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Abstract. An organization must decide which proposals to fund. In evaluating the pro-
posals, the organization relies on those applying for funding to produce evidence about
the merits of their own proposals. When the organization can fund all proposal, evidence
production for each proposal may be interpreted as a game of Bayesian persuasion be-
tween an agent representing the proposal and the organization. When the organization
faces capacity or budget constraints limiting the number of proposals that may be im-
plemented, the game becomes one of competitive Bayesian persuasion. In this situation,
getting funding not only requires that an agent produces convincing evidence in favor
of its proposal; it requires that an agent produces more-convincing evidence than others.
When the organization has limited capacity, agents produce more (Blackwell) informative
evidence than they do in the unconstrained case. In a two agent model, we fully charac-
terize the unique equilibrium under unlimited and limited capacity, and show that unless
the prior strongly favors accepting both proposals, the funding organization is better off
when its capacity is limited. The analysis highlights similarities between strategic infor-
mation provision in the competitive Bayesian persuasion game, and bidding in all-pay
auctions and General Lotto games.
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1. Introduction

We model the allocation of funding by an organization: an institution funding research
or community improvement grants, a legislature allocating scarce resources across ear-
mark requests or government programs, or a firm deciding which R&D projects to pur-
sue, which new products to bring to market, or which divisions to continue funding
during downsizing. Each proposed project is supported by a separate agent, who can
produce evidence of his proposal’s merits. For example, grant applicants conduct pilot
studies, interest groups poll constituents about their support for a given project, and
project managers conduct product testing and market studies for a prototype. The orga-
nization prefers to support only good projects, but each agents wants funding regardless
of his proposal’s merits.

Within this environment, we consider the impact of organizational resource con-
straints. In a model of two proposals, we compare outcomes when the organization
is unconstrained and can implement both proposals with outcomes when the organiza-
tion faces a capacity constraint which restricts the organization to implement at most
one proposal. Naive intuition suggests that an unconstrained organization should be
better off compared to an organization that lacks the resources to fund all proposals.
However, this may not be the case when information is endogenous, determined by the
evidence production strategies of the agents seeking funding. When the agents choose
the process by which evidence is generated, their choice depends on the organization’s
capacity constraints. We show that a capacity constraint acts as a commitment device
for the organization, which leads agents to produce more informative evidence about
the merits of their proposals as they compete for limited resources. This increase in ev-
idence quality allows the organization to more accurately identify worthwhile projects,
but it prevents the organization from supporting both projects, even if it believes both
are deserving. The informational benefits can dominate the costs, leaving the organiza-
tion better off. Notably, this effect can arise even if the organization initially believes that
it would benefit by funding both projects.

We model evidence production by the agents as a form of Bayesian persuasion (Ka-
menica and Gentzkow 2011). Agents have no private information, and each agent’s
evidence production process is modeled as the design of a signal: a random variable
jointly distributed with the true quality of a proposal. Our analysis of competitive infor-
mation provision is quite general, as it does not restrict the parametric class of the agents’
signals. The evidence generated and observed by the funding organization corresponds
to a public realization of the signals designed by the agents.

Our analysis brings to light an interesting connection between Bayesian persuasion
games and both all-pay auctions and “General Lotto” games (Hart 2008). We show that
the normal form representation of the competitive Bayesian persuasion game is closely
related to the normal form of a full-information all-pay auction with a reserve price
and restrictions on bid distributions, features that are also shared with General Lotto
games. After drawing this connection between the relevant literatures, we solve for the
unique equilibrium of the competitive Bayesian persuasion game, studying the effect
of a capacity limit on information quality and the organization’s payoffs. In addition,
we examine how information provision is affected by asymmetries in the organization’s
prior beliefs about the projects.
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The funding organization prefers that the agents choose fully informative signals,
eliminating all mistakes from its funding decision. The agents, however, prefer signals
that maximize the probability that their project receives funding. This conflict of interest
undermines information provision. In particular, if the organization can fund both pro-
posals, then agents never select fully informative signals; in fact, the equilibrium signals
never benefit the organization. Because each agent only seeks to maximize the proba-
bility that his project is approved, if the organization is willing to fund his project given
the prior belief, then he produces no evidence, and if the prior is initially unfavorable,
then he generates evidence that is just strong enough to overturn the prior if good news
is revealed. Any evidence produced by the agents in equilibrium either confirms the
priors or leaves the organization indifferent between implementing and not implement-
ing the agent’s proposal. In contrast, when resources are limited, agents not only need
to convince the organization that their proposal is worthwhile, they must also convince
the organization that their proposal is more deserving than the alternative proposal. If
agent one uses a signal that is uninformative or leaves the organization indifferent (as
in the case without a resource constraint), then agent two benefits by designing a more
informative signal, which sometimes leaves the organization with a strict preference for
his project. Thus, with competition, equilibrium signals are more informative and more
valuable to the organization.

Even though information production is costless, the agents do not necessarily respond
to competition by producing fully informative evidence. To see why, suppose that agent
one is expected to produce fully informative evidence, but project one is unlikely to be
high quality under the prior. In this case, agent two may prefer a signal that rarely (or
never) reveals sufficiently bad news that the organization views his project unfavorably,
anticipating that project one will be (very likely) revealed bad and project two will be
implemented. Thus, an agent’s incentive to fully reveal the quality of his project depends
on the expected quality of his opponent’s project under the prior. In equilibrium, agents
supply fully informative evidence only if the prior belief about both proposals is suffi-
ciently high. More generally, in equilibrium, the informativeness of an agent’s evidence
is weakly increasing in the prior belief about the quality of his competitor’s proposal.
Notably, the organization’s payoff may stay the same, despite an increase in the prior
belief about the quality of an agent’s proposal. In some cases, an increase in the prior
belief about one proposal does not evoke a response from the competing agent, allowing
the agent whose project looks better under the prior to adjust his signal in a way that
increases the probability of acceptance, without increasing the organization’s payoff.

A capacity constraint induces competition between the agents, who respond by pro-
viding more informative evidence (in the sense of Blackwell) than in the absence of
competitive incentives. But, a capacity constraint also has a countervailing effect on
the organization’s payoffs, since it means that the organization can only implement one
proposal, even in situations where it believes both proposals are worthwhile. Thus, a
capacity constraint imposes a tradeoff: it ties the organization’s hands, committing it to
accept only one project even when it would like to implement multiple projects, but it
also induces the agents to produce more informative evidence, improving the expected
quality of any project that it does implement. If both projects have a sufficiently high
probability of being good, ex ante, then the costs of limited capacity dominate and the
organization is better off when it can implement all proposals. For all other cases, the
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information benefits of limited capacity dominate, and the organization is better off with
limited capacity.

These results have implications for a number of settings. First, a philanthropist may
prefer to endow his foundation with limited funds in order to ensure the more-careful
allocation of this funding across projects or grant applications. Even if the philanthropist
can easily afford to endow the foundation with enough funding to pursue all beneficial
projects, doing so may not be worthwhile. This has implications for the most effective al-
location of charitable donations, highlighting a benefit of “underfunded” organizations.
Second, voters may be better off when legislatures and bureaucracies are underfunded,
as limited resources lead to more-persuasive lobbying, more-informed decision making,
and the more-efficient allocation of resources. Our results highlight an unrecognized
benefit of potentially underfunded budgets or limited capacity in governments and bu-
reaucracies. Third, these results extend to the allocation of resources within firms. An
executive who faces resource or budget constraints may become more informed and
choose resource allocations that waste fewer resources than a similar executive who
does not face such constraints. This suggests a potential benefit to corporate boards
or central management of limiting resources available to decision makers within their
organization, of restricting the number of new products they are willing to bring to mar-
ket, or of otherwise limiting the number of projects which may be pursued within their
firm. Our results highlight previously unrecognized benefits of capacity constraints and
underfunding within organizations.

Section 2 surveys relevant literature. Section 3 presents the model and some pre-
liminary analysis. Section 4 presents results for the unlimited capacity case. Section 5
presents results for the limited capacity case. Section 6 discusses the tradeoff inherent in
limited capacity. Section 7 summarizes and presents some conclusions.

2. Literature

A handful of recent papers consider project review and selection in a principal-agent
framework. Unlike our analysis, which focuses on the production of public informa-
tion, this literature is primarily concerned with incentives for agents to truthfully reveal
private information about project attributes. Che, Dessein and Kartik (2013), consider
strategic communication of project attributes by an informed agent who shares the prin-
cipal’s preferences over potential projects but is biased with respect to the principal’s
outside option. Meanwhile Armstrong and Vickers (2010) and Dessein (2002) consider
project selection in a delegation framework, whereby the principal allows a privately
informed agent to choose a project, subject to certain restrictions or rules imposed by
the principal. Bar and Gordon (2014) and Mylovanov and Zapechelnyuk (2013) con-
sider the design of optimal mechanisms–employing either message contingent transfers
or imposing costs on agents ex post—to elicit information about privately known project
attributes. Lewis and Sappington (1997) consider a mechanism design problem in which
the agent must be motivated both to acquire private information and to communicate it
truthfully. Relative to these papers, we weaken the principal’s commitment power: the
principal (the organization in our framework) cannot commit to either a project selec-
tion rule or to transfers. Instead, we consider the commitment power generated by a
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limited capacity to approve projects. From the organization’s perspective, this form of
commitment power is weaker, but it is also easier to credibly implement.1

In its focus on the generation of public information, our paper is related to a recent
strand of literature on evidence production and persuasion. Brocas and Carrillo (2007),
consider a dynamic model of persuasion in which an agent can allow the realization of
a public signal about an unknown state or can terminate the flow of information in each
period, triggering the principal to select an action. The authors characterize situations in
which the agent benefits from this type of information control. Where Brocas and Car-
rillo (2007) assume a single agent, Brocas, Carrillo and Palfrey (2012) and Gul and Pe-
sendorfer (2012) focus on adversarial evidence production, considering multiple agents
with opposing preferences over a single policy or action. In this strand of literature,
agents produce evidence by drawing (public) realizations from a known signal struc-
ture, choosing when to terminate the information generation process; however, agents
do not have direct control over the design of the signal.2 This aspect is incorporated by
Kamenica and Gentzkow (2011) who consider a general “Bayesian persuasion” frame-
work with a single sender and receiver. The sender can design a signal whose realization
is publicly observed. The receiver (whose preferences may differ from the sender’s) ob-
serves the signal and its realization before selecting an action. With unlimited capacity,
our framework reduces to two copies of the single agent game, and we highlight the
conflict of interest identified by Kamenica and Gentzkow (2011), demonstrating that in-
formation generated by the agent is worthless to the principal.3 Our main contribution,
however, is to analyze the case of limited capacity, which induces competition between
agents and incentivizes more informative evidence production.

A number of recent papers build on Kamenica and Gentzkow (2011). Only a handful
of these papers consider competition between agents in a Bayesian persuasion environ-
ment. Boleslavsky and Cotton (2015) develop a Bayesian persuasion model of school
competition in which schools simultaneously invest in developing graduate ability, and
control how information about graduate ability is revealed to employers by designing
grading policies. In a paper developed independently and concurrently with our current

1In the standard justification for full commitment power, it is generated through costs that are imposed
on the principal ex post if she deviates from the promised outcome under the mechanism. Such costs can
be imposed in various ways, for example, through the legal system, through future actions by the agent
in a repeated game, or by an outside “watchdog” or regulator. However, it is generally impossible for
the agent to verify ex ante that these costs will be paid by the principal if she deviates. For example, if
there is a chance that the legal system or outside watchdog may be imperfect or corrupted, commitment
power becomes more difficult to sustain. Similarly, if there is a high probability that the principal will
be replaced (or otherwise not bear the future cost in a repeated game), then commitment based repeated
interaction is difficult to sustain. In contrast, the organization’s capacity to accept projects can be verified
ex ante. For example, if the agents are able to verify the organization’s budget, then they can determine
ex ante whether or not capacity is limited. Similarly, by observing the bureaucratic hurdles involved in
project approval, the agents may verify ahead of time whether or not approving both projects is feasible.

2Austen-Smith and Wright (1992) apply a related model to analyze informational lobbying. Cotton and
Dellis (forthcoming) consider a setting in which both interest groups and a policymaker may pay costs to
produce public information before the policymaker chooses which policy to implement. They show that
interest groups representing less efficient policies may choose to collect evidence, and that this evidence
collection may decrease the incentives for information collection regarding the more-efficient policy.

3Kolotilin et al. (2015) considers a Bayesian persuasion model in which the principal is privately
informed.
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paper, Gentzkow and Kamenica (forthcoming) consider persuasion by multiple agents
who can each produce evidence about the same underlying state in order to influence a
decision by the principal.4 In our framework each agent produces information about an
independent dimension of the state of the world (their own proposal’s quality), while the
assumptions of Gentzkow and Kamenica (forthcoming) require that agents produce evi-
dence about all dimensions (the quality of all proposals). This assumption is significant
both for the interpretation of the model and the results. For example, in Gentzkow and
Kamenica (forthcoming), if one agent sends a signal that perfectly reveals the state of
the world, all other agents are indifferent over all possible signals, and a fully-revealing
signal is a best response. Hence, any profile of signals in which at least two agents send a
signal that fully reveals the underlying state constitutes an equilibrium. In our analysis,
agents reveal information about their own proposals, not all proposals under consider-
ation. Thus, our analysis does not exhibit the strong incentives that arise in Gentzkow
and Kamenica (forthcoming), and our results are less extreme. Gentzkow and Kamenica
(forthcoming)’s assumption that all agents provide information about a single state is
most appropriate for settings such as a criminal trial, in which the court is interested
in determining the guilt or innocence of a defendant, and both prosecutor and defence
attorney reveal public information about this state. In contrast our analysis is best suited
to situations of project selection or review in which agents typically supply information
only about their own proposals. Our framework also allows us to naturally consider ca-
pacity constraints limiting the number of proposals our organization is able to accept. In
a new working paper, Gentzkow and Kamenica (2016a) build upon their own previous
work and our paper to consider information provided by multiple agents in an envi-
ronment where the agents cannot necessarily reveal information about the entire state.
They too show that competition between agents may increase information revelation.

Our contribution is also related to the literature on disclosure of verifiable information.
The bulk of the literature focuses on the incentives to truthfully disclose or withhold in-
formation that has already been uncovered (Milgrom 1981, Milgrom and Roberts 1986,
Bull and Watson 2004). Cotton (2009, 2016) present a model in which agents compete
for the ability to disclose information, which is different than the current paper where
the agents compete by choosing the quality of information to be disclosed. Henry (2009)
considers the impact that mandatory research disclosure rules have on an agent’s deci-
sion to acquire evidence, and Che and Kartik (2009) consider how differences of opinion
between decision makers and agents affect the agents’ incentives to acquire and transmit
evidence. Because we focus on evidence that cannot be withheld, these considerations
are absent from our analysis.5

There is also a growing literature on incentives for information sharing and rules or
mechanisms intended to reduce the costs of or otherwise facilitate greater information
sharing within or across organizations. Much of this literature considers information
disclosure between competitive firms (Gal-or 1986), or in financial markets (e.g. Pagano
and Jappelli 1993, Healy and Palepu 2001, Hirshleifer and Teoh 2003). Darrough and

4Their central insight is that no agent can design a signal that reduces the information available to the
principal. Thus, an outcome is an equilibrium if no agent can benefit by supplying a more-informative
signal to the principal.

5Gentzkow and Kamenica (2016b) identify conditions under which a forced disclosure requirement
does not change the set of equilibrium outcomes of a persuasion game with endogenous information.
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Stoughton (1990) show that a greater degree of competition between firms can lead
them to share more information with each other. Carlin, Davies and Iannaccone (2012)
develop a model of competitive disclosure in a financial market and show that competi-
tion between agents may decrease incentives for agents to disclose evidence. Our paper
focuses on the production of public evidence, rather than disclosure decisions. More
closely related is a new working paper by Boleslavsky, Carlin and Cotton (2016) who
use a binary-signal version of the competitive information production framework we
develop in the current paper to consider the exaggeration of financial reports by firms
competing for funding, and to show that investors may have an incentive to allow such
exaggeration even if they could easily stop it.

We discuss the relationship between our paper and the literature on all-pay auctions
and General Lotto games in Section 5.

3. Model

We model the interaction between a funding organization, and two agents who each
have a proposal they would like the organization to fund. Before the organization de-
cides which, if any, of the proposals to fund, the agents can produce evidence about the
quality of their own proposal. We follow the Bayesian persuasion literature and model
the production of evidence as a general signal design problem, where each agent de-
signs a signal Si, which will produces a public realization that will be observed by the
organization before it allocates funding. We place no restrictions on the parametric class
of signal, allowing for a very general selection of evidence production strategies.

Formally, the funding organization chooses whether or not to provide funding for
each of two proposals, i ∈ {H, L}. Each proposal can be either “good” or “bad.” De-
note proposal i’s type by τi ∈ {g, b}. Let γi represent the common prior for both the
organization and the agents about proposal i’s quality: γi = Pr(τi = g). Without loss of
generality, assume γH ≥ γL. Thus, proposal H has more promise ex ante.

The organization prefers to fund good proposals and to not fund bad proposals,
although there is initial uncertainty about each proposal’s type.6 Its total payoff is
Uorg = uH + uL, where

ui =

 1− θ if proposal i is funded and τi = g
−θ if proposal i is funded and τi = b
0 if proposal i is not funded.

Funding a good proposal increases the organization’s payoff by 1− θ and funding a bad
proposal reduces the organization’s payoff by θ. Parameter θ ∈ (0, 1) represents the
organization’s tradeoff between Type I and Type II errors in its decision.7

The organization’s decision directly determines the payoffs of the two agents, each of
whom is affiliated with a separate proposal. Agent i receives payoff 1 whenever proposal

6We also use “accept” and ‘reject” as synonyms for “fund” and “not fund.”
7If it rejects a good proposal, the organization’s payoff is zero instead of 1− θ (Type I error), and if it

accepts a bad proposal, the organization’s payoff is −θ instead of zero (Type II error). Provided that the
payoff of rejecting is zero, this payoff specification is equivalent to any other payoff structure in which
the organization benefits from accepting good proposals and is hurt by accepting bad proposals. If the
organization’s payoff from accepting a good proposal is v > 0 while the payoff of accepting a bad proposal
is −c < 0, then dividing both payoffs by v + c gives the specification defined in the text.
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i is funded and 0 whenever i is not funded, regardless of whether the organization
accepts or reject the other agent’s proposal. There is no private information; agents are
unable to withhold any information, even ex ante information, from the organization,
and therefore the organization and agents share an identical prior over the type of each
proposal.8

In the first stage of the game, each agent simultaneously and independently generates
evidence about the quality of his own proposal. The agent’s evidence is a publicly
observable realization of a random variable Si that is jointly distributed with the quality
of proposal i. Signal Si represents the process by which evidence is generated, and this
signal is designed by agent i. We represent signal Si as a pair of conditional random
variables (Sg

i , Sb
i ). If τi = g, then random variable Sg

i is realized; if τi = b, then random
variable Sb

i is realized. We focus on univariate random variables (Sg
i , Sb

i ) which may have
mass points; except at mass points, (Sg

i , Sb
i ) admit continuous densities ( f g

i (·), f b
i (·))

supported on sets (Σg
i , Σb

i ), which can be represented as a countable union of intervals.
We assume that the realizations in the support of Si, Σi ≡ Σg

i ∪ Σb
i , are ordered in such

a way that the likelihood ratio f b
i (·)/ f g

i (·) is monotone decreasing; thus a higher signal
realization is good news about proposal quality. We also assume that with the exception
of mass points, the likelihood ratio is differentiable in the interior of Σi. Signals with
these properties are “valid” for our analysis.

In the second stage of the game, the organization evaluates each proposal. It observes
both the design of each agent’s signal and the realization of each signal, updating its
beliefs about the quality of each proposal according to Bayes’ Rule. In this way, both
the process by which evidence is generated (the signal) and the evidence uncovered (the
signal realization) play a role in the organization’s evaluation of each proposal. The or-
ganization then chooses which proposal(s), if any, to accept. Its ability to fund proposals
may be either limited or unlimited. If capacity is unlimited, the organization can fund
neither, either or both proposals as it sees fit. In this case no link exists between pro-
posals; the decision to fund each proposal is made independently. Alternatively, when
capacity is limited, the organization can accept at most one proposal. This limitation may
arise for a variety of reasons: the organization may be constrained by limited budgets
or limited time, it may also be constrained by procedural or bureaucratic hurdles that
require considerable effort to overcome. When capacity is limited, a decision to accept
one proposal eliminates the possibility of accepting the other proposal. In this case,
acceptance decisions cannot be made in isolation; the signals and realizations for both
proposals influence the organization’s decisions. The organization’s capacity constraint
(if one exists) is common knowledge.

We solve for the complete set of Perfect Bayesian Equilibria of this game under the
limited and unlimited capacity systems. In the first stage, agents simultaneously choose
their evidence strategy: signals (SH, SL). Once both agents choose their signals, both the
signals and their realizations (sH, sL) are observed by the organization. In the second

8We abstract from collective decision making problems that may arise within the organization. We
assume that the organization’s decision making power is held by a single individual whose preferences
are completely aligned with the organization as a whole. We also abstract from asymmetry in the size of
the proposal, essentially assuming that each proposal requires the same commitment of resources from
the funding organization.
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stage, the organization updates its beliefs about the quality of each proposal and decides
which proposals to fund, subject to any capacity constraint.

Bayesian Persuasion Representation of Signals. We present a representation of signals
that considerably simplifies the analysis; this representation follows the approach of
Kamenica and Gentzkow (2011). The organization’s acceptance decisions in stage two
are determined by its posterior beliefs about the quality of each proposal. These beliefs
are generated from Bayes’ Rule and depend on both the signal, Si, supplied by the
agent, and its realization, si. The organization’s belief can thus be written as a function
of the signal realization, φi(si) ≡ Pr(τi = g|Si = si), where the function φi(·) itself is
determined by the agent’s chosen signal Si ≡ ( f g

i (·), f b
i (·)) and the prior.9 Once the

signal has been designed (the investigative process has been determined) but before the
signal is realized (the evidence has been generated) the organization’s posterior belief is
a random variable: Γi ≡ φi(Si) = Pr(τi = g|Si). This posterior belief random variable
summarizes the informational content of signal Si: any signals generating the same
posterior belief random variable are payoff equivalent for all players.

A posterior belief random variable generated by a valid signal must have certain prop-
erties. First, because it’s realization represents a probability, the support of Γi is a subset
of the unit interval. Under the conditions we impose on signals, Γi is supported on a
set of mass points and outside the set of mass points possesses a continuous density
supported on a countable union of intervals; that is, Γi is itself valid. Second, the Law
of Iterated Expectations implies that the expected value of the posterior belief random
variable is equal to the prior: E[Γi] = γi. Following Kamenica and Gentzkow (2011)
we refer to a random variable with these properties as Bayes-Plausible. The following
lemma establishes that a Bayes-Plausible random variable is the posterior belief random
variable generated by a valid signal.10

Lemma 1. If random variable Γi is Bayes-Plausible, then there exists a valid signal Si for which
the posterior belief random variable is Γi.

Lemma 1 establishes a correspondence between valid signals and Bayes-Plausible pos-
terior belief random variables. As described above, a valid signal generates a posterior
belief random variable that is Bayes-Plausible. The lemma shows that the reverse rela-
tionship also holds: provided a valid random variable is Bayes-Plausible, a signal exists
(in fact, many) for which it is the posterior belief random variable. Therefore, we focus
our analysis on an agent’s choice of Bayes-Plausible posterior belief random variable Γi,
rather than signal (Sg

i , Sb
i ). In the rest of the paper, we refer to choice of posterior belief

random variable as an “evidence strategy” or “signal,” although it could be generated
by a large set of signals (all of which are payoff equivalent).

9In particular, φi(si) = γ f g
i (si)/(γ f g

i (si) + (1− γ) f b
i (si)).

10In Kamenica and Gentzkow (2011), the set of possible signal realizations is finite, and hence, the
set of possible realizations of the posterior belief is also finite. In our analysis, if capacity is unlimited,
then allowing for a continuum of possible signal realizations is not an important extension, because the
equilibrium signals have a finite number of realizations. However, in the case of limited capacity the
equilibrium posterior belief random variables have support on an interval for some parameters. In these
cases, if the number of possible realizations were constrained to be finite, then in equilibrium would the
agents would also mixing over signal structures, “approximating” the continuous support of the posterior
belief.
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Lemma 1 also reveals the fundamental tradeoff inherent in the agent’s signal design
problem. When the realized value of the posterior belief is high, an agent’s proposal
“looks good” to the organization. Therefore, the agent would like to increase the mass
on high realizations of the posterior, so that his proposal looks good to the organization
more often. However, in order to be consistent with the Law of Iterated Expectations
(and Bayesian Rationality), any probability mass on high realizations of the posterior
must be offset by probability mass on low realizations of the posterior, imposing a trade-
off on the agent.

Two extreme evidence strategies are always available to an agent. A fully revealing
evidence strategy resolves all uncertainty about proposal quality, generating a Bernoulli
posterior belief random variable: Pr(Γi = 1) = γi and Pr(Γi = 0) = 1− γi. A fully
revealing strategy by the agents is optimal for the organization, as it learns a proposal’s
true quality before making an acceptance decision. An uninformative evidence strategy
conveys no information to the organization about a proposal’s quality, generating a de-
generate posterior belief random variable in which all mass is concentrated on the prior:
Pr(Γi = γi) = 1.

Signal Informativeness. When we refer to signal informativeness throughout the paper,
we are referring to the informativeness criterion developed by ?. This is a value-based
criterion for informativeness: signal SA is more informative than SB if any decision-
maker, regardless of her preferences, achieves a weakly higher payoff when she observes
SA than when she observes SB. This ranking of signal informativeness is equivalent to a
ranking of the posterior belief random variables by second order stochastic dominance.
In particular, consider two signals SA and SB, and the associated posterior belief ran-
dom variables ΓA and ΓB. Signal SA is more informative than signal SB if and only if
ΓA second order stochastic dominates ΓB.11 To understand this intuitively, recall that
E[ΓA] = E[ΓB] = γ, where γ is the prior belief that the proposal is good. Because ΓA
is more “spread out” than ΓB, it is more likely to generate a posterior belief realization
that is far from its mean, which is itself the prior belief, γ. Thus, signal SA is more likely
than signal SB to have a large effect on the posterior belief.

An Example. Although in our analysis the agents are allowed to design their signals
in a general way, we further illustrate the connection between the signal structure and
the posterior belief random variable using a simple parametric example. Suppose that
the prior belief Pr(τ = g) = 1/2, and consider the following family of signals (Sg, Sb),
whose densities ( f g(·), f b(·)) have support [0, 1] and are parametrized by a ≥ 0:

f g(s) = (a + 1)sa f b(s) = (a + 1)(1− s)a.

Note that the likelihood ratio f b(s)/ f g(s) is decreasing in s—larger realizations are good
news about project quality. If a = 0, then f g(s) = f b(s): regardless of whether the
underlying project is good or bad, the distribution of the signal is identical. Hence, the
signal is uninformative. An increase in a generates a first order dominance increase
in fg(s), and a first order dominance decrease in fb(s). That is, as a grows, the signal
realization is more likely to be large when the project is good and small when the project

11See, for example, Ganuza and Penalva (2010) and Chi (2014), who also link disperion of the posterior
belief to Blackwell informativeness in more general environments.
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is bad. It is possible to show that when the prior is 1/2, this signal generates a posterior
belief random variable Γ supported on the unit interval, with the following density
g(s):12

g(s) =
( a + 1

2a

) [x(1− x)]
1
a−1

[x
1
a + (1− x)

1
a ]2+a

.

For a = 1, the posterior belief is distributed uniformly on the unit interval. For values
of a > 1 the density of the posterior belief has a U-shape, and increases in a generate a
mean-preserving shift in mass away from realizations in the middle of the interval (near
the prior, 1/2) toward realizations near zero and one, generating an increase in signal
informativeness. For values of a < 1 the density of the posterior belief is an inverted-U-
shape, and reductions in a generate a shift in mass away from realizations near zero and
one toward realizations near the prior, reducing informativeness.

Organization’s Funding Decision. Suppose that in stage two the organization believes
that proposal i is good with probability γ̂i. If it funds proposal i then its expected payoff
is equal to γ̂i(1 − θ) − (1 − γ̂i)θ = γ̂i − θ. With unlimited capacity, the organization
compares the expected payoff of funding with its payoff of rejecting and receiving zero.
Therefore with unlimited capacity, the organization strictly prefers to accept whenever
γ̂i > θ and is indifferent when γ̂i = θ. It is straightforward to show that it is without loss
of generality to assume that the organization accepts if it is indifferent.13 Next, consider
limited capacity. The organization’s payoff of accepting proposal i is increasing in γ̂i;
thus it will prefer to accept the proposal that it believes is more likely to be high quality,
provided that its belief that the proposal is high quality is no less than θ. If its belief
about the quality of both proposals is the same and no less than θ we assume that it ran-
domizes fairly between them. We show that this can happen in equilibrium only when
the organization is sure that both proposals are high quality, γ̂L = γ̂H = 1. Furthermore,
as in the case of unlimited capacity, it is not difficult to show that it is without loss of
generality to assume that the organization accepts whenever it is indifferent between
accepting and rejecting the best proposal.14

Connections to all-pay auctions and Lotto games. In the competitive persuasion game
with limited capacity, agents compete through the design of random variables. This is
similar to full-information all-pay auctions in which bidders choose random variables to

12Given prior 1/2, the density of the signal realization is f (s) = 1
2 f g(s) + 1

2 f b(s) = a+1
2 (sa + (1− s)a).

Each realization s ∈ [0, 1] generates a Bayesian update φ(s), where φ(s) = 1
2 f g(s)/( 1

2 f g(s) + 1
2 f b(s)) =

(sa)/(sa + (1− s)a). It follows that random variable Γ ≡ φ(S) is supported in the unit interval and has

density g(s), where g(s) = f (φ−1(s)) dφ−1

ds , which simplifies to the expression in the text.
13In an equilibrium in which neither agent’s strategy has a mass point on θ, changes in the organiza-

tion’s acceptance decision when it is indifferent have no effect on all players’ payoffs, and hence, assuming
that the organization accepts if indifferent does not affect the equilibrium. Lemma 5 (in the Appendix)
shows that in any equilibrium in which an agent’s strategy has a mass point on θ, the organization accepts
with probability 1 when indifferent.

14In an equilibrium in which Pr(max{Γi, Γj} = θ) = 0, changes in the organization’s acceptance deci-
sion when it is indifferent have no effect on all players’ payoffs, and hence, assuming that the organization
accepts if indifferent does not affect the equilibrium. Lemma 6 (in the Appendix) shows that in any equi-
librium in which Pr(max{ΓL, ΓH} = θ) > 0, the organization accepts with probability 1 when indifferent.
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represent bid distributions, or mixed strategies. It is also similar to the competition in
continuous General Lotto games, where players choose random variables representing the
distribution of limited resources across many “battlefields.”15 The similarities between
all-pay auctions and Lotto games is well established (e.g. Sahuguet and Persico 2006,
Dziubiński 2013, Hart 2016). We show how these similarities also extend to competitive
Bayesian persuasion games.

In equilibrium of a standard full-information all-pay auction (e.g. Baye, Kovenock and
de Vries 1996), agents choose mixed strategies, represented by random variables de-
scribing each agent’s mixing distribution over different bids. There are a number of
important differences between the normal form representation of our framework and
and the standard all-pay auction. First, in our framework, the agent’s strategy Γi rep-
resents the distribution of posterior beliefs generated by his signal. Bayesian rationality
therefore requires that the expected value of an agent’s strategy equal the prior belief
about that agent’s proposal.16 The normal form representation of an all-pay auction
with a constraint on the mean bid is the same as the normal form representation of a
continuous Lotto game, where the mean bid is reinterpreted as the average allocation of
resources across each battlefield (Hart 2016).17

Second, in our framework, priors about each proposal quality can be different, and
therefore agents face different constraints on their posterior belief random variables.
This is similar to players having different levels of resources in the Lotto environment
(e.g. Sahuguet and Persico 2006, Dziubiński 2013). Third, because realizations represent
probabilities, the random variable is constrained to have a maximum possible realization
no greater than γ̂i = 1. Such bid caps have been incorporated into all-pay auctions (e.g.
Che and Gale 1998), and the Lotto environment (Hart 2016).18 Fourth, in our framework
winning the prize not only requires a player to have a higher bid than the other player, he
must also have a high-enough bid realization that the organization believes it is worth-
while to award the prize. The organization’s decision problem imposes a minimum
realization that is required for a proposal to be accepted, equivalent to a reservation
price. This can be interpreted as a reserve price in an all-pay auction, something that has
not previously been incorporated into the Lotto games.19

15Hart (2008) first develops a discrete General Lotto game, showing how it is a reinterpretation of a
Colonal Blotto game in which the combatants choose random variables representing the distribution of
resources.

16In the all-pay auction setting, this constraint forces each bidder to adhere to a (potentially different)
budget constraint that holds in expectation only. While in the all pay auction agent i chooses best response
Bi to maximize vPr(Bi > Bj) +

1
2 vPr(Bi = Bj) − E[Bi], in our game player i’s best response maximizes

Pr(Γi > Γj) +
1
2 Pr(Γi = Γj) subject to E[Γi] = γi.

17See also Conitzer and Wagman (2011) who solve an all-pay auction with a constraint on the mean bid.
18Hart refers to the Lotto game with a cap as a Captain Lotto game.
19In the General Lotto framework, the reserve price may be seen as a way to endogenize a strategic

trade off between the size and strength of resources. Shifting random variable mass to low realizations
that have no direct benefit will decrease the quantity of resources that are allocated towards potentially
beneficial battlefields, while at the same time increasing the average quality of these resources.
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4. Unlimited Capacity

With unlimited capacity the organization funds a proposal whenever the posterior
belief that the proposal is good is no less than θ. Anticipating the organization’s fund-
ing strategy, each agent chooses random variable Γi to maximize Pr (Γi ≥ θ) subject to
E [Γi] = γi and Pr (0 ≤ Γi ≤ 1) = 1.

Consider first the case in which the organization is predisposed in favor of accepting
policy i; that is, it would accept based on the prior alone, γi ≥ θ. In this case, agent
i prefers to choose a posterior belief random variable whose support is strictly above
θ. Doing so eliminates the possibility of a realization that could overturn the favorable
prior, and therefore guarantees that the organization accepts proposal i. Although the
agent is indifferent over all posterior belief distributions that place all mass on realiza-
tions greater than θ, one of these stand out as most reasonable: it would be the unique
equilibrium if there were even a very small cost of evidence production. The focal equi-
librium involves agents producing no information (i.e. Γi is completely uninformative).

Next, consider the alternative case in which the organization is predisposed against
accepting proposal i given its prior belief, γi < θ. In this case, agent i never prefers
an uninformative signal, which guarantees that proposal i is rejected. Instead, agent i
prefers a signal that can overturn the prior in the event of a favorable realization. In
this case, signals with non-zero probability mass on posterior beliefs in (θ, 1] or (0, θ)
are strictly dominated by a signal that concentrates probability mass on only two real-
izations: 0 and θ.20 Thus, when γi < θ the optimal signal requires only two realizations.
One realization reveals that the proposal is bad for certain, while the good realization
leaves the organization just indifferent between accepting and rejecting the proposal.

Lemma 2. In equilibrium under unlimited capacity
• If γi ≥ θ, then agent i chooses a signal (evidence strategy) such that always generates

a posterior belief realization above θ. On the equilibrium path, the organization funds
proposal i with probability 1. In the focal equilibrium, Γi = γi with probability 1.
• If γi < θ, then agent i chooses a signal (evidence strategy) such that

Pr(Γi = θ) =
γi

θ
and Pr(Γi = 0) = 1− γi

θ
.

On the equilibrium path, the organization funds proposal i if and only if Γi = θ. This
equilibrium is unique.

This result illustrates a conflict of interest between the organization and the agents it
relies on for the production of information. Although agents have the capacity to choose
signals which fully reveal the quality of their proposals, in equilibrium they never do
so. The organization would obtain the same expected payoff if it did not observe any
signal realization and simply acted according to the priors. These results are consistent
with those derived in Kamenica and Gentzkow (2011) who establish that this conflict of
interest is a common feature of Bayesian persuasion games with a single agent.

20Because γi < θ, some mass must be allocated below θ in order to satisfy the constraint on the mean,
E[Γi] = γi. If non-zero mass is allocated in interval (θ, 1] it can be reallocated to a mass point on θ without
reducing the agent’s payoff. This reallocation reduces the mean, allowing some of the mass assigned
below θ to be moved to the mass point on θ, increasing the agent’s payoff. A similar argument rules out
mass inside (0, θ).
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5. Limited Capacity

In the first stage of the game with limited capacity, each agent simultaneously chooses
a Bayes-Plausible posterior belief random variable Γi. Once both agents have made their
choices, realizations of each random variable (γ̂H, γ̂L) are publicly observed. The orga-
nization then funds the proposal with the highest realization (i.e. the highest posterior
beliefs about quality), as long as max{γ̂L, γ̂H} ≥ θ. It does not fund any proposal whose
realized posterior is below θ, given that such a proposal has a negative expected payoff.
It randomizes fairly if γ̂L = γ̂H ≥ θ. Given the other agent j’s posterior belief random
variable Γj, agent i’s payoff of choosing a Bayes-Plausible random variable Γj is

EUi(Γi, Γj) = Pr(Γi > Γj ∩ Γi ≥ θ) +
1
2

Pr(Γi = Γj ∩ Γi ≥ θ).

In the Appendix, we derive the equilibrium of the signal design game for all possible
(γH, γL) combinations. For generic parameters, the equilibrium is unique. Each possible
equilibrium of the game shares a similar structure. The disadvantaged player, L, chooses
a strategy that consists of some combination of the following: a mass point on zero,
uniform mixing between θ and some value γ̄ < 1, and a mass point on one. The
advantaged player, H, plays a strategy similar in structure to L, except that H may
additionally concentrate probability mass on realization γ̂H = θ (the realization that is
just persuasive enough to cause the organization to fund its proposal whenever the other
agent’s signal results in ΓL = 0).

Lemma 3. In every equilibrium, agents’ evidence strategies have the following structure:

ΓH =


0 with probability fH0
θ with probability fHθ

U[θ, γ̄] with probability fHU
1 with probability fH1

ΓL =

 0 with probability fL0
U[θ, γ̄] with probability fLU
1 with probability fL1

where γ̄ ∈ (θ, 1) depends on parameters (γH, γL). Agents put no probability mass on realizations
outside of {0, θ, 1} ∪ [θ, γ̄].

A complete characterization of the equilibrium can be found in the Appendix. Here we
describe the structure of the equilibrium in more detail. Figure 1 divides the parameter
space into six regions, each corresponding to a particular equilibrium structure. Table
1 gives more details about the structure of the unique equilibrium in each region. The
table refers to the following equations involving γ̄.

TL(γ) ≡ γ +
√

γ2 + θ2 and TR(γ) ≡ γ +
√

γ2 − θ2 (1)
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Figure 1. Equilibrium Regions

Table 1. Summary of equilibrium structure by region

Region L Strategy H Strategy γ̄

A fL0, fL1 > 0 (FI) fH0, fH1 > 0 (FI) N/A
B fL0, fL1 > 0 (FI) fHθ, fH1 > 0 N/A
C fL0, fLU, fL1 > 0 fHθ, fHU, fH1 > 0 2− TR(γH)

D fL0, fLU, fL1 > 0 fH0, fHθ, fHU, fH1 > 0 2− TL(γL)

E fL0, fLU > 0 fHθ, fHU > 0 TR(γH)

F fL0, fLU > 0 fH0, fHθ, fHU > 0 TL(γL)

All values of f not listed equal 0. (FI) denotes a fully-informative
strategy. Along the diagonal in regions A, D and F where γH = γL,
strategies are given above, except fHθ = 0, and fHz = fLz elsewhere.
TL and TR are given by Eq. (1).

The equilibrium has a number of notable features which reveal that the impact of
competition on information provision is nuanced.

First, competition through information provision incentivizes agents to supply fully-
informative signals in equilibrium only when both proposals are sufficiently likely to be
good ex ante (Region A in Figure 1). This result contrasts with competitive information
provision in settings where agents design signals about the entire state (for example,
guilt or innocence of a defendant as in Gentzkow and Kamenica (forthcoming)), where
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full information from both agents is always an equilibrium.21 To see the intuition, con-
sider a possible equilibrium in which both agents use a fully-revealing signal. Agent i
may be tempted to deviate by shifting mass from realization γ̂i = 0 up to γ̂i = θ. This
shift in mass may be beneficial: if project j is revealed to be bad, project i is more likely
to be accepted. However, in order to satisfy the mean constraint, agent i must also shift
some mass down from γ̂i = 1 to γ̂i = θ, reducing agent i’s payoff. Indeed, instead of a
tie when both projects are good (γ̂i = γ̂j = 1), this shift in mass sometimes leads to an
outright win for agent j. Note that agent i accrues the benefit of the deviation whenever
project j is revealed to be bad, and pays the cost of the deviation whenever project j is
revealed to be good. Thus, the benefit of this deviation is large and the cost is small
when prior belief γj is small. Therefore, neither agent has an incentive to deviate in this
way whenever the prior belief about both projects is large. It is also worth mentioning
that θ > 0 is a necessary condition for the existence of a fully revealing equilibrium. If
the organization is indifferent between accepting and a rejecting a bad project, then no
such equilibrium exists.

Second, in the equilibrium with competition, an increase in the prior belief about
one of the projects does not necessarily benefit the organization. This effect arises in
regions D and F, where γL is too low to generate a fully revealing equilibrium, and the
ex ante asymmetry between the proposals is also small. Here, agent L chooses a signal
structure that sometimes reveals the true state of the world, but otherwise produces
a noisy realization that leaves the organization favorable, but still uncertain about his
proposal. Compared with agent L, agent H shifts mass from posterior realization zero
onto realization θ, otherwise generating the same posterior belief distribution.22 Thus,
agent H takes advantage of a favorable prior by choosing a signal that is less likely to
inform the organization when his proposal is bad. Furthermore, the only effect of an
increase in γH (that does not cross the boundary of Regions D and F) is to increase the
mass that agent H places on realization θ.23 But because the organization receives a
payoff of zero from both realization θ and realization 0, shifting probability mass from
0 onto θ does not affect the organization’s payoff, and hence, an increase in γH does
not increase the organization’s payoff.24 In addition, agent L’s equilibrium posterior
belief random variable is the same as on the diagonal: agent L does not respond to the
introduction of small asymmetries in the prior beliefs.

21Although our analysis does not include endogenous prices, this result also contrasts with a literature
on competitive information provision in markets, where a number of papers find that competition between
two sellers induces full revelation (Damiano and Li 2007, Forand 2013, Boleslavsky, Cotton and Gurnani
2016).

22Formally, in the interior of Region D, fLU = fHU and fL1 = fH1 and fL0 > fH0 and fHθ > 0. In the
interior of Region F, fLU = fHU and fL0 > fH0 and fHθ > 0.

23Formally, in the interior of Region D and F, fL0, fLU , fHU , fL1, fH1, and γ̄ are independent of γH .
Furthermore, fH0 is decreasing in γH , while fHθ is increasing in γH .

24Note that this effect arises anywhere inside Regions D and F. As long as (2− 2θ)/(2− θ) > θ, it
is possible to find parameters for which this effect arises such that γH > θ. For such parameters, with
unlimited capacity an increase in γH would always increase the organization’s payoff.
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Third, if an increase in the prior about one project induces a response from the com-
peting agent, then then the competing agent increases the informativeness of his sig-
nal. In particular, if γj increases, the constraint on the mean of Γj (arising from Bayes-
Plausibility) is relaxed, allowing agent j to concentrate more probability mass on high
realizations of his posterior belief random variable. When this increase is significant,
competitive pressure motivates agent i to also reallocate mass onto high realizations.
However, because γi is unchanged, to satisfy his mean constraint, agent i must simul-
taneously allocate mass to lower realizations of his posterior. Thus, in response to an
increase in γj, player i shifts mass away from realizations near the prior onto realizations
close to zero and one, while preserving the mean of Γi.The reallocation of mass gener-
ates a posterior belief random variable that is second order stochastic dominated by the
original, and hence, the signal is more informative in the Blackwell sense.25

Proposition 1. In equilibrium, the Blackwell informativeness of agent i’s signal (evidence strat-

egy) is weakly increasing with γj. If γj > γ′j, then in equilibrium either Γ′i
d
= Γi or Γ′i is more

Blackwell informative than Γi.

This proposition reveals a complementarity between an agent’s signal informative-
ness and the competitive pressure that he faces: as his opponent’s proposal looks more
promising ex ante, the agent responds by supplying a more informative signal.

Equilibrium with identical priors. In the above analysis, we allow for the two agents
to differ in the priors concerning their proposal quality. Here, we provide an explicit
characterization of the equilibrium signals for the case when γi = γj = γ, which follows
from the complete characterization given in the Appendix.

Lemma 4. Suppose γH = γL = γ, and let γ̃ ≡ TL(γ). In the unique equilibrium the agents’
strategies are as follows:

(1) If γ < 1−θ2

2 , then

Γ =

{
0 with probability γ̃−2γ

θ

U[θ, γ̃] with probability 1− γ̃−2γ
θ .

(2) If (1− θ2)/2 ≤ γ ≤ 2(1− θ)/(2− θ), then

Γ =


0 with probability γ̃−2γ

θ

U[θ, 2− γ̃] with probability ( γ̃−2γ
θ )(2−γ̃−θ

θ )

1 with probability 1− ( γ̃−2γ
θ )(2−γ̃

θ ).

(3) If γ > 2(1− θ)/(2− θ), then both agents use fully revealing strategies

Γ =

{
0 with probability 1− γ
1 with probability γ.

When proposals are sufficiently promising ex ante, both agents choose fully informa-
tive signals (1). When proposals have moderate promise, both agents choose an informa-
tion collection strategy that sometimes proves the proposal is good, sometimes proves

25See Ganuza and Penalva (2010) and Chi (2014), who link disperion of the posterior belief random
variable to Blackwell informativeness in more general environments.
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the proposal is bad, and otherwise produces favorable, but less-than-certain evidence (2).
When proposals have little promise the agents stop looking for evidence that proves their
proposal is good. Rather, they choose information collection strategies that sometimes
prove that the proposal is bad, and otherwise produce favorable but less-then-certain
evidence (3).

6. The capacity tradeoff

Under limited capacity, agents compete to generate the highest posterior beliefs about
their proposals. Bayes-Plausibility requires that any probability mass on favorable belief
realizations (above the prior) is offset (in a mean preserving way) by probability mass
on unfavorable belief realizations (below the prior). Thus competition to generate higher
beliefs realizations also forces agents to choose evidence strategies which generate lower
belief realizations, spreading mass on posterior belief realizations inside the unit in-
terval. Compared with the equilibrium posterior belief distributions under unlimited
capacity, with limited capacity probability mass is shifted away from the mean, toward
zero and one. Indeed, the posterior belief random variables arising in equilibrium under
limited capacity are second order stochastic dominated by those arising under unlimited
capacity, implying that under limited capacity, signals are more Blackwell informative.

Proposition 2. In the unique equilibrium of the limited capacity game, each agent chooses a
signal (evidence strategy) which is more Blackwell informative than in the unique (for an agent
with γi < θ) or focal (for an agent with γi ≥ θ) equilibrium under unlimited capacity.

Limited capacity thus creates incentives for agents to supply more Blackwell informa-
tive signals, which benefits the organization. However, by restricting its ability to act ex
post, limited capacity also imposes a cost on the organization. Indeed, if both proposals
generate posterior belief realizations strictly greater than θ, then the organization would
strictly benefit by accepting both proposals, but under limited capacity it is constrained
to accept only one. Next, we argue that unless both proposals are sufficiently likely to
be good ex ante, the benefits dominate the costs of limited capacity.

When the organization is predisposed against both proposals, the result is immediate.
With unlimited capacity, the organization is, at best, indifferent between accepting and
rejecting, giving its payoff zero. In this case, no ex ante cost is associated with limited
capacity. At the same time, limited capacity motivates the agents to supply signals that
are more informative, and a positive probability exists that the organization will accept
one of the two proposals, leaving it with a positive expected payoff. Thus, when it is
predisposed against both proposals, the organization prefers limited capacity.

If it is predisposed against L, but in favor of H, then under unlimited capacity, the
organization always accepts proposal H and expects zero payoff from proposal L, result-
ing in expected payoff γH − θ. In the limited capacity game, if the organization is forced
to accept H and reject L, then its expected payoff will be γH − θ, identical to its payoff
in the unlimited capacity equilibrium. In the limited capacity equilibrium, however, the
organization is not constrained to always accept H and reject L. In fact, the probability
that the organization maximizes its payoff by accepting L or rejecting both proposals is
always non-zero in the limited capacity equilibrium. Its expected payoff in the limited
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capacity equilibrium therefore exceeds its payoff when it is constrained (which is iden-
tical to its unlimited capacity payoff). Thus, if the organization is predisposed against
either proposal it strictly prefers limited capacity.

We have therefore demonstrated that the organization strictly prefers the equilibrium
with limited capacity whenever γL ≤ θ, independent of γH. Because the equilibrium
changes in a continuous way as the parameters change, there also exists a region with
γL > θ in which the organization prefers limited capacity.26

Figure 2. Benefit of limited capacity

In the shaded region, the organization’s payoff is higher under
limited capacity than under unlimited capacity.

Proposition 3. If γL, γH ≤ θ, then the organization’s expected payoff always is strictly higher
under limited capacity compared to unlimited capacity. If γH > θ, then there exists a value
γ̃L ∈ (θ, γH) such that the organization’s expected payoff is strictly higher under limited capacity
for all γL < γ̃L.

In other words, the organization benefits from limited capacity, unless ex ante beliefs
in favor of both proposals are sufficiently strong. In that case, limiting capacity forces the
organization to forgo a proposals that has a high ex ante probability of being beneficial.
In all other parameter cases, including a range of cases where both proposals are ex-
pected to be worthwhile (e.g. where γL > θ), the organization is better off under limited
capacity. In these situations, the benefits associated with better information dominate
the costs of potentially forgoing a project that is worthwhile.

26Technically, discontinuities occur when crossing into region A from parameters that are not inside
region B. However, in the interior of all equilibrium regions, the equilibrium posterior belief distributions
are continuous in the parameters, so this point is irrelevant for the argument.
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7. Conclusion

We model the allocation of limited funding across proposals as a persuasion game
with limited capacity. Agents representing alternative proposals produce evidence re-
garding the merits of their proposals, in the hope of persuading a funding organization
to allocate resources to their opportunity. Not only do the agents choose whether to pro-
duce evidence, but they also choose how informative the evidence is that they collect.
That is, they design the polls, research methodology, or search for evidence about the
merits of their proposals. The funding organization prefers that the agents produce the
most informative evidence possible. Agents, however, strategically choose to produce
less informative evidence, a strategy which maximizes the probability that they receive
funding.

The paper shows how the game structure of the competitive persuasion game is sim-
ilar to that of a full information all pay auction with a reserve price and constraints on
the bidding strategy. We fully characterize the unique equilibrium of the unique equi-
librium of the competitive persuasion game, and compare the information provision to
an alternative game in which the organization can fund all projects it believes are worth-
while. The theoretical analysis show that the organization will be better informed and
can be better off when the number of proposals that it can accept is limited. When the
organization is unable to accept all proposals, the agents respond to the introduction of
competitive pressure by producing more Blackwell informative evidence. Except when
the priors strongly favor the implementation of both proposals, the organization is better
off when its capacity to fund projects is limited.

Our analysis highlights a novel benefit of capacity or funding constraints in organi-
zations. Limited capacity incentivizes the provision of more persuasive information by
those vying for funding. This leads to better informed allocation decisions by organiza-
tions. An underfunded foundation or charity will be better informed and able to more
efficiently allocate its resources across projects or individuals, compared to a founda-
tion or charity that can afford to give money to all projects or individuals its sees as
deserving. A legislature or government bureaucracy will be better informed and may
more efficiently allocate resources across earmarks, internal projects, or policy reforms
when those resources are limited. A firm manager will become better informed about
the optimal allocation of funding within her division if she faces resource constraints
than if she does not. These benefits come because capacity constraints incentivizes those
competing for the limited resources to produce evidence that is more informative about
the merits of their proposals. This can benefit the organization responsible for allocating
the funding.

Appendix

Proof to Lemma 1. As Γi is Bayes-Plausible, its generalized density p(x) can be written
as

p(x) = f (x) +
M

∑
k=1

µkδ(x−mk), (2)

where f (x) is continuous in the interior of its support, mk is a mass point of Γi, and µk
is the mass on mk, and M (possibly infinity) is the number of mass points. Define two
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new random variables, (Sb
i , Sg

i ) by their generalized densities as follows:

pg(x) =
( x

γ

)
p(x) and pb(x) =

( 1− x
1− γ

)
p(x).

Observe that the supports of (Sb
i , Sg

i ) coincide exactly with the support of Γi, which must
be inside the unit interval. If Γi is Bayes-Plausible, E[Γi] = γi and these generalized
densities integrate to one. Also observe also that the likelihood ratio for this signal
structure is equal to

pb(x)
pg(x)

=
1− x

x
γ

1− γ
,

which is decreasing and differentiable for all x in the interior of the support of Γi. Con-
sider the valid signal given by the pair (Sb

i , Sg
i ). For this signal, the posterior belief

associated with a draw of s is

γpg(s)
γpg(s) + (1− γ)pb(s)

=
γ( s

γ )p(s)

γ( s
γ )p(s) + (1− γ)( 1−s

1−γ )p(s)
= s

Thus, for this signal, the posterior belief associated with a draw of s from this signal
structure is simply s itself. Furthermore, the density of the posterior belief is therefore
equal to the density of a draw from this signal structure:

γpg(x) + (1− γ)pb(x) = p(x)

Thus, we have constructed a valid signal for which the ex ante posterior belief is Γi. Note
that other constructions are possible.

Lemma 5. In the game with unlimited capacity, if Pr(Γi = θ) > 0, then the organization accepts
with probability one when it is indifferent.

Proof. Suppose that Pr(Γi = θ) = y > 0. If the organization accepts with probability
a < 1 whenever Γi = θ, then the agent can profitably deviate. Suppose the agent uses
the same signal, except that mass point y on θ is replaced by two: (1) a mass point of
yθ/(θ + ε) on realization θ + ε and (2) a mass point of ε/(θ + ε) on realization 0, where
ε > 0 and small. After this shift of mass, call the random variable Γ′i. Note first that this
shift of mass does not change the expected value of the random variable:

E[Γ′i] = E[Γi]− yθ + (θ + ε)
yθ

θ + ε
= E[Γi],

and hence, Γ′i is Bayes-Plausible. Note second that for small ε, this shift increases the
agent’s payoff. The agent’s payoff from signal Γi is

Pr(Γi > θ) + a Pr(Γi = θ) = Pr(Γi > θ) + ay,

while the agent’s payoff from signal Γ′i is

Pr(Γ′i > θ) = Pr(Γi > θ) +
yθ

θ + ε
.

If a < 1, then for sufficiently small ε the second payoff is strictly larger than the first. �
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Derivation of equilibria under limited capacity. A strategy for agent i, is a random
variable Γi with support contained in the unit interval, and expectation γi. Let Mi
represent the set of all mass points in Γi, and m denotes an arbitrary mass point in
Mi. Let µi(m) = Pr(Γi = m) for all m ∈ Mi. The cumulative distribution function of Γi,
denoted Pi, is as follows:

Pi(x) = Fi(x) + ∑
m∈Mi

H(x−m)µi(m) (3)

where Fi(x) is a continuous and differentiable function, strictly increasing in the interior
of set Ii, a countable union of closed intervals, and it is neither increasing nor decreasing
outside of Ii; H(·) represents a right-continuous step function. The support of random
variable Γi is Ii ∪Mi ≡ S[Γi].

We first show that there is no loss of generality in focusing on equilibria in which
the organization accepts when it is indifferent between accepting and rejecting the best
project.

Lemma 6. In the game with limited capacity, if Pr(max{ΓL, ΓH} = θ) > 0, then the organiza-
tion accepts with probability one when it is indifferent.

Proof. If if Pr(max{ΓL, ΓH} = θ) > 0, then it must be that or some i ∈ {H, L}, Pr(Γi =
θ) = y > 0, and Pr(Γj < θ) = y1 ≥ 0 and Pr(Γj = θ) = y2 ≥ 0, where at least one of these
inequalities is strict. If the organization accepts with probability a < 1 whenever Γi = θ,
then the agent can profitably deviate. Suppose the agent uses the same signal, except
that mass point y on θ is replaced by two: (1) a mass point of yθ/(θ + ε) on realization
θ + ε and (2) a mass point of ε/(θ + ε) on realization 0, where ε > 0 and small. Suppose
that ε is chosen in such a way that neither Γi nor Γj has a mass point on θ + ε. After
this shift of mass, call the random variable Γ′i. Note first that this shift of mass does not
change the expected value of the random variable:

E[Γ′i] = E[Γi]− yθ + (θ + ε)
yθ

θ + ε
= E[Γi],

and hence, Γ′i is Bayes-Plausible. Note second that for small ε, this shift increases the
agent’s payoff. The agent’s payoff from signal Γi is

Pr(Γi > θ ∩ Γi > Γj) +
1
2

Pr(Γi > θ ∩ Γi = Γj)+

a Pr(Γi = θ ∩ Γi > Γj) +
a
2
(Pr(Γi = θ ∩ Γi = Γj) =

Pr(Γi > θ ∩ Γi > Γj) +
1
2

Pr(Γi > θ ∩ Γi = Γj) + ay(y1 +
y2

2
).

while the agent’s payoff from signal Γ′i is

Pr(Γi > θ ∩ Γi > Γj) +
1
2

Pr(Γi > θ ∩ Γi = Γj) +
yθ

θ + ε
Pr(Γj < θ + ε).

Note that Pr(Γj < θ + ε) ≥ y1 + y2. Hence, if a < 1, then for sufficiently small ε the
second payoff is strictly larger than the first. �
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To proceed with the analysis, let Wi(x) represent the probability proposal i is accepted
when signal Γi generates posterior belief realization x.

Wi(x) =
{

0 if x < θ

Pr(Γj < x) + 1
2 Pr(Γj = x) if x ≥ θ.

Thus, for any point x this function is given by the following expression:

Wi(x) =


0 if x < θ
Pj(x) if x ≥ θ and x ∈ Ij and x /∈ Mj
Pj(x)− 1

2 µi(x) if x ≥ θ and x ∈ Mj.
(4)

Function Pj(x) neither increases nor decreases outside of set S[Γj]. Therefore, function
Wi(x) maintains a constant value in any interval that does not intersect S[Γj].

Consider the best response of agent i to a choice of Γj by agent j. Agent i prefers
is a choice of random variable Γi with generalized density pi to solve the following
maximization:

max
pi(·)

∫ 1

0
pi(x)Wi(x)dx

s.t.
∫ 1

0
pi(x)xdx = γi and

∫ 1

0
pi(x)dx = 1 and pi(x) ≥ 0 ∀x ∈ [0, 1].

The first constraint comes from the law of iterated expectations given the ex ante distri-
bution of proposal type. Consider the Lagrangian for agent i’s maximization problem:

L =
∫ 1

0
pi(x)Wi(x)dx−λ1i

(∫ 1

0
pi(x)xdx− γi

)
−λ2i

(∫ 1

0
pi(x)dx− 1

)
+
∫ 1

0
λ3i(x)pi(x)

where a separate λ3i may apply for each x. Simplifying the expression gives

L =
∫ 1

0
pi(x)(Wi(x)− λ1i(x− γi)− λ2i + λ3i(x))dx + λ2i

The stationarity condition with respect to pi(x) requires that for all x ∈ [0, 1],

Wi(x)− λ1i(x− γi)− λ2i + λ3i(x) = 0

For any x for which pi(x) > 0, complementary slackness requires that λ3i(x) = 0. Thus,
either pi(x) = 0 or λ3i(x) = 0 is always satisfied. Hence, defining

Li(x) ≡Wi(x)− λ1i(x− γi) (5)

we find the following conditions:

x ∈ S[Γi]⇒ Li(x) = λ2i and x /∈ S[Γi]⇒ Li(x) ≤ λ2i, (6)

for some λ2i ≥ 0. To summarize, all values of x ∈ S[Γi] generate the same value of Li(x),
which is at least as large as the value of Li(x) for any x /∈ S[Γi]. Condition (6) implies
several properties of best-responses.

I. For any best response Pr(0 < Γi < θ) = 0.
Proof: Inside (0, θ), probability of winning is Wi(x) = 0, but λ1i(x − γi) is in-

creasing. Thus, no set of realizations inside (0, θ) could generate the same value of
Li(x).
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II. If Γi is a best response to Γj, then Ii is a weak subset of Ij:
Proof: Let IC

j represent the complement of set Ij. Suppose Ii ∩ IC
j is non-empty.

Because both Ii and Ij are unions of closed intervals, Ii ∩ IC
j contains an interval.

On IC
j , the only support of Γj is a finite set of mass points. Hence, there exists a

subinterval in Ii ∩ IC
j that does not intersect S[Γj]. For x on this interval, however,

Wi(x) is constant, while λ1i(x − γi) is increasing, and therefore Li(x) could not be
constant for all such x.

III. If Γi is a best response to γj, and if Γj has a mass point on ρθ
j ∈ Mj, then there exists

ε such that (ρθ
j − ε, ρθ

j ) does not intersect Ii.
Proof: Because Wi(x) jumps up at ρθ

j but λ1ix does not, Li(x) jumps up at ρθ
j .

Hence, any value of x ≥ ρθ
j cannot give the same value of Li(.) as a value of x

sufficiently close to ρθ
j .

IV. If Γj does not have a mass point on 1, then player i best response Γi does not have a
mass point on 1.

Proof: If Γj does not have a mass point on 1, then Li(1− ε) > Li(1).

These properties have significant implications for the structure of possible equilibria.

(i) In no equilibrium does Γi or Γj put positive probability mass on realizations inside
(0, θ). (Consequence of I.)

(ii) In equilibrium no mass point inside [θ, 1) can be common to both Γi and Γj.
Proof: Just above the mass point by ε, the probability of winning is discretely

higher (by µ
2 ), but the “cost” λ1i(x − γi) is only marginally higher. Thus Li(x) is

higher just above the common mass point. The only possible common mass point
on [θ, 1] is 1.

(iii) In equilibrium Ii = Ij ≡ Ī. (Consequence of II.)
(iv) In equilibrium Ī is a single interval.

Proof: Suppose Ī contains more than one interval. In this case there exist {xL, xR}
with xR > xL such that [xL− εL, xL] and [xR, xR + εR] are inside Ī but (xL, xR) is not.
Because [xR, xR + εR] is inside [0, 1], xR < 1. Because no mass point inside (θ, 1)
can be common to Γi and Γj it cannot be that xR is a mass point for both players.
Therefore suppose that xR is not a mass point for j. If xR is not a mass point for j,
then Wi(xL) = Wi(xR), but λ1i(xR− γi) > λ1i(xL− γi), contradicting the optimality
condition.

(v) In equilibrium, the smallest element of the (identical) interval support Ī, is θ.
Proof: In equilibrium, both random variables are supported on the same interval

I. Suppose the smallest element of I, denoted x is strictly above θ. Property IV
shows at most one of Γi and Γj can have a mass point on x. If exactly one has a
mass point on x, let Γi be the random variable with no mass point on x. Besides,
I, Γi is supported on a set of mass points. This implies that for sufficiently small
ε, no mass point exists between x − ε and x. No mass point exists on x, and,
because x is the smallest element of I, Fj(x) = 0. Hence Wi(x) = Wi(x− ε). Thus
L(x− ε) > L(x).

(vi) In equilibrium, no mass point exists in (θ, 1) for either player.
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Proof: In equilibrium each player’s strategy has the same interval support I =
[θ, r]. By property III., no mass point can exist in interval (θ, r]. If a player has mass
point above r, then it must be shared with the other player. If it is not shared with
the other player, then a point just below generates the same winning probability,
but lower λ1ix and hence a greater value of Li(.). However, property IV. implies that
only possible common mass point in equilibrium is 1, ruling out this possibility.

Equilibrium conditions (i) to (vi) allow us to characterize the structure of equilibrium
strategies. An equilibrium strategy for player i ∈ {H, L} must have the following struc-
ture:

Γi =


0 with probability ρ0

i
θ with probability ρθ

i
Φi with probability ρΦ

i
1 with probability ρ1

i

(7)

where ρ0
i + ρθ

i + ρΦ
i + ρ1

i = 1, and Φi is a random variable with support over an interval
I = [θ, r] with no mass points, and where r ∈ (θ, 1]. The CDF of Φi is given by Fi(x),
where Fi(x) is continuous (and differentiable), Fi(θ) ≥ 0 and Fi(r) = 1. In this case the
win-probability for player i has the following structure:

Wi(x) =


0 if x ∈ [0, θ)

ρ0
j + ρθ

j
1
2 if x = θ

ρ0
j + ρθ

j + ρΦ
j Fj(x) if x ∈ (θ, r]

1− ρ1
i

1
2 if x = 1.

We make additional observations regarding the components of (7):
(vii) If ρΦ

j > 0, then ρΦ
i > 0.

Proof: Suppose instead that ρΦ
i > 0 and ρΦ

j = 0. Since ρΦ
j = 0, Wi(x) = p0

j + pθ
j

and Li(x) = p0
j + pθ

j − λ1i(x− γi) for all x ∈ I. (6) establishes that Li(x) = λ2i for
all x ∈ Gi. However, Li(x) is strictly decreasing in x, contradicting the requirement
that it takes on the same value for all x ∈ [θ, r]. Therefore, if ρΦ

j = 0, then ρΦ
i = 0.

This immediately implies that if ρΦ
j > 0, then ρΦ

i > 0.
(viii) If ρΦ

j > 0, then Fj represents a uniform distribution on [θ, r].
Proof: If ρΦ

j > 0, then by (vii) ρΦ
i > 0. Given ρΦ

i > 0, (6) implies that

ρ0
j + ρθ

j + ρΦ
j Fj(x)− λ1i(x− γi) = λ2i for all x ∈ [θ, r] (8)

Rearranging the equality gives an expression for Fj(x) which is linear in x:

Fj(x) = (λ2i − ρ0
j − ρθ

j − λ1iγi)/ρΦ
j + xλ1i/ρΦ

j .

Thus, if any mass exists on (θ, r] then it must be uniformly distributed with a
possible mass point on θ. However, any mass point on θ is captured by ρθ

j rather
than Fj. Therefore, when it contains mass, Fj must be a uniform distribution on
[θ, r].

Updating (7) to account for observations (vii) and (viii) assures that each player’s equi-
librium strategy always takes a certain structure, which we summarize in the following
lemma.
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Lemma 7. In every equilibrium, Γi takes the following form:

Γi =


0 with probability ρ0

i
θ with probability ρθ

i
U[θ, γ̄] with probability ρΦ

i
1 with probability ρ1

i

where ρ0
i , ρθ

i , ρΦ
i , ρ1

i ≥ 0 and ρ0
i + ρθ

i + ρΦ
i + ρ1

i = 1.

We continue to narrow down the characteristics of potential equilibrium strategies.

(ix) If ρθ
j > 0, then ρθ

i = 0.
Proof: Follows from condition (ii) and the structure of equilibrium established in

the restatement of Γi above.
(x) If either ρ1

i > 0 or ρ1
j > 0 or both, then r < 1 when ρΦ

i , ρΦ
j > 0.

Proof: Alternatively, suppose that ρ1
j > 0, and ρΦ

i , ρΦ
j > 0 with I = [θ, 1] (i.e.

r = 1). For each x ∈ I, (6) requires that Li(x) = Li(1) if ρ1
i > 0 and Li(x) ≥ Li(1)

if ρ1
i = 0. We show that these requirements fail to hold for x close enough to 1.

Consider the requirement that for all x ∈ I, Li(x) ≥ Li(1), and substitute in for the
expressions:

ρ0
j + ρθ

j + ρΦ
j Fj(x)− λ1i(x− γi) ≥ ρ0

j + ρθ
j + ρΦ

j +
ρ1

j

2
− λ1i(1− γi).

Simplifying this expression gives the inequality

λ1i(1− x) ≥ ρΦ
j (1− Fj(x)) +

ρ1
j

2
.

Further, considering the case of x = r gives

λ1i(1− r) ≥
ρ1

j

2
.

For r approaching 1, this inequality clearly fails, contradicting the initial assumption
that r = 1.

(xi) If ρ1
j > 0, then ρ1

i > 0.
Proof: If i has a mass point on 1, then there exists an interval (1− ε, 1) outside

of the support of Γj (this follows from equilibrium condition (viii)). If Γj does
not include a mass point on 1, then Li(1− ε) > Li(1) because the probability of i
winning is constant outside of Gj.

(xii) No equilibrium exists in which ρ0
i = ρ0

j = 0.
Proof: Suppose that neither player’s equilibrium strategy has a mass point on 0. It

cannot be the case that both Γi and Γj have mass points on θ since equilibrium prop-
erty (ii) established that there could be no common mass points in [θ, 1). Suppose
therefore that Γi does not have a mass point on θ. The probability that player j wins
with realization θ therefore equals 0, i.e. Wj(θ) = ρ0

i + ρθ
i = 0. However, Wj(0) = 0.

Thus, Lj(θ) < Lj(0), and 0 is outside of the support of Γj, which contradicts (6).
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We proceed by considering two mutually exclusive cases. First, we consider the possi-
bility that ρΦ

i = ρΦ
j = 0. Second, we consider the possibility that ρΦ

i , ρΦ
j > 0. Equilibrium

condition (vii) above rules out the possibility that ρΦ
i > 0 and ρΦ

j = 0.

Possibility 1: ρΦ
i = ρΦ

j = 0. In this case, the only possible elements of the support of each
random variable are {0, θ, 1}. However, equilibrium condition (vi) shows that at most
one player’s strategy can have a mass point on θ. Without loss of generality, let j be
the player that potentially puts mass on θ. Therefore, Γi is confined to support {0, 1},
implying that ρ0

i = 1− γi, ρ1
i = γi and ρθ

i = 0.
For such a choice of Γi to be a best response to Γj, Equation (6) requires that Li(x) = λ2i

for each x ∈ S[Γi] = {0, 1}. This implies the following conditions:

Li(0) = λ2i ⇐⇒ λ1iγi = λ2i (9)

Li(θ + ε) ≤ λ2i ⇐⇒ ρ0
j + ρθ

j − λ1i(θ + ε− γi) ≤ λ2i as ε→ 0 (10)

Li(1) = λ2i ⇐⇒ 1− ρ1
j /2− λ1i(1− γi) = λ2i (11)

Condition (10) represents the fact that x just above θ is the best deviation on (θ, 1). For
Γj to be a best response to Γi, it must be that

Lj(0) ≤ λ2j ⇐⇒ λ1jγj ≤ λ2j [with equality if ρ0
j > 0] (12)

Lj(θ) ≤ λ2j ⇐⇒ 1− γi − λ1j(θ − γj) ≤ λ2j [with equality if ρθ
j > 0] (13)

Lj(1) = λ2j ⇐⇒ 1− γi

2
− λ1j(1− γj) = λ2j (14)

Additionally, for Γj to be feasible, it must be that

ρ0
j + ρθ

j + ρ1
j = 1 and θρθ

j + ρ1
j = γj. (15)

There are three mutually exclusive cases to consider.

Case I: Both firms play fully revealing strategies; thus ρ0
j , ρ1

j > 0 and ρθ
j = 0.

If j is playing a best response to Γi, then it must be that (12), (14) and (15) hold with
equality, and that inequality (13) is satisfied. These conditions imply ρ1

j = γj, ρ0
j = 1−γj,

and γi ≥ (2− 2θ)/(2− θ).
For i to be playing a best response to Γj, a symmetric analysis will hold, implying γj ≥

(2− 2θ)/(2− θ). Therefore, an equilibrium in which both i and j play fully revealing
strategies exists if and only if min{γi, γj} ≥ 2(1− θ)/(2− θ) (i.e. we are in region A of
Figure 1).

Case II: i plays a fully revealing strategy, and j plays ρ0
j = 0, and ρθ

j , ρ1
j > 0.

For j to be playing a best response to i’s fully revealing strategy, then (13), (14) and
(15) must hold with equality, and that inequality (12) is satisfied. These conditions imply
ρθ

j =
1−γj
1−θ , ρ1

j =
γj−θ

1−θ , and γi ≤ 2(1− θ)/(2− θ).
For i to be playing a best response to Γj, then (9), (11) and (15) must hold with equality,

and inequality (10) must be satisfied. These conditions imply ρ0
i = 1− γi, ρ1

i = γi, and
γj ≥ 2−2θ+θ2

2−θ .
Therefore, the Case II equilibrium exists if and only if we are in region B of Figure 1.
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Case III: i plays a fully revealing strategy and j plays ρ0
j , ρθ

j , ρ1
j > 0.

For j to be playing a best response, it must be that (11), (12), (13), (14) hold with equal-
ity. This system is inconsistent, except for the knife-edge case in which γi =

2−2θ
2−θ .

The case ρ0
j , ρθ

j > 0 and ρ1
j = 0 is ruled out by point (xi).

Thus, the only possible equilibria in which Φi and Φj are degenerate are the equilib-
ria identified in the paper in Figure 1 region A and B.

Possibility 2: ρΦ
i , ρΦ

j > 0. Now consider the case in which Φi and Φj are non-degenerate.
Given ρΦ

i > 0, (6) implies that

ρ0
j + ρθ

j + ρΦ
j Fj(x)− λ1i(x− γi) = λ2i for all x ∈ [θ, r] (16)

Rearranging the equality gives

Fj(x) =
λ2i − ρ0

j − ρθ
j − λ1iγi

ρΦ
j

+
λ1i

ρΦ
j

x

Thus, if any mass exists inside (θ, 1) then it must be uniformly distributed on (θ, r] with
a possible mass point on θ. However, result (ix) showed that at most one player can have
a mass point on θ. Without loss of generality, let the player that potentially has a mass
point at θ be player j.

In equilibrium, for i to be playing a best response, it must be that:

λ1iγi ≤ λ2i [with equality if ρ0
i > 0] (17)

1−
ρ1

j

2
− λ1i(1− γi) ≤ λ2i [with equality if ρ1

i > 0] (18)

ρθ
i = 0⇒

λ2j − λ1jγj

ρθ
i

+
λ1j

ρθ
i

θ = 0 (19)

For j to be playing a best response, it must be that:

λ1jγj ≤ λ2j [with equality if ρ0
j > 0] (20)

1−
ρ1

i
2
− λ1j(1− γj) ≤ λ2i [with equality if ρ1

j > 0] (21)

λ2i − λ1iγi

ρθ
j

+
λ1i

ρθ
j

θ ≥ 0 [with equality if ρθ
j > 0] (22)

Result (x) assures r < 1. Thus, (vi) shows that neither player can have a mass point at
r. Given Fi(r) = Fj(r) = 1,

λ2j − λ1jγj

ρθ
i

+
λ1j

ρθ
i

r = 1 (23)

λ2i − λ1iγi

ρθ
j

+
λ1i

ρθ
j

r = 1 (24)
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In addition each strategy must satisfy the appropriate mean constraint. Given the above
conditions,

E[Φi] =
λ1j

ρθ
i
(

r2 − θ2

2
) and E[Φj] = (

λ2i − λ1iγi

ρθ
j

+
λ1i

ρθ
j

θ)θ +
λ1i

ρθ
j
(

r2 − θ2

2
)

Therefore the mean constraints ρθ
i E[Φi] + ρ1

i = γi and ρθ
j E[Φj] + ρ1

j = γj are:

λ1j(
r2 − θ2

2
) + ρ1

i = γi (25)

(
λ2i − λ1iγi

ρθ
j

+
λ1i

ρθ
j

θ)θ + λ1i(
r2 − θ2

2
) + ρ1

j = γj (26)

Finally, it must be that

ρ0
i + ρθ

i + ρΦ
i + ρ1

i = 1 and ρ0
j + ρθ

j + ρΦ
j + ρ1

j = 1 (27)

Define (SC) as the set of conditions (17) through (27). In every equilibrium, all conditions
in SC must be satisfied.
Case I: ρ0

i > 0, ρ0
j > 0, ρ1

i = ρ1
j = 0.

In this case, (17) and (20) both hold with equality. Note that Fj(θ) ≥ 0 requires that
γj ≥ γi; thus it must be that player H is labelled j, and L is labelled i. Solving (SC), one
can show that the Case I equilibrium involves

ΓL =

{
0 with probability γ̄−2γL

θ

U[θ, γ̄] with probability 1− γ̄−2γL
θ

ΓH =


0 with probability γ̄−γH−γL

θ
θ with probability γH−γL

θ

U[θ, γ̄] with probability 1− γ̄−2γL
θ

where γ̄ = γL +
√

γ2
L + θ2. The inequalities in (SC) are satisfied if and only if

√
γ2

H − γ2
L ≤

θ and γL ≤ 1
2(1− θ2). Thus, such an equilibrium exists if and only if the parameters are

in Region F of Figure 1.

Case II: ρ0
i > 0, ρ0

j > 0, ρ1
i > 0, ρ1

j > 0.
In this case, (17), (18), (20) and (21) each hold with equality. Note that Fj(θ) ≥ 0

requires that γj ≥ γi; thus it must be that player H is labelled j, and L is labelled i.
Solving (SC), one can show that the Case II equilibrium involves

ΓL =


0 with probability θ

2−γ̄

U[θ, γ̄] with probability γ̄−θ
2−γ̄

1 with probability 2−2γ̄
2−γ̄

ΓH =


0 with probability θ

2−γ̄ −
γH−γL

θ

θ with probability γH−γL
θ

U[θ, γ̄] with probability γ̄−θ
2−γ̄

1 with probability 2−2γ̄
2−γ̄
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where γ̄ = 2 − γL −
√

γ2
L + θ2. The inequalities in (SC) are satisfied if and only if√

γ2
H − γ2

L ≤ θ and 1
2(1− θ2) ≤ γL ≤ 2−2θ

2−θ . Thus, such an equilibrium exists if and
only if the parameters are in Region D of Figure 1.

Case III: ρ0
i > 0, ρ0

j = 0, ρ1
i = 0, ρ1

j = 0
In this case, Γi has a mass point on 0, but neither equilibrium random variable has a

mass points on 1. This immediately implies that ρθ
j + ρΦ

j = 1. In this case, (17) holds with
equality. Solving the equations gives two solutions. In either solution, γj ≥ r in order
for r to be real. In this case, however, one solution has a value of r ≤ θ, ruling it out. The
remaining solution satisfies λ1jγj ≤ λ2j if and only if

√
γ2

j − γ2
i ≥ θ, which implies that

γj ≥ γi. Hence, player i is labelled L and j is labelled H. With these identifications, the
solution involves

ΓL =

{
0 with probability 1− 2γL

γ̄+θ = 1− fLU

U[θ, γ̄] with probability 2γL
γ̄+θ = fLU

and agent H plays

ΓH =

{
θ with probability 1− 2(γH−θ)

γ̄−θ = 1− fHU

U[θ, γ̄] with probability 2(γH−θ)
γ̄−θ = fHU

where γ̄ = γH +
√

γ2
H − θ2. The inequalities in (SC) are satisfied if and only if θ ≤√

γ2
H − γ2

L and γH ≤ 1
2(1 + θ2). Thus, such an equilibrium exists if and only if the

parameters are in Region E of Figure 1.

Case IV: ρ0
i > 0, ρ0

j = 0, ρ1
i > 0, ρ1

j > 0
In this case, (17), (20) and (21) each hold with equality. Solving the equations gives two

solutions. In either solution, γj ≥ r in order for r to be real. In this case, however, one
solution has a value of r ≥ 1, ruling it out. The remaining solution satisfy λ1jγj ≤ λ2j if

and only if
√

γ2
j − γ2

i ≥ θ, which implies that γj ≥ γi. Hence, player i is identified with
L and j is identified with H. With these identifications, the solution reduces to the one
involving

ΓL =


0 with probability 1− fLU − fL1

U[θ, γ̄] with probability fLU = 2γL(γ̄−θ)
(2−γ̄)2−θ2

1 with probability fL1 = 4γL(1−γ̄)
(2−γ̄)2−θ2

and agent H plays

ΓH =


θ with probability θ

2−γ̄

U[θ, γ̄] with probability γ̄−θ
2−γ̄

1 with probability 2−2γ̄
2−γ̄
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where γ̄ = 2 − γH −
√

γ2
H − θ2. The inequalities in (SC) are satisfied if and only if

θ ≤
√

γ2
H − γ2

L and 1
2(1 + θ2) ≤ γH ≤ 2−2θ+θ2

2−θ . Thus, such an equilibrium exists if and
only if the parameters are in Region C of Figure 1.

Case V: ρ0
i = 0, ρ0

j > 0, ρ1
i = 0, ρ1

j = 0
In case III we consider Γi with a mass point on zero. Here we consider the case in

which j has a mass point on zero, but i does not. Because ρ0
i = 0 and ρ1

i = 0, it must be
that ρθ

i = 1. In addition, because ρ0
j > 0 it must be that λ2j = λ1jγj. Consider then two

equations that must hold simultaneously, Fi(θ) = 0 and Fi(r) = 1.

λ2j − λ1jγj

ρθ
i

+
λ1j

ρθ
i

θ = 0 and
λ2j − λ1jγj

ρθ
i

+
λ1j

ρθ
i

r = 1

Using ρθ
i = 1 and λ2j = λ1jγj in these equations gives

λ1jθ = 0 and λ1jr = 1

Which gives an immediate contradiction because the Lagrange multiplier is non-zero:
λ1j 6= 0.

Case VI: ρ0
i = 0, ρ0

j > 0, ρ1
i > 0, ρ1

j > 0
In case IV we consider Γi with a mass point on zero and one. Here we consider the

case in which j has a mass point on zero and one, but i has a mass point on one, but not
on zero. As above, because ρ0

j > 0 it must be that λ2j = λ1jγj. Consider, as above, two
equations that must hold simultaneously, Fi(θ) = 0 and Fi(r) = 1.

λ2j − λ1jγj

ρθ
i

+
λ1j

ρθ
i

θ = 0 and
λ2j − λ1jγj

ρθ
i

+
λ1j

ρθ
i

r = 1

Using λ2j = λ1jγj in these equations gives

λ1j

ρθ
i

θ = 0 and
λ1j

ρθ
i

r = 1

Again, an immediate contradiction arises because the Lagrange multiplier is non-zero:
λ1i 6= 0.

The above analysis goes through each possible equilibrium characterization, identify-
ing the parameter cases under which each possible equilibrium type exists. The analysis
shows that the each identified equilibrium is the only equilibrium that exists with its
structure. The regions in which each equilibrium exists are non-overlapping, and their
union (along with the regions A and B) exhaust the parameter space. This establishes
uniqueness of our characterization.

Proof of Lemma 4. (1) and (3) are restatements of the results for Regions A and F
derived above. Part (2) follows from the analysis of Region D, with some simplification
of the relevant probabilities, as follows. From the preceding calculation, in Region D if
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γH = γL = γ, then

Γ =


0 with probability θ

2−γ̄

U[θ, γ̄] with probability γ̄−θ
2−γ̄

1 with probability 2−2γ̄
2−γ̄

where γ̄ = 2− γ−
√

γ2 + θ2. Note that

γ̄ = 2− TL(γ)

θ

2− γ̄
=

θ

γ +
√

γ2 + θ2
=

√
γ2 + θ2 − γ

θ
=

TL(γ)− 2γ

θ

γ̄− θ

2− γ̄
=

γ +
√

γ2 + θ2 − θ

γ +
√

γ2 + θ2
=
(√γ2 + θ2 − γ

θ

)(2− θ − γ−
√

γ2 + θ2

θ

)
=(TL(γ)− 2γ

θ

)(2− TL(γ)− θ

θ

)
.

Hence,

Γ =


0 with probability γ̃−2γ

θ

U[θ, 2− γ̃] with probability ( γ̃−2γ
θ )(2−γ̃−θ

θ )

1 with probability 1− ( γ̃−2γ
θ )(2−γ̃

θ ),

where γ̃ = TL(γ).

Proofs for Blackwell Informativeness. Both proofs follow results that establish that for
the case of binary states, if posterior belief random variables Γ and Γ′ have the same mean
and Γ second order stochastic dominates Γ′, then Γ′ is more informative, see Ganuza and
Penalva (2010) Theorem 2, and the accompanying discussion.
Proof of Proposition 1: Establishing the second order stochastic relationship between
player i’s posterior belief random variable before and after an increase in proposal j’s
prior γj, requires an integration of the CDFs. We omit the details in the interest of
brevity; these are available upon request.
Proof of Proposition 2: First consider the case where γi ≥ θ. Here, agent i provides
an uninformative signal in the case of unlimited capacity. In the case of limited capac-
ity, each agent chooses a signal in accordance with Lemma 3. Both the unlimited and
limited capacity signals have expected value equal to the prior, γi, for each agent. The
signal in the unlimited capacity environment returns posterior belief γi with probability
1, where as the signal in the limited capacity environment returns a range of posterior
beliefs, but in expectation returns a posterior belief equal to γi. Therefore, the signal in
the game with unlimited capacity represents a garbling of the signal in the game with
limited capacity, and as such, the signal in the limited capacity game is more Blackwell
informative.

Next consider the case where γi < θ. In the case of unlimited capacity, agent i provides
a signal that returns posterior belief realization 0 with probability (θ − γi)/θ and 1 with
probability γi/θ. Call this posterior belief distribution Γi; let its CDF be F(·). In the case
of limited capacity, depending on parameter values, agent i chooses a posterior belief
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random variable with support confined to {0, θ, 1} ∪ [θ, γ̄]. Call the limited capacity pos-
terior belief random variable Γ′i; let its CDF be F′(·). Both Γi and Γ′i have expected value
γi. We will argue that x ∈ [θ, 1] ⇒ F(x) ≥ F′(x) and that x ∈ [0, θ) ⇒ F(x) < F′(x),
with equality only at x = 1. This single crossing condition of the CDFs implies that Γi
second order stochastic dominates Γ′i.

To argue that x ∈ [θ, 1] ⇒ F(x) ≥ F′(x), observe that F(x) = 1 in this interval, as
the support of Γi is the set {0, θ}. Furthermore, in every possible equilibrium configura-
tion under limited capacity, Pr{Γi > θ} > 0, and therefore, for some set of x ∈ [θ, 1], the
inequality is strict.

Next we argue that x ∈ [0, θ) ⇒ F(x) < F′(x). Observe first that both F(x) and
F′(x) are constant over this interval, F(x) = F(0) and F′(x) = F′(0), as the only re-
alization in this interval in the support of either random variable is 0. Suppose that
F(0) ≥ F′(0). Combined with the previous point, this supposition implies that for all
x ∈ [0, 1], F(x) ≥ F′(x), and for some values of x (see previous point) the inequal-
ity is strict. Thus Γ′i first order stochastic dominates Γi, which immediately implies
E[Γ′i] > E[γi], a contradiction. Therefore, we must have F(0) < F′(0).
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