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Abstract

This paper explores which correlated equilibrium outcomes are robust to play-
ers having the option to publicly and verifiably disclose their private information
before playing the game. I focus on outcomes that are disclosure-proof: those that
can be induced such that no player is incentivized to disclose their signal. Since
signals in this environment do not carry payoff-relevant information, disclosing
only limits the ability to coordinate agents off-path. I show that an outcome is
disclosure-proof if and only if it satisfies obedience and certain interim participa-
tion constraints. Each player must expect to earn more after observing any of
their signals than they would in the worst correlated equilibria outcome where
they play independently of the other players. For two-player games, this is equiv-
alent to the payoff of their worst Nash outcome. If disclosure-proofness restricts

the set of feasible outcomes, then so does the possibility of active disclosure.
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1 Introduction

For a given game, what distributions over outcomes could one feasibly induce? Focusing
only on Nash equilibria means the strategies of each player must be played indepen-
dently. If one wants correlated distributions, this can be done by introducing private
information. This is the concept behind correlated equilibria, as introduced in Aumann
(1974). By using various types of coordination devices, such as a mediator, it is possible
to sustain outcomes as Nash equilibria that would not be possible under independent
randomization. This is done by creating arbitrary private information that players con-
dition their choices on. Each player observes a private signal from some information
structure telling them which action to take. To see if an outcome can be sustained, one
only needs to verify that all players will want to follow their action recommendation.
This idea has been used in other fields to address problems such as directing network
traffic (Ning and Du (2023), Xiao et al. (2018)) and water resource management (Eyni
et al. (2021)).

That setup assumes that once players receive their private signal, it stays private
until actions are chosen. Often, however, players can communicate with one another be-
forehand. Further, the information they receive may be hard information. For example,
suppose the coordination device consisted of a mediator sending a physical document
to each player. A player could look at the contents of the document and post it online
or leak it to the press. This gives players the ability to strategically undermine the
intended correlation. Even though the reveal does not bind a player to a given action,
it affects the other players’ beliefs about what information was distributed, which limits
the set of playable outcomes. Since the disclosing player’s information is now common
knowledge, there is no information for them to condition their strategy on, and their
(potentially mixed) choice will be known in equilibrium. Thus, when a player discloses
their signal, their action must now be independent of the other players’ actions. This
required independence restricts the set of outcomes that can be induced, which may be
to the disclosing player’s benefit.

In this paper, I explore how allowing players to disclose their private signals before
play alters the set of outcomes that can be induced. After receiving a private signal
from some exogenous information structure, each player simultaneously decides to ei-
ther publicly disclose their exact signal or keep it private. After all players observe
signal revelations, they play the base game as normal. I primarily focus on what I call

disclosure-proof outcomes: an outcome that can be induced as a sequential equilibrium



of the extended disclosure game where no player discloses any signal they receive.
There are several reasons this set of outcomes would be of interest. First, in envi-
ronments where information leakage is a serious concern, inducing outcomes that dis-
courage communication is useful. A number of both theoretical and empirical papers
suggest that organizations may find strategic value in limiting communication between

agents.’

By limiting public disclosure, one can implement their outcome while avoid-
ing any unnecessary public attention. Second, I show that the information structure
needed to implement these outcomes is relatively simple: give each player an action rec-
ommendation they should play, as well as the contingent action should another player
else disclose. If one chooses actions that require disclosure with positive probability,
it would require recommending disclosure to agents, instead of simply asking them to
never disclose. Finally, I show that for the extreme points of the correlated equilibrium
set, disclosure-proofness is without loss. Thus, if disclosure-proofness restricts the set of
feasible outcomes, then so does active disclosure. Allowing the possibility of disclosure
can never fully restore the correlated equilibrium outcome set. This also implies that
from the perspective of a designer trying to induce certain outcomes, it is sufficient to
check if their optimal outcome is disclosure-proof to see if disclosure will affect their
optimal payoff.

I show that any disclosure-proof outcome can be induced with an information struc-
ture that consists of direct contingent action recommendations — each player’s signal
tells them how to behave should any player choose to deviate from the equilibrium and
reveal their signal. This result is weaker than the traditional revelation principle for
correlated equilibria, where only direct action recommendations are required, though
for games of two players this is not needed. This more complicated structure allows for
a larger class of off-path punishments to be used and expands the set of viable outcomes.
Further, any disclosure-proof outcome can be sustained in an equilibrium where a given
player’s punishment is identical regardless of the signal that is shared. The worst punish-
ment for deviation is the lowest payoff a player can achieve in any correlated equilibrium
where the player only receives one signal.

I use this principle to establish the main result of the paper in Theorem 1 — an
outcome is disclosure-proof if and only if it satisfies the obedience and certain interim
participation constraints. An outcome will survive if there is a feasible punishment that

is worse than the player’s expected payoff conditional on having received a given signal.

!See Baccara and Razin (2007), Ebert et al. (2024), Rajan and Zingales (2001), Zabojnik (2002),
Dufresne and Offstein (2008), and Hannah (2007).



Specifically, this punishment will be the payoff from the worst off-path punishment
described above. For two-player games, the payoff will be each player’s lowest payoff
from any Nash equilibrium of the game. This set of outcomes is easier to work with
since the set is a convex polytope bounded by linear inequalities. This makes this
an attractive solution concept for finding optimal correlated equilibria robust to signal
communication.

I use this equivalence to establish several results about the set of disclosure-proof
outcomes. First, I show that all correlated equilibria of two-person binary action games
are disclosure-proof. This does not always hold for larger games - I show that it is possible
for outcomes on the Pareto frontier of the correlated equilibrium set to not survive. In
fact, it is possible for a correlated equilibria outcome whose payoffs strictly dominate
all Nash outcomes to not be disclosure-proof. I also demonstrate that some outcome
distributions are viable only if disclosure occurs with positive probability; thus, it is not
without loss to focus on disclosure-proof outcomes. However, I give some conditions
on games and outcomes for which it is sufficient to look only at disclosure-proofness. I

conclude with several extensions.

1.1 An Example
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0,0]3,6[6,3]4,4
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N

Figure 1

I give an example to demonstrate how disclosure becomes a method for players to
eliminate correlation, which can restrict the set of implementable outcomes. Consider
the game from Taneva and Wiseman (2024) whose payoffs are described in Figure 1.
Say that the row player is Player 1 and the column player is Player 2. This game has
a unique Nash equilibrium of (A, A), where both players earn a payoff of 6. Suppose
now we introduce a mediator who can give private signals to each player. The mediator
can commit to the distribution of signals they use. Consider the outcome distribution w
over action profiles described in Figure 2, which randomizes uniformly over the positive-
payoff profiles in the 3 x 3 submatrix of T', M, B and L, C, R. When the outcome (a1, az)

is realized from w, each player is privately informed of their respective signal a;, which
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acts as an action recommendation. This defines a new game with incomplete information
given by the distribution w. There is a Bayesian Nash Equilibrium of this new game
where both players play a; when they are given the signal a;. For example, when Player 1
is told to play M, if they expect Player 2 to follow their recommendations, they believe
Player 2 will play L and R with equal probability. If Player 1 chooses M, they will
expect to earn 4.5; choosing T', B, and A yields a payoff of 3, 1.5, and 4, respectively.
The incentive to follow the other action recommendations is similar. Thus, w can be

induced as a correlated equilibrium outcome of the game.

L C R A

T[] o [1/6]1/6] 0 . ¢ B 2
MI1/6] 0 [1/6] 0 v [T 0 Tia] 0]
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w

Figure 2

However, suppose that Player 1 can credibly reveal their signal to Player 2 before
they play the game. If Player 1 discloses signal M, then it becomes common knowledge
that the signal distribution is given by w|M. It is no longer possible to induce the original
outcome distribution w since Player 1’s action must now be independent of Player 2’s.
I show in Proposition 2 that only the Nash outcome (A, A) can be induced with w|M.
Since Player 1 earns a payoff of 6 in the Nash outcome compared to the 4.5 from keeping
the signal private, they will always disclose their signal, destroying the possibility of
inducing w. Lemma 2 shows that changing the information structure cannot circumvent
this issue. In fact, the only disclosure-proof correlated equilibrium of this game is the
Nash outcome (A, A). There are no other correlated equilibria of the game where both

players expect to earn more than 6 for all action recommendations.

2 Related Literature

This paper relates to the literature on strategic communication in mediated environ-
ments, like the information design literature. Taneva and Wiseman (2024) and Arcuri
(2021) study strategic ignorance in information design — agents can credibly ignore the
messages sent by the designer. Kapon (2025) examines self-reporting in cartels where

firms can report their types to an outside mediator. Bloch and Dutta (2009) and Heller
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(2010) allow for coalition deviations of types to occur. This paper is most similar to
Taneva and Wiseman (2024) and Arcuri (2021) in that the credibility of deviations al-
lows us to focus on the existence of equilibria that implement outcomes, rather than
requiring all equilibria to implement a given outcome. The main difference between the
strategic ignorance literature and this paper is that here deviations occur at the interim
level rather than ex-ante. Because of this, any outcome that can be implemented un-
der strategic ignorance can be implemented under signal disclosure. To my knowledge,
this is the first paper to examine implementable outcomes under information structures
where messages must be hard information.

This paper also adds to the literature on refinements and generalizations of the
correlated equilibrium concept started by Aumann (1974) and Aumann (1987). Moulin
et al. (2014) and Grant and Stauber (2022) consider coarse correlated equilibria where
the obedience constraint is imposed ex-ante. Ozdogan and Saglam (2021) introduces
costs for disobeying action recommendations. Both approaches expand the original set of
implementable outcomes. I join papers like Dhillon and Mertens (1996), Bloch and Dutta
(2009), and Heller (2010) that instead impose restrictions that limit the set of outcomes.
Similar to Dhillon and Mertens (1996), who require that outcomes be sustained by
a perfect equilibrium, I show that some correlated equilibrium outcomes may still be
implementable under signal disclosure, but not with simple action recommendations.
Additional correlation is required in this setup to sustain all feasible outcomes.

Finally, this paper contributes to the literature on verifiable disclosure led by papers
like Milgrom (1981), Grossman (1981), and Dye (1985). Hagenbach et al. (2014) also
studies simultaneous public disclosure and conditions under which full unraveling occurs.
Forges and Koessler (2005) examines communication equilibria of Bayesian games for
partially verifiable reports. My focus is on preventing unraveling and asking instead
when there is an incentive for private information to remain private. Also, since types
in this model are not payoff-relevant, disclosure is beneficial solely through reducing the

ability to correlate behavior.

3 The Disclosure Game and Interim Participation

Constraints

In this section, I will introduce the framework of the signal disclosure game. I will

then discuss how this is related to imposing an interim participation constraint in the



correlated equilibrium framework.

3.1 The Model

Suppose that there are N > 2 players indexed by i € I = {1,..., N}. Each player
will simultaneously choose an action a; from a finite action set A;. Each player has a
utility function u; : A — R over action profiles A = Xij\; A;. This defines a base game
G = (1, A {u;}ier).

Before selecting their actions, each player observes a signal from some fixed informa-
tion structure Z = (T,w). This structure may be implemented by a mediator or some
other third-party system. The set T" = Xi]il T; represents the set of all possible signal
profiles, where 7; are the signals player ¢ can receive. The signal profile ¢ is generated
from the distribution w € AT, and the ith component ¢; is privately revealed to Player
i.

The signal disclosure game G4;5(Z) = (G, Z) is as follows:

(i) After privately observing t;, each player simultaneously chooses whether or not to
disclose their signal. If Player ¢ chooses to disclose, all players publicly observe ¢;;

otherwise, they observe (), the decision not to disclose.
(ii) After all players observe disclosure decisions, the players simultaneously play G.
(iii) Each player’s payoffs are realized.

I will focus on the sequential equilibria of G 4. For a given finite complete information
game G and information structure Z = (7,w), define player i’s strategy to be a pair

(dia sz) ) where

(i) Player i’s disclosure rule is a function d; : T; — A(T;U{0}), where d;(t;) € A{t;, 0},

and

(ii) Player i’s decision rule is a function ¢; : T; x D — A(A;) where D := Xij\il(TiU{@})

is the set of possible disclosure outcomes.

Any player can use ) as a choice that corresponds to not revealing their signal. A
strategy profile (d, ¢) induces an outcome distribution o € A(A), where the probability
that action profile a € A is played is



o(a) = 3 3 wt)d(t)(6)(a).

teT €D

Say that o is a disclosure game correlated equilibrium outcome of G (or 0 € DGCE(Q))
if there exists some information structure (7', w) such that a sequential equilibrium of the
disclosure game G 4;5(Z) induces o. Say that o is a disclosure-proof correlated equilibrium
outcome of G (or 0 € DPCE(G)) if o € DGCE(G) and in the corresponding equilibria
d;(t;) = () with probability one for all i € I and t; € T; (call this disclosure rule dp).
Any equilibrium outcome of the disclosure game belongs to DGCE(G), while those in
DPCE(G) must be an outcome where all players choose to keep their signals private.
This paper primarily focuses on the outcomes in DPCE(G).

It is important to note that if messages were instead soft information, the set of
feasible outcomes would trivially be CE(G). This is because any correlated equilibrium
outcome could be implemented normally with the communication round consisting of

babbling. Thus, verifiable messages are necessary for the set of outcomes to be restricted.

3.2 Feasible Equilibria

For an outcome to be implementable without disclosure, the player’s interim expected
payoff must be above what they would achieve by unilaterally disclosing their signal. In
any sequential equilibrium, this payoff must be obtainable from the given information
structure updated to reflect that the signal revealed is common knowledge.

To illustrate this idea, define Z|d as the information structure Z = (7',w) conditional
on a given disclosure outcome d € D. If a player discloses their signal, it becomes
common knowledge, and players adjust their information. Specifically, one can write

this conditional information structure as Z|d = (7', w|d), where

if 3j e Ist. d; & {0t}

otherwise

W) =47
Zt’ef(d) w(t)

and T(d) := {t € T : d; € {0,t;}}. The set T(d) contains all signal profiles that are
consistent with the information revealed in disclosure outcome d. The distribution w|d
reflects updated information about the signal profile. If a signal profile ¢ is not consistent
with the information disclosed (that is, a player disclosed a signal that is not ¢;), it must
be assigned probability zero. The new probability of each profile is adjusted to reflect

this new information.



Let BNE(Z,G) be the set of outcomes that can be induced by a Bayesian Nash
equilibrium of game G with information structure Z. Abusing notation, call dy € D the
no disclosure outcome - this is the disclosure outcome where no player discloses a signal,
so that dy = (0,0, ...,0).

The following result characterizes the equilibrium outcomes that can be induced in

the disclosure game without disclosure for a fixed information structure.

Lemma 1. Fiz a game G and an information structure T = (T, w). An outcome o € AA
is induced by a sequential equilibrium of Gg;s(Z) with no disclosure (i.e. with disclosure

rule d = dy) if and only if there exist decision rules ¢; where
(i) The pair (dy, ¢) induces o,

(ii) for all possible disclosure outcomes d € D, if o4 is the outcome induced by ¢(d),
then o4, € BNE(Z|d,G), and

(7i) all players prefer not to disclose their signal; that is,

Z Z t|t t—wd@)( )u2(¢2(t27d@ > ZUd ul

teT a_;€A_; acA

forallde {d € D : d; = 0Vj # i} where all players other than i do not disclose.

The proof of Lemma 1 is in Appendix C, as well as all other proofs not included in
the main text.

Lemma 1 says that for a given Z, we can induce an outcome o if we can find decision
rules ¢ that satisfy the above conditions. Condition 1 simply states that the decision
rules must induce o on-path, and condition 3 says that all players must prefer their ex-
pected on-path behavior over the off-path outcome when they unilaterally disclose their
signal. Condition 2 gives the set of feasible off-path outcomes. Sequential rationality
requires that all players choose an optimal strategy given their new beliefs about oth-
ers’ behaviors. Consistency requires that the player’s beliefs about the signal structure
be represented by Z|d, the original structure updated to reflect disclosed information.
If Player 7 reveals their signal ¢;, each player must believe that i’s signal is t; with
probability one.

For the players who do not disclose their signal, their beliefs about the other’s signals
could change depending on which signal is disclosed. As an example, consider the three-

person information structure in Figure 3, where all players receive two signals. If the



matrix player receives ¢ and discloses that signal, it becomes common knowledge that
the row player has T" and the column player has R. With this information, only Nash
equilibria could be induced, as everyone’s actions must be independent. If the matrix
player discloses 7, however, there is still non-trivial correlation between the row and
column players. While all the Nash outcomes can still be induced, depending on the
underlying game, other correlated outcomes may be sustainable. This means that the
matrix player could receive a worse punishment for revealing r over /.

This demonstrates that some information structures might allow for the punishment
to depend on what signal Player ¢ discloses, like normal direct action structures. How-
ever, given a specific type of information structure, it is possible to induce a larger set

of off-path outcomes that do not depend on which signal ¢; Player ¢ reveals.

L R L R
T| 0 |1/2 T|1/12| 1/6
B| 0 0 B| 1/6 | 1/12
14 r
Figure 3

Any disclosure-proof outcome can be sustained through direct contingent action rec-
ommendations, similar to those seen in Taneva and Wiseman (2024). The idea is that
the mediator gives each player a menu of action recommendations that direct them on
how to behave when any player reveals their signal. The behavior specified in each of
these contingencies can be made independent of each other — a player’s action recom-
mendation when ¢ reveals tells them nothing about what others will do when j reveals,
for example. Normally, one would need to specify behavior for all possible signal rev-
elations. However, for disclosure-proofness, I show below that it is sufficient to specify
behavior only for unilateral deviations of each player, regardless of the signal they reveal.

Fix some outcome o € AA, and outcomes o; € AA that are played when Player

i discloses their signal. Say that Z* = (T,0%) is a contingent information structure if
T = ANt and

N
o*(a) = o(dl, ..,a%) [ [ oi(al, ... a}y)
j=1

foralla e T.
The structure Z* specifies what each player does in the case a certain player discloses

their signal, including what to play when no disclosure occurs (d = dp). Player ¢ will
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play a on-path, and should Player j disclose their signal, regardless of what that signal
is, ¢ will instead play aZ . As the result below shows, this is enough to achieve the worst
punishments possible.?

For each player 7, say that an outcome o € CFE;(G) if there is some information
structure Z = (T,w) such that 0 € BNE(Z,G) and |T;| = 1. That is, the set CE;(G)
includes any outcomes that can be induced if an information structure can correlate all
players’ strategies except for i. Any off-path outcome when Player ¢ discloses must be in
this set — sequential rationality requires everyone to be playing a best response to their
beliefs, and everyone knows exactly the signal that Player ¢ has. The next lemma shows
that with direct contingent action structures, an outcome being in C'E;(G) is sufficient

to be a feasible off-path punishment.

Lemma 2. Let 0 € DPCE(G). Then there is a direct contingent action structure
Z* such that o can be induced as a sequential equilibrium of Gg;s(Z) with no disclosure.
Further, the equilibrium can be chosen such that the off-path outcome o when i discloses
18
o] = arg min Z ui(a)v(a)

veCEi(G) fea

regardless of the signal t; disclosed.

The proof relies on the idea that each contingent action recommendation can be
drawn independently of actions in other contingencies. Even when Player ¢ discloses a
signal in an attempt to destroy the on-path correlation, each player will instead follow a
different action recommendation. Player ¢ cannot affect this off-path correlation because
it is common knowledge that in this contingency, they have a unique signal. This also
means that one can induce arbitrary correlation of actions among every player except
Player .

Lemma 2 also shows that the other players can punish Player ¢ for disclosing with
their worst outcome achievable with this restricted correlation independent of the dis-
closed signal. Because of this, the complexity of the problem is now reduced to an
easier question: in which correlated outcomes do all players achieve higher payoffs fol-
lowing any of their action recommendations than the worst they could achieve playing

independently of the other players?

ZNote that a! will be the same for all signals given to Player i with positive probability. That is, Player
1 will use the same strategy whenever they deviate and disclose their signal, regardless of what that
signal is. It is not important that a! be the action i would choose off-path; indeed, this cannot happen
if ¢ plays a mixed strategy after disclosure. The unique signal only guarantees that i’s action will be
independent of all other players’ choices.
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3.3 Interim Individual Rationality

Consider an alternate setup where each player, after observing their signal, can choose
not to play the game and instead take some outside option v;. Fix a game and informa-
tion structure (G,Z) and payoff vector v = (vy,...,uy). Say that w € A(A) is interim
individually rational for v and (G,T) if there exist strategies ¢; : T; — A; that induce o

where the following conditions hold:?

(i) Obedience Constraints: for every player i € I and signal t; € T},
Z w(ts, ti)us (Vi(ta), Y—i(t—)) = Z w(ts, t-i)ui(ai, v_i(t-))
€T t_;eT_;
for each a € A;.

(ii) Individual Rationality/ Participation Constraints: for every player i € [
and signal t; € T;,

Cd(tz, t72>
t—ieTfi Zt*ieTfi w(tza t*l)

wi(Yi(ts), vi(t-i)) > vi.

Condition 1 of this definition requires that v forms a BNE of game G given the
information structure Z — no player has an incentive to change their strategies given
the strategies of the other players. This is the same as the obedience constraints required
in the definition of correlated equilibria. Condition 2 requires that each player prefer to
continue playing G after observing their signal rather than take the payoff v;. This is
a participation constraint on the game — once all players have observed their private
information, they must expect to gain more from continuing the game than taking the
outside option. Say that o is an interim individually rational correlated equilibrium for
G and v (or 0 € IIRCE(G,v)) if there is some information structure Z where o is
interim individually rational for v and (G,Z). To get o, one must find a structure Z to

induce o where the participation constraints are satisfied.

3Normally the codomain of ¢ would be AA;. However, it is without loss to focus only on pure
strategies for each player. If there is a structure where Player i mixes after observing ¢;, con-
sider an alternative information structure Z' = (7”,w’) such that T} = T\{t;} U {ti(a;)}a;ca, and
W' (ti(a;),t—;) = w(ti, t—;)d:(t;)(a). In effect, the information structure does the mixing for the player.
Since the obedience constraints were satisfied before, they continue to hold. Also, since Player i would
only mix between actions if they were indifferent between them, the individual rationality constraints
hold.
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Thankfully, this concept allows one to invoke the revelation principle, which Aumann
(1974) shows holds for correlated equilibria (Forges (1986) also calls this the canonical
form of the correlated equilibria ¢). For an outcome o, define D = (A, o) to be the
corresponding direct information structure. In D, each player’s signal is an action rec-

ommendation, and ¢ is induced by each player following their recommendation.

Proposition 1. Fiz a game G, outcome o, and payoff vector v. If o is interim individ-

ually rational for v and (G,T), o is interim individually rational for v and (G, D).

Proof. Let ¢ be interim individually rational for v and (G,Z). For each a; € A;, define
Ti(a;) == {t; € T; : ¥i(t;) = a;} as all the signals for which i plays a;.
To see that the obedience constraints hold, for each ¢; € T;(a;) and a € A;,

Z w(ti, ti)ui(ai, vi(t—i)) > Z w(ti ti)ui(ag, Y_i(t—s)).

€T t_;€T_;

Summing over all ¢; € T;(a;) and combining all t_; € T_;(a_;), where the other

players have a fixed action profile,

Z o(ai, a_;)ui(a;,a_;) > Z o(ai, a_;)ui(al,a_y).

a_i€A_; a_;€A_;

For all a;,a; € A;.
Similarly for the participation constraints, for some a; € A;, we must have that for
all tz € T;‘(ai),

> wltituilan voi(t)) = v Y wlti o).

€T t_;eT_;

Summing over all ¢; € T;(a;) and combining all t_; € T ;(a_;), we get that
Z a(ai,a,i)ui(ai,a,i) Z Vi Z a(ai,a,i).
a—i€A—i a—i€A_;

O

Thus, it is sufficient to look at action recommendations when studying the set
ITRCE(G,v). Every action recommendation must satisfy two interim conditions: fol-
lowing the action recommendation must be better than choosing a different action, and

it must be better than opting out of G and claiming the payoff v;. Therefore, like CE(G),
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one can characterize all the outcomes in /I RCE(G,v) by a system of linear inequalities:
the obedience and participation constraints.

Combining the above result and those from the previous section yields the following:

Theorem 1. Fiz some game G. Define v* € R! as

* . )
vl = ueg%ﬁG) u;(a)v(a).
acA

It must be that DPCE(G) = IIRCE(G,v*).

Proof. Fix some game G, and suppose 0 € DPCFE(G). By Lemma 1 and 2, there is a
contingent information structure Z* = (7;,w) such that some sequential equilibrium of
Gais(Z%), (dy, ¢) implements o on path, and o] off-path when Player i reveals any signal
t;. Define ¢;(t;) := ¢;(dy)(t;). By the requirement that ¢(dy) implement an outcome in
BNE(Z*|dy,G) = BNE(Z*,G), v; must satisfy the obedience constraints. Part iii) of
Proposition 1 requires that for all ¢; € Tj,

Wit ts) )
> S LG G ) =Y o(a)ui(a) =]

€T, a€A

which means that the participation constraint is satisfied and o € ITRCE(G, v*).

Suppose 0 € ITRCE(G,v*). So there exists a direct information structure D =
(A, o) such that the functions ;(a;) := a; satisfy the obedience and participation con-
straints. Consider the direct contingent structure such that o} is implemented when ¢
discloses and ¢ is implemented when no one discloses. Since ¢ satisfies the obedience
constraints, 0 € BNFE(D, ). Also by the definition of CE;(G), of € BNE(D|d;,G).
Further, the participation constraint requires that no player would prefer to disclose
and choose the off-path outcome ;. Therefore, by Lemma 1, there is a sequential
equilibrium of the disclosure game with no disclosure that induces o, meaning that
o € DPCE(G). O

In short, Lemmas 1 and 2 mean that seeing if o is disclosure-proof requires only
seeing if o can be implemented with o} off-path for all signal realizations. Player 7’s
payoff from o} is thus the relevant outside option. For outcomes in I RCE(G,v*), they
can be constructed using the direct contingent action recommendation structure; the
obedience and participation constraints combined with Lemma 1 means that this will

be a disclosure-proof outcome as well.
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This theorem greatly simplifies the problem. Once v* is known, all the disclosure-
proof outcomes can be found by considering which correlated equilibrium outcomes have
players earn at least v} for all actions played. This means that the set of outcomes will
be a convex polytope characterized by the obedience and participation constraints that
are all linear inequalities.

It is important to emphasize that while direct action structures are sufficient to char-
acterize the outcomes in IIRCE(G,v), a more complicated information structure may
be necessary to induce those outcomes in the disclosure game.* Direct contingent action
recommendations must be used to sustain some outcomes. An example of where this fails
is in Appendix A, which uses an information structure similar to the example in Figure
3. In the example, one player has an incentive to reveal their action recommendation as
the residual correlation only allows for Nash equilibria to be played off-path. However,
under contingent recommendations, the other players can respond with a more compli-
cated off-path punishment, which discourages said player from revealing. This requires
at least three players. In two-player games, direct action recommendations are sufficient,

since Nash equilibria are the worst punishment possible when a player discloses.

Proposition 2. For any two-person game G and information structure Z, it must be
that BNE(Z|d,G) = CE;(G) = NE(G) for any disclosure outcome d # dy.

When one of the two players discloses their signal, it eliminates any possible residual
correlation that could be used as a punishment threat. The other player must best
respond to the unique strategy the sharing player plays, regardless of their private signal.
The outcome of any equilibrium can be achieved in another equilibrium where the non-
sharing player ignores their signal and plays a unique strategy, meaning that the outcome
must be a Nash equilibrium outcome. Therefore, there is no need to create extra signals
for off-path behavior because it does not expand the set of punishments available. This,
combined with Theorem 1, gives a clean interpretation for two-player disclosure-proof

correlated equilibria:

Corollary 1. Fixz some two-player game G. If v is the payoff vector containing each
player’s lowest Nash equilibrium payoff, then DPCE(G) = IIRCE(G,v).

4See Morrtis et al. (2024) for another example of selecting outcomes via linear programming without
immediately identifying the necessary information structure.
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4 Properties of Disclosure-Proofness

The connection between disclosure-proofness and the interim participation constraint
makes establishing other results about DPCE(G) possible. Once one can calculate v*,
the set of outcomes is defined by a set of inequalities — the participation constraints
and the inequalities that define C'E(G). Note that this also implies that for any v,
ITRCE(G,v) is convex.

This first result puts bounds on DGCE(G) and DPCE(G). Let NE(G) be the set
of all Nash equilibrium outcomes of the game G and conv(/NE(G)) be the convex hull
of NE(G).

Proposition 3. Fix some game G. Then
conv(NE(G)) € DPCE(G) C DGCE(G) C CE(G).

There exist two-person games where these bounds are achieved with equality.

Proof. The second subset relation follows from the definition of DPCE(G) and DGCE(G).
To see the third subset relation, note that for any disclosure choice vector d, the resulting
outcome is a BNE for Z conditioned on d, which belongs to C’E(G). Thus, the induced
outcome is a convex combination of correlated equilibrium outcomes, which must also
be a correlated equilibrium outcome by the convexity of CE(G).

For the first subset relation, note that for all 0 € NE(G), 0 € IIRCE(G,v*)
because 0 € CFE;(G) for all i. By the convexity of IIRCE(G,v*) and Proposition 1,
conv (NE(G)) C IIRCE(G,v*) C DPCE(G). O

The set conv(NE(G)) characterizes all outcomes that can be induced by public
randomization devices, which are trivially disclosure-proof. To show that the bounds
can be equal, note that the class of binary action two-player games is robust to the

ability to disclose signals.
Proposition 4. Let G be a two-person binary action game. Then DPCE(G) = CE(G).

The proof relies on the results shown in Calvé-Armengol (2003) characterizing corre-
lated equilibrium outcomes for all two-person binary action games. It is then sufficient
to show that all the correlated equilibrium outcomes survive the participation constraint
defined by each player’s worst Nash equilibrium outcome.

The example in Figure 4 shows why the lowest bound of Proposition 3 can be achieved

with equality. This game is similar to the example from the introduction with adjusted
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payoffs. The unique Nash equilibrium is (D, H), yielding each player a payoff of 6. There
is a correlated equilibrium w with distribution from Figure 2 that puts equal positive
probability on the non-zero outcomes. However, this outcome is not disclosure-proof.
When Player 1 receives the signal C their expected payoff is 5.5, meaning Player 1
would prefer to reveal their signal. The only disclosure-proof correlated equilibrium of
this game is the Nash outcome.

This game also shows that there may be correlated equilibrium outcomes on the
Pareto-frontier of C'E(G) that are not disclosure-proof. The above outcome yields an
expected payoff vector of (41/6,15/2), which Pareto-dominates the Nash outcome of
(6,6), yet it is not disclosure-proof. If the participation constraint was ex-ante instead
of interim (as it would be in the world of strategic ignorance), this would be impossible:
any correlated equilibrium outcomes that Pareto-dominate a Nash equilibrium would
have to survive.

Most of this paper has focused only on disclosure-proof outcomes, not those in
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DGCE(G) that can be induced by any equilibrium of a disclosure game. In general, it is
not without loss to focus on outcomes where no player shares any signal, even with only
two players. Consider the game in Figure 5. There are three Nash equilibria: two pure
strategy equilibria in (7}, S4) and (75, S5); and one mixed strategy equilibrium where
Player 1 (Player 2) plays Ty (S;) with probability 2/3 and T5 (S5) with probability 1/3.
The mixed Nash outcome yields the worst payoff for both players of 16/3.

No outcome in DPCFE(G) has either player using their first three strategies with
positive probability. By Propositions 1 and 2, it is without loss to focus only on outcomes
achievable by direct action recommendations that guarantee each player more than they
can get in their worst Nash equilibrium. Thus, either player will follow a recommendation
to play one of their first three actions only if they expect to get above 16/3, the worst
punishment possible if a player reveals their signal. There are no correlated equilibrium
outcomes that put positive weight on any of the first three strategies that satisfy this
condition.

However, allowing for equilibria with disclosure does allow those strategies to be
used. Consider the direct information structure in Figure 5. For both players, there is
an equilibrium as follows. If both players do not disclose their signal, each player will
follow their action recommendation for an expected payoff of 4.5. If exactly one player
discloses their signal, they will play the Nash outcome (75, S5) for a payoff of 8 regardless
of which player discloses or the signal shared. If both players share their signal, they
will play the Nash outcome (T}, S4) for a payoff of 6, again independent of the signal
realization. Both players will be indifferent between disclosing and not disclosing if they
share with probability 7/11. This means that there is probability (1—7/11)? that neither
player discloses and both will play one of their first three strategies, which would not be
possible if both disclosed with probability zero.

Despite this, the disclosure-proof set still has relevance even if one is not trying to
avoid signal disclosure. First, the extreme points of the correlated equilibrium set can
only be implemented under signal disclosure if they can be implemented in an equilibrium

without disclosure.

Proposition 5. Fiz some game G, and let 0 € CE(G) be an extreme point of CE(G).
If o € DGCE(G), then 0 € DPCE(G).

The key idea behind the proof is that any outcome in DGCE(G) but not DPCE(G)
requires players to mix over their disclosure choices. This means that the induced out-

come is a convex combination of distinct outcome distributions, which is not possible
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for the extreme points. This implies that if not all outcomes are disclosure-proof, then
some outcomes cannot be induced in the disclosure environment at all.

In the context where signals are given out by a designer with preferences over out-
comes, the extreme points of the set will be the only relevant outcomes for (most)
designers. Proposition 5 thus says that if one wants to see if disclosure will hurt a de-
signer, it is without loss to focus on disclosure-proof outcomes. Though allowing for
outcomes in DGCE(G) could improve the designer’s payoff, it will never fully restore
the optimal payoft.

We can also show that for a certain class of games, the sets are equal. Notice that the
example from Figure 5 requires that each player has multiple Nash payoffs that can be
used for deviation punishments. This way, a player can be indifferent between disclosing
and not disclosing. If there is only one Nash payoff, then it is without loss to focus only

on disclosure-proof outcomes:

Proposition 6. Fix a two-player game G with a unique Nash equilibrium payoff profile.
Then DPCE(G) = DGCE(G).

Proof. By Proposition 3, DPCE(G) C DGCE(G). Suppose G has a unique Nash equi-
librium payoff profile (vy,v), and let 0 € DGCE(G). Then there is some information
structure Z and (d, ¢) that is a sequential equilibrium of Gy;s(Z) that induces o.

For d # dy, note that by Proposition 2, the outcome distribution ¢(d) induced when
disclosure outcome d is realized must be a Nash equilibrium of G, and thus in DPCE(G).
For ¢(dy), the following must be true:

(i) Forallt; € T}, d;(t;)(0) > 0 (so i does not disclose ¢; with some positive probability)
only if

D wltit) [dos(t-) B)ui(ei(dy), o-ildp)) + (1 — d_s(t-)(D)vi] > > wlts,t_)v:

€T t_,eT_;

This 1mphes that Zt_iGT_i W(tz‘, t_z)uz((éz(d@), qb_z(dq))) Z Zt_iGT_i W(ti, t_i)UZ', sat-
isfying the participation constraints for /1 RCE(G,v*) since v; = vy.

(ii) For all t; € T}, ¢;(dy) must be a best response — thus ¢(dy) € BNE(Z|dy, G), so
¢(dp) satisfies the obedience constraints for I/IRCE(G, v*).

Then it must be that ¢(dy) € IITRCE(G,v*) = DPCE(G). Since o is induced by
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(d, @), we must have that o can be written as the following convex combination:

o= > d)(d)e(d).
teT d'eD
Since ¢(d') € DPCE(G) for all d € D, by the convexity of DPCE(G), o €
DPCE(G). Thus DPCE(G) = DGCE(G).
[

It is worth noting that this result also implies that the correlated equilibrium from
Figure 4 does not belong to DGCE(G) or DPCE(G). This means that the efficiency
loss from the possibility of disclosure does not come from the focus on disclosure-proof
outcomes. Rather, the outcome does not survive because it is impossible to make the
row player choose D. Since they can always induce the Nash outcome, the row player

will decide to disclose their signal in any equilibrium.

5 Conclusion and Extensions

In this paper, I examine correlated equilibria that are robust to disclosure-proofness; an
outcome will survive if there is a sequential equilibrium of the extended disclosure game
where no player will disclose any signal they receive. Through a revelation principle
where any disclosure-proof outcome can be achieved through direct contingent action
recommendations, I show that all disclosure-proof outcomes can be fully characterized
by any correlated equilibria that survive a specific interim participation constraint. In
two-player games, all players must receive more in expectation for each action than in
their worst Nash equilibrium outcome. This greatly simplifies finding the set of viable
outcomes, as the set of disclosure-proof outcomes is a convex polytope characterized by a
set of linear inequalities. Using this method, I show that all correlated equilibria of two-
person binary action games are disclosure-proof. I show that if the set of disclosure-proof
outcomes is a strict subset of the correlated equilibrium set, then the set of outcomes
that can be induced with active disclosure is as well. I also find that there are outcomes
on the Pareto frontier of the correlated equilibrium set that are not disclosure-proof, and
that this efficiency loss continues even if we allow for active disclosure. If a two-person
game has a unique Nash equilibrium payoff, any outcome of the disclosure game must
be disclosure-proof.

I conclude with a discussion of several possible extensions of the current model.
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Relaxing Sequential Rationality — It is important to note that if the solution
concept for the disclosure game was Bayesian Nash equilibrium instead of sequential
equilibrium, the worst punishment payoff v* could be much lower for all players. Since
Bayesian Nash equilibrium does not require sequential rationality off-path, we could
dictate that players punish the deviating player with their correlated minimax payoff.

Under such a setup, all correlated equilibria would be disclosure-proof:

Proposition 7. Fix some game G. Define v to be

Uy = w_igil&_i) wiIEHAaéi) 2 wi(ai)w—i(a—i)ui(ah a—i)'

It must be that CE(G) = IIRCE(G, 7).

Proof. Suppose that 0 € CE(G) but 0 ¢ IIRCE(G,0). Then for some player i and

action a;, one has that

o(a:,a) ui(a;,a_;) < 9; = min max wi(a;)w;(a_i)ui(ag, a_;).

i D owea 0laiay) w i EA(A ) wi€A(A) £

But this would mean that there exists some other action a that would earn a higher
payoff in response to their beliefs about the other player’s actions. This contradicts
o € CE(G). Therefore CE(G) C ITRCE(G,v). Since IIRCE(G,v) C CE(G) by
definition, the result holds. O

This result follows from the observation that if an outcome did not survive the
participation constraint, there is some action earning less than the correlated minimax
payoff in expectation. However, by definition of the minimax, this must mean there is
some other action that the player could use in response to earn a higher payoff. This
would violate the obedience constraints of the correlated equilibria.

As the example in the introduction shows, it seems implausible that all correlated
equilibria would be disclosure-proof. Since the signal disclosure is verifiable, it seems
more reasonable to assume that all players would update their beliefs accordingly and
play optimally. Hence, I require that outcomes be supported by a sequential equilibrium
of the disclosure game.

The above result also shows that in two-person zero-sum games, all correlated equilib-

ria will be disclosure-proof. This follows from the fact that the Nash equilibrium payoff
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is the minimax payoff. Thus v* = 0, and by Theorem 1, DPCFE(G) = IIRCE(G,v*) =
CE(G).?

Costly Lying — In many environments, full signal verifiability may be a strong
assumption. The results of this paper show that it would be valuable for a mediator to
let their signals be easily forged to circumvent this issue. In Appendix B, I provide a
model for signal communication where players can communicate to the others any signal
in T;; however, using any non-truthful signal induces some fixed lying cost. I show that
the results here still go through for some cost levels, though it requires a more restrictive
assumption on the solution concept. Specifically, some restrictions on feasible off-path
beliefs are enough to restrict the set of feasible outcomes back to DPCE(G).

Set Disclosure — In this paper, I restricted players to only two disclosure options:
reveal their exact signal (¢;) or nothing at all (()), similar to the model seen in Dye (1985).
For most applications, this seems reasonable, as the only way to credibly demonstrate
one’s information in this setup is to show it directly. Nonetheless, in the original verifiable
disclosure models of Milgrom (1981) and Grossman (1981) players are only restricted to
sending a subset containing their actual information — “the truth but not the whole
truth.” In this model, for a given game G and information structure Z, suppose that a
player’s disclosure rule was instead d; : T; — A(P(T;)), where for any set B € Supp d;(t;),
t; € B. Let this define a new game G,;. The following result shows that this does not

change the set of disclosure-proof outcomes.

Proposition 8. Fiz a finite game G. Say o € SDPCE(QG) if there exists an information
structure L such that some sequential equilibrium of G without disclosure induces o.

It must be that SDPCE(G) = DPCE(G).

The definition of sequential equilibria only requires that if Player ¢ reports T;, then
all other players believe that i’s signal is actually in 7. If a player reports 7T}, the worst
outcome in C'E;(G) can still be assigned off-path - if all players assume ¢ has the same
signal, this worst outcome can be achieved. Thus, allowing for more general disclosure
reports will not alter the set of disclosure-proof outcomes.

Private Disclosure — The model of public disclosure I present here is most useful
in cases where communication goes through channels like the media, where all players
are guaranteed to see your revelation. If players had the choice to only disclose to specific
players, the results here would change. In fact, it is no longer without loss to focus only

on direct contingent action recommendations.

Forges (1990) shows that there are non-trivial correlated equilibria of zero-sum games.
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To illustrate this with an example, consider the three-person game described in Figure
6. Observe that (7, L,¢) and (B, R,r) are both Nash equilibria, as well as a mixed
strategy equilibrium where all players randomize over both their strategies uniformly.
The distribution in Figure 7 is a correlated equilibrium outcome, and it is robust to any
player publicly disclosing any signal (it is sufficient to punish any disclosing player with
the above mixed strategy Nash equilibrium). However, suppose that the row player can
disclose to the column player only, leaving the matrix player uninformed. The matrix
player thus will continue to follow their original strategy.

Say that players are given direct action recommendations.® If the row player discloses
their recommendation 7', the row and column player can no longer correlate their actions
as discussed before. However, the column player also updates their belief about what
signal the matrix player received, and thus their belief about what action the matrix
player will choose. Specifically, a column player with signal L and signal R will believe
the matrix player has ¢ with probability 5/6 and 1/2 respectively. One can show that the
unique outcome will be the row player using 7" and the column player using L, regardless
of their realized signal. The row player finds this payoff superior to what they would
receive from not disclosing, so they will always disclose T'.

However, it is possible to induce this outcome without private disclosure. In fact, it
can be implemented using a public information structure. The outcome can be achieved
by playing the pure Nash equilibria (7', L, ) and (B, R, r) with probability 1/4 each, and
playing the uniform mixed Nash outcome half the time. Since it is common knowledge
which equilibrium is being played, no disclosure, public or private, will affect this case.

This problem requires further research, though one should note that DPCE(G)
still provides an upper bound on the set of feasible outcomes under private disclosure.
For games with two players, private disclosure is equivalent to public disclosure, so the

results presented here remain valid. The above example also requires that the players not

6An argument similar to that of Corollary 2 shows that specifying actions in contingencies in this
scenario is unnecessary. Contingent action recommendations will not expand the set of feasible pun-
ishments.
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disclosed to are completely unaware that disclosure took place. If it is common knowledge

that a certain player disclosed, the same off-path punishments can be implemented, even

if not all players know what the disclosed signal was.
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A Example where Direct Action Recommendations

are Insufficient

L R L R
T 1,1,4 0,0,0 T 4,410 | 1,5,—5
B0,0,—-1] 1,1,4 B|0,0,—1| 51,2
14 r
Figure 8

Consider the three-person binary action game G whose payoffs are described in Figure
8. Let the row, column, and matrix players be Player 1,2, and 3, respectively. Notice
that Players 1 and 2 play a pure coordination game when Player 3 plays ¢, and play the
chicken game if Player 3 plays r.

The distribution o is described in Figure 9. For small € > 0, o constitutes a correlated
equilibrium of GG. Players 1 and 2’s obedience conditions are satisfied strictly when e = 0

and still survive for small e.

L R L R
T]0 | € T|(1—¢€/6|(1—¢)/3
B|0|O Bl (1—-¢€¢/3|(1—¢)/6

14 r
Figure 9

Consider the case where Player 3 receives the recommendation to play ¢ - since they
know (7', R) will be played, they would prefer to play ¢ over r. Likewise, when receiving
r as a recommendation, their expected payoff from following would be 7/3, compared to
1 from deviating.

Suppose that now Gy is played with a direct action recommendation structure.
Notice that if Player 3 were to disclose they had received ¢, only Nash outcomes could
be played. The result below illustrates that, while Players 1 and 2 have no incentive to

reveal under this structure, Player 3 will.

Observation 1. The following are true for the game G described in Figure 8:

(i) There is a Nash equilibrium of G where Player 1 earns a payoff below 2.
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(ii) There is a Nash equilibrium of G where Player 2 earns a payoff below 2.

(iii) For all Nash equilibria of G, Player 3 earns a strictly positive payoff.

Proof. (i) Consider a strategy profile where

e Player 1 plays T" with probability 1,
e Player 2 plays L with probability 5/11, and
e Player 3 plays ¢ with probability 1/2.

It can be verified that this is a Nash equilibrium of G since all players are indifferent
between both of their strategies. Player 1 also earns an expected payoff of 31/22,
strictly less than 2.

Note that the pure strategy profile (B, L, ) constitutes a Nash equilibrium of G.
Player 2 earns a payoff of 1.

Suppose that Player 1 plays 7" with probability p and Player 2 plays L with prob-
ability ¢q. Note that Player 3’s expected payoffs for playing ¢ and r are

E[l|p, q] = 4+ 9pq — 5q — 4p
Elr|p, q] = 10 4+ 23pq — 8¢ — 15p.

Both expectations can only be weakly negative when p = 1 and ¢ = 0, where
Player 3 would choose ¢ as a best response. However, this is not a Nash profile,
as both Player 1 and Player 2 would prefer to deviate. Since for all other profiles
Player 3 can guarantee a strictly positive expected payoff, no Nash profile can give
Player 3 a weakly negative payoff.

O

Since any Nash equilibria guarantee Player 3 a strictly positive payoff, they prefer to

disclose their recommendation to force the off-path outcome when they are recommended

to play ¢. Thus, the ¢ in Figure 9 is not viable using direct action recommendations.

However, Player 3 could receive a strictly negative payoff if one used direct con-

tingent action recommendations. If Player 3 discloses their signal, the structure would
recommend (B, L) with probability 2/3, and (7, R) with probability 1/3. Player 3 would

respond with r in equilibrium. Player 1 and Player 2 would want to follow their recom-

mendations, and Player 3 would earn —1/3 in expectation. Thus, there is an off-path

punishment sufficient to keep Player 3 from revealing their signal.
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Observation 2. The outcome o cannot be supported by a PBE of G 4;s with no disclosure

if T is a direct action recommendation structure. However, 0 € DPCE(Q).
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B Signal Sharing with Lying Costs

As before, let G = (I, A, u) define a complete information game. For some information
structure Z = (T, w), a signal profile t € T is chosen according to w, and each i € [
privately learns t;. All players simultaneously choose d; € T; U {0}, which is revealed
to all players. After choices are revealed, the players simultaneously choose an action

a; € A;. The payoffs of the game for player ¢ are
uy(az,a_;) —c-1{d; € {t;,0}}

for some cost ¢ > 0. Call this game Gy, (Z).

Therefore, the main difference in this setup from the main paper is that each player
can misreport their signal for some fixed cost. This would capture the case where signals
from the information structure can be forged. I again focus on outcomes in AA that
can be induced through an equilibrium where all players choose d; = () on-path. I show
below how various solution concepts will lead to different sets of feasible outcomes.

If we can implement any sequential equilibria of the signal sharing with lying cost
game, then any correlated equilibrium outcome can be implemented with direct struc-

tures:

Proposition 9. Let 0 € AA and D = (A, o) be a direct information structure. The
outcome o can be implemented by a sequential equilibrium of Giying(D) with d; = 0
on-path if and only if o € CE(G).

Proof. The necessary direction is trivial, so I focus on the sufficiency direction. Let
o € CE(G). 1 show that the player signal sharing strategy d;(a;) = () and decision
strategy ¢i(a;,d) = a; constitute a sequential equilibrium of Giying(D). Let w(ala;)
represent i’s belief over signals A conditional on having observed a;. Let ¢’s off-path
beliefs after observing sharing outcome d and their private signal ¢; be p;(al|d, a;). Let-
ting p;(ald, a;) = w(ala;) satisfies consistency. To see why, let d'(a;|a;) = €/|A;| and
d(@|a;) = 1 — € be Player 4’s disclosure strategy conditional on their private signal a;.
Because the choice of message in this case is independent of the actual observed signal,
the other players’ beliefs remain unchanged, and u!'(a|d,a;) = w(ala;). Therefore, the
expected outcome from sharing any message is the same; therefore, d; = () is optimal.

Following action recommendation a; follows from the obedience conditions on o. O]

Because the sequential equilibrium solution concept imposes no restrictions on trem-

bles, it is possible to maintain the off-path beliefs unchanged from the original on-path
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beliefs. By trembling equally over all possible signals regardless of the initial private
signal, sharing reveals no information to the other players. Therefore, maintaining orig-
inal beliefs satisfies consistency. This does not apply to the disclosure game because the
only informative signal available is truthful revelation.

Thus, under sequential equilibria, the signal sharing would be irrelevant to what can
be implemented. However, the off-path beliefs required may not be reasonable. One
might expect players to favor the truthful off-path message over lying since it is costless,
particularly if ¢ is large. Thus, I invoke several refinements of the sequential equilibrium
concept to show that signal sharing can still be restrictive under lying costs.

First, suppose that we require that the equilibrium played in Gyyng(Z) satisfy a con-
dition similar to the intuitive criterion of Cho and Kreps (1987). For a given equilibrium,

let uf(t;) be the expected on-path payoff for player i with signal ¢;.

Condition 1. Fiz some sequential equilibrium of Giying(Z). For each message t; € T;,
define Ti(t)) = {t; € T;|ur(t;) < maxX,copc) Ui(o) — c- 1{t; # t;}}. The sequential

equilibrium fails the intuitive criterion if there exists some t;,t; € T; such that

ul(t;) < min  w;(0) —c- 1{t; #t 1
(t:) reckl () {t: # t;} (1)
where CEy, (G) is the set of all correlated equilibrium outcomes that can be imple-

mented where player v receives only signals in T, with positive probability.

Proposition 10. Fix 0 € AA. For sufficiently high ¢ > 0, there exists a an information
structure T and a sequential equilibrium of Giying(I) that survives the intuitive criterion
and implements o if and only if o € DPCE(G).

Proof. First, observe that when c is sufficiently high (like ¢ > max,ccrq) ui(0)), Tz(tl) =
{t;}. Therefore, Equation 1 reduces to the interim participation constraint when t; = t..

The equivalence between the two sets thus follows. O

Similar results would hold if we instead put restrictions on trembles similar to the
proper equilibrium of Myerson (1978) or restricted to extremal off-path beliefs directly
like Hagenbach et al. (2014). In the latter case, the set of implementable outcomes would
be DPCE(QG) for any cost level c.
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C Additional Proofs

C.1 Proof of Lemma 1

Following the definition from Kreps and Wilson (1982), a strategy profile (d,¢) and

beliefs p constitute a sequential equilibrium if and only if the following holds:

(i) Sequential rationality: At every information set, (d;, ¢;) maximizes i’s payoff

over all strategies given beliefs y;, and

(ii) Consistency: There exists a sequence ((d,, ¢,), ) where (d,, ¢,) is completely
mixed and p, is derived from (d,, ¢,) via Bayes rule, and (d,,, ¢,) — (d,¢) and

U, = .

I will show that, for all d # dj, the players’ beliefs u after observing d can be rep-
resented by the information structure Z|d, and that this is the only plausible beliefs
possible in a sequential equilibrium. Sequential rationality implies that the induced out-
come played after players observe a disclosure outcome d must belong to BNE(Z|d, G).
Note that since only dy is played on-path, consistency means that it is common knowl-
edge the players’ beliefs are represented by the initial structure Z by Bayes rule. The
on-path outcome distribution must belong to BNE(Z,G).

Let (d™, ¢") be a completely mixed strategy profile of Gy;s where (d", ¢™) — (dy, ¢).
Fix some ¢ > 0. By convergence, there is some N € N such that, for all n > N,
d(t;)(t;) < e for all i € I and t; € T;. That is, all players disclose their signal with
probability no larger than e regardless of the signal received.

Let ! € AT be Player i’s belief about the current signal distribution after observ-
ing d. For a given disclosure outcome d € D, define the set T(d) = {t € T : t; =
d; for all j s.t. d; # (0} as all possible signal profiles that are consistent with the sig-
nals disclosed in d. After observing disclosure outcome d and their signal t;, Bayes rule
implies that

ity = <) 2)

where

P(dlt) — 0 if t ¢ T(d) )

Hje{j:dj:@} d?(mtj)njg{j:dj:@} ?(tj’tj) otherwise
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and

=" P(dft)w(tlt:) Z P(d[t)w(t|t;). (4)

teT teT

The second equality in Equation 4 follows from Equation 3 — since players can only
disclose the signal they receive, there can be positive weight only on plausible signals.
The term J[,(;. ;=03 &5 (;]t;) occurs in both the numerator and denominator of the

expression in Equation 2, so they can cancel out. We can thus rewrite the expression as

N?(t) _ W(t|tz‘)P(d|t) _ ng{] :d; =0} dj (®| ) <t|t )
P(d) 2 veda) L jeqja—oy 45 O15)w(t']t:)
if t € T(d). Otherwise ;2 (t) = 0.
Since in any sequence dj(0[t;) — 1 for all j € I and t; € T} by assumption, we have
that

. W)
2 (t> — Zt/ef(d)w(t/|ti) = ( |d)<t|tz)-

Therefore (dy, ¢) and p are consistent if and only if players’ beliefs after observing

disclosure outcome d are represented by the information structure Z|d.

C.2 Proof of Lemma 2

Fix a game G, and let ¢ € DPCE(G). Then there is some information structure
7 = (T,w) such that a sequential equilibrium (dy, ¢) of Gy induces o. For each player
i € I, define D} := {d € D : d; # 0 and d; = O0Vj # i}, and let D' = |J,; Dj. This
describes all the unilateral deviations from dy possible, and thus is sufficient to identify
all relevant off-path behavior for (dy, ¢).

For each i € I, define 07 € AA as

o} = argmingcop ) 3 ala)ui(a)
acA

as the distribution that gives i the lowest payoff possible in BN E(Z|d;, G) over all
information structures Z for any d; € Dj. Define v; := )" _, 07 (a)u;(a).

The revelation principle for correlated equilibria is enough to show that each player
receiving an action recommendation to perform once dy is played is enough to implement
o as the on-path equilibrium. Similarly, one can implement o} for all i € I by direct

action recommendations. Define o* € AANT! ag
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o*(ag, ...,ayn) = o(ag) H o} (a;)

iel

for action profiles ag,...ay € A. Define Player ¢’s decision rule 1; as

ay  if d = dy
@ ifdeD)

wi(CL, d) =

for each @ € AN and d € D'U{dy}. It remains to be shown that (dy, ) constitutes
a sequential equilibrium and induces o.

To show (dp, ¢) induces o, note that when dy is played, each player chooses the action
recommended by the information structure. By definition, this induces o. Further,
(dp, 1) is sequentially rational as each player optimizes their decision rule given Z|d and
for each action recommendation, their expected payoff is greater than v} (otherwise
the original equilibrium would fail). Further, each player’s beliefs are consistent since
each player believes the information is described by Z|d and disclosure outcome d. Thus

(dp, 1) is a sequential equilibrium of G ;s with direct contingent action recommendations.

C.3 Proof of Proposition 4

This proof relies on the full characterization of correlated equilibria of two-person binary
action games found in Calvé-Armengol (2003). We can put any game of that form into

one of three categories:
(i) One or more players have a strictly dominant strategy,
(ii) One or more players have a weakly dominant strategy, or
(iii) No players have any dominant strategies.

In case (1), any strictly dominated strategy cannot be used with positive probability
in a correlated equilibrium. This implies that NE(G) = CE(G). Since NE(G) C
DPCE(G) C CE(G), we must have DPCE(G) = CE(G).

Suppose now that G falls into case (3), so no player has a dominant strategy. In this
case, Calvé-Armengol (2003) demonstrates that any game can be characterized by one
of three equivalence classes and two values a, 3 > 0. If the payoffs of game G are as

described in Figure ].0, then define v = ]uoo—u10|/|u11—u01| and 6 = |UOO—U01|/|U11—U10|.
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L R
T | o, Voo | Uo1, Vo1
B | ui9,v10 | 11,011
Figure 10
L R L R L R
T|a/p , T | —a,—p 0,0 —a,08 | 0,0
B|10,0] 1,1 B 0,0 —1,-1 0,0 —-1,1
(a) (b) (c)
Figure 11

Any game G will belong to one of the three equivalence classes in Figure 11 that
maintain the same correlated and Nash equilibria. Note that in class (c), the only
Nash equilibrium is the same as the only correlated equilibrium. Since DPCE(G) is
nonempty, DPCE(G) = CE(G). For class (a), CE(G) will be a convex polytope with
five vertices, described in Figure 12. By the convexity of DPCE(G), it is sufficient to
show that all vertices of C'E(G) are disclosure proof.

o[ (I.L) _(T.R) __(B.L) _(B.R)

o1 1 0 0 0

09 0 1 0 0

o 1 a B af

3 (1+a)1(1+ﬂ) (1+a)(1+8) (1+a)ﬁ(1+ﬂ) (1+a)(ﬁl+ﬂ)

94| T¥Btop 0 1+B+ap 1+B+aB

05 1 & 0 —aBf
1+a+af 1+a+af 1+a+af

Figure 12

Since all Nash equilibria are disclosure-proof, o1,09,03 € DPCE(G). The corre-

sponding expected payoffs for Player 1 (Player 2’s payoffs are similar) will be ugg, u11,
upot+ou :

and #0970 respectively.

To show that o4 is disclosure-proof, note that when Player 1 is recommended 7', they

will earn wqg; if they are recommended B, they will earn “0011";“01. Since both are Nash
equilibria payoffs, v} is below both. Thus Player 1 has no incentive to reveal either action
recommendation. A similar argument holds for Player 2, and o4 € ITRCE(G,v*) =
DPCE(G). By a similar argument, o5 € DPCE(G). Since all vertices of CE(G)
belong to DPCE(G), it must be that DPCE(G) = CE(G).

To address case (2) where weakly dominant game strategies exist, Calvé-Armengol
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(2003) notes that the above still holds except & = 0 or § = 0. The extreme points
of CE(G) are still characterized by Figure 12, though some of those points will be

redundant.

C.4 Proof of Proposition 5

For some game G, let ¢ be an extreme point of C E(G). Suppose 0 € DGCE(G). Then
there is some information structure Z = (7,w) and a sequential equilibrium (¢, d) of
Gais(T) where 0 = > ,.pAqoq. Here o4 = ¢(d) is the outcome played under disclo-
sure outcome d, and A, is the probability that d is realized. Since o, € CE(G), and
Y dgepAd = 1, it must be that 04 = o4 = o for all d,d’" € D that are realized with
positive probability — so for all on-path disclosures the same outcome is implemented.

Let I = {i € I'|d;(t;) # 0 for some t; € T;} be the set of all players who disclose with
some positive probability. It must be that o € (,.; CE;(G). Define T, = ANl Let F =
(T, ') be anew information structure where ' (t1, ..., tx) = (19, ..., t%) I_LN:1 al(th, ..., th)
such that o/ = ¢ if i € I and o} = o7 is the worst correlated equilibrium as defined in
Lemma 2. The construction of the equilibrium is similar to that of Lemma 2: when
player i discloses, o} is implemented. For players i € I, there is no incentive to disclose
because the same outcome is implemented regardless of their disclosure choice. For play-
ers j ¢ I, they must receive a higher payoff in o than in o, by the definition of . Thus
no player has an incentive to disclose, and since o € C'E(G), the obedience conditions
are satisfied as well. Therefore 0 € DPCE(G).

C.5 Proof of Proposition 8

The proof is mostly similar to the steps required for the proof of Theorem 1. First,
the requirement for players’ off-path beliefs is that their beliefs are consistent with
any information disclosed. Define dr as the disclosure rule where all players report 7T;
regardless of the signal they receive. This is the same as dy in the singleton case, only

that () is not a valid report for any player in this setup.

Lemma 3. Fiz a game G and information structure Z. Let (dr,$) and beliefs p be a
sequential equilibrium of Gser. Then it must be that for disclosure report d € X, P(T;),
wi(t|d,t;) = 0 if there is some j € I where t; & d;.

Proof. Let t € T and d € D be such that there is some j € I where ¢; ¢ d;. Since p

must be consistent, there is some sequence (d",¢") — (dr,¢) and pu™ — p where p™ is
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calculated from (d", ¢™) via Bayes rule. One must have that

L) e
w1 = S~ T dn () ()

Notice that if ¢; ¢ d;, one must have that dj(t;)(d;) = 0, as it would not be possible
for j to issue report d;. Then u*(t|d,t;) = 0 for all n, and thus p;(t|d,t;) = 0. O

Notice that SDPCE(G) C IIRCE(G,v*): the only consistent beliefs off-path for
reporting a unique signal set {¢;} is represented by Z|t;. Thus the argument follows the
same as in Theorem 1.

To show ITRCE(G,v*) C SDPCE(G), note that CE;(G) is always implementable
regardless of the report or the other player’s beliefs (provided they are consistent). For
any deviation report, have all types using the report with positive probability play
the strategy s; used in the worst punishment o7. All obedience conditions are still
satisfied, so v* is still a valid punishment for any report besides 7;. Thus for any signal
recommendation, it must be that Player ¢ will not disclose information if they expect to
earn more than vf. Then SDPCE(G) = [IRCE(G,v*), which by Theorem 1 implies
SDPCE(G) = DPCE(G).
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