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Abstract

Two players with common interests exchange information to make a decision. Their
communication is scrutinized by an observer with different interests who understands the
meaning of all messages and may object to the decision. We show how the players can
implement their ideal decision rule using a back and forth conversation. Such a subversive
conversation reveals enough information for the players to determine their best decision, but
not enough information for the observer to determine whether the decision was against his
interest. Our results provide a theory of conversations based on deniability in the face of

possible public outrage.
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1 Introduction

People with similar interests need to share information to make a decision, but their communi-
cation may be observed by other parties who have different interests. Competitors discussing
a merger must account for antitrust regulators who can subpoena their communications. Sci-
entists evaluating a public health crisis need to be careful lest a skeptical public ignores their
policy recommendations. Parents conversing in front of a child should consider the effect of the
conversation on the child.

We study this problem of communication under scrutiny. Two players, each with a private
signal, must share their dispersed information and decide whether to accept a proposal or not.
They must maintain plausible deniability that they have violated a norm or broken a law,
avoiding controversy, protests, interventions or penalties that may be imposed on them by
regulators, supervisors, or other observers who scrutinize their communication.

Deniability is important when senators try to push through a nominee with shared ideology,
or activists organize under state surveillance. If communication could be kept truly private, the
players could immediately share all of their information without concern for the consequences.
But in reality the chance of exposure always remains. Emails can be hacked, codes can be
broken, whistleblowers can go public, and so there is need for cautionE

We focus on the possibility of subversion—the players subvert when they do as well as
they would if they had complete freedom to exchange information and take decisions while
maintaining deniability. Communicating under scrutiny imposes no cost on them. The players
have common interests, so when they subvert they take their full information, first-best decision.
A fully informed expert with the same interests cannot do better.

For subversion to be possible, the process of communication is important. We show how back-
and-forth conversations can be used by two players to take their ideal decision in every state,
while maintaining deniability that they were acting in the wider interest. As the conversation
progresses, the players share more information based on the context established by previous
statements, while withholding information that is best revealed later in the conversation. Over
several rounds, this gradual process shares enough information for the players to determine
their own preferred action, while also hiding enough information to prevent any objections to

the players’ determinationﬂ

'Recent prominent exposures include subpoena of private documents in the VW Dieselgate and Purdue
Pharma settlements, whistleblowing by a government employee that led to presidential impeachment, and data
extraction from cellphones that led to arrests of Hong Kong activists. Silberman and Bruno (2017) recount many
cases where subpoenaed emails and memos were key pieces of evidence in antitrust litigation. Even for attorney-
client communication they advise participants “to assume somehow every word will get published,” and to always
“bookend” discussions within their proper contexts.

20ur model of communication between players with identical preferences but different information is different
from that of Battaglini (2002) who considers the antipodal problem of multiple experts with different preferences
but identical multi-dimensional information and focuses on receiver-optimal rather than sender-optimal outcomes.
The related literature is discussed in Section @
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Figure 1: A subversive conversation

To see how a conversation can be subversive, suppose two managers are evaluating whether
to accept or reject a new mining operation. The project has both environmental costs and
economic benefits and the public (the observer) cares relatively more about the environment
than does the firm. Manager 1 privately knows the project’s (economic) benefit « € {0,1/2,1}
while manager 2 privately knows the (environmental) cost y € {0,1/2,1}. The two managers
have the same preferences and would like to undertake the project if the net benefits are such
that the project is good (x —y > 0) or mediocre (x —y = 0), but not if it is bad (x —y < 0).
The public has uniform i.i.d. priors on z and y and only favors a project that has at least an
even chance of being good. The situation is depicted in Figure[l] The game has partial common
interests since both the players and the public support good projects and oppose bad projects,
but preferences for mediocre projects are in conflict.

The following conversation dynamically pools and separates types as the conversation pro-
gresses, allowing the managers to share enough information to determine whether the project
is truly bad while concealing from the public whether it is good or only mediocre. In the first
round of the conversation manager 1 speaks. If the benefit is 1/2 then manager 1 just says so
as seen in the first lower branch of the tree in Figure [1} In the second round manager 2 then
rejects the proposal if the cost is 1, in which case everyone opposes the project; or accepts it if
the cost is 0 or /2, in which case everyone knows the project is not bad, but only manager 2
knows whether the project is truly good or just mediocre. The pooled message shares enough
information that the managers support the project, while hiding enough information from the
public that they have no reason to oppose it.

If the benefit is either 0 or 1 then in the first round manager 1 passes the conversation over



to the other manager in order to learn whether she has favorable or unfavorable news. In the
second round manager 2 then accepts the project if the cost is 0, at which point the public favors
the project if the benefit is 1 and opposes it if the benefit is 0, but only manager 1 knows which
is the case and strategically says nothing further. Since there is an equal chance the project is
good or mediocre, the public will not object. If instead the cost is 1/2 or 1 then manager 2 pools
this news and tries to gauge what manager 1 now thinks. Having learned that the cost is not 0,
in the third round manager 1 now rejects if the benefit is 0 and accepts if the benefit is 1. In the
former case everyone agrees the project should be rejected. In the latter case the project is good
or mediocre, but only manager 2 knows which, so the public will not object to the decision.

By the end of the conversation the managers have pooled all mediocre and good states where
they want to accept the project, while identifying all bad states where they want to reject it.
Since this dynamic pooling and separating allows them to achieve their first-best outcome, there
is no incentive to deviate from this strategy. As long as they follow the subversive communication
protocol, any contemporaneous monitoring or ex post investigation of their exchanges will not
be able to determine that the managers knowingly acted against the public interest.

In this paper, we examine problems like in Figure |l but with richer type spaces and greater
demands on information sharing. We show that subversive conversations exist in many environ-
ments, for a variety of preferences and priors, and they need not depend on the details of these
environments. The possibility of subversion has implications for organizations when interests
within the hierarchy diverge. For instance, a common problem in hiring committees is their
tendency to self-replicate due to a bias toward candidates from similar backgrounds. To com-
bat this problem, many institutions have implemented policies such as documentation of hiring
explanations and auditing of committee communications. Our results imply that transparency
by itself may not eliminate bias in hiring.

Instead of different levels of the organization having different preferences, they may have
aligned interests but a conflict with the public or an outside authority. Garicano and Rayo (2016)
note that concerns about accountability to outsiders may lead executives to forego gathering
information from subordinates, resulting in inefficiencies for the organization. We contribute
to this research program by showing that even if dispersed information is exchanged in full
view, suitable communication protocols can yield plausible deniability for leadership without
any efficiency costs for the organization. In the introductory example, for instance, even if a
supervisor observes the managers then any ex post investigation will not find she had sufficient
grounds to intervene. Organizations have an incentive to design systems and protocols that
facilitate subversion. Guiding questions by a supervisor with aligned interests can prevent
coordination failures, misunderstandings or untimely revelations, and enforce the right outcomes.
Organizational accountability and regulatory compliance may be more difficult to ensure for the

public than might otherwise be expected.



Our results also offer insight into the more general role of experts in society. Divergent inter-
ests and beliefs between experts and the broader public, and the ability of experts to manipulate
public policy, have become a central concern for many issues, from free trade to Brexit to climate
change to public health. Even if sunshine laws and other transparency regulations force deliber-
ations out from behind closed doors, we show that the ability of experts to exchange information
with each other need not be affected. Experts may be able to push the public in their preferred
direction, but the public still benefits from fact-based decision making using expert knowledge.
Ignoring experts is worse for the public.

We identify conditions under which subversion is impossible and dispersed information is
harmful for the players. For subversion to be possible there must be enough good states to pool
with mediocre states, while also separating them from bad states. Since each player can only
speak about her own information, there must also be enough diversity in the possible ways these
states can be pooled. When the underlying preferences limit the ways players can pool and
separate, subversion is impossible and dispersed information is harmful for the players. We link
this insight to a well known result in graph theory, Hall’'s Marriage Theorem (1935).

In some situations, dispersed information can be beneficial for the players. When subversion
is not possible even for fully informed experts, because there are not enough good states to pool
with mediocre states, it is also impossible with dispersed information. In this case, dispersed
information provides a commitment benefit. Players with dispersed information fare better than
fully informed experts because they can credibly refrain from using all their information when
their communication is scrutinized.

The rest of the paper is organized as follows. In Section [2| we set up our baseline model and
show how the committee can be subversive, using an intuitive conversation similar in structure to
the introductory example. Next, we generalize the model to a wide class of preferences and priors
and construct subversive conversations that work for all specifications of these primitives. Section
identifies the costs and benefits of dispersed information. Section 4] reviews the literature,
Section [b| concludes, while the Appendix consists of proofs and extensions not contained in the

main text.

2 A Model of Subversion

2.1 The baseline model

A committee is composed of two players, 1 and 2, with common interests who can either accept or
reject a proposal. Player 1 privately observes signal x € [0, 1], while player 2 privately observes
signal y € [0,1]. The random variables z and y are uniformly distributed and independent.

The players’ common payoff from rejecting the proposal is zero, while that from accepting the



proposal is u(z,y) = 1 if z+c¢ > y and —1 otherwise, where ¢ € [0, 1] is a preference parameterﬁ

The two players communicate through cheap talk. Time is discrete, with successive rounds
indexed by t = 1,2, ... As long as a decision has not been taken in an earlier round, and ¢ is odd,
player 1 either takes a decision to accept or reject the proposal, or sends a cheap talk message to
the other player. Player 2 does the same if ¢ is even. Let M be the set of possible messages with
my € M denoting a cheap talk message sent in round ¢. Abusing notation slightly, let m; = A
denote a decision to accept the proposal and m; = R a decision to reject it in round ¢. The
game terminates as soon as a player takes a decisionﬁ

A pure strategy for player 1 specifies a choice of a message in M or a decision in {A, R}, in

each odd round ¢, for each possible history of messages m!~!

as well as the player’s own signal,
where m? denotes the null history; and similarly for player 2 in even rounds. We refer to a pair
of strategies, one for each player, simply as a conversation. Our equilibrium notion is perfect
Bayesian equilibrium[7]

As described so far, the problem is straightforward. Player 1 can simply communicate the
value of x to player 2 who knows y and then makes the decision. However, the players face
a deniability constraint. We model the deniability constraint as an uninformed observer with
different preferences from the players who will scrutinize their communication ex post. The
passive observer could represent a law or social norm, or he could be a regulator, supervisor,
or other stakeholder. Because of the preference conflict, the players could be penalized or
overruled if they violate the deniability constraint, i.e., if the observer infers that the committee
took a decision that is against his interests. While the committee has the authority to take
the decision, we assume the committee needs to communicate in a manner that ensures the
deniability constraint is met. We now describe the observer’s preferences and the deniability
constraint facing the committee more formally.

The observer’s payoff from the status quo is also zero, while his payoff from the proposal
is v(z,y) = 1 if z > y and —1 otherwise. Since the observer prefers to accept the proposal
whenever z is at least as high as y, these variables represent the benefit and cost from the
perspective of the observer. For instance, if the observer represents the general public, x and y
represent the social benefit and social cost of the proposal.

Let A = {(x,y) € [0,1]? | v(x,y) > 0} be the set of states where the observer prefers to accept

3We relax these assumptions on priors and preferences in section We think of the action taken by the
committee as a collective action, although our results extend to some cases of individual decisions taken by each
committee member, such as problems of pure coordination.

“We set payoffs to zero if they never make a decision. As is standard in cheap talk games, messages have no
intrinsic cost or benefit and the message space M is rich enough so that information transmission is constrained
only by incentives. Instead of allowing either player to take the decision unilaterally, we could equally employ
game forms that let a particular player have decision rights, or assume a decision is taken only after both players
vote in favor or ratify it.

5In a perfect Bayesian equilibrium, strategies are sequentially rational given beliefs; with beliefs derived via
Bayes’ Rule if possible, and unrestricted if not.
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Figure 2: Conflict and agreement sets

the proposal. Let R = {(x,y) € [0,1]? | u(x,y) < 0} be the set of states where the committee
prefers to reject the proposal. The sets A and R describe the states where the committee and
the observer agree on the optimal decision. The committee also prefers to accept the proposal
when (z,y) € A while the observer also prefers to reject the proposal when (z,y) € R. Let
C = [0,1]2 — R — A denote the zone of conflict between the observer and the committee. For
(z,y) € C, the committee prefers to accept the proposal but the observer does not. The zones
of agreement and conflict are depicted in Figure

Our focus is on subversive conversations where the committee subverts the observer’s agenda
and implements its own ideal decisions, i.e., the committee accepts the proposal if (z,y) € AUC
and rejects it otherwise. No player has an incentive to deviate from a subversive conversation.
After every history of messages m!~! that is followed by a decision in round ¢, subversion requires
updated beliefs to satisfy PrlAUC | m~!,m; = A] = 1 and Pr[R | m!~!,m; = R] = 1.

The committee must ensure that the uninformed observer never has an incentive to object
to the committee decision even after observing the history of messages. This is the deniability
constraint. Since the committee never accepts when (z,y) € R, the deniability constraint

following a decision m; = A can be written as
Pr[A|mi=t Auc] > Pr[C | mi™t, AuC). (DC)

A committee decision to accept the proposal, m; = A, leads the observer to infer that the
state belongs to AUC. The deniability constraint says that the observer thinks it is (weakly) more
likely that the true state belongs to A as opposed to C when the committee accepts the proposal.
Under these beliefs, the observer would also prefer to accept the proposal, and so maintains

Tn all our figures, the sets R, A and C are depicted in red, blue and yellow, respectively. We will call the
border between R and C the committee’s decision line, and the border between C and A the observer’s decision
line.



deniability that the committee was acting in the observer’s interest. A subversive conversation
is simply a strategy profile that implements the committee’s ideal outcome in every state while
satisfying E]

We impose an admissibility restriction which rules out paradoxical constructions that prevent
applying the law of iterated expectations. For a given subversive conversation, let Hj = {m! |
my = A} be the set of all message histories m! that terminate in round ¢ with a decision m; = A
to accept the proposal. The deniability constraint must hold for each element of Hj.
Our admissibility restriction on the conversation says that it must also hold when we integrate
over all message histories that belong to any H C Hj. It automatically holds in any finite
environment. In the continuum, this restriction rules out constructions that create measure-
theoretic paradoxes. We conclude this section with some additional remarks on the model.

The conditioning on the history of communication in (DC]) reflects the ability of the observer
to have ex post access to committee deliberations, e.g., by subpoena or FOIA laws. Our specifi-
cation of preferences states that both types of error, convicting the innocent and acquitting the
guilty, are equally costly for the observer. This makes the deniability constraint equivalent to
the “balance of probabilities” burden of proof faced by courts in U.S. civil cases. When (DC)) is
met, the balance of probabilities favors acquitting the committee. This implies the committee
will also be acquitted under the more demanding “reasonable doubt” burden of proof used for
criminal trials. We assume that the observer understands the meaning of messages in the same
way as the players, i.e., encryption is impractical or prohibited.

When is met, the observer approves of every committee decision ex post. By the law
of iterated expectations, the observer has no incentive to object even after observing histories
where the committee has not yet made a decision. In other words, a subversive conversation
implements the committee’s optimal decisions not only under ex post scrutiny but also under
contemporaneous scrutiny by the observer. Indeed, we can allow the observer to have formal
authority over decisions, with the committee simply recommending a decision. The only sub-
stantive restriction on the observer in our model is that he cannot design the procedural rules of
committee deliberations. For instance, he cannot restrict the length of the conversation, or the
message space, or force a vote on the decision, or choose any other ex ante design aspect of the
committee meeting. We assume that procedural rules are either given by precedent or history,
or that the committee has the authority to design them.

We suppose that the committee encounters its decision problem frequently, such as meeting
at regular intervals or making multiple decisions during a single meeting. So it needs to devise

a complete contingent plan of communication that will work for every realization of the state.

"We use the standard approach of using the joint density to compute conditional probabilities. The constraint
(DC) is equivalent to saying that the measure of the residual part of A, after deleting the states ruled out by the
observed history of messages, is at least as large as the measure of the residual part of C. These residual sets,
after some states have been deleted, may in fact be subsets of R?, in which case we use the Lebesgue measure on
R'; and similarly for cases where the residual sets are finite.



A conversation is such a planﬁ We restrict attention to sequential communication, or polite
talk in the language of Aumann and Hart (2003), since our results do not rely on simultaneous
messaging. In cheap talk games, anything that can be done with sequential communication can
also be done with simultaneous communication (but not vice versa) by making one or the other

player babble in every round.

2.2 Existence in the baseline model: a gradual conversation

Our first result establishes the existence of subversive conversations in the baseline model and

shows that any attempt at subversion must involve a back and forth conversation.

Theorem 1. In the baseline model, (i) a subversive conversation ezists for each ¢ € [0,1], and

(ii) any subversive conversation requires at least three rounds to complete for ¢ € (0,1).

Part (ii) of Theorem [1] is easy to see from Figure If ¢ < 1, the players must exchange
information to determine their ideal decision. But if ¢ > 0 and = < ¢, player 1 cannot reveal
her signal in round 1 and expect to satisfy if the proposal is subsequently accepted in
round 2. So a decision cannot be taken before round 3. As long as the players need to exchange
information and there is any conflict, a back and forth conversation is necessary for subversion.

To demonstrate part (i) of Theorem |1} we construct a subversive conversation similar in
structure to the introductory example. Figure (3| depicts this conversation for the case ¢ = 4/9.
The left most panel depicts the state space at the beginning of the game. Starting there, in
each round the player who moves either reveals her signal when it belongs to a specific interval
(down arrow to the next bottom panel), or she says “pass” revealing her signal does not belong
to that interval (right arrow to the next top panel). When a player reveals her signal, the
other player subsequently takes a decision taking into account her own signal. When a player
passes, the conversation moves to the next round, where it is the other player’s turn to speak.
The rightmost pair of panels depict the end phase of the conversation, and we describe what
happens there in more detail belowﬂ

In round 1, player 1 reveals her signal z if z € [4/9,5/9], passing otherwise. Looking at the
bottom panel for round 1, notice that middling information in [4/9,5/9] can be revealed because
the deniability constraint is satisfied if player 2 subsequently accepts the alternative in

round 2. In particular, after z € [4/9,5/9] is revealed and player 2 proposes acceptance, the

8 Communication strategies can be modeled as ex ante plans of action that must be interim incentive compatible
(Green and Stokey, 2007). To quote Shannon (1948), “The system must be designed to operate for each possible
selection [of a message], not just the one which will actually be chosen since this is unknown at the time of design.”

9For ease of exposition, we describe the messages sent by each player in terms of the meaning deduced by
the other player. In practice, the players may use non-literal language or other conventions such as revealing how
surprising their news is (i.e., how far it is from the average), using hesitation as an indication of atypical news,
or the time when a player calls for a meeting as an indication of her signal’s value, etc. Such conventions could
be seen as a form of encryption and so we suppose that the observer can see through them.
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Figure 3: Subversive conversation: gradual protocol for ¢ = 4/9.

residual part of A is the interval [0, z], while the residual part of C is the interval [z, z+4/9]. The
former is (weakly) larger than the latter for all > 4/9. For < 4/9 the deniability constraint
is violated and such x cannot be safely revealed by player 1 in the first round. So player 1 does
not reveal such unfavorable information in round 1.

For > 5/9, the deniability constraint will be satisfied, but revealing such favorable infor-
mation in the first round will jeopardize the possibility of subversion in later parts of the conver-
sation. This is the key point of the construction. If x ¢ [4/9,5/9], player 1 says pass. Everyone
learns from this move that = ¢ [4/9,5/9], i.e., that the state (z,y) is either in [0,4/9) x [0,1] or
in (5/9,1] x [0, 1], as depicted in the top panel of round 1.

Now consider round 2 after player 1 has passed the conversation to player 2. In this round,
player 2 perfectly reveals y, provided y € [1/3,2/3] (bottom panel); otherwise she says pass (top
panel) and we move to the next round. What happens when player 2 reveals y in round 27
Given the history of the conversation, the deniability constraint is satisfied for all possible types
that are revealed by player 2 in this round when player 1 subsequently accepts the proposal.
For instance, suppose player 2 reveals y = 2/3, which is the highest possible cost y that player 2
reveals in this round. If player 1 accepts subsequently, the residual part of A is [y, 1] —[4/9,5/9]
while the residual part of C equals [y — 4/9,y] — [4/9,5/9], and the former is at least as large as
the latter for all y < 2/3. So the deniability constraint is satisfied at this stage when player 2
reveals y = 2/3 and player 1 accepts the proposal.

Notice the key role of the information revealed in round 1, namely x ¢ [4/9,5/9], in satisfying
the deniability constraint in round 2. If this information was not revealed by player 1’s pass in
round 1, the deniability constraint would not be satisfied when player 2 reveals y = 2/3. In fact,
this is true for any y > 5/9 that is revealed in round 2. By not revealing types > 5/9 in round
1, player 1 creates slack in the deniability constraint for types y € (5/9,2/3] of player 2 where



none existed before. The round 1 pass also tightens the deniability constraint for lower types of
player 2, y € [1/3,4/9), because for those types it removes states that belong to the agreement
set A. But these types of player 2 have slack to spare in the deniability constraint.

During the process of information revelation that we are describing, each player creates a
context that describes which states remain possible and which do not. This process must be
gradual, since otherwise one player may create an unfavorable context for the other player who
would no longer be able to reveal her signal or take a decision that she could have otherwise.
This was also the key force behind the conversation in introductory example.

A novel feature not present in the introductory example arises here because of a richer
type space. The players dynamically create slack in the deniability constraint for each other.
By doing this, each player creates a favorable context that allows the other player to provide
information that she could not safely reveal before. The process we are describing is indeed a
conversation. The players cooperatively create favorable contexts and avoid unfavorable ones,
in order to ensure their preferred decisions can be taken once the right context has been created.
A subversive conversation is designed for perfect coordination while maintaining deniability.

The remaining panels of Figure [3| continue this line of reasoning. If a decision has not
been taken before round 3, player 1 reveals the exact value of x if z € [2/9,7/9], passing the
conversation back to player 2 otherwise. As shown in the figure, types x € [2/9,4/9) can be
safely revealed by player 1 in this round, even though they could not be in round 1, because
of the favorable context created player 2’s pass in round 2. The deniability constraint will be
satisfied when the other player subsequently chooses to accept.

When x ¢ [2/9,7/9], player 1 passes again. The remaining possible states are depicted in the
two rightmost panels and this is the end phase of the conversation. In round 4, player 2 simply
accepts the proposal if y < 1/3. She does not need any information from her partner to do
this because the residual part of R is empty for such y. Doing so will also meet the deniability
constraint because the residual part of A is greater than that of C, as can be seen from the
figure. If y > 2/3, player 2 passes the conversation back to player 1. Subsequently, in round 5,
player 1 can reject the proposal if x < 2/9 and accept it if © > 7/9 while meeting the deniability
constraint, as shown in the figure.

In the proof of Theorem [1fi) we use such a construction to establish the existence of a
subversive conversation for any ¢ < 1/2. In that proof, we extend the existence result also
to the case ¢ > 1/2, although the conversations we employ for this latter case differ from the
construction described above, especially in the initial rounds, to take into account the larger
conflict between the committee and the observer. We use the insights from this construction
throughout the paper—a subversive conversation is a process of creating the right contexts that

allow the committee to take its desired decisions while maintaining deniability.

10



2.3 The generalized model

Consider the following generalization of the baseline model. We assume independent and iden-
tical priors for  and y. Let F(-) denote the common cumulative distribution function and
let S C R? denote the support of F' x F. The probability measure represented by F can be
continuous, discrete, singular, or a mixture of the threem

We generalize the preferences of the committee and the observer. We suppose that these
preferences determine the (measurable) agreement and conflict sets A, R and C defined earlier.
These sets can be arbitrary except for one restriction. We suppose that the observer considers
the proposal acceptable if the benefit x is at least as high as the cost y. In other words, A D L,
where £ = {(x,y) € S | y < z} is the lower region of S on or below the diagonal. Denote by U
the complement of £ in §. Notice that A is assigned strictly positive probability by the priorsE

We can use the cumulative distribution functions to transform the underlying random vari-
ables to their quantiles. This is straightforward at all points of continuity of F'. At a point of
discontinuity, we can determine the exact value of the quantile via a uniform randomization.
Since x and y are identically distributed, our assumption on preferences, A O L, continues to
hold after this transformation. Quantiles are uniformly distributed on [0, 1]. So it is without loss
of generality to assume that x and y themselves are uniformly distributed, with the underlying
state space S = [0, 1]2. This amounts to reinterpreting the types = and y as their quantiles or,
equivalently, that the players converse in terms of quantiles (e.g., player 1 says “z is in the tenth
percentile”). An instance of the generalized model is then fully specified by the configuration of
preferences. A game I' = {R,C, A} is such a configuration.

Suppose a subversive conversation exists for a game I'. Under what conditions can the same
conversation also be subversive in another game IV = {R/,C’, A’} that potentially has different
conflict and agreement sets? To answer this question, notice that in any round ¢ after a history
m!~1, the player moving in that round either takes a decision m; € {A, R} or sends a message
my € M to the other player. We may partition her types into decision types that take a decision
after history m!~!, and messaging types that send a message. Of course, one of these two sets
may be empty. For a fixed conversation, the partitioning into decision types and messaging
types and the messages sent by each messaging type will be unchanged in I' and I”, in any
round ¢ after any history m!~!.

If the players are to achieve their ideal outcomes, a decision type of the player moving in
round ¢ must be allowed to take potentially different decisions in IV compared to in I', to reflect

her possibly different preferences. We allow different decisions to be taken in IV, by each type

10The arguments of this section extend to the case of non-identical priors if the distribution of & dominates
that of y in the FOSD sense. They also extend to the case of statistical dependence between x and y under a
MLRP condition. See Appendix A.2.

1While the example in Figure [1] does not satisfy our assumption on preferences, it is covered by subsequent
model variations that we consider. See Section E}
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within the set of decision types, after any history m!~'. However, the partitioning into decision
types and messaging types, and the actual message sent by each messaging type, does not differ
across I' and I". If the deniability constraint is always satisfied in I", then the players
manage to subvert in the same way that they did in I'. They use identical messages and the
conversation continues or stops under identical conditions. After the players stop exchanging
messages, the particular decision taken is tailored to preferences. The same conversation is
subversive in both I" and IV. Our first result of this section identifies conditions under which
this can happen.

To state the result, we need two more definitions. Call a subversive conversation for I' a fine
subversion if every time the committee accepts the proposal, either the realized value of x or
the realized value of y has been perfectly revealed. A subversive conversation that is not fine
is a coarse subversion. In a fine subversion the player who takes the decision necessarily knows
the exact state (z,y) but the other player has no informational advantage over the observer and
both she and the observer may remain uncertain about one dimension. In a coarse subversion,
the player taking the decision may also be uncertain of the exact state but this does not affect

her optimal decisionB

Lemma 1 (Subset Lemma). (i) If a fine subversion exists for some game T, then the same
conversation is also a fine subversion for any other game I withC' CC, A/ D A and R' D R.
(ii) If a coarse subversion exists for some game T, then the same conversation is also a coarse
subversion for any other game I with C' CC, A’ D A and R' = R.

Lemma [I| says that a subversive conversation remains so if we change observer or committee
preferences in order to reduce, in the sense of subsets, the zone of conflict C and increase the zone
of agreement A. Regardless of whether it is a coarse or fine subversion, the same conversation
is subversive in I if R’ = R. For a fine subversion, the case R’ O R is also allowed. A fine
subversion is especially robust to preference specifications because the player taking the decision
does so knowing the exact value of z and y. With full information it is always possible for her
to tailor the decision to her exact preferences.

To establish the lemma we need to show the deniability constraint will also be met. This
follows from the following observations. In any round ¢, a decision type of the player who
moves in that round sees the same history in I' and I, because the history is generated by the
same fixed conversation. Since A’ O A and C’ C C, these same inclusion relationships must be
preserved for the residual parts of these sets that one obtains after deleting the states ruled out
by the observed history.

In the case of a fine subversion, suppose (without loss of generality) that the exact value of x

2The construction depicted in Figure [3]is a coarse subversion since neither x nor y is publicly revealed after
round 4. This end phase can be modified to make the conversation a fine subversion that will take one more
round to complete.
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has been revealed and player 2 has accepted the proposal. Since obtains in I, the observer
attaches greater likelihood that the state (x,y) belongs to the residual part of A compared to
the residual part of C. But then the same must be true in I, after the same observed history,
revealed value of x, and decision to accept. Because the original inclusion relations are preserved
for the residual sets, the observer must attach (weakly) higher probability to the residual part of
A’ compared to that of A, and a (weakly) lower probability to the residual part of C' compared
to that of C. The deniability constraint will be met in IV since it is met in T

For a coarse subversion, if at any point in I' a player takes a decision to accept without know-
ing the other player’s type, it must be that the residual agreement set R is empty conditional on
the observed history and the type of the player taking the decision. Otherwise the conversation
cannot be subversive in I'. Since in this case R’ = R, the same must be true in I at the same
stage. It follows that the same decision will also be optimal for the players and satisfy in
I/, once again since C' C C and A’ O A. This establishes Lemma

Is it possible that the same conversation is subversive for every specification of preferences?
We call such a conversation a universal subversive conversation since it is subversive for every
instance I' of the generalized model. Our next result is about the existence and length of

universal subversive conversationspzl

Theorem 2. In the generalized model, (i) there exists a four-round universal subversive con-

versation, and (ii) any universal subversive conversation requires at least four rounds.

Part (ii) of Theorem [2]is the analogue of Part (ii) of Theorem [l To establish part (i), we

consider the following conversation:
e Round 1. Player 1 says “z isin {a,1 —a}” if 2 = a or z = 1 — a, for some a € [0,1/2].

e Round 2. Player 2 perfectly reveals her type y if y € (a,1 — a); otherwise she says “y is

not in (a,1 —a)”.

e Round 3. If player 2 has revealed her type y in round 2, player 1 takes a decision in round
3 and the conversation ends. Otherwise, player 1 perfectly reveals her type x in round 3

and the conversation proceeds to round 4.

e Round 4. Player 2 takes a decision.

BNotice that Lemma [1] covers cases that go beyond the generalized model described above. In particular
and y do not need to be identically distributed or statistically independent. We use these facts in the appendix
where we present a number of additional robustness results.

The length of a conversation is the maximum number of rounds it can take till a decision is made. There
is no upper bound on the length of subversive conversations. There exist universal subversions that end almost
surely in finite time, even though it is not possible to specify in advance how long the conversation will take.
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Round 1 Round 2 Round 3

my:x €{a,1—a} my:y € (a,1—a) ms:x =a
my: A

my:y mzg:x=1—a
ms: A my: A

Figure 4: Universal subversive conversation for test case

We consider a game I' = {R,C, A} in which R is empty, A = £ and so C = U. We show that
the conversation described above, and depicted in Figure [4] is a fine subversion for this game.
To do so, we need to show why the deniability constraint will always be satisfied.

Consider first the case where player 1 takes a decision in round 3. Since R is empty, player
1 will accept the proposal. From the history of the conversation, everyone knows at this stage
that € {a,1 — a} for some a < 1/2, as well as the exact value of y € (a,1 —a). We must
have a < 1/2 since otherwise (a,1 — a) is empty. There are two possible states of the world at
this stage, (a,y) and (1 —a,y). We must have (1 —a,y) € A and (a,y) € C. Since (a,y) and
(1 —a,y) are equally likely, is satisfied.

Consider next the case where player 2 takes the decision in round 4. From the history of
the conversation, the exact value of x € {a,1 — a} is now publicly known, as is the fact that
y ¢ (a,1 —a). Once again, since R is empty, player 2 will accept the proposal. The residual
part of A at this stage is equal to the interval [0, a] regardless of the revealed value of x, while
the residual part of C equals the interval [1 — a,1]. Since these two sets are of equal measure,
is met in this case as well.

The game depicted in Figure [d]is a “test case”. By Lemmall] the fine subversion described
above for this test case will also be a fine subversion for every other instance of the generalized
model. There will be no difference in the messaging by the players. The only difference from
the test case that can arise is that a decision type of a player can sometimes reject the proposal
if R is non-empty. Since the observer always agrees with such a decision this will not prevent
subversion. We therefore have a universal subversive conversation.

In our problem of subversion, each player holds one piece of information while their optimal

decision depends on both pieces of information. We can compare our committee with dispersed
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information with the benchmark case of a fully informed expert. Such an expert knows both
x and y and has the same preferences as the players. Because she has all the information, she
knows her optimal decision at the outset and does not need to send messages. She can meet
the deniability constraint and subvert if and only if the agreement set A is at least as large in
measure as the conflict set C. This non-negative total slack condition is necessary and sufficient
for the fully informed expert to subvert.

By the deniability constraint, non-negative total slack is necessary also for the committee to
subvert. But it is not sufficient. The players need to engage in a back and forth conversation to
determine their optimal decision while meeting the deniability constraint at the same time. The
total slack condition does not guarantee such a conversation exists. Under non-negative total
slack, a committee with dispersed information will do at most as well as the fully informed expert.
Dispersed information can only be costly. It will impose no cost if and only if the committee
is able to subvert. Since Theorem |2 shows the committee can subvert in every instance of the

generalized model, we have its first corollary.

Corollary 1. In the generalized model, the committee with dispersed information does as well

as a fully informed expert.

Corollary [I] shows that in the generalized model, the committee does as well as possible.
Because the committee’s messages and decisions are both scrutinized by the observer, we may
say that the committee communicates in public. Corollary (1] also allows us to compare public
communication with the benchmark of secure private communication.

Under secure private communication the committee’s decision is scrutinized, but the observer
does not have access to the messages exchanged by committee members. Since the players com-
municate securely in the knowledge that the observer will not observe their messages, it seems
reasonable to suppose that they will coordinate on their optimal decisions. Under this selection,
secure private communication is identical to the case of a fully informed expert. So Corollary
tells us the committee does as well under public communication as under secure private com-
municationE In Section |3| we consider situations not covered by the generalized model where
the committee with dispersed information does strictly worse than the fully informed expert, as
well as situations where the committee does better.

Our results so far have assumed that both committee preferences as well as regulator pref-
erences are common knowledge. But our arguments can be extended to cover cases where the
conflict between the committee and the observer is uncertain, not only in magnitude but also

in sign. The next two corollaries of Theorem |2| address this topic.

5Note also that in environments where private communication is not allowed but the committee has somehow
engaged in it, the players can hide this fact and maintain the charade of public communication by employing
subversive conversations of the kind we have constructed in Section E}
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Consider again the baseline model and suppose that the observer is not certain of the com-
mittee’s preferences. The observer entertains the possibility that the preference parameter is
either ¢ or ¢ with ¢ < ¢, as depicted in Figure [5(a). By Theorem [2] this uncertainty will not
affect the committee’s ability to subvert. If the committee uses a universal conversation, the
deniability constraint will be met even when the observer holds the extreme belief that ¢ = 1.
So it will also be met for any more moderate observer beliefs about committee preferences. The
argument does not depend on the assumed linearity of the baseline model and we state it to

cover all cases of preference uncertainty in the generalized model.

Corollary 2. In the generalized model with preference uncertainty, a subversive conversation
exists when the committee believes the game is T' whereas the observer believes the game is I,
for any T and T".

While Corollary [2] covers all cases where preferences are not exactly known, it assumes that
the sign of the conflict between the committee and the observer is common knowledge. The
committee can only be biased in one direction relative to the observer. Figure (b) shows a
different situation where both the sign and the magnitude of the committee’s conflict with the
observer is state dependent. In the figure, the set A of states where the observer prefers to
accept the proposal is equal to £, as in the baseline model. But the committee’s decision line
that forms the border between the states where the committee prefers one decision or another
is given by a (possibly non-linear) continuous function y = C(z). Relative to the observer, the
committee is biased in favor of acceptance when C(x) > x and biased in favor of rejection when
C(z) < x. In Figure b)7 the committee’s decision line crosses the observer’s decision line y = z
from above at the point labeled P[]

With two possible kinds of conflict, a subversive conversation has to take into account two
kinds of deniability constraints, one where the committee accepts the proposal and another
where the committee rejects it. This situation is not directly covered by the generalized model
which only allows for one kind of conflict and so one kind of deniability constraint. Nevertheless,

the following corollary provides conditions under which a subversive conversation exists.

Corollary 3. In the generalized model with two kinds of conflict and A = L, a subversive

conversation exists for any increasing committee decision line y = C(x).

Looking at Figure b), player 1 first discloses whether x lies to the right or left of the
z-coordinate of the intersection point P. Player 2 then reveals whether y is above or below the

y-coordinate of P. Since C(x) is increasing, there is no conflict between the committee and the

16Tn the situation depicted, the proposal may be “easy” to implement for small values of (z,y) and “hard” to
implement for high values of (z,y). The observer does not care about the difficulty of implementation but the
committee does, and it is more inclined than the observer to accept an easy project and less inclined than the
observer to accept a hard one.
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C(x)
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Figure 5: Uncertain conflict: magnitude and sign

observer whenever the state is revealed to be either in the bottom right or the top left element
of the resulting partition. The committee can clearly get its way in these states.

On the other hand, if the state is revealed to be in the lower left element of the partition,
the situation is covered by Theorem [2] in particular since A = £ and x and y are identically
distributed also conditional on this event. For the same reason, Theorem [2| also covers the case
where the state is revealed to be in the upper right element of partition, since this situation
is just an “upside down” version of the generalized model with reversed roles for the decisions
to “accept” and “reject”. It is easy to see that the same argument holds as long as C(z) is
increasing, no matter how many times C(z) intersects the observer’s decision line. The players
can adapt the initial partitioning of the state space to take into account all the intersection
points.

To obtain additional results beyond Theorem [2| and its corollaries, one approach is to con-
struct subversive conversations that always satisfy the deniability constraint with slack. If the
slack is bounded away from zero, a subversive conversation for an instance of the generalized
model is also subversive for small perturbations of the priors and preferences in the model. In
Appendix A.3 we provide examples of subversive conversations based on the gradual protocol
that have such slack .

3 Costs and benefits of dispersed information

In this section we consider environments outside the domain of the generalized model where the
committee with dispersed information does not do exactly as well as the fully informed expert.
In Section 3.1} we provide examples where the committee cannot subvert but the fully informed
expert can. Dispersed information is strictly harmful for the players in this case. We also
provide necessary conditions for fine subversions that are tighter than the total slack condition

and that provide key insight into our constructions of the previous sections. In Section we
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consider the case of negative total slack. We show that in this case the committee with dispersed
information can do strictly better than a fully informed expert because of a commitment effect

arising out of information being dispersed.

3.1 Dispersed information is costly for the players

Are there situations outside the domain of the generalized model but with non-negative total
slack in which the committee with dispersed information cannot subvert? Because non-negative
total slack is sufficient for the fully informed expert to subvert, the committee will do strictly
worse than the fully informed expert in these cases. We consider this question now. We relate
our results to Hall’s Marriage Theorem (1935). In order to do so, we restrict attention to cases
with a finite number of types for each player and uniform i.i.d. priors. The non-negative total
slack condition can then be stated in terms of the cardinality of the sets C and A. We assume
41> [e].

Hall’s theorem considers a matching problem between a finite set of “women” and “men”.
Each woman w has a set H(w) of acceptable men that w is (equally) happy to be matched
to. For a man, any woman who finds him acceptable is acceptable. Hall’s theorem states that
a necessary and sufficient condition to match up the women and men in mutually acceptable
pairs is the following: for every subset W of women, the union Uyecw H(w) of the sets of their
acceptable men must contain at least as many men as there are women in W. Intuitively, this
condition requires there be sufficient diversity of preferences. For instance, if two women find one
and the same man to be the only acceptable one, it is impossible to match both these women.

To apply Hall’s theorem to our setting, notice that subversion involves matching conflict
points in C with agreement points in A. Since the committee’s information is dispersed, the
committee is further constrained to match conflict and agreement points that lie in the same
row or column, in the case of a fine subversion. For each conflict point w € C, let H(w) be the
set of agreement points in A that lie in the same row or column. In a fine subversion, each w
must be matched with an element of H(w). To rule out trivial failures of subversion, we assume
that H(w) is non-empty for each w € C and that each element of A belongs to H(w) for some

w € C. Using Hall’s theorem, we have the following result.

Proposition 1. Assume discrete types and uniform i.i.d. priors. A fine subversive conversation
exists only if, for every W C C,
| Unew H(w)| = [W]. (HC)

Notice first that Hall’s condition (HC|) implies, but is more demanding than, the non-negative
total slack condition, {A‘ > ‘C!, identified earlier as a necessary condition. We can think of the
problem of subversion as one of “justifying” a conflict point in C by pooling it with an agreement

point in A. Just as Hall’s condition can be interpreted in the classic marriage example in terms
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of diversity of preferences, it can be interpreted in our setting in terms of diversity of possible
justifications. Whether or not there is such diversity in any given game depends on both the
committee’s and the observer’s preferences.

To see why is a necessary condition for the existence of a fine subversion, consider again
the fully informed expert who knows both x and y. But suppose now that the fully informed
expert is constrained to reveal either the realized value of x or the realized value of y when she
takes a decision. Call this benchmark the constrained fully informed expert. She is constrained
to match each conflict point w € C to some agreement point in H(w) C A that belongs to the
same row or column. The only difference between her and the committee engaged in a fine
subversion is that she has all the information required for the decision at the outset and does
not need to exchange dispersed information in publicm

By Hall’s theorem, is necessary and sufficient for the constrained fully informed expert
to subvert. It is necessary because if she can subvert she produces a matching and so (HC))
must hold. It is sufficient because if holds there exists a matching that she can employ
to subvert. To see why Proposition [1| follows, notice that whenever the committee has a fine
subversive conversation, the constrained fully informed expert can simply mimic the committee
and so she can also subvert. So (HC|) must hold.

Figure @(a) provides a simple example where fails and so a fine subversion is impossible.
As can be seen from the shape of A in the figure, the observer cares only about the cost y and
not about the benefit . Every conflict point in C can only be matched with a point in A
that lies vertically below it and in the same column. There is insufficient diversity of possible
justifications for the conflict points. When W is considered to be the set of conflict points in
the rightmost column, fails. By Proposition (1} there does not exist a fine subversion for
the committee.

Indeed, a subversive conversation of any kind, coarse or fine, does not exist in the example
of Figure @(a). Because there is zero total slack, every agreement point must be pooled with a
conflict point. Since no agreement point has a conflict point in the same row it can be pooled
with, this implies player 2 cannot ever reveal her exact signal. So player 1 has to reveal her exact
signal in order for the committee to figure out if the state belongs to R or not and determine
its optimal decision. But whenever player 1 reveals the signal corresponding to the rightmost
column, the failure of in this column implies the deniability constraint cannot be metﬁ

Hall’s condition is not sufficient for the existence of a fine subversive conversation. It is not

7Glazer and Rubinstein (2004) characterize optimal rules of persuasion for a speaker with knowledge of
multiple aspects of a decision problem, communicating with a listener who can obtain evidence on one of the
aspects. While the underlying situation is similar, our constrained fully informed expert, and not the listener,
volunteers evidence on her own.

18The initial imbalance between the conflict and agreement points in the rightmost column will remain even
if some player reveals some information prior to player 1 revealing her highest signal. For instance, if player 2
accepts the proposal by pooling the middle row with any one of the bottom two rows before player 1 reveals her
signal, will continue to fail in the right column of the remaining game, preventing a subversion.
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Figure 6: Hall’s theorem and subversion

enough that the game satisfies at the outset. It must continue to do so after every move
that is made during a fine subversion. Figure @(b) illustrates this. Hall’s condition is satisfied
so the constrained fully informed expert can subvert, but a fine subversion is impossible for the
committee. For instance, if player 1 starts the conversation by revealing either the right-most
column or its complement, it will be impossible to subvert when the realized state belongs to the
two left columns because the number of conflict points exceed the number of agreement points
and there is negative slack and so a failure of in that subset of the state space. This is
true regardless of player 1’s first move. There is no move for either player that delivers for
each of the possible continuation games@

A fine subversive conversation is an inherently dynamic process that must satisfy
recursively. When it is her turn to move, each player, using her own information, must be
able to partition the remaining possible states, each element of which is a continuation game
that satisfies (HC|). Furthermore, this must be done in a way that enables the other player,
using her own information, to do the same thing in the next round. This gradual, branching
process of providing increasingly refined contexts must go on till one player perfectly reveals
her information and a decision is taken. Such dynamic considerations are absent from the
formulation of the matching problem in Hall’s theorem—the constrained fully informed expert
can take her decision as soon as she learns her type. Dynamic extensions of Hall’s condition may
yield general insight into the existence of subversive conversations and we leave this question for
future research.

An interesting special case where is sufficient for a fine subversion is when one player
(say, player 1) has only two possible types. Figure [6{c) is an example. By Hall’s theorem, if
holds a matching exists. What are its properties? Some conflict points in C may be cross
matched with agreement points in A that belong to the same row of a different column, with the
remaining conflict points matched within their own column. Player 2 can first reveal her type
for each row corresponding to a cross match. Player 1 then accepts the proposal. Since there
are only two columns, this cannot affect any other agreement or conflict point, apart from the

two that are pooled. If player 2’s type does not belong to the rows corresponding to the cross

9 A coarse subversion is also impossible in this example, in particular as R is non-empty and so the players
need to exchange some information to determine the optimal decision.
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matches, she passes. Since the remaining conflict points are matched within their own columns,
these matches can now be made via player 1 revealing her type and player 2 then taking the
appropriate decision. In the example depicted in Figure @(c), the cross match occurs in the
lowest row, with the remaining matches occurring within a column.

The reader will recognize Figure @(c) as the residual state space in the example of Figure
after player 1 first passes the conversation over to player 2, thereby revealing she has only two
possible types x = 0 or z = 1. Since is satisfied after such a move, and trivially satisfied
when instead x is revealed to equal 1/2, a fine subversion exists in the example. This argument
also sheds light on the construction underlying Theorem [2| If one player can partition her type
space, in an admissible way, into 2-column or 2-row pairs that satisfy , then the two players
can engage in a fine subversion on each revealed pair. Such an admissible partition exists in the
test case depicted in Figure |4, as shown in Section

3.2 Dispersed information is beneficial for the players

Suppose we have a game with negative total slack, i.e, A is strictly smaller in measure than C.
Neither the committee not the fully informed expert can subvert since a necessary condition for
subversion is violated in either case. What can they do? Consider the discrete type example
in Figure [} Each player has two possible signals and priors are i.i.d. uniform so that we have
negative total slack. Since neither the committee nor the fully informed expert can subvert
under negative total slack, in principle they may accept the proposal even when the state is in
R and reject it when the state is in A. They need to ensure that the observer has no incentive
to object to any decision that is made in equilibrium.

Consider the case of the committee first. There exists an equilibrium where the committee
accepts the proposal in some states and rejects it in others without the observer objecting. In
this equilibrium, when player 1 has the low signal (corresponding to the left column) she rejects
the proposal, and accepts the proposal otherwise. If player 1 does not take a decision in round
1 and deviates by sending a message to the other player, both player 2 and the observer believe
that player 1 has the low signal. Since the observer will never approve a subsequent decision to
accept the proposal given these beliefs, we can assume without loss that the players always take
the decision to reject in the continuation game that follows this deviation. So player 1 has no
incentive to deviate by sending a message in round 1. Player 1 also has no incentive to change
her decisions. On the path of play, the observer will approve of a decision to accept since he
infers the state of the world must be in the right column, and approve of a decision to reject
given that he infers the state must be in the left column. Since the observer sometimes approves

the proposal, the players get strictly positive expected payoffs.

208trictly speaking, Hall’s condition applies to discrete type models, while Section allows a continuum of
types. The connections we draw here are precise for discrete type models, and provide intuition for continuum of
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Figure 7: Equilibrium under negative total slack

Next, consider the fully informed expert for the same example. The only decision rule
that can be supported in equilibrium involves always rejecting the proposal. For if there is an
equilibrium where the proposal is accepted with positive probability, the fully informed expert
will accept whenever the state is in A U C. Inferring this, the observer must object to such a
decision because C is larger than A. Notice that this point extends to any game with negative

total slack. The fully informed expert earns zero expected payoff, yielding our next result.

Proposition 2. In any game with negative total slack, the committee with dispersed information

does at least as well as the fully informed expert, and in some cases strictly better.

With negative total slack, the fully informed expert can only reject the proposal and earn
zero payoffs. The committee with dispersed information must earn non-negative payoffs in
any equilibrium, since otherwise the observer must object after some history that ends with
the committee accepting the proposal. Figure [7] is the simplest example of a game with an
equilibrium in which the committee with dispersed information earns strictly positive payoffs.
Its insight extends to more complex situations with richer type spaces where the players may
need to exchange information in order to achieve their desired outcome.

In our cheap talk framework, the fully informed expert cannot commit not to use all her
information. Under negative total slack, she ends up with zero payoffs as a consequence. In con-
trast, the committee can ignore some of its dispersed information. It can refrain from exchanging
messages that the observer will observe, and view unfavorably, effectively providing it with com-
mitment not available to the fully informed expert. This difference in effective commitment

underlies Proposition

4 Related Literature

This paper belongs to the literature on cheap talk (Crawford and Sobel, 1982; Green and Stokey,
2007) with multi-dimensional information (Battaglini, 2002; Chakraborty and Harbaugh, 2010).
The literature on long cheap talk (Forges, 1990; Amitai, 1996; Aumann and Hart, 2003; Krishna

types versions of the generalized model and beyond that can be made precise via appropriate limits.
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and Morgan, 2004; Chen, Goltsman, Horner, and Pavlov, 2017) asks how cheap talk can expand
the set of equilibrium outcomes. We ask a complementary question. Fixing the optimal joint
decision rule for a common interest committee, we ask how alternative communication protocols
that implement this fixed decision rule differ in the amount of information revealed publicly. Our
focus on subversion identifies situations where the problem of communication under scrutiny can
be solved costlessly, without distortions in decisions. Our results require two-sided private infor-
mation and rely on unrestricted sequential Communicationﬂ The general question of identifying
all equilibrium outcomes of communication under scrutiny, with or without common interest,
remains open.

Krishna and Morgan (2001) and Battaglini (2002) consider communication by two experts
with different preferences but the same information. Their focus is on the receiver’s best equi-
librium in which the experts perfectly reveal the state. This structure and focus is the opposite
of our case. Our focus is on the optimal equilibrium from the perspective of two experts with
different information but the same preferences who must also hide information from an observer
with different preferences. Back and forth conversations achieve these goals, an insight new to
the literature. Chakraborty and Yilmaz (2017) consider a cheap talk game between two experts
with different information and possibly different preferences. Their focus is on the optimal de-
sign of the committee from the perspective of an uninformed principal. The idea of consensus in
their paper is related to the notion of deniability used in this paper. Extended communication
has no role in their setting since communication is not scrutinized by the principal.

Since players are communicating to each other and the observer, this paper is related to
the literature on cheap talk with multiple audiences starting with Farrell and Gibbons (1989).
And since each player has relevant information for the decision, it is related to the literature on
communication to receivers with private information (e.g., Watson, 1996). When a player sends
a message, no additional information is inferred by the other player that cannot be inferred
by the observer, so messages are not encrypted (Shannon, 1949). Encryption is unnecessary
because, unlike in the cryptography literature which assumes a “malevolent” third party, there
is enough commonality of interests between the players and observer in our model.

Glazer and Rubinstein (2004) consider optimal rules of persuasion from the perspective of
a single listener facing a single speaker informed about multiple aspects of a decision problem
when the listener can obtain a limited amount of evidence. Our decision problem is identical
in the case of state independent sender preferences but our questions are different. We focus
on sender optimal outcomes, when information about the different aspects is dispersed among
multiple senders, and the receiver cannot independently obtain evidence. To precisely identify

the effect of dispersed information, we consider a benchmark of a fully informed sender who

21 This differentiates our model also from that of Meyer-ter-Vehn, Smith, and Bognar (2017) who model com-
munication in the form of repeated voting by two players in a debate setting with costly delay.
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knows all decision-relevant aspects and who must voluntarily reveal one or the other aspect on
her own while persuading the receiver. We show that Hall’s Marriage Theorem (1935) provides
the conditions under which such a sender achieves her optimal outcome.

Since the players attain their ideal outcomes in a subversive conversation, it is optimal under
both cheap talk and commitment (Kamenica and Gentzkow, 2011; Lipnowski and Ravid, 2020).
Our subversive conversations also extend to verifiable message games where message spaces
depend on types. The pooling of conflict points with agreement points that is a key feature
of our subversive conversations is reminiscent of strategic argumentation by a single expert
communicating with an uninformed receiver (Dziuda, 2011). Since in our model each player has
private information, such pooling and separation must not only persuade the receiver but also
share enough information to determine the committee’s ideal decisions. Cheap talk games can
sometimes lead to pooling of disjoint types in equilibrium (e.g., Golosov, Skreta, Tsyvinski and
Wilson, 2014). In our model, such pooling conceals unfavorable information till more favorable
information has been revealed.

A subversive conversation ensures that the observer agrees with the players, so decision
making power is effectively held by the players, even when formal authority lies with the observer.
Authority and delegation have been studied in the literature on organizations (see, e.g., Aghion
and Tirole, 1997; Dessein, 2002; Alonso, Dessein, and Matouschek, 2008). We show that the
ability to manage the process of communication may be enough for the players to gain effective
authority. How the observer would like to constrain this process remains an open question.

Within the broad political economy literature on communication and process, Gradwohl and
Feddersen (2018) ask similar questions as this paper (see also Wolinsky, 2002; Feddersen and
Gradwohl, 2020). They study the effect of transparency in a cheap talk model with multiple
senders who have common interests and correlated binary signals. They show that transparency
may prevent any information transmission, hurting the senders and the receiver, when the
conflict between the two groups is large enough. Our comparison of the committee and the fully
informed expert is related to this transparency versus opacity distinction. Exploiting the richer
type spaces of our model, we identify conditions when the committee can subvert even under
transparency, regardless of the level of conflict. In these cases, transparency has no effect on

outcomes.

5 Conclusion

When communication is scrutinized, the process of communication matters. Different commu-
nication protocols that all implement the same optimal decisions from the perspective of the
players can differ in the amount of information they reveal publicly. We show how a back and

forth conversation can create a sequence of contexts that allow more information to be revealed,
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and so withstand scrutiny. Even if the conversation is public, or private but leaked with some
chance, the exact reason for the decision remains uncertain. The players thereby maintain
deniability that their decision was influenced by bias rather than just the facts.

Like any equilibrium, subversion needs customs and conventions that ensure the process will
play out as intended. A custom of staying till the stipulated end of the meeting will reduce
any incentive to make untimely revelations because of impatience. Acquiring information in the
order needed for decision making will also be useful for the same reason. There are situations
when subversion is impossible. And even when subversion is possible, the observer may want
to design rules and systems that prevent it. The problem of communication under scrutiny has

many open questions. In this paper we provide some initial answers.

A Appendix

A.1 Omitted proofs
Proof of Theorem To prove part (i), we treat the cases ¢ < 1/2 and ¢ > 1/2 separately.

Case 1 (¢ < 1/2): For arbitrary z € [0, 1], let the message in round ¢ = 1,2, ..., be my = z if
z € [th, 2 ] and m; = “pass” otherwise, where z = z if ¢ is odd and z = y if ¢ is even. So, for

odd t, player 1 reveals x perfectly when = € [th, 2 ] and by “passing” reveals that x does not

belong to [th, i ] If player 1 reveals x in round ¢, m; = x, then player 2 takes the committee’s
ex-post optimal decision by sending message my11 = A if (z,y) € AUC, and R otherwise. If
instead, player 1 passes in round ¢, then the conversation moves to the next round where it is
player 2’s turn to speak. Even rounds where player 2 speaks and z = y, follow mutatis mutandis.

To define z} and 2, first let T = [logs((2—2¢)/(1—2c¢))]. Since ¢ > 0, we must have T > 2.
Set 2k =0,and 2/ =1—2% | forallt. Fort =1,...,7 — 2, let 2F =1/2 — (2! — 1)(1 — 2¢)/2.
For t =T —1let 2% = max{1/2 — (2771 = 1) (1 — 2¢)/2, 2%_,/2}. Moreover, for t = T, let
z% = 2%71. We are now left with 4 squares like in the top picture in Round 3 of ﬁgure (round T
insures they are squares instead of rectangles as shown in the figure). The game can be finished
in much the same way. The player who speaks in round 7" + 1 coarsely reveals if the states are
high or low and the other player can then take a decision n at time 7" + 2.

It remains to check that the deniability constraint is satisfied. First consider ¢t < T — 1
and suppose without loss of generality that xz has been revealed in round t (i.e., t is odd).
Then given history m!~! of t passes followed by the revealed value of z in round t and sub-
sequent decision myy1 = A, for all x € [2f,zf!], we have that Pr[z > y|mf, my1 = A] =
Pr(z>ylz,y ¢ (2f1,2) 2,2 —y+c>0] =x/(x+c— (211 — 2z£,)). This probability is
weakly greater than z//(zF + ¢ — (zﬁ 1 2{11)) = 1/2. An identical argument applies for the
case where y is revealed and player 1 takes the decision. This establishes forallt <T —1.

A similar argument also applies for ¢ > T — 1. This completes the proof of Case 1.
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(b) (d) (e)

Figure 8: Subversive conversation with high conflict, ¢ > 1/2

(f)

Case 2 (¢ > 1/2): Figure [§(a) depicts initial state space for ¢ > 1/2. At ¢ = 1, player 1
sends m; = A if z € [1 — ¢, ], without revealing the exact value of x, as shown in panel (b).
Conditioning on m; = A, C is equal in measure A, and so holds. If x ¢ [1 — ¢, ¢] then
player 1 passes at t = 1. Player 2 then sends mg = A if y € [1 — ¢, ¢], or ma = “pass” otherwise.
Asin t = 1, this satisfies and implements the committee’s ideal decision. Panel (c) depicts
the residual state space after both players pass in the first two rounds, removing the states
[1 —¢,c] x[0,1] and [0,1] x [1 — ¢,¢|. This residual space is strategically identical to the state
space where we paste the four remaining squares together, i.e., the case where ¢ = 1/2.

To complete the proof we show a subversive conversation for ¢ = 1/2. Player 1 sends
my = [1/4,3/4] if x € [1/4,3/4] or m; = —[1/4,3/4] otherwise, as depicted in panel (d). If
x € [1/4,3/4] the conversation moves to panel (e). Here, if y € [1/4,3/4], player 2 sends
mg = A. Otherwise player 2 passes and player 1 perfectly reveals his signal = € [1/4,3/4]
at t = 3. Subsequently, player 2 sends my = A if (z,y) € AUC, and my = R otherwise.
Conditioning on: the value of x € [1/4,3/4]; y ¢ [1/4,3/4]; and (z,y) € AUC, the measure of
the agreement zone is always at least the measure of the zone of conflict, and so holds.

Panel (f) shows the state space after player 1 revealed = ¢ [1/4,3/4] at t = 1. In this case,
player 2 sends mg = y if y < 3/4 or else says “pass”. When y is revealed and player 1 proposes
acceptance, is satisfied as can be seen from the figure. If y > 3/4 and player 2 passed,
then player 1 makes the committee’s optimal decision. This completes the proof of part (i).

To prove part (ii), assume by way of contradiction that ¢ < 1 and that there exists a two
round subversive conversation. Note that player 1 cannot perfectly reveal = € [0, ¢) and satisfy
the deniability constraint . However, the player 2 cannot take the first-best decision in
round 2 if she does not know the exact value of x € [0,min {¢,1 — ¢}), which is a positive
measure set when 0 < ¢ < 1, and thus we have a contradiction. B

Proof of Theorem [2|(ii): Assume by way of contradiction that there exists a three-round
subversive conversation that works for all ¢ € (0,1). While we focus on pure strategies in the
paper, we allow for mixed strategies in this impossibility proof. If player 1 is to make her ideal
decision in round 3 he must know whether x bigger than 1 — ¢ for all ¢ € (0,1); this is only
possible if player 2 perfectly reveals y = 1 in round 2, since a universal conversation cannot

depend on ¢ except when making a decision.
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Consider the following set of histories, H: player 1 in round 1 sends some message mj which
does not perfectly reveal the z-dimension of the state and instead pools, player 2 in round 2
then sends message y = 1 and player 1 sends m3 = A.

More formally, let 2/ = min {¢,1/2} and observe that player 1 cannot perfectly reveal x €
[0,2') in round 1 and satisfy the deniability constraint ; thus these x values must be
pooled in round 1. Let o(x,m!~!) denote the strategy of player 1 whose type is z, following
history m!~!. Consider now the set of histories H induced by types = € [0,2/) and y = 1, i.e.,
M := {m; € supp(c(x,m°)) : x € [0,2)}, followed by player 2 revealing y = 1 in round 2 and
player 1 saying “Accept” in round 3. That is to say let H := {mt tmy € My,me =1,m3 = A}.
The deniability constraint integrated over this set H must be satisfied by an admissible
conversation [ ., {Pr[Alm'] — Pr[CIm!]} dv (m') > 0. Note that the integral here is with
respect to the measure v which is induced by the strategies and prior (could be a mixed strategy).
However, given y = 1, only the singleton point (1,1) € A and thus [ ,_, Pr[A|m' € H] = 0.
For any ¢ > 1/2, we have that [ . , Pr[C|m' € H] > Prlz € [1 —¢,1/2)] = ¢—1/2 > 0 and

thus the deniability constraint fails, which is a contradiction. W

A.2 Subversion with non-iid priors

In this section we extend the construction of Theorem 2] to the case of non-iid priors for z and
y. Consider first the case where x and y are distributed independently but not identically. Let
F, be the CDF of x and Fj, the CDF of y. Notice that Lemma (1] applies and so we can restrict
attention to the test case depicted in Figure [4, where R is empty, A = L and so C =U. If F,
first order stochastically dominates Fy, then the transformation to quantiles employed in Section
[2.3] yields a new game with A D £, C C U and R empty. Applying the subset lemma again, it
suffices to consider the case A = £ and C = U. Since quantiles are uniformly distributed, we
can now employ the same conversation depicted in Figure [4, using the quantiles instead of the
random variables x and y at every stage. The same conversation will be subversive for every

configuration of preferences of the generalized model. We have the following result.

Proposition 3. If x and y are independently distributed with CDFs F, and F,, where F, first
order stochastically dominates F,,, then the four round conversation of Figure|4| is subversive for

all preference configurations of the generalized model.

Consider next the case where x and y may not be statistically independent. We assume « and
y admit a strictly positive joint density g(x,y) and denote by g(x|y) and g(y|x) the conditional
densities derived from this joint density. Suppose for the prior g(z,y), the conversation depicted
in Figure [ is subversive for the test case with A = £ and C = U. The following result identifies
conditions for the same conversation to be subversive when the prior is instead given by another

joint density h(x,y) and associated conditionals h(z|y) and h(y|z) .
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Proposition 4. If the conversation of Figure[] is subversive when A= L and C =U, when the
prior of x and y is given by the joint density g(z,vy), it is also subversive for every configuration

of preferences of the generalized model when the prior is given by the joint density h(x,y) that

g(ylz)
h(y[z)

satisfies (a) hzly) non-decreasing in x, for ally € [0,1], and (b) is non-decreasing in vy,

9(zly)
for all x € [0,1].

The conditions above say that h assigns higher weight to higher values of x and lower values
of y, relative to g, in the sense of likelihood ratios. Since x is a benefit and y is a cost, this
raises total slack[”?] We show below that under the assumed conditions, the same conversation
will be subversive in the test case where A = £ and C = U, when the prior is h. Lemma [I] will
then allow us to conclude that the same conversation is subversive for every configuration of
preferences of the generalized model.

Suppose player 1 has revealed x € {a,1 — a} for some a < 1/2 in round 1. Consider first
the case where y € (a,1 — a) and so player 2 has revealed y in round 2. We must have a < 1/2
since otherwise (a,1 — a) is empty. Note that (1 —a,y) € A and (a,y) € C. Since (DC) is

satisfied when the prior is ¢ we must have % > 1. To show that 1} will be satisfied

h(l1—a,y) g(1—a,y)
Way) = glay)

Zﬁ:g";’g > Z((ZB; Since 1 — a > a, this is implied by

when instead the prior is h, it suffices to show . Employing Bayes Rule and

rearranging, this is equivalent to showing
the first assumed condition on h.
Consider next the case where player 2 has revealed y ¢ (a,1— a) in round 2, following which
player 1 reveals the exact value of z € {a,1 — a} in round 3. We consider the case z = a,
since the case x = 1 — a is entirely analogous. Since is satisfied when the prior is g
% > 1, where G(y|z) is the CDF of y given x
under g. To show that will also be satisfied when instead h is the prior, it suffices to
ZE?ZZ‘Z):(Z) > l_gg‘f‘fa:‘;):a), where H(y|z) is the CDF of y given x under h. But this
follows if G(y|x = a) first order stochastically dominates H(y|z = a), which is implied by the

and player 2 accepts, we must have

show —

second assumed condition on h. This establishes Proposition [4

A.3 Subversion with slack

In this section we amend the gradual protocol in Theorem|[I]to construct subversive conversations
that satisfy (DC|) with slack. Since the slack is uniformly bounded away from zero along all
possible path of play, the same conversation will be subversive for perturbations of preferences

and priors in arbitrary directions. Proposition [5| covers the case ¢ < 1/2 in the baseline model.

Proposition 5. For any ¢ < %, there exists a subversive conversation such that @) has at
least e = (1/2 — ¢) /2 slack.

22The monotonicity of the likelihood ratios is not necessary for the result. The condition h(z,y) > g(z,y) iff
x > y is an alternative sufficient condition on h that dispenses with monotonicity.
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Proof. We will consider three separate cases, for ¢ < 1/4, ¢ € (1/4,3/10] and ¢ > 3/10. We
provide full details of the first and a more terse proof of the other cases.
Case 1 (¢ < 1/4). Let ¢ = i —1c. At t =1 player 1 perfectly reveals x € [mf,x{{] else says
“pass”, where the cutoffs are defined as ¥ = c+¢ and 2l = 1 —c—e. Perfectly revealing 1 is
where is most binding, but there is a ¢ measure of conflict and ¢+ ¢ measure of agreement.

At t = 2 perfectly player 2 perfectly reveals y € [yQL, yéj ] else passes, where the cutoffs are
defined as y5 = max {0,y4’ — z + 2} and y§f = 2 + c. Since 2ff =1 — ¢ — ¢, there is an
extra € worth of slack in for any value that player 2 perfectly reveals.

At t = 3, player 1 says either = € [.CCSP ,xﬂ, pooling all those states, or perfectly reveals
T € (x{{,xf], or says “pass”. Two of the cutoffs, z¥ and !/, are defined above and x§ =
max {yQL —c, 0} = max {c —¢,0}, x? =1 —cl{I§>0}. To check there is sufficient slack in ,
observe that xif — zF > ylf — yl so perfectly revealing x4 (and anything to the right of it)
entails at least an ¢ of slack in . Consider the pooling revelation [xSP , a:ﬂ To see that this
will satisfy with slack, consider first the case where a?g; =0, (le,y? <corc< %) In
this case, [1:3}3,3;%] = [0,c+ €] and player 2 will decide to accept in the case of y < y% < e
This has at most a (Lebesgue 2-dimensional) measure 3¢ of conflict zone (yellow) and at least

a (Lebesgue 2-dimensional) measure 3¢ + ¢ of agreement zone (red), so there is at least ¢ slack

1

in that final decision by player 2. In the case where :):5 > 0, we have that .TU?I)D —Cc=5C— % >

(for ¢ < 1) and so there is at least an € of “extra” agreement zone.

In the case where x3P > 0, (ie., % <c< %), the game continues with player 2 revealing
perfectly y € [0,y4) and says “pass” if the states are (y4’,1]. Player 1 then takes the appropriate
decision. Since x4/ =1 — 2’ — ¢ in this instance, is satisfied when y € [0,yL) is perfectly
revealed. Let’s now check the remaining states (yi',1] x (x4, 1], i.e., the top-right corner. In
particular, we have that x? = 1—¢, so that player 1 can simply take a decision. At x? there is
an additional 1 =yl —c=1-2c—e—c=1-3c—e>¢ (forc < %) of slack in 1) As such,
the measure of the agreement zone is at least ¢ larger than the measure of the disagreement
zone on that final decision by player 1.

Case 2 (¢ € (1/4,3/10]). At t = 1 player 1 perfectly reveals x € [mf,a:{[] else says “pass”,
where 21 = ¢+ ¢ and 2/ = % At t = 2 perfectly player 2 perfectly reveals y € [yQL ,yd ], where
yr =zt and yif = 2f +c.

At t = 3, player 1 says either x € [xgp ,a:ﬂ, pooling all those states, or perfectly reveals
T € (l’{{ ,ajgl |, or says "pass”. The right cutoff of the pooling region, :L‘IL is defined above, and
a:f; = ¢. Consider the pooling revelation [azg , :zﬂ = [e,c+¢]. The second player will accept
if y < y&. To check there is sufficient slack in following this decision, note that we
have a measure of %02 of conflict, but that the overall region has measure c¢(c + ¢), so that on
average there is ce extra slack and so is satisfied. Consider next the perfect revelation

of v € (x,xl] = (1/2,1 — 2¢]. The (DC)) is most binding at z = yif = 1 — 3¢, since the y
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cut has not removed any conflict region and has removed only agreement zone. Following this
revelation, player 2 will accept if y < y& + c. Following this decision, there is a measure ¢ of
conflict and a measure y& — ¢ = 2c + ¢ — ¢ = ¢ + ¢ of agreement, which indeed has an extra e
slack in .

If player 1 passes, in the next period player 2 perfectly reveals y if y € [0, y4) or passes if the
states are (yf ,1]. Player 1 then takes the appropriate decision. Since :céf =1-—2¢ and .CC3P =e,
there is an ¢ of slack in following a revelation of any y € [0,y4). To check (DC|) on the
remaining states (where player 1 will accept, i.e., (y!,1] x (zi,1]), note that zf =1 — 2¢ and

yf =1 — 3¢, so there is always an extra e of agreement zone for low y.

Case 3 (c € (3/10,1/2)). For t € [LitJNNlet zf = L (1+e+(-1)'c—2%) and 2} =
zf + (28 —1)e, where t. = |logy (& —1)|. The first few (zf,zf') pairs are (c+¢,1/2),
(c+e,1/2+2¢), (1/2—4¢,1/2+43¢), (1/2—Te,1/2+ 8¢), (1/2 — 16¢,1/2 4 15¢). At each ¢,

the player to speak perfectly reveals [th 2 ] or says pass, where z = z, y depending on whether

the period is odd or even. It is easy to check that this indeed satisfies with e slack.

If t. is even, player 1 at time t. + 1 will perfectly reveal remaining = values between xtLe 1=
xifl — v and :cgﬂ = xff?l + 7, where v = min {1 — yil +e— xfffl,xifl — 2 (yt +¢)}. Fol-
lowing this player 2 perfectly reveals states in [0, yi ) or says pass. In both cases, player 1 finishes
the game by taking a decision.

If t. is odd, player 2 at time t. + 1 perfectly reveals y between yi 41 = ytLe _; — 0 and
ytl;lﬂ = yg_l + J, where § = (xtLe +c— yg_l + 5) /2. At time t. + 2 player 1 perfectly reveals
T in a:tLeH = :ctLe —~ and ngr = xg + v, where v =1 — y{g +e— mgfl. Following this player
2 perfectly reveals states in [0, ytLe) or she passes. In either case, player 1 finishes the game by
taking her ideal decision. B

Proposition [5| shows that subversive conversations are robust to model perturbations, when
the conflict between the committee and the observer is small enough. To obtain the same
robustness result for larger conflicts, one needs to amend the model. This is easiest to see for
the case ¢ = 1 which has zero total slack. One approach to adding slack is to assume A contains
the set {(z,y) € S |y < x + €} for some € > 0. One can then use constructions similar to those
employed for Theorem [2| that satisfy with slack along every possible path of play. Details

are available upon request.
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