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1 Introduction

The present paper studies strategic communication frameworks for situations in which a sender
seeks to influence a receiver’s actions through information transmission. An important game-
theoretic model for studying strategic communication is that of cheap talk games [8], where
communication is costless, non-binding, and non-verifiable, yet can still affect outcomes. Typ-
ically, a sender privately observes a state and sends a message, and the receiver forms beliefs
based on the message and the sender’s incentives. Equilibria for such game range from infor-
mative partitions to uninformative babbling, depending on the degree of preference alignment.
By contrast, in the framework of Bayesian persuasion [18], the sender commits ex ante to a
signaling strategy in order to optimally shape the receiver’s beliefs.

Extensions of this framework allow for asymmetric or misspecified receiver priors, limited
commitment, and disagreement about the sender’s incentives [1, 21, 22, 13, 10]. Across these
models, agents share a common probabilistic representation of uncertainty, so that ambiguity
arises only through differences in priors or incentives. A growing literature instead studies
persuasion under ambiguity, typically modeled using sets of priors or maxmin preferences [5, 4,
19, 17, 16].

A key limitation of these approaches is their reliance on probabilistic priors, which assume
that all uncertainty can be represented by a single additive measure. In many communica-
tion settings, however, agents face ambiguity that cannot be adequately captured in this way.
Representing such uncertainty by forcing precise probabilities may introduce artificial informa-
tion and obscure how agents’ attitudes toward ambiguity shape behavior. Moreover, standard
models often assume common knowledge of the receiver’s beliefs, whereas, in practice, senders
are frequently uncertain about how messages will be interpreted, especially when receivers may
hold biased or heterogeneous priors. This creates an additional layer of strategic uncertainty
that existing frameworks do not fully address. Finally, models of ambiguous persuasion based
on sets of priors typically focus on strategies that are robust to uncertainty about the receiver’s
beliefs, limiting the analysis of richer strategic interactions under ambiguity.

This paper introduces a cheap-talk framework in which a sender observes the true state
and communicates with a receiver, who forms a belief over possible states. The sender aims to
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persuade the receiver that the true state lies within a given winning set, while the receiver seeks
accurate inference. Payoffs depend on the probability the receiver assigns to the winning set and
on the true state. To model epistemic uncertainty, we represent priors using Dempster—Shafer
mass functions [25, 11], allowing for non-additive and ambiguous beliefs.

The receiver’s strategy depends on how this ambiguity is resolved—formally, through a
specialization matriz [26] that converts mass functions into probability distributions. Since the
sender does not know how the receiver will resolve ambiguity, optimal messaging depends on
the sender’s attitude towards this uncertainty. We analyze three important cases: a neutral
(pignistic) approach with uniform redistribution, a worst-case (robust) approach, and a best-
case (optimistic) approach.

We also study asymmetric settings in which sender and receiver do not share a common prior
over states, goals, or strategies. Such asymmetries are modeled by allowing the underlying mass
functions to differ or be only partially known. The sender then optimizes under incomplete
information, typically via robust (maxmin) strategies. We characterize optimal behavior in
these settings, including cases where the receiver’s beliefs are aligned with (faithful) or diverge
from (unfaithful) the sender’s expectations.

2 Cheap Talk Games with Dempster-Shafer Priors

This section defines a cheap-talk game with a common Dempster—Shafer prior and analyzes the
players’ optimal strategies.

Game-theoretic setup. Let X be a set of states with true state xyp € X and let M be a
set of messages. Let PD(X) denote the set of all probability distributions on X. The sender
A has a winning set W4 C X, typically unknown to the receiver B, and aims to persuade
B that g € W4. The game proceeds as follows. The sender observes (z9, W) and sends a
message t € M via a strategy 04 : X x P(X) — M. The receiver, upon observing ¢, chooses a
probability distribution P, = 75(t) € PD(X) according to a strategy 77 : M — PD(X). Priors
beliefs of the receiver are modeled by a function g* : M — DS(X) assigning a Dempster—Shafer
mass function g to each ¢t € M. Payoff functions U4 and Up of A and B are given by
Ua(z,W,0,7) =70(x, W)(W) and Ug(z,W,0,7)=log (ro(z,W)({z})),
i.e., the probability assigned by P, to the winning set, and the log-probability assigned by P,
to the true state, respectively.

Analysis of the game. For any t € M, player B chooses a distribution P, that maximizes
expected utility given their belief g; € DS(X) and a specialization matriz S*, which resolves the
ambiguity in g; by inducing a compatible probability distribution g; - S*. Thus, B maximizes
Sex Pol{ah) log (g7 - $7)({x})).
By the log-sum inequality [7, Theorem 2.7.1], the best strategy for the sender A is
B(t) = g; - S*.

Since S* is unknown to A, we consider three approaches reflecting different attitudes toward
this uncertainty:

Pignistic approach: The sender assumes uniform redistribution of mass, i.e. that B
chooses the probability distribution betp(gy), the pignistic transform [26] of mass function
g;. Hence, the optimal message satisfies

to € argmaxie aq betp(gr)(Wa).

Robust approach: The sender assumes that B selects the worst-case distribution consis-

tent with ¢g;f. In this case, the optimal message for A satisfies
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to € arg maxse p belg: (Wa),
guaranteeing A the payoff max; bely: (Wa).
Optimistic approach: The sender assumes that B selects the best-case distribution for
A. In this case, the optimal message for A satisfies
to € argmaxie pm plgs (Wa).
These approaches capture a spectrum of attitudes toward ambiguity, from pessimistic (ro-
bust) to neutral (pignistic) to optimistic.

Equilibria. Let g € DS(P(X) x P(P(X))) be a Dempster-Shafer mass function representing
the (common knowledge) prior joint belief regarding the true state and the sender’s winning
set. Let o denote the sender’s strategy. For any possible message t € M, define

-1

SW(t,04) := (6?) (t) = {(z, W) € X x P(X) | o (z, W) = t}.

Let lsw(,s4) denote the mass function assigning mass 1 to the set SW(t,04) and 0 to
every other set. If 04 is known to B, then, upon receiving message t, player B (the receiver)
conditions the prior belief function g on ¢. Hence, B’s updated belief is given by the following
mass function:

9 =

. 09 swion)|px, I Pl(SW(E o)) >0,
otherwise

9|7>(X)

where, if m is any mass function, m! P(X) denotes its marginalization to P(X), and @ is the
Dempster-Shafer combination operator.

An equilibrium of the cheap-talk game with a Dempster-Shafer prior, for the given attitude of
the receiver to uncertainty, is a tuple (g,o4, 7%) such that:

1. g is a common-knowledge mass function describing B’s describing prior over both the true
state and A’s winning set;

2. 78(t) = g7 - S*, where S* is the specialization matrix resolving ambiguity;

3. For any (z,W) € X x P(X) and any attitude of A towards uncertainty, o (z, W) € M
must satisfy the optimality condition under that attitude, as discussed above.

Prior on the sender’s strategies. Let Straty be the set of sender strategies, and G €
DS(P(Strat4)) be the receiver’s prior over them, known to A. For t € M and ¥ C Straty, let
SW(t, %) = U,ex SW(L, 0).

Each message ¢ induces a mass function G on X x P(X) by transferring mass from ¥ to
SW(t, X):
G (2) =3 {G(X) | ¥ C Strata, SW(t,X) = Z}.
The receiver’s updated belief is then

9t =

. {(g@G’t")|P(X) if conflict(g, G}) < 1,

g ‘ P(X) otherwise,

The best strategies of the two players are then determined by this g;, the receiver’s special-
ization matrix S*, and the sender’s attitude to uncertainty, as discussed earlier.
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Remark 1. If we assume that g and G are common knowledge and both players are fully
rational, then it is common knowledge that A will only play strategies that are best responses
(for a given receiver type) for the given g and G, according to A’s attitude toward uncertainty.

If the receiver knows the sender’s attitude Y € {P, R,O} to uncertainty, then belg(3},,,) =
1, where XY, is the set of best strategies for A for given Y. However, in many real-life

bes
scenarios, players are not fully rational, and this condition may not hold.

3 Games with Asymmetric Priors

In the previous section, we assumed that for any message ¢, the mass function ¢; is common
knowledge. In many settings, however, the sender A may not know the exact mass function
describing the receiver B’s beliefs about the true state and A’s winning set. We now consider
scenarios in which A has only partial or approximate information about g;.

When the receiver has additional private information. So far, ambiguity has been
represented within a mass function, via uncertainty about the true state encoded in g;. We
now introduce a second layer of uncertainty concerning the mass function itself.

Specifically, the sender may not know the exact g; describing the receiver’s beliefs. Instead,
for each message t, a coarser prior A} is common knowledge. This captures baseline informa-
tion before the receiver incorporates additional (possibly private) evidence, represented by a
specialization matrix 7"

9y =hi-T.

The sender does not observe T', only that such a transformation determines g; .

We focus on a robust attitude toward this higher-order uncertainty: the sender chooses t to
maximize the minimal payoff over all specializations consistent with A}. Other attitudes can
be treated analogously. For any set X we use Matr(X) to denote the set of all sepcialization
matrices on X.

Lemma 1. For sender A, given h* the best choice of message tg € M and resulting expected
payoff are indicated in the following table.

approach | best strategy payoff

robust to € arg max;e o Mingematr(x) belnz.s(Wa) max;e a belps (Wa)
= arg maxye p belps (Wa)
pignistic to € arg maxse pm Mingematr(x) betp(hy - S)(Wa) | maxiepq belp: (Wa)
= arg maxye p belps (Wa)
optimistic | ¢y € argmax;ep Mingematr(x) plh:_S(WA) max;e aq belp: (Wa)
= arg maxye pq belps (Wa)

Thus, the sender can achieve the guaranteed payoff maxica belpr.s(Wa) by adapting the
best strategy under the robust approach.

When the sender’s approximation is unfaithful. So far, we assumed that the sender A
has correct knowledge of the receiver B’s prior. In many settings, however, A’s beliefs about
B’s prior may be inaccurate, and B may in turn hold beliefs about A’s beliefs. Such mismatches
generate higher-order uncertainty and richer strategic behavior. An example of such scenarios is
that of double bluffing. In a simple two-state setting X = {p1, po} with messages M = {p1,p2},

4
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if A knows that B believes A to report the state she wants B to believe, then A may optimally
send the opposite message, knowing that B will discount it. This strategic reversal leads B
to update beliefs in a way that can favor A, even when A’s message is literally false. Thus,
double bluffing emerges naturally from misaligned beliefs about priors and strategies: optimal
communication hinges not only on the message itself, but on how it is expected to be interpreted.

4 Conclusions and Future Directions

We introduced a generalization of cheap-talk games in which priors are modeled by Dempster—
Shafer mass functions rather than probabilities. We analyze both common- and asymmetric-
prior settings and characterize optimal strategies under different attitudes toward ambiguity.
The framework captures not only beliefs about states, but also uncertainty about those beliefs.
Several interesting examples of strategic communication can be formalized using this framework
highlighting many important features of strategic communication:

e Strategic revelation. Even truthful communication can be persuasive: the sender can
selectively reveal information to steer the receiver’s beliefs.

e Discounting and credibility. Optimal strategies depend on how much the receiver
trusts messages. Greater trust allows more aggressive signaling, while lower trust favors
conservative, prior-aligned messages.

e Strategic lying to be caught. A sender may use detectable lies to manipulate higher-
order beliefs, shaping how subsequent messages are interpreted.

This paper is part of a line of research aimed at modelling how agents extract reliable infor-
mation from narratives and communicative interactions in which speakers may strategically
distort the truth [6]. Directions for future research within this line include the computational
complexity of optimal strategies and the existence of equilibria under Dempster—Shafer pri-
ors, which merit further study, especially in the light of recent algorithmic work on cheap talk
and Bayesian persuasion [3, 12]. Second, extending the framework to repeated or multi-stage
settings would connect it to models of long or dynamic cheap talk and sequential persuasion
[2, 23, 20]. Third, exploring alternative belief aggregation rules beyond Dempster’s rule may
yield different strategic and equilibrium outcomes [24].

These questions are also relevant for multi-agent artificial intelligence, where agents interact
under uncertainty, trust, and potential deception [9, 15, 14]. Frameworks for belief representa-
tion and aggregation, such as the Dempster—Shafer approach, can provide normative tools for
analyzing communication in such environments [27].
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