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and consider the game induced by this inference rule. Clearly, the induced
game is a zero-sum game — more specifically, we could assign payoffs
in a fashion consistent with preferences in such a way that the game is
zero-sum. Hence if there are any other equilibria, both senders must be
indifferent between the equilibrium corresponding to ¢ and the alternative.
Since every possible inference is degenerate, genericity implies that every

equilibrium has s inferred.

So suppose that preferences are strictly conflicting and that there is no
o satisfying the condition of Proposition 8. We now show that there is no
separating equilibrium. Suppose not. Let (o, §) be a separating equilibrium.
Clearly, there must be some s and s' with s >; ', 01(s) € M(s') and
02(s') € M(s). Since o is one-to—one, either o1(s) # o1(s') or a3(s) #

02(s") or both. Without loss of generality, suppose that a1(s) # o1(s').

Consider the deviation by sender 1 to o(s) in state s’. Since this is
an equilibrium, we must have s' ; §(o1(s), o2(s')). By strictly conflicting
preferences, then, §(o1(s),02(s')) =2 s’ »2 s. Hence 2 deviates in state s

to 02(s’), a contradiction. ||
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I. Introduction.

A wide range of economic, political and legal processes involve efforts by
one or more interested parties to persuade an uncommitted decision maker.
Managers issue audited earnings reports to shareholders. Lobbyists provide
legislators with data on different proposals. Litigants hire experts to testify
on the facts of a case. One common feature of these examples is that
frequently what each interested party (or speaker) wants the decision maker
to do may be independent of his actual private information. The difficulty
this creates is that it is then unclear what relation his statements bear to

his private information and hence what information content they have.

QQ&&E& if a statement contains irrefutable proof of some fact, then
it has information content regardless of the speaker’s preferences. Unfortu-
nately, how much an interested party can explicitly prove is often limited.
That is, he may be able to prove some — but not necessarily all — of what
he knows. We call this partial provability. Limitations on the ability to
prove claims arise from at least two sources. First, it may simply not be
possible to prove a fact definitively even if it is true either because proof does
not exist or because speakers are not allowed to provide it. For example,
while a pianist can easily demonstrate that he can play the piano, it is hard
to imagine how a non-musician could prove that he cannot.! Alternatively,
the exclusionary rule in trials prohibits the introduction of evidence (fac-
tual “proofs”) which prosecutors do have but which was obtained through
illegal searches. Second, there may be limitations on the number of facts
speakers can disclose. For example, time limits may constrain information
transmission if the decision maker is unable to absorb more than a certain

amount of information in the time available.

1 We thank Michael Peters for this example. In terms of the analysis that follows, this
limitation is a consequence of the fact that everything a non-musician can do at the

keyboard is a subset of what a pianist can do.
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librium. Let 6*(s) denote the receiver’s inference in state s in equilibrium.
We show by induction that §*(s) = s for all s. Without loss of generality,
number the states so that s; »; sz > ... >1 s;. (By genericity, all these
comparisons are strict.) By (4), there is a message, say m,, which is in
M(s;) but not M(s;) for any ¢ # 1. Since the receiver’s inference rule must
be consistent with feasibility, we must have §(m;) = s;. By betweenness,
if §*(s1) # 81, we must have s; >; §*(s1). But then sender 1 could deviate

in state s; to m;, a contradiction. Hence we must have §*(s;) = s;.

Suppose that for ¥ = 1,...,K — 1, we have shown that §*(sz) =
sg. We complete the proof by showing that §*(sx) = sx. Suppose not.
Clearly, 6*(sk) cannot put any probability on states s;,...,sx—;. Then
betweenness implies that sx >; §*(sx). Furthermore, for any é§ putting
probability 1 on {s1,...,sx}, betweenness implies § >=; sk »1 6*(sk).
By (4), there exists a message myx € M(sk) which is not in M(s;) for
any ¢ > K + 1. Since the receiver’s inference rule must be consistent with
feasibility, the support of §(m k) must be contained in {sy,...,sx}. Hence

sender 1 would be better off deviating to m in state sk, a contradiction. ||
Proof of Proposition 8.

First, suppose that o satisfies the condition of Proposition 8. To see
that o must be invertible, suppose, to the contrary, that there are two
states, s and s', such that o(s) = o(s'). By genericity, we may assume that
s >1 s'. Hence by the condition of Proposition 8, either o1(s) ¢ M(s') or
02(s') ¢ M(s). Either way, we cannot have 01(s) = 01(s') and o3(s) =

02(s'). Hence o is one-to—one.

We now show that there is a é such that (o,6) is a strong separating
equilibrium. To construct this inference rule, say that m; is an equilibrium
message for ¢ if there exists an s such that o;(s) = m;. Clearly, for any s,
8(01(s), 02(s)) = s. For any (m;,m2) such that m; is not an equilibrium

message for 1, let §(m,m;) be the worst degenerate inference for sender 1

45

action from 1’s point of view. In equilibrium with this rule, lobbyist 1 tells
the truth in every state (except possibly in his least preferred state where
lying and getting caught does not affect the final outcome anyway). If 1
does not tell the truth, the availability of a complete set of “not” messages
insures that lobbyist 2 can refute any false assertion by 1. This inference
rule along with the conflicting preference assumption insures that 2 will

want to do so.

Intuitively, complete revelation is possible because 2’s message conveys
more information in equilibrium than simply ruling out a single state. In
particular, the failure of 2 to “refute” 1’s claim is taken as evidence of the
inability to refute. More generally, an interested party’s failure to provide
proofs of certain facts may be construed to mean that these facts are untrue.
While this can occur with only one speaker, this example suggests that
with multiple speakers, it can greatly increase the amount of information
revealed. This is true because with multiple speakers, the interpretation of
a message from one speaker can depend on what the other speakers say.
Thus in the example, the interpretation of a “not state s'” message from 2
changes dramatically depending on whether 1 initially claimed state s’ or

not.

While there is a large literature on signaling and mechanism design,
relatively little directly addresses the issues we study. Milgrom [1981], Mil-
grom and Roberts [1986] and Grossman [1981] study signaling in the special
case of complete provability — that is, when an interested party can prove
any (true) claim. As a result, an interested party can — and in equilibrium
does — reveal all of his information. This approach has two weaknesses.
First, it makes strong assumptions about the set of available messages.
In particular, to prove the truth unambiguously may require exhaustive
specificity in some of the proofs. Second, this approach cannot explain the
prevalence of adversarial debate in many real world decision making pro-
cesses. In particular, with complete provability and symmetrically informed

parties, all information can be elicited from a single interested party. Thus
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The inference rule is as follows. Let sender 1’s claim be s! and the
vector of messages be m. If s' € F(m), then the inference is s*. Otherwise,
the inference is the worst degenerate inference for sender 1 consistent with
feasibility.

We claim that for any s, there is no equilibrium in the induced game
given this inference rule such that the receiver’s inference differs from s.
Suppose, to the contrary, that such an equilibrium exists. First, suppose
that the inference in this equilibrium is the same as sender 1’s claim s! #
s. Clearly, if sender 1 had claimed s, this would be the inference since
it could not be refuted. Therefore, if this is an equilibrium, it must be
true that s! =; s. By genericity, we can assume this preference is strict.
By construction of sender 1’s preferences, then, it cannot be true that
M(s) € M(s'). Also, since senders 1 and 2 have conflicting preferences, we
have s 3 s'. Furthermore, if sender 2 used a message m € M(s) \ M(s?),
the resulting inference, say 6§, would necessarily satisfy § <; s and hence
§ =3 8 >3 s'. Clearly, such a message would be better for sender 2 than

his “equilibrium” message, a contradiction.

Hence if s is not inferred in equilibrium, it must be true that sender
1’s claim is refuted in equilibrium. But then the receiver’s inference, say &,
satisfies s =1 6. Recall, though, that é is a degenerate inference. Since it
is not equal to s by assumption, genericity implies s »; 6. But sender 1

1

could have claimed s, so the claim s! is not optimal, a contradiction. |

Proof of Proposition 6.

We first show that a separating equilibrium exists if (4) holds. Suppose
(4) holds and construct any invertible function o : § — M such that

o(s) e M(s)\ |J M(s'), Vs.
s'€L1(s)

By (4) and our cardinality assumption, such a function must exist. Con-

struct the receiver’s inference rule as follows. For any message m = o(s) for
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attraction of this approach is that while interested parties may not be able
to prove much, it is often unrealistic to assume that they can prove nothing.
The key insight is that limitations on provability can be overcome by the
fact that far more may be inferred in equilibrium than is explicitly proved.
In particular, as in Example 1, the failure to prove certain supporting facts

may be construed as evidence that certain possible claims are untrue.

The subsequent literature on partial provability is still relatively small.
Fishman and Hagerty [1990], like Milgrom [1981], consider the case of a
single interested party in the context of a particular message structure.
We consider multiple interested parties with a general message structure.
Okuno-Fujiwara, Postlewaite, and Suzumura [1990] also consider multiple
interested parties, again with a specialized message structure. Unlike our
model, they assume that the interested parties are asymmetrically informed.
Finally, Green and Laffont [1986] consider the role of partial provability in

a principal-agent context.

This paper is organized as follows. We present the basic model in
Section II. Rather than focus on a specific institutional setting, we consider
a very general message environment. In Section III, we consider a simple
sequential game, called an open forum, in which each interested party has
one turn to speak. In particular, we focus on when separating equilibria —
equilibria where the decision maker learns the state exactly — are possible.
Furthermore, we focus on separating equilibria which are robust in the sense
that fixing the inference rule, separation is the unique equilibrium outcome
in the induced game played by the speakers. We call such equilibria strong
separating equilibria. Hence our results are weaker than the uniqueness

results in Milgrom and Roberts [1986] but stronger than simple existence.

We have the following results. First, weak preference assumptions often
suffice to sustain a strong separating equilibrium when complete provability
is relaxed to partial provability. In particular, as Example 1 shows, very

limited provability is often enough. Second, given any message technology
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generic, a separating equilibrium exists. |
Proof of Proposition 4.

For simplicity, we describe the inference rule as though senders send
both a message m € M and claim a state s € S. As discussed in the text,
the cardinality condition implies that this is without loss of generality. Also,
notice that the receiver is free to choose how to interpret a given claim s.
That is, he can treat a claim of s as a claim of a different state s'. In this
sense, it is without loss of generality to suppose that the receiver can force
the senders to only make claims with certain properties as long as given

any message, there is at least one claim satisfying these properties.

With this in mind, consider the following restrictions on claims. Let
(mi, s*) denote sender i’s message and claim, where we require throughout
that sender i’s claim must be a state not ruled out by the messages of the
first ¢ senders. We also require the claim s' to have the property that m;
rules out every state s’ not ruled out previously such that M(s') ¢ M(s')
— that is, the claim must be trustworthy. We will refer to a claim satisfying
these two criteria as a valid claim. To show that this restriction is legitimate,
we show that given any possible messages by the first i senders, there is
always at least one valid claim s'. To see this, fix any : messages which are
all feasible in at least one state. Let F' = Ni_, F(m;). Clearly, F is finite
and nonempty. Hence the fact that C is transitive and asymmetric implies
that there is at least one state s' € F such that there is no s" € F with
M(s") C M(s"). This state would be a valid claim.

The receiver’s inference rule is as follows. If s! € F(m), then the
receiver infers s'. If not, then let k denote the first i such that s! ¢ F(m;).
If s* € F(m), then the receiver infers s*. Etc. It is easy to see that this

algorithm generates a feasible inference given any m.

To conclude, we show that for any state s, there is no equilibrium in
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I1I. The Model.

We have n + 1 players, n “senders” of information and one “receiver.”
The senders send messages to the receiver, who then chooses an action that
affects his utility and the utility of each sender. Each sender has information
that the receiver does not have which affects the receiver’s payoff, but not
his own. Thus the sending of messages can be interpreted as the senders’
attempts to persuade the receiver to choose an action they would like. We
assume that the senders are symmetrically informed.

More formally, S is the set of possible states of the world. For simplic-
ity, S is assumed to be finite. A given state s € S specifies all facts known
to the senders which the receiver would like to find out.* For example,
a state might specify the circumstances of a crime, the relative merits of
various brands of a good, the talent of a firm’s incumbent management, or

the costs and benefits of various possible defense projects.

Senders inform the receiver by sending messages which may include
evidence such as certain statements, documents, or physical items. Thus a
state s also specifies the availability of such evidence. It is precisely the fact
that these items are available in certain situations and not in others that
makes them useful as evidence. For example, if the underlying facts are that
the murder victim was stabbed and not shot, then there cannot be a bullet
in the corpse. Less dramatically, a (legitimate) house deed with a given
individual’s name on it exists if and only if that person is a homeowner.
Hence these items can act as evidence in the sense that showing them to

the receiver proves to him that certain states are not possible.’

4 In other words, we do not distinguish between states which senders cannot distinguish.

5 This formulation also allows the possibility of messages that give noisy information.
For example, if it is possible to forge a house deed, then if shown a house deed with a

specific individual’s name on it, the receiver rules out all states except those in which

7
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APPENDIX
Proof of Proposition 1.

Suppose s; # 33 but M(s;) = M(sz). Clearly, if there is no separating
equilibrium, there is no strong separating equilibrium. So suppose (7,6) is a
separating equilibrium. By definition, then, (1) must hold for all ;. Consider
the strategies G, then, where &7 = o7 for every s # s; and 4/ = o*. Since
M(sy) = M(sz), these strategies are feasible. Furthermore, the fact that
(1) holds for every i for o implies that the same is true of 6. Clearly, though,
6(hr(6,52)) = 6(hr(c,1)) = s1. Hence (0,6) is not a strong separating

equilibrium. |

Proof of Proposition 2.
Implied by Proposition 4.

Proof of Proposition 3.

Construct the receiver’s inference rule as follows. Let m? denote the
full report for state s and, for a vector of messages m = (my,...,m,),
let F(m) = N, F(m;). Suppose m is the vector of messages observed by
the receiver. If m; # m? for any s, then the receiver’s inference is that
degenerate inference consistent with feasibility that sender 1 likes least. (If
preferences are generic, this inference is unique. If they are not, choose
any such inference.) If m; = m} and s € F(m), then the receiver infers
s. Finally, suppose m; = m} but s ¢ F(m). Let k be the first sender
for whom m; ¢ M(s). Repeat the construction above with k in 1’s place.
More precisely, if m; # m} for any s not ruled out by the messages of the
first £ — 1 senders, then § is the worst degenerate inference for sender k
consistent with feasibility. If mi = m}, for some s' € F(m), the receiver
infers s'. If my = m3, but s' ¢ F(m), find the first k' > k such that ...,

etc. Clearly, this algorithm generates an inference for the receiver for each
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and then chooses his action to maximize his expected utility. Let A be the
set of probability distributions over S. The receiver’s inference, then, is
some 6§ € A. The receiver’s prior is §° € A, where we assume §°(s) > 0 for
all s € S. When there is little risk of confusion, we will also use s to denote
the probability distribution which puts probability 1 on state s. Such a
probability distribution will be called a degenerate inference.

Each sender ¢ has preferences over the possible actions by the receiver,
which in turn induce preferences over possible inferences by the receiver.
In other words, sender i prefers the receiver’s inference § to §' if he prefers
the action the receiver takes given inference é to the action taken given
inference &.7 Formally, the preference ordering of sender i is a complete,
reflexive, and transitive ordering >; over the set A. It is important to note

that each sender i’s preferences are independent of the true state.

We focus on a simple game, which we call an open forum, in which
each sender has one chance to send any one message he likes to the receiver.
The sequence of senders is fixed and each sender, at his turn, observes the
messages sent by previous senders. We number the senders in the order
of their turns to speak. Given that each sender has only one chance to
speak, the assumption that he can send only one message is without loss
of generality. To see this, suppose that a sender could send either one or
two messages from a set M. This is equivalent to allowing a sender to use

one message from the set M’ consisting of all single messages and pairs of

T An alternative interpretation of the model is that there are many symmetrically informed

receivers who choose actions in some game after observing the senders’ claims. If the
equilibrium of this game is unique given each possible inference, we can restrict attention
to the senders’ preferences over inferences. With nonuniqueness, however, the senders’
preferences would depend on the equilibrium among the receivers. Another difficulty with
this interpretation is that we focus on how the receiver can obtain as much information
as possible. With many receivers, depending on the nature of the game among them,

more information could make all receivers worse off.
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The intuition of this example is straightforward. In state sz, the two
senders would rather trick the receiver into inferring s;. For a separating
equilibrium to exist, the receiver must infer s; if he sees m; from both
agents. Since this is feasible in state sz, there is a way for them to trick
him. In the sequential game, sender 1 can “offer” this deception to sender
2 by sending message m;. Sender 2 will follow his lead. In the simul-
taneous game, though, they cannot collude this way. If sender 2 expects
sender 1 to use m; and so uses this message himself, sender 1 will actually

“doublecross” him and send m3 to get the receiver to infer ss.

The key reason why the open forum is easier to analyze than the si-
multaneous game is that the induced game, given a state and the receiver’s
inference rule, is a finite game of perfect information. This fact implies that
pure strategy equilibria always exist in this induced game, no matter what
the receiver’s inference rule is. Hence if the inference rule can be chosen to
insure that there is no equilibrium in the induced game where the receiver
infers incorrectly, there must be a strong separating equilibrium. (This fact
also explains why it is sometimes just as easy to prove that a strong separat-
ing equilibrium exists as it is to prove that a separating equilibrium exists.)
Our open forum inference rules when applied to the simultaneous game do
guarantee that there is no equilibrium in the induced game in which the
receiver is misled. However, in the simultaneous game, the absence of an
equilibrium in which the receiver is misled does not guarantee the existence
of an equilibrium in which he infers the truth. Because the induced game
in the simultaneous mechanism is not a game of perfect information, there

may be no pure strategy equilibrium.
V. Conclusion.

This paper analyzed the ability of an uninformed decision maker to
elicit private information from interested parties. In particular, the decision
maker in our model must overcome two important obstacles to informative

communication: (1) speakers’ preferences over possible decision maker’s ac-
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the history he observes has nonzero probability under the strategies o.
Formally, if, given a history hg € Hg,

§*(hr,0) ={s € S| hr = hr(0,s)}

is nonempty, then

@ 6(hr)(s) = Q,_E\ R

where K = M.m.m.:.?qv 8%(s). Third, off the equilibrium path, we only
require that his inferences are consistent with feasibility in the sense that
his beliefs give zero probability to any state in which the messages he has
observed are infeasible. In other words, if S*(kr, o) is empty, then §(hg)
is some belief such that

he ¢ [MGS)® = 6(hr)(s) =0.

This is essentially Fudenberg and Tirole’s [1991] perfect Bayesian equilib-
rium. One may wish to impose other requirements on the receiver’s beliefs
off the equilibrium path. For example, sequential equilibrium would require
the receiver to view a unilateral deviation from o as infinitely more likely
than two or more senders deviating.? While we do not require this, all our
results hold with this additional restriction.

A separating equilibrium is an equilibrium (o, §) in which §(hgr(a,s)) =
s for all s. In a separating equilibrium, then, the receiver learns the state

exactly.

An alternative way to view equilibria is useful. Imagine that the re-
ceiver can announce the inference rule he will follow. He cannot commit
himself to drawing “irrational” inferences in the sense that his inference
rule must be part of an equilibrium. However, he can commit himself to

following any inference rule satisfying this criteria. Given 6 and s, the

8 This requirement plays a prominent role in Kreps and Ramey [1987] for example.
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Figure 5.

state of the world. A social choice correspondence is fully implemented by
this game form if, for each state, the set of equilibrium outcomes equals
the social choice set for the state. By contrast, in our model the set of
feasible messages, not preferences, vary with the state. Qur notion of strong
separation is very similar to the notion of full implementation. With strong
separation, given a state and the inference rule, all equilibria have the same
outcome. With full implementation, all equilibria are “acceptable” in the
sense that their outcomes satisfy the social choice rule. In our model,
we view the receiver as a player in the game who cannot commit himself
to choosing suboptimally given some inference. In the full implementation
literature, the only “receiver” is the mythical social planner who can commit

to any (feasible) outcome out of equilibrium.
II1. Results.

As discussed in the introduction, complete provability models assume that
every true statement is provable. That is, for every § C S, there is a
message mg such that F(mg) = 8. As far as the results on separation in
Milgrom [1981] and Grossman [1981] are concerned, the key aspect of this
assumption is that for every s € S, there is a message m, which proves s
— that is, F((m,) = {s}. This assumption can be thought of as having two
components. First, if s is the true state, then for any other state, s’, there

is a way to disprove s’. That is,
(M1) s#s' = M(s) € M(s").

Second, there is a single message available in state s which proves by itself
what all messages available in s prove jointly. That is, for every s, there

exists m} such that

(M2) F(m?) = D F(m).
meEM(s)

In other words, if a message m; € M(s) disproves every s' € S and

a message my € M(s) disproves every s' € S,, then there is a message

13
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Proposition 8. When n = 2 and senders 1 and 2 have generic, conflicting
preferences, there is a é such that (o, 6) is a strong separating equilibrium
if for all s,s' such that s >, s', either

a1(s) ¢ M(s")

o2(s") ¢ M(s).

Furthermore, if preferences are strictly conflicting in the sense that § »; &'
iff §' >3 6, then there is no separating equilibrium (strong or otherwise)

unless such a o exists.

The intuition of this result is very simple. Suppose that s >=; s’ so
8’ >3 s and that the condition of the theorem does not hold. What should
the receiver infer if he gets the message 0 (s) from sender 1 and the message
02(s') from sender 27 If he infers that the state is s, then sender 1 deviates
from the equilibrium in state s'. Similarly, if he infers it is s, sender 2 de-
viates from the equilibrium in state s. Suppose, then, that he draws some
completely different inference, say 6. If § >, s', sender 1 still deviates in
state s’. Hence we must have § <; s'. But by strictly conflicting prefer-
ences, whether § is degenerate or nondegenerate, this implies § >, s' =5 s.
Thus sender 2 deviates in state s. In short, if the condition of the theorem
does not hold, we cannot simultaneously prevent sender 1 from deviating

in state s and sender 2 from deviating in state s'.

To see one implication of Proposition 8, consider the “not” messages
of Example 1. Note that Proposition 8 requires that, for every pair of
states, either sender 1 or sender 2 must “cover” that pair in the sense that
his message in his preferred state is not feasible in the less preferred state.
With £ states, the number of pairs to cover is £(£ — 1)/2. However, the
number of messages we can assign is only one for each sender for each
state, or 2£. Notice further that only 2(¢ — 1) of these can cover a pair,

since a sender’s message in his least favorite state cannot cover a pair.
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In relaxing these assumptions on the message sets, we do not wish to
introduce trivial barriers to communication. In particular, when (M2) is
dropped, it is possible to have fewer messages than states. In such cases,
there is no way for a sender to unambiguously claim the truth in every
state. To avoid this pathology, we assume throughout that a sender can
always include in his message a claim of any state that the message does

not disprove. More formally, for every message m,
#{m' | F(m') = F(m)} > #F(m).

We refer to this as the cardinality condition. It guarantees that the receiver
can treat different messages with the same pure information content as
claiming different states with the same proof. In describing our results
and examples, we will be less formal, assuming that senders can include a

“cheap talk” claim of a state with their message.

Strong separation will require some less innocuous restrictions. Con-
sider the following substantial weakening of (M1):

(M3) s#s = M(s)# M(s").

Given that the preferences of the senders are independent of the state, our

first result is perhaps unsurprising.

Proposition 1. (M3) is necessary for the existence of a strong separating
equilibrium.

What is more surprising is that (M3) is not necessary for separation
per se. As a trivial example, suppose one of the senders is completely
indifferent over all possible inferences by the receiver. Clearly, there is an
equilibrium in which he tells the truth regardless of whether (M3) holds.
However, this need not be a strong separating equilibrium. In particular,
holding the receiver’s inference rule fixed, this sender has many other best

replies, some of which may not lead to the correct inference. It is precisely
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any state such that s; >; ' for all s'. Because of the preferred message
property, a necessary condition for a strong separating equilibrium is that
there exists m; € M(s;) which is not in M(s') for any s' # s;. Let s,
denote any state such that s, >, s’ for all s’ # s,. First, suppose s; >; s3.
Then there must be a message m; € M(sz) which is not in M(s') for any
s' ¢ {81,32}. Alternatively, suppose s; ~; s;. Then there must be a
message my € M(sz) which is not in M(s') for any s’ # s, etc. Condition
(4) is exactly what this construction requires — that is, it is necessary and
sufficient for the existence of a strategy for sender 1 which could be part of

a strong separating equilibrium.

Condition (4) is not sufficient because it does not guarantee that we
can construct an inference rule which generates strong separation. To
see this intuitively, suppose there are only two states, s; and sy, where
M(s1) N M(s;) is not empty but neither set is a subset of the other.
Clearly, regardless of the preferences of sender 1, condition (4) holds. Sup-
pose, though, that sender 1 is completely indifferent over all inferences by
the receiver. Then no matter what inference rule the receiver follows, sender
1 will necessarily have a best reply for which the receiver does not infer the
true state exactly. However, if preferences are generic, this kind of problem

is eliminated.
IV. Simultaneous Games.

In this section, we briefly discuss separation in games where the senders
send messages to the receiver simultaneously — or, equivalently, without
having an opportunity to see the messages being sent by any other sender.
Our goal is to contrast the possibilities for separation in the open forum

versus this simultaneous game.

The definitions of strategies are simpler here. A strategy for sender
¢ is simply a function o; : S — M such that o;(s) € M(s) for all s. As

before, the receiver’s inference rule maps vectors of messages into beliefs.

32

- 2 had an incentive to refute false claims.

A simple extension of this idea to n senders is the following. Our

cardinality condition allows us to assume that senders include a “cheap

talk” claim of a state along with their message. Think of sender 1’s claim

as putting this state “on the table.” This claim remains on the table until
refuted by a subsequent sender who replaces it with a claim of his own.
The claim which is on the table at the end of the game is then believed
by the receiver. We will refer to this kind of inference rule as a BUR rule,
short for “believe unless refuted.”

As in the “not” example, there are two requirements for achieving
strong separation with a BUR rule: senders must have (1) the ability and
(2) the incentive to refute any false claim. The former is precisely what
assumption (M1) guarantees. A relatively straightforward way to guarantee
the latter is to assume conflicting preferences. Thus we have the following

proposition.

Proposition 2. If (M1) and conflicting preferences hold, there is a strong

separating equilibrium.

To see the intuition behind this result, suppose the receiver follows the
BUR rule. Suppose there is an equilibrium in the induced game in which
the receiver infers a state s’ other than the truth. Clearly, the true state
is never put on the table in this equilibrium. By conflicting preferences,
there is a sender who prefers that the receiver infer the truth. By (M1), no
matter what state is on the table at this sender’s turn, be it s’ or any other,
he can refute it and claim the true state. Since no sender can refute the
truth, this will be what the receiver infers. Hence there are no equilibria
in which the receiver infers incorrectly. Since the induced game is a finite
game of perfect information, a pure strategy equilibrium exists for each
state. Hence there is an equilibrium in which the receiver infers correctly.

Therefore, a strong separating equilibrium exists.

17



1€

ajouap Ts 397 ‘uorjeredas Juoljs 10f Aressadsu st (§) UOIIIPUOD JeY) 33 0}

£sea st q1 ‘A319doad sy aaey erqimba Suor)s 1epuss—ouo [re ssnessg

*sorjdar 9s9q Jo uorjdiIdsap B SB UIAJ ISBD
Jopuss oydIjmur 9y} 03 I9a0 £1red jou saop Ly1adoid sty yeys Surjou Ylrom
St 9] '23° ‘sofessour 9534} Jo dUO sasn [ Iopuss uwayy ‘st dws ‘- ‘Tws Jo swo
Inq 9[qIses) st Yw‘ *‘Tw Jo ouou J] -9jLI0AR] PU0IaS 3y} 0} Surpes| safes
-sowt a3 oq Yws‘--‘Tw 397 ‘s ur o[qIseoy ST Yorym {Yws‘ - ‘Tw} 1as o1y
woy sFessour anbrun 2y} spuss [ 1opuss ‘(*ws)f YN 3 s L10a0 10} 0USY
‘L # 1qe 10} g = (Fws)J U (Pws) g ‘st Jey], 'O[NI 9DULISJUI S ISAIS0AT Y3 O}
sarpdax 9saq (a[qrsesy) spdiynux aaey jouued [ Iopuss ‘Suoljs st wnuqmMba
9y} 92UIG "92107 S, I9PUAS St 31 ‘9[qISBAJ ST s95RSSaUL IS3Y) JO WO JI ‘ma)
‘A1res]) °seduaISyUL 9597} Jo (T I9pULS 10f) 153q 9Y) O} Pes] YorgM safessaw
9y} 9jousp Yws‘: - ‘Tw Jor] °I9A19091 oY} AQ 90USISJUT JUSISYIP ® O} SPed|
soFessowr 9597} Jo Yoy ‘wmiqrmbo ur sasn Iapuss a3 saSessour Jo 38 YY)
Iopisuoo pue umuqrmbe Juoxjs v xg ‘siqy ass oF, ‘aFessout J[qIses} payuelr
1s9ySrq onbrun ® st 919G} ‘s AIoAd 10} ‘arounaying ‘(JUwel sures oy} IABY
Aew $938SSOUI SIOW JO OM} IISYM) 9J)S [oBS UI 9FBSSOWT S[qISES] payuel
950431y oq3} Spuas pue 3)eIoUa3 AoY) S3OUSISJUI oY} 0} Surpiodoe safessowr
wmuqmbs oYy  syuel,, 1opuss oy3 ‘Ajeswaid axopy ‘Aadosd abvssaws passaf
-aud 9y} [Ted am yeys seq ‘jou o Jurjeredass ‘wnuqmba yons L1943 asnesaq

Iapuas suo Y euqrmba Suors azirsjoereyd 0y premioySrers st 9]

‘Suryeredas are ‘you 10 Suoxys
‘sorfoge1ys paxtux 10 and ut ‘errqimba [Te uay} ‘ssauusamiaq pue A3ILBULS

sagstyes 1< pue spjoq (§) J ‘Iopuss auo A[uo st a1y} uagpy °4, uorpsodoxg

*890ua19Ja1d JO £}IXOATOD URY} IoYeoM ST SSOUUAM]IA] JeY} SOTJON

*9 o 3roddns oy} UT § YILM JUIPSISUOD  JOPUSS JOF SOUSISJUT 93BISUITIp
359q 9Y} @ pue jsIom 37} ST ¢ 219gm @ > ¢ *»  aaRy am ‘g djeIoUaFop

-Uou [Te JOI JT SS9Uua9Mi}aoq Sasries < Japro OUE&U&U&Q 9y ‘uonjuugsq

81

SN [[14 SIOPUSS JBY} IMSUS 03 pasn Auo st uorydumsse £}o119ua3 oY ], *0s Op
0} SATJUDUL Ue SBY I9pUas swos jeyj saajuerend (g) uondumsse sousiajerd
aYJ, ‘s jo wrep s Iopuas anjax oy d[qssod st 3t yeys os ‘(,S)p O (S)
‘waqy ‘() &4 “(,S)I S ()4 Aystyes jsnux 41 ‘oye)s anay o) St § # § J1
90UIY "3[qISESUl ore sa3essow 1930 JeY)} 2401d J0U S0P J] °9%e)s NI} oY}
ut o[qIses) st (5)py O w ofessowr L1943 jey) sarold sy} ‘wonuyep Ag ‘s

9yeys J0} ;s 310doI [[NJ oY} S9sn 2 Iopuas asoddns ‘syzom sy} £m 298 O,

's3s1xe wnrqinbs Suryeredss Suorys & ‘Orreuss

are ssouardferd ‘uonyppe ur gy wnuqmbs Surjeredss ' sr aley) uoy)
i grnpnsiE = (SO (N (¢)

J pue plog (g) pue (Z) J ¢ uorpsodoag

*JUSIDINS ST UOI}IPUOD
90ua195a1d 19)eoM TaAS e ‘smoys uoryisodord Surmor[o] oY) se ‘4nq ‘seduaId
-jo1d FurOIPUOd Yy SI0M S[MI YN I ¥YL O[T Y(AH 10 ,PaINga1 ssa[un
s}10da1 [Ny 2A91]3q,, Y3 ST} [[e2 )\ ‘s Iof jr0daz [y 9y} £q perueduwrodde

9q JSNW § JO WIe ® Jeyj SI UOIOLIISAI [eInjeu ® ‘sploy (ZIN) USYM

*RLI9JLID Ure}Iad
Surdysryes 20UIPIAS 1M STITR[O UTR}ISD SIJRID0SSE ATUO UIIYM S[TI S0UIISJUL
Te 9ST UeD 9Y SDUSYH “3[NI IDUSISJUI S IGAIE0AI 943 Jo jred SI swre[d [Yjm
soessowl Jo UOIRIDOSSE 9Y3} Jey} ey} [[e9aI ‘A[JewrIoy IOl ‘Zs jo WIre[d
® SB SI} SJRAI} IIAI902I 9Y} ‘Zs jno Juyna jnoyjum Is swirepd | ISpuss Ju
‘Apeswo1d a0\ ‘pajngex A[yusnbasqns st j1 SSo[UN Wre[d SIY} IA3M[2q A[oFes
ed 97 UdY} ‘%5 Jno so[nI oFessow SIq J1 Is wWre[d 0) T I9pUas smofre, A[uo
19A12031 97} J] ‘ws[qoid sIq} sproA® NI Y[ SAreU 9y} JO UOI}EdIGIpOUT
o|duris ® ‘IoASMOY ‘YjnIj oY} P[0} [ I9PUSS jey} IoJur A[}991I00Ur p[nom
I9A19031 97} 20USY ‘Ts wre[d 9y} 9jnJaI 0} s[qissoduur st 3t .?mv WD ()W
20uIg °%s SI 9je)s oI} oY} USYM Is wre[d o3 Zw sosn [ ISPUIS jey) pue
oI YN g 9Y} S9SN I9A190a1 9y} ey} asoddng -mo[eq [ amS1j ur pajern)
-SOIE ST AYMOWIP aqL, ;paxefar st (TJN) 3t Jom oI YN g °q) se0Q



On the other hand, suppose sender 2 has the same preferences as sender
1. In this case, there is a strong separating equilibrium. Since sender 2
wants s; to be inferred, he will always say the opposite of the message used

by sender 1 in this state, proving that s; is true.

Proposition 5 does not extend to the case of only one sender. This fact
is a consequence of Proposition 6 which is a generalization of a result in
Okuno-Fujiwara, Postlewaite, and Suzumura [1990].1 For any state s and
any sender 1, let

Li(s) = {s' #s| s =i s}.

Proposition 6. When there is only one sender, a separating equilibrium

exists if for every s,

(4) M\ | U M| #0.
s'€L1(s)
If preferences are generic, (4) is necessary and sufficient for the existence

of a strong separating equilibrium.

Clearly, the requirement that there be some ordering of the states
such that (4) holds is much stronger than (M3). In particular, if there are
preferences for which (4) holds, then for any best inference s under these
preferences, there must be a message in M(s) which rules out every other

state.

Under a weak additional condition, we can say still more about the

separating equilibria of the one—sender case.

14 They consider multiple asymmetrically informed senders. However, the information
known to sender % is independent of that known to .q Furthermore, their preference
assumptions imply that what sender ¢ wishes to signal is independent of what the other
senders are signaling. Hence, in effect, they have several one-sender games which operate

side-by-side.
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for the result: the remaining senders’ preferences are completely uncon-
strained. Also, the only relevant aspect of preferences are how degenerate
inferences are ranked. Preferences over other inferences can be chosen ar-

bitrarily.

An implication of Proposition 5 is that necessary and sufficient condi-
tions for the existence of strong separating equilibria will not break neatly
into a set of conditions on messages and a set of conditions on preferences.
Since there are no conditions on the messages other than (M3) which are
necessary independently of preferences, any necessary and sufficient condi-

tions must interrelate the two aspects of the problem.

By Proposition 1, (M3) is necessary for the existence of a strong sepa-
rating equilibrium. Hence we can paraphrase Proposition 5 as saying that
if the message technology permits a strong separating equilibrium, then it
permits one when we assume conflicting preferences. This may appear to
confirm the old intuition that the best way to elicit information is to choose
senders whose interests are in direct conflict. This approach seems to cre-
ate the most intensive possible “informational competition” and hence to
generate the most information. However, as the next example shows, this
intuition is not correct. Certain conflicts of preferences among the senders
are worse for the receiver than commonality of interests. Proposition 5 only

guarantees that the right conflicting preferences generate strong separation.
Ezample 4.

There are three states, s; through s3, and two senders with preferences
81 1 s2 »1 s3 and the reverse ordering for sender 2. Hence conflicting
preferences hold. The message sets are shown in Figure 4. Clearly, there
is no separating equilibrium. If there were one, then obviously the receiver
would have to infer s; if he sees m; from both senders and s3 if he sees m,
from both. But then in state s;, sender 2 would repeat whatever message

sender 1 uses to avoid the inference s;.

29

Proposition 4. If (M3), (M4), and conflicting preferences hold, there is a
strong separating equilibrium.

Proposition 2 is a direct implication of this result as (M1) implies both
(M3) and (M4). Because of its different preference assumptions, Proposi-

tion 3 is not a corollary. However, the message assumption there is strictly
stronger: (M2) also implies (M4).13

Is (M4) a necessary condition for strong separation? Clearly, it would
be not be easy to relax this condition given the BTUR rule. However,
there are many other types of inference rules which achieve strong separa-
tion under weaker message conditions. The next two examples illustrate
alternative approaches. The first example works by strengthening the re-
quirements for a claim to be “believed unless refuted,” while the latter

works by having the receiver disbelieve some nonrefuted claims.
Ezample 2.

There are three states, s;, sz, and s3, and two senders with preferences
81 >1 82 >1 83 and 83 »2 81 >2 S2. The message sets are shown in Figure
2. (M1) does not hold as M(s;) C M(sz). Also, (M2) does not hold.
There is no full report for state s; since m; and m3 together prove that
s is true, though there is no one message which proves this. Even the
weaker (M4) does not hold as M(sz) \ M(s1) = {m3} C M(s3). Finally,
neither conflicting preferences nor the assumption (3) used in Proposition
3 are satisfied. Only (M3) holds.

Despite this, there is a strong separating equilibrium. The BTUR rule

d

In particular, it is only n ry for a claiming S to rule out any state s" not

already ruled out such that EAm:v C Eﬁmv and S >3 s".

13 7o gee this, note that the full report for S always rules out every s'" such that gmm:v C
gAmv and is only contained in gﬁmd ifs € .m.A.w\v.
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table. If he could avoid confirming sender 2’s implicit challenge and still
obtain the inference s;, he would certainly do so. Thus, in equilibrium, we
could have sender 1 claiming s, sender 2 claiming s without refuting s,

and sender 3 not refuting either claim leading the receiver to infer s,.

A common feature of Examples 2 and 3 is that the following relaxation
of (M4) is satisfied:

(M5) M\ | U M| #0.

2'€S(s)

If (M5) holds, it is always possible to claim s in a trustworthy fashion.
However, as seen in Example 3, it may not be possible to do so while simul-
taneously refuting some prior claim on the table. Hence (M5) guarantees
that either an implicit or explicit challenge with a claim of the truth is
always possible. A natural conjecture is that (M5) together with (M3) and
conflicting preferences implies the existence of a strong separating equilib-
rium. In fact, this is true for the two and three sender cases. The proof for
the two-sender case is straightforward: any false claim by sender 1 which
is better for him than the truth is worse for sender 2 than the truth. Since
trustworthy claims, if false, can always be refuted, sender 2 can refute such

a claim and clearly has the incentive to do so.

The three-sender case, on the other hand, is quite complex. As the
example above indicates, when (M5) is satisfied but (M4) is not, some
device like implicit challenges must be introduced. Formulating an inference
rule which rewards sender 2 for challenging false claims by sender 1 but
which does not allow senders 1 and 2 to jointly make a false claim that 3
cannot block is quite complex. The proof that such an inference rule exists
is available from the authors on request. Unfortunately, it does not appear

straightforward to generalize this rule to the n-sender case.

Even (M5), however, is not necessary — not even if we assume con-

flicting preferences. As the next result shows, there are no conditions on

27

only requires that claims of s; must be made using m3 as this is necessary
to rule out s;. Consider an alternative inference rule which requires a claim
of s; to be made using m; — that is, claiming s; with m; is not allowed.
To see that this generates a strong separating equilibrium, suppose sender
1 makes a false claim. If the true state is s3, then sender 2 can obtain
his favorite inference of s3 using message my4. If the true state is s;, any
unchecked lie hurts sender 1 (since s, is his favorite inference) and so such a
lie is not optimal. Finally, suppose the true state is s;. Obviously, the only
lie that could help sender 1 would be to claim s; — a claim which must be
made using m;. Notice, however, that sender 2 could refute this claim using
m3 to claiin 33. Since this would lead to the inference s3, sender 2 would
do so and thus sender 1 has no incentive to falsely claim s;. Obviously,
if sender 1 claims the truth, sender 2 cannot refute this claim and so the

truth will be inferred. Hence we have a strong separating equilibrium.

Intuitively, this new restriction on the way claims can be made is useful
because the key problem for the receiver is to force the senders to reveal
that the state is s; when this is true. To do so, he requires the “threat” of
believing instead that s3 is true. But if sender 1 sends m; in state sz, the
threat to believe s3 loses its credibility as this report implies that the state
cannot possibly be s3. Hence if the receiver allows this message to be used
to claim s;, sender 1 will falsely claim s; when s; is true and, given their

common interest, sender 2 will not refute this.
This example also illustrates several other interesting points.

1. When full reports ezist, requiring the use of full reports may not achieve

separation.

Suppose we add a message ms which is feasible only in state s;. This
new message technology satisfies (M2) as ms is a full report for s;. Of
course, the preference assumption used in Proposition 3 still does not hold.

Suppose the receiver uses the BFUR rule — that is, he requires a claim
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as an ezplicit challenge with this new claim. If he makes no challenge or

makes an explicit challenge, then sender 3’s options are the same as with
the BTUR rule.

Sender 2’s new option is what we will call an implicit challenge. In an
implicit challenge with state s', sender 2 puts s’ on the table, ruling out any
state s” such that M(s") C M(s'). Unlike an explicit challenge, he does
not refute sender 1’s claim. Hence following an implicit challenge, there are
two states on the table. Implicit challenges are only allowed with states
for which an explicit challenge is not possible. More specifically, suppose
sender 1 has claimed s; using (as required) m;. Then it is impossible for
sender 2 to explicitly challenge with s, as he cannot simultaneously refute
s1 and rule out s4. Hence we allow him to implicitly challenge with s, by
ruling out s4 but not refuting sender 1 — that is, he can implicitly challenge
with state s; using the message m,. If sender 2 uses an implicit challenge,
then at sender 3’s turn, there are two states on the table — 1’s original
claim and 2’s implicit challenge. We require sender 3 to refute at least one
of these claims. If he does not, the receiver infers whichever of these two
claims is worse for 3. If sender 3 refutes one of the claims, he does not make
his own claim and the final inference is the unrefuted claim. (With these

message sets, 3 could never refute both claims.)

There is a strong separating equilibrium with this inference rule. To see
why, first suppose sender 1 claims the true state. Clearly, neither sender 2
nor sender 3 can explicitly challenge the truth. Suppose sender 2 implicitly
challenges it. Since sender 3 cannot refute the truth, it is optimal for him to
refute 2’s claim. Hence the true state will be inferred in this case. Because
sender 1 can always generate the correct inference, he always claims s,

when it is true.

Suppose that sender 1 makes a false claim. Clearly, sender 1 will never
falsely claim s3 since neither of the other senders will refute it (as it is their

favorite inference) and this is his least favorite inference. A false claim
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2. Banning the use of uninformative messages may preclude separation.

With or without ms, it is easy to see that the crucial message in achiev-
ing separation is m;. Ironically, this message has no pure information con-
tent — it proves (rules out) absolutely nothing. However, if it is banned,
there is no separating equilibrium. Thus the intuitively plausible conjecture
that banning uninformative messages or requiring maximally informative
ones helps achieve separation is incorrect. Put differently, the equilibrium
information content of apparently uninformative messages can be quite sub-
stantial.

3. The ezistence of a separating equilibrium can depend on the order of the

senders.

Consider the original specification of the message technology without
ms. So far, we have only specified preferences over degenerate inferences.
Suppose we extend sender 2’s preferences to all inferences requiring only
that he prefers the degenerate inference s, to any other inference. (Since
s1 is his most preferred degenerate inference, this extension seems quite
natural.) Then if we reverse the order in which the senders speak, there
is no separating equilibrium (strong or not) for any inference rule. To see
this, fix any inference rule consistent with feasibility. If there is a separating
equilibrium, some combination of messages feasible in state s; must lead
to the inference s,. Furthermore, this combination is als6 feasible in ss.
Let sender 2’s message in this combination be m'. So suppose s, is the
true state. If sender 2 uses the message m', sender 1 will respond with
the message that leads to the inference s; since this is his favorite possible
inference. Hence, since s; >3 33, sender 2 will not use any message which
leads sender 1 to do something which generates the inference s;. Thus s,
cannot be inferred and so there is no separating equilibrium. Intuitively,
in state s;, senders 1 and 2 have a common interest in leading the receiver
to falsely infer s;. When sender 1 goes first, the receiver can exploit the

threat of inferring s3 to deter sender 1 from lying. When sender 2 goes
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