econometrica 73:1771–1813
Bhaskar V (1998) Informational constraints and the overlapping generations model: Folk and anti-folk

theorems. Rev Econ Stud 65(1):135–149
Bhaskar V (2000) “The robustness of repeated game equilibria to incomplete payoff information,” mimeo,

University of Essex
Bhaskar V, Mailath GJ, Morris S (2008) Purification in the infinitely-repeated prisoners’ dilemma. Rev

Econ Dyn 11(3):515–528
Bhaskar V, Mailath GJ, Morris S (2013) A foundation for Markov equilibria in sequential games with finite

social memory. Rev Econ Stud 80(3):925–948
Carlsson H, Van Damme E (1993) Global games and equilibrium selection. Econometrica 61:989–1018
Chakraborty A, Harbaugh R (2010) Persuasion by cheap talk. Am Econ Rev 100(5):2361–2382

22 Many other “shapes” for B(y) are also feasible.

123



The (non-)robustness of influential cheap talk equilibria... 925

Crawford VP, Sobel J (1982) Strategic information transmission. Econometrica 50:1431–1451
GoltsmanM, Hörner J, Pavlov G, Squintani F (2009) Mediation, arbitration and negotiation. J Econ Theory

144(4):1397–1420
Harsanyi JC (1973) Gameswith randomly disturbed payoffs: a new rationale for mixed-strategy equilibrium

points. Int J Game Theory 2(1):1–23
Kartik N (2009) Strategic communication with lying costs. Rev Econ Stud 76(4):1359–1395
Lipnowski E, Ravid D (2020) Cheap talk with transparent motives. Econometrica 88(4):1631–1660
Monderer D, Samet D (1989) Approximating common knowledge with common beliefs. Games Econ

Behav 1(2):170–190
Morris S, Shin HS (1998) Unique equilibrium in a model of self-fulfilling currency attacks. Am Econ Rev

88:587–597
Rubinstein A (1989) The electronic mail game: strategic behavior under “almost common knowledge”. Am

Econ Rev 79:385–391
Sobel J (2013) “Giving and receiving advice,” in Advances in Economics and Econometrics. In: Acemoglu

D, Arellan M, Dekel E (eds), Cambridge University Press, pp 305-341
Weinstein J, Yildiz M (2007) A structure theorem for rationalizability with application to robust predictions

of refinements. Econometrica 75(2):365–400

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps
and institutional affiliations.

123


	The (non-)robustness of influential cheap talk equilibria when the sender's preferences are state independent
	Abstract
	1 Introduction
	2 The model
	3 The main example
	4 The main result
	5 Equilibria with infinitely many messages
	6 Conclusion
	A Appendix: Multiplicity of equilibria in the original CH model
	References




