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We provide an organizational economics foundation for commitment
to information structures in persuasion. An uninformed principal
faces a joint screening-and-persuasion problem: she wants to influence
a receiver’s belief about a payoff-relevant state using information elic-
ited from a privately informed agent. The agent’s messages are publicly
observed, so the principal cannot commit to a garbling of private com-
munications. We show that commitment only to an employment con-
tract with the agent permits the principal to implement the optimal
unconstrained intermediation scheme. We apply our result to a broker-
age contracting with sell-side analysts, where private communication is
constrained by conflict-of-interest regulations, showing that public in-
vestment rating schemes can sidestep these regulations.
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I. Introduction

Bayesian persuasion problems consider a sender’s manipulation of infor-
mation to induce a receiver to take some desired actions. In these models,
the sender communicates via commitment to an information structure.
Similarly, in contract theory and mechanism design, it is typically assumed
that the principal can commit to contractual terms—in moral hazard prob-
lems, commitment is to output-contingent payments, while in adverse se-
lection problems, the principal commits to the actions that follow the rev-
elation of private information. This commitment assumption is mostly
uncontroversial in these latter contexts and is frequently motivated by
mapping it to codified rules within an organization via, for example, its hu-
man resources policies. Unlike in contract theory and mechanism design,
however, commitment is harder to justify in the context of strategic com-
munication and persuasion. Indeed, as Kamenica, Kim, and Zapechelnyuk
(2021, 702) observe: “Optimal information structures can be infeasible or
difficult toimplementin practice. A commitment to randomized messages
is difficult to verify and enforce.”

In this paper, we provide an organizational economics microfounda-
tion for the commitment assumption in communication. Unlike standard
models of Bayesian persuasion that follow Kamenica and Gentzkow
(2011), our setting is not one of a sender with unrestricted access to arbi-
trary information structures. Instead, our sender is an uninformed princi-
pal who aims to persuade a receiver by eliciting the private information
of a strategic agent. The agentis purely concerned with the terms governing
their contractual relationship with the principal. The principal’s payoff
depends on both the contractual relationship with the agent and the re-
ceiver’s chosen action. We also assume, motivated by applications, that
any communication by the agent must be public; that is, the agent’s mes-
sages must be observed by both the principal and the receiver. The prin-
cipal therefore faces a novel joint screening-and-persuasion problem: they
mustaddress both their employment relationship with the agent and their
need to persuade the receiver using a contract that elicits only public mes-
sages from the agent. Our main result shows that the optimal persuasion
of the receiver is obtainable by commitment to a standard employment con-
tract without also requiring commitment to arbitrary information struc-
tures. This result allows us to reinterpret the commitment assumption in
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Bayesian persuasion as a reduced-form stand-in for an informed intermedi-
ary facing optimal incentives designed by their employer.

In our model, the agent has a privately known type whereas the princi-
pal and the receiver are uninformed. The payoffs of all three players de-
pend on the agent’s private type. In addition, the agent’s utility depends
on the contractual terms with the principal, while the receiver’s utility
depends on their action. The principal’s payoff depends on both the con-
tractual terms and the receiver’s action, and it is additively separable across
her interactions with the agent and the receiver.

We study the following extensive-form public communication game. The
principal first publicly selects a message space and a set of contracts that are
observed by both the agent and the receiver. The principal then chooses
and commits to a contract from this set, possibly as the result of a mixed
strategy. Only the agent observes the selected contract; the receiver does
not. The contract specifies the agent’s contractual terms as a function of
her public messages. The agent publicly announces a message from the
message space; this message is observed by all players. After observing the
message, the receiver updates her belief about the agent’s type and finally
chooses an action.

This class of (indirect) public communication mechanisms has several
desirable properties. First, the principal need only commit to a standard
employment contract with the agent and not to an arbitrary information
structure. In addition, there is no private communication from the agent
to the principal. As we highlight in our main application below, compli-
ance regulations may prohibit such communication or it simply may not
be feasible, and so such mechanisms are commonly observed in practice.

Our main result shows that there is a sequential equilibrium of this pub-
lic communication game that achieves the same outcome as the full-
commitment benchmark where the principal directly and privately inter-
mediates between the agent and the receiver. In this benchmark, the
agent truthfully reports their type privately to the principal, whose mech-
anism specifies, based on that report, both the agent’s employment terms
and a distribution over recommended receiver actions.

When communication by the agent is public, however, a conflict arises:
the agent’s public message directly influences both their employment
terms and the receiver’s action, potentially creating a trade-off for the prin-
cipal between screening and persuasion. For example, optimal screening
might require the agent to publicly reveal “more” (or “more precise”) in-
formation than is optimal for persuading the receiver. Despite this possibil-
ity, however, we show that the principal can still achieve both optimal
screening and optimal persuasion—without direct access to private infor-
mation and the ability to commit to an optimal information structure.

Our argument leverages the fact that the receiver observes the agent’s
public message but not the principal’s choice of contract. In particular,
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when the principal follows a mixed strategy, the agent knows the realized
mapping from messages to employment terms but the receiver does not.
This uncertainty prevents the receiver from inverting the agent’s strategy
and essentially serves as a method of publicly garbling the agent’s infor-
mation while preserving its private meaning. Of course, not all garblings
are feasible: any contract chosen with positive probability must maximize
the principal’s expected payoff. We show, however, that there exists an
equilibrium randomization over contracts by the principal that allows
for both optimal screening of the agent and optimal persuasion of the
receiver (as in the benchmark). A consequence is that the deliberate in-
troduction of vague language is often necessary for indirect persuasion
to be optimal.

We apply this insight to the market for sell-side financial research. This
application both motivates key features of our model and delivers a sur-
prising economic takeaway that we view to be of independent interest.
Sell-side financial analysts are the preeminent financial market informa-
tion intermediaries. They gather and analyze information and then pro-
duce forecasts and recommendations for the investment community.'
These analysts are employed by banks and brokerages who thus face a con-
flict of interest: they have an employment relationship with the analyst to
manage (e.g., deciding whether to promote or dismiss analysts based on
ability or performance) butalso wish to persuade investors to take actions
that may benefit the bank (via commissions, brokerage fees, etc.).? Conse-
quently, this industry is highly regulated: Financial Industry Regulatory
Authority (FINRA) rule 2241 in the United States and Markets in Finan-
cial Instruments Directive and Regulation (MiFID II) in the European
Union both prohibit direct interaction between banks’ investment and re-
search arms. This is what we aim to capture with our model’s assumption
of public communication by the agent: banks are not permitted to inter-
mediate the communications between their analysts and their research
clientele. An immediate consequence of our main result is that such reg-
ulation can be circumvented or rendered less effective by a bank that ap-
propriately designs its analysts’ employment contracts. Interestingly, our
equilibrium takes a natural form in which the analyst’s recommendations
correspond to the commonly observed asset rating scale (typically “strong
buy,” “buy,” “hold,” etc.). Finally, we show that a regulatory intervention

' There is a vast and thorough empirical literature in finance analyzing various aspects
of analysts. Bradshaw, Ertimur, and O’Brien (2017) are an excellent recent survey that de-
scribes what analysts do and how they have been affected by regulation, yet there is a pau-
city of theoretical work aimed at understanding how recommendations are influenced by
career incentives and how banks that employ analysts provide these incentives.

? Generating trading fees is a well-documented role of analysts and indeed is often cited
as a potential conflict of interest; see, e.g., the discussion in the survey by Bradshaw (2011).
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that forces the analyst’s employment contract to be public can strictly in-
crease client welfare.

While our application focuses on financial analysts, it is worth empha-
sizing that similar issues arise in any organization that hires experts to
provide information and advise clients. As with financial analysts, the
advice that experts choose to provide is determined by their career incen-
tives; these incentives may not align with their employers’ preferences;
and, critically, the employer may not be able to directly control the advice
provided. For instance, consulting firms cannot directly control what in-
formation their consultants convey in response to clients’ questions dur-
ing meetings. A prosecutor wishing to convince a judge that a defendant
is guilty (as in the canonical example of Kamenica and Gentzkow 2011)
may hire an independent investigator to uncover evidence but then can-
not control the investigator’s findings and public testimony before the
judge. Likewise, firms employing litigation consultants or expert witnesses
face analogous conflicts; such strategic information intermediaries are
ubiquitous.

Related literature—Our paper contributes to the literature studying
commitment in Bayesian persuasion, where a receiver must interpret mes-
sages while accounting for the sender’s partial commitment.” Several pa-
pers—most notably, Min (2021), Fréchette, Lizzeri, and Perego (2022),
and Lipnowski, Ravid, and Shishkin (2022)—study a sender who initially
commits to an information structure but, with an exogenously given prob-
ability, is released from her commitment and can send any other message.
Others (e.g., Nguyen and Tan 2021; Perez-Richet and Skreta 2022) in-
stead permit the sender to deviate through costly manipulations of her
information structure’s inputs or outputs, while Lin and Liu (2024) limit
these deviations to only those that leave the distribution of messages
unchanged.

We take a different view by assuming that direct commitment to an in-
formation structure is not possible but instead show that standard organi-
zational contracts can suffice for optimal persuasion.” In this way, we relate
to papers that study persuasion with incentivized communication and in-
termediation. For example, Bizzotto, Perez-Richet, and Vigier (2021)
study a setting where a principal uses monetary transfers to induce a third
party to communicate the output of an information structure to areceiver.
In Salamanca (2021) and Corrao and Dai (2024), a mediator designs a com-
munication mechanism that elicits information from the sender to then

* The excellent surveys of Bergemann and Morris (2019) and Kamenica (2019) describe
the broader literature.

* Some recent papers use ideas from repeated games and reputation to provide founda-
tions for commitment; see, e.g., Best and Quigley (2024); Mathevet, Pearce, and Stacchetti
(2024).
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transmit to the receiver. This work also shares features with the literature
studying persuasion by an informed principal, including Perez-Richet
(2014), Koessler and Skreta (2023), and Zapechelnyuk (2023). In contrast,
we study an uninformed principal who is limited in the mechanisms she can
use to publicly elicit and communicate information.”

The equilibrium we construct makes use of deliberately “vague” public
communication to generate uncertainty and persuade the receiver.® A sim-
ilar idea appears in the literature on mechanism design and communica-
tion with ambiguity-averse agents. For example, Bose and Renou (2014)
show that the deliberate introduction of ambiguity into mediated commu-
nication can enlarge the set of implementable social choice functions.
Beauchéne, Li, and Li (2019) also use “synonymous” messages to generate
uncertainty and manipulate an ambiguity-averse receiver into taking a
sender-preferred action. A recent sequence of papers—Krahmer (2020,
2021) and Ivanov (2024)—also look at settings (without ambiguity aver-
sion) where randomization over information structures can expand the
set of outcomes in communication games. Similar to our work, private ran-
domization whose realization is not observed by a relevant decision-maker
is a key ingredient; in contrast to our equilibrium construction, however,
these works rely on commitment to that private randomization.

In our application, the contracting terms offered by the principal serve
dual functions: in addition to indirectly persuading the receiver, they also
screen the agent’s skill.” The persuasion motive is akin to that in Inderst
and Ottaviani (2012), who study how the design of commissions can in-
fluence financial advisors and steer their recommendations. These com-
peting incentives also appear in Jackson (2005) and Beyer and Guttman
(2011), who analyze models of trade generation by sell-side analysts with
reputational concerns—but set aside the bank’s organizational design
problem and simply take analyst incentives to be exogenously fixed.

Meanwhile, the principal’s screening motive connects our work to the
comparatively small literature studying how strategic experts should be
evaluated. There is an extensive literature on the statistical evaluation of
forecasting models (see, e.g., the work cited in Elliott and Timmermann
2016) but relatively less work examining the incentives faced by strategic
experts who are potentially influenced by market or career incentives (for

® Similar to our main result, Kolotilin et al. (2017) also show an equivalence between pub-
lic and private communication in persuasion games; in their environment, however, it is the
receiver who is privately informed.

® The resulting one-sided uncertainty is similar to the “private communication in pub-
lic” results in Antic, Chakraborty, and Harbaugh (2025); see also Strack and Yang (2024),
who study the design of privacy-preserving signal structures.

7 A similar tension arises in the context of dynamic mechanism design without commit-
ment; see Doval and Skreta (2022), who reinterpret sequential rationality as a principal’s
persuasion of their future self.
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a survey of this literature, see Marinovic, Ottaviani, and Sgrensen 2013).
While many of the theoretical contributions in this latter area—Ottaviani
and Sgrensen (2006a, 2006b, 2006¢) are particularly prominent examples—
study environments where the experts’ incentives are exogenously (and
often suboptimally) given, we follow our earlier work in Deb, Pai, and Said
(2018) and focus on the design problem faced by a principal that wants to
separate a skilled from an unskilled agent. Though this is a secondary goal
of the paper, the characterization of the optimal screening contractin our
application (theorem 2) is of independent interest; see also Dasgupta
(2023), who studies this question in the context of test design.

Last, our work builds on and contributes to the extensive finance liter-
ature studying sell-side analysts; the aforementioned Bradshaw, Ertimur,
and O’Brien (2017) survey much of this research. We discuss the other re-
lated work in this literature when we present our application in section IV.

II. Model

We study an extensive-form game with three players: a principal, an agent,
and a receiver.

Informational environment—The agent’s type 0 is her private informa-
tion, drawn from a distribution 7 € A(®), where @ is a finite set of possible
types. This type can, for instance, incorporate information about both an
underlying state of the world and the agent’s ability or preferences (our
application to financial analysts takes this form). Neither the principal
nor the receiver is endowed with any private information.

Public communication mechanisms—A  public communication mechanism
is a pair (M, x) consisting of a finite message space M and a contract
x: M — A(T), where 7 is the set of contractible decisions. Elements of
the set 7 are the agentspecific contractible decisions that the principal
can commit to; these might represent transfers, retention probabilities,
or some other general contractible outcomes.

Principal—The principal chooses a finite message space M and a finite
set of contracts X C A(7)™, yielding a finite set of public communication
mechanisms M = {(M, x)|x € X}. In addition, the principal chooses a
distribution p € A(X) over the set of contracts. We assume that the set of
contracts X is publicly observed by both the agent and the receiver, while
the principal’s chosen distribution p is private and unobservable. In partic-
ular, the agent observes only the realization of this distribution. Thus, there
is common knowledge of the set of possible mechanisms, but only the prin-
cipal and agent know which specific contract governs their relationship.

Agent—After learning her type 0 € ® and observing the selected pub-
lic communication mechanism (M, x), the agent chooses to report a mes-
sage m € M. The agent’s strategy is a (f-dependent) distribution over pos-
sible reports in the message space M.
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Receiver—Upon observing the agent’s reported message m € M, the
receiver updates their belief to ¢(m) € A(®) about the agent’s type 0; they
then choose an action a € A. The receiver’s strategy is thus a map from
messages to distributions over actions.

Payoffs—All players are expected utility maximizers, with payoffs given
by up:® x T x A— R for the principal, u,:® x 7 — R for the agent,
and uz : ® x A— R for the receiver.

All three players’ payoffs depend on the agent’s type. The principal’s
payoff additionally depends on both the contracted decision and the re-
ceiver’s action. The agent’s payoffs also depend only on the contracted
decision but not the receiver’s action, while conversely the receiver’s pay-
offs also depend only on her action but not the principal-agent contrac-
tual decision.

Importantly, we further assume that the principal’s payoff function is
additively separable across her interactions with the agent and the re-
ceiver, so that we can write

uP(Ga L d) = uﬁ(o’ t) + uﬁ(e’ Ll).

Recall that our primary goal is to situate a “standard” persuasion problem
in an organizational context and show that the principal can optimally
persuade the receiver using only commitment to a standard employment
contract with the agent (instead of commitment to arbitrary information
structures). The assumption on payoffs is such that, were the principal to
directly observe 6 and have the ability to commit to an information struc-
ture, the resulting action choice by the receiver would correspond to the
optimal persuasion outcome where the principal and receiver have pay-
offs uf (0, a) and ux(d, a), respectively.

Equilibrium.—We focus on the sequential equilibria of this public com-
munication game. The oulcome of a sequential equilibrium is the joint
distribution over contractual decisions and receiver actions for each agent
type 0 € O.

Summary—To summarize and make the timing explicit, figure 1 pre-
sents a flowchart depicting the public communication game we study.

III. Achieving the Full-Commitment Optimum

In the public communication game described above, the agent’s messages
are observed by both the principal and the receiver. Thus, the principal’s
chosen public communication mechanism must balance her contracting
goals with the agent and her desire to persuade the receiver. Contrast this
with the case where the agent can communicate privately with a principal
who has full commitment power: the principal could separately commit to
contracting terms that maximize up (6, ¢) and to an information structure
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Agent observes type 0 € ©
drawn from 7 € A(®);
observes M, X, and realized = € X;
publicly announces m € M;

Principal publicly chooses message space M
and set of contracts X ¢ A(T)M;
privately chooses p € A(X);

Receiver observes M, X,
and public message m;
updates belief ¢(s;) € A(O);
chooses action a € A;

Contractible
— decision x(m) —— Payofls realized.
implemented;

F16. 1.—Timing of the public communication game.

that optimally garbles the agent’s report to maximize her persuasion
payoff uf (0, a). We now formally describe this full.commitment bench-
mark before presenting our main result showing that there is a sequential
equilibrium of the public communication game that replicates this full-
commitment outcome.

Following Myerson (1986), the revelation principle implies that it suf-
fices to consider the class of incentive-compatible direct mechanisms. A
direct mechanism is a mapping x:0 — A(7 x A), which we decompose
into its marginals: a contracting rule X : ® — A(7) and an action recommen-
dation rule A : ® — A(A). In words, the joint distribution over contractible
decisions and action recommendations is determined by the agent’s re-
ported type.

A direct mechanism x is incentive compatible if it satisfies the following
two sets of constraints:

* For any realized type 6 € 0, it is optimal for the agent to report her
type truthfully instead of misreporting it as some other type §' € ©O;
that is,

[Ex(())[uA(o, t)} > [Ex<g’) [MA(O, t)] for all 0, 0’ S @, (IC-A)

where the expectations are taken over the contracting decision ¢ € 7,
the distribution of which depends on the reported type via the con-
tracting rule X (-) € A(7).
* Itis optimal for the receiver to obediently choose any recommended
action a thatlies in the support of A(-) € A(A) foranyf € ©; thatis,
Eyow[ur(0, a)] = E, ) [ur (6, @')] for all a in the support
of A() and all @ € A, (IGR)

where the expectations are taken over the agent’s type § € O, given
the receiver’s posterior belief ¢(a) € A(®) formed via Bayes’s rule af-
ter observing action recommendation a.
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Notice that, for any incentive-compatible direct mechanism x, every other
direct mechanism x' with the same marginals is also incentive compati-
ble (since the constraints [IC-A] and [IC-R] are defined only in terms
of marginals). The assumptions we impose on payoffs imply that any such
X' also delivers the same expected payoffs to all three players. This yields
the following observation.

OBSERVATION. It is without loss of generality to restrict attention to
product-separable direct mechanisms that can be written as the product of
their marginals; thatis, direct mechanisms x : ® — A(7 x A) with marginals
X:0—A(7T) and A:® — A(A) such that x(0) = X(0) x A() for all
0 € 0.

Consequently, in searching for an optimal direct mechanism x* that
maximizes the principal’s payoff subject to the incentive compatibility
constraints (IC-A) and (IG-R), we can separately and independently choose
a contracting rule X * that maximizes ug (6, ) subject to (IC-A) and an ac-
tion recommendation rule A* that maximizes u (6, @) subject to (IC-R). In
particular, the latter implies that the principal’s optimal action recommen-
dation A™ would remain optimal if the principal directly observed—with-
out frictions—the agent’s private information 6. In other words, A" is the
solution to the persuasion problem where the principal and receiver have
payoffs uf (0, a) and ux(0, a), respectively. It is in this sense that our frame-
work nests the standard persuasion setting of Kamenica and Gentzkow
(2011).

A.  Main Result

Direct mechanisms are convenient theoretical objects for deriving the
full-commitment upper bound on the principal’s attainable payofts. In
practice, however, a direct mechanism may have undesirable features.
In settings such as our application, for instance, there may be strong
norms (legal or otherwise) precluding the principal’s intermediation be-
tween the agent and the receiver. Moreover, in contexts where the agent’s
type encodes information about their innate abilities, they may be unwill-
ing to explicitly announce to an employer that they are unskilled, prefer-
ring instead indirect mechanisms that may preserve some plausible uncer-
tainty. Finally, a direct mechanism will typically require commitment to a
mixed action recommendation as a function of the agent’s information.
As discussed in the introduction, such commitment (equivalently, to in-
formation structures) is frequently criticized on the grounds that it is a
theoretical assumption with no real-world analogue.

By contrast, our main result shows that the principal can achieve their full-
commitment payoff using indirect public communication mechanisms.
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These require only commitment to contractual terms (not information
structures) and do not involve any private communication from the agent
to the principal.

Given a direct mechanism x with associated contracting rule Xand ac-
tion recommendation rule A, a sequential equilibrium of the public com-
munication game implements x if the outcome of this equilibrium is
X (0) x A(0) for everyagent type 6 € ©. Note that this implementation cri-
terion is stronger than payoff equivalence for all three players.®

THEOREM 1.  Every optimal direct mechanism x"is implementable by
a sequential equilibrium of the public communication game.

The formal proof of this result is in appendix A, but we provide intui-
tion here. To implement the optimal contracting rule X*, the principal
needs to elicit the agent’s private information without conveying it per-
fectly to the receiver, as this may conflict with optimal persuasion accord-
ing to A”. To do so, the principal can choose a public message space M*
containing multiple “synonyms” for every recommended action in the
support of A*. By mixing over a set X" of contracts that rely on permuted
mappings from M™ to contractible decisions, synonymous messages can
be garbled and endowed with a common public meaning thatimplements
the recommendation rule A*. But because the agent observes the realized
choice of public communication mechanism, she and the principal have a
shared private meaning for each synonym that simultaneously imple-
ments the contracting rule X*.

Note that the message space M™ described above may contain more el-
ements than simply the set of actions recommended to the receiver. This is
in contrast to “standard” Bayesian persuasion settings, where one typically
requires only as many messages as on-path actions. But because the com-
munication here is multivalent and directed toward multiple audiences, a
richer language is necessary. Moreover, the construction above suggests
that effective indirect persuasion may require the use of intentionally
vague language: the principal would like the agent’s message to reveal
her type for screening purposes but simultaneously needs the receiver
to be uncertain about the mapping from messages to agent types for per-
suasion. This uncertainty about the interpretation of language is one-sided:
through their knowledge of the realized contract, the principal and the
agent share an understanding of how public messages are privately inter-
preted. This shared understanding requires commitment to—and the

% Note that the direct mechanism x may, for some 0 € 0, correlate the randomization in
the contracting and action recommendation rules Xand A. In this case, the implementing
equilibrium features the same marginals X and A but with independent distributions. For
every 0 € O, the implementing equilibrium yields the same payoffs for all three players in
addition to an identical outcome distribution whenever x(0) = X (0) x A(6).
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privacy of—contractual terms. But conversely, no ability whatsoever to
commit to information structures is required.

It bears mention that our indirect implementation does not rely on im-
plausible or pathological off-path beliefs. By publicly committing to a mes-
sage space M and a set of contracts X, the principal essentially acts as a
mechanism designer whose payoffis bounded above by the optimal direct
mechanism. Butsince itis precisely this optimum that is implemented on-
path—regardless of the realization of the principal’s mixed strategy—
there is no incentive for the principal to deviate and attempt to imple-
ment any other (suboptimal) mechanism.” This of course relies on the
observability of M and X, which precludes an unobservable (to the re-
ceiver) deviation to a contract that, for instance, compensates the agent
directly for inducing specific actions.

B. Discussion

While theorem 1 is a general result, it is worth discussing the key assump-
tions driving it. Recall that the principal’s payoff u} (6, t) + uf (0, a) is sep-
arable in the contractible decision ¢ and the receiver’s action a. As noted
following the observation above, this payoff separability ensures that it is
without loss to assume that the optimal direct mechanism is product sep-
arable, with conditionally independent contractible decision and action
recommendation rules. Note, however, that theorem 1 continues to hold
even for nonseparable principal payoffs u(6, ¢, @) as long as they admit a
productseparable optimal direct mechanism. In other words, our payoff
assumptions are natural conditions on primitives that are sufficient (but
not necessary) for our result.

To see why product separability is sufficient for our indirect implemen-
tation, recall that any mixing X*(0) € A(7") over contractible decisions is
partofa principal-agent contract that can be committed to in a public com-
munication mechanism. Likewise, any randomization A*(6) € A(A) in the
receiver’s action can be induced by the above-described mixing over con-
tracts with synonymous messages. Since the agent’s payoff w, (0, f) does not
depend on q, this does not affect the agent’s incentives in the public com-
munication mechanism. Note, however, that this argument critically relies
on the (conditional) independence of the randomization over actions a
generated by the agent’s strategy and the mixing over contractible deci-
sions ¢ generated by the contracts.

Consequently, theorem 1 holds for any payoffs that admit an opti-
mal direct mechanism with either a deterministic contracting or action

? Note that this argument also implies that the agent is indifferent between all contracts
that might be chosen on-path; therefore, we can also implement the optimal mechanism
by letting the agent select a contract from the principal’s set X.
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recommendation rule (but not necessarily both), as any such mecha-
nism is immediately product separable. While we do not have a general
sufficient condition that ensures a deterministic optimum (in either 7°
or A), it is easy to construct examples where this is true.

To see why theorem 1 need not hold when there is no product-separable
optimal mechanism, consider a setting where the agent has two types
O = {6, 0.}, the receiver has two actions A = {a, d'}, the principal has
three contractible decisions 7 = {4, t{, -}, and the unique optimal di-
rect mechanism is

1
(&, @) with probability —,
x*(0,) = and x*(0y) = (&, @) with probability 1.
(&1, @) with probability 3

Suppose further that the agent’s payoffs satisfy

uA(O, tl) > U,A(e, t‘z) > UA(O, t{) for both 8 € @,

so that both agent types prefer ¢ to & to ¢ but that (as required for the
incentive compatibility of x™)

1 1
EUA(al’ t]) + §uA(017 tl,) > uA(el; t‘_)) and

s 0 1)
and the types differ in their preference for an equal likelihood mixture of
t, and { relative to deterministically receiving &."

Suppose that x™ could be implemented as a sequential equlhbrlum of
the public communication game. Then every contract x* in support of
the principal’s strategy must be such that x* (m) € {§,, 6, } for every mes-
sage m, in support of f,’s strategy and x* (m.) = 6, for every message m, in
support of 0,’s strategy.'' The latter condition follows immediately from
the form of x*, while the former is true because if x(m,) was a mixture
of ¢ and ¢, the receiver’s action could not be perfectly correlated with
the contractible decisions 4 and # as x* requires. Now observe that type
6, would never pick a message m, such that x*(m;) = 6, as they would pre-
fer to pick m, for which x*(ms) = 6,. Conversely, type 0, would never pick
amessage m, such that x* (m,) = 6, when there is another message m, for

1
us (02, &) > = uA(ez, L) +

' For brevity, we omit explicitly defining the principal’s and receiver’s payoffs as they are
not required for the argument. It is straightforward, however, to specify payoffs for which
the direct mechanism above is indeed the unique optimum.

"' We use §, to denote the degenerate distribution that assigns probability one to the con-
tractible decision ¢ € 7.
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which x*(m;) = 8,. Thus, x* cannot be implemented as a sequential equi-
librium of the public communication game.

Theorem 1 also does not generalize to settings with a “biased” agent
whose payoff u, (0, t, @) depends arbitrarily on the receiver’s action. Recall
that the principal effectively garbles the agent’s information through ran-
domization over contracts to ensure that a type-f agent chooses different
messages for different realizations of the contract. In a direct mechanism
X, the agent evaluates their expected utility E, ¢ [u.(0, ¢, )] based on the
joint distribution over ¢ and « induced by x. Conversely, in any realized
contract, each public message typically induces a unique receiver action
(barring knife-edge cases where the receiver is indifferent over multiple
actions). Thus, the principal may not be able to implement x as they
may not be able to guarantee agent incentives—even if each dimension
of x is independent. Nonetheless, theorem 1 applies in cases where the
agent’s payoff depends on the receiver’s action but there is an optimal di-
rect mechanism whose corresponding action recommendations A" (0) are
deterministic for all § (even if the contracting rule X" is not).'?

Last, theorem 1 also does not accommodate arbitrary receiver payoffs
ug(0, t, a) that depend on the contractible decision. As with the case of
nonseparable principal payoffs, optimal direct mechanisms may involve
correlation between ¢ and a. As discussed above, such correlation may
not be achievable in the public communication game. But again, theorem 1
extends to cases where the receiver payoff takes the form wu(0, ¢, a) yet
there is a productseparable optimal direct mechanism such that each di-
mension of x*(0) = X*(0) x A*(0) is independent for all § € ©.

IV. Application: Regulating Financial Analysts

In this section, we develop an application of theorem 1 to the market for
sell-side financial research. In addition to being of independent interest,
this application serves several purposes. First, it helps motivate the public
communication game we study by situating it in an important real-world
context. It also permits a transparent presentation and interpretation of
our result’s underlying intuition, especially in light of the prevalence of
vague communications in analyst ratings. Finally, the result has conse-
quential implications for the effectiveness—or lack thereof—of conflict-
of-interest regulations in this industry. We note, however, that the tensions
appearing in this application are pervasive in the wide variety of environ-
ments that feature strategic information intermediaries.

2 Of course, this is subject to the caveat that all communication by the agent occurs pub-
licly in the language specified by the principal; if the agent had a separate communication
channel with the receiver, then any preference misalignment with the principal would dis-
tort the receiver’s action.
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As discussed in the introduction, sell-side financial analysts are important
information intermediaries in financial markets, and strict compliance
regulations govern their relationships with the institutions that employ
them. These regulations aim to ensure that analysts” stock recommenda-
tions reflect their actual opinions about the investment potential of subject
companies and are not influenced by incentives to generate trading activi-
ties, commissions, and investment banking business. These regulatory
constraints correspond to our assumption of public communication, and
as we will show, a consequence of theorem 1 is that such regulation can
be circumvented or rendered less effective by a bank that appropriately de-
signs its analysts’ employment contracts.

A.  Environment

We now specialize the general public communication game in section II to
this setting. The three players are a bank (the principal), an analyst (the
agent), and a representative client (the receiver) standing in for “the mar-
ket” as a whole. In what follows, we deliberately choose the simplest possi-
ble version of the model required to illustrate our main insight. As long as
the conditions of theorem 1 are met, all assumptions can be generalized.

The analyst has a private type 0 = (s, p) € © := {h, [} x {0,1/n,
2/n, ..., 1}. The first dimension s € {4, [} is their skill or ability (either
high or low). The second dimension represents their information about
the quality of an investment opportunity: the analyst observes an (un-
modeled) informative signal about the investment, and p € {0, 1/n,
2/n, ..., 1} is their posterior belief that it is profitable (an event we de-
note by ), while 1 — p is their complementary belief that it is unprofit-
able (an event we denote by ¢).

The analyst’s type is distributed according to (s, p) =(1/2)f(p), with
2,£(p) = 1;thatis, the analystis equally likely to be high- or low-skill, and,
conditional on her skill s, her posterior pis distributed according to f. We
assume that the distributions f are strictly positive and symmetric around
1/2,so that 2,pf;(p) = 1/2 and the investment is ex ante equally likely to
be profitable or not. Finally, we assume that f, dominates f; in Johnson
and Myatt’s (2006) rotation order, so that the high-skill analyst is better
informed than a low-skill analyst."” Given our symmetry assumptions, this
requires that the cumulative distributions satisfy F;(p) < F,(p) whenever
p < 1/2, and likewise that £, (p) > F,(p) whenever p > 1/2.

The bank chooses a contractible decision (4, &) € 7 = {0,1} x {0, 1}.
This captures whether the bank, after eventually observing the ex post out-
come of the investment opportunity, retains the analyst when event &

¥ See Crane and Crotty (2020) for recent evidence on the heterogeneity in analysts’
abilities to produce new information.
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occurs (the first dimension #,) or when event ¢ occurs (the second dimen-
sion #,)."* The analyst cares solely about being retained, and so their payoff
is given by

ur((s, p), (4, 1)) = pt,+(1 — p)t,.

We focus on the bank’s retention decision and not on monetary compen-
sation or other contractual terms. This mirrors empirical evidence showing
that analyst performance is motivated primarily by the threat of termina-
tion and not by compensation incentives. Kothari, So, and Verdi’s (2016,
201) survey of the literature on financial analysts (with further relevant refer-
ences found therein) argues that banks “do not rely on forecast accuracy as a
first-order determinant of annual compensation” but that there is a “strong
relation between analysts’ accuracy and other career outcomes”; in particular,
“forecast inaccuracy can affect analyst wealth by increasing the probability of
dismissal.” Focusing on retention alone also permits a cleaner exposition of
the indirect implementation result of theorem 1 (which still holds even in en-
vironments with richer contracting instruments).

The client makes a trading decision a € A = {b, ¢} to maximize her
expected gains from (costly) trade

pv —cif a = b,
0 ifa=¢.

If the client chooses @ = band buys the asset, she incurs a transaction cost
¢ > 0 and earns a payoff v > ¢ if the investment is profitable (the event b);
if she chooses @ = ¢ and does not buy, or if she does but the investment is
unprofitable (the event ¢), she earns a payoff of zero. This payoff struc-
ture yields a threshold

UK((SaP)’ d) =

_._¢
7%=
such that the client finds it optimal to choose action b whenever the ex-
pected value she assigns to the analyst’s information p is greater than or
equal to g (we assume that the client trades when she is indifferent). Oth-
erwise, she chooses action ¢. We assume that § > 1/2 to rule out the un-
interesting case where the client is willing to engage in trade even in the
absence of any additional information.

Last, the bank has dual objectives—it earns trading fees and commissions
linked to the volume of trade and also wants to identify the analyst’s ability

" The assumption that the ex post outcome is observable and potentially useful for eval-
uating the analyst is standard in models of forecasters and analysts; see, e.g., Marinovic,
Ottaviani, and Sgrensen’s (2013) survey and the references therein.
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so it retains only the high-skill analyst. Formally, the bank’s preferences are
given by

up((s, p), (4, 1), @) = kl{a= b} + (pt, + 1 — p)t,) A{s = h} — I{s = I}).

The first term captures the trading fees: the bank receives a payoff of
when the client chooses to buy the underlying financial asset. The second
term reflects the bank’s desire to retain high-skill analysts while firing low-
skill analysts: the probability of retention is pt,+ (1 — p)1,, and the bank
receives a payoff of 1 if it retains a high-skill analyst, a payoff of —1 if it re-
tains a low-skill analyst, and a payoff of 0 if it fires the analyst. This captures,
in a simple reduced-form way, the long-term value of increasing the orga-
nization’s human capital. Since analysts generate revenue for the bank via
their influence on the market, their advice must be sufficiently informa-
tive—and therefore their skill sufficiently high—to persuade the client
and increase the volume of trade.'” This is consistent with, for instance,
Jackson’s (2005, 674) results showing that “analysts with better reputations
generate significantly higher future trading volume” for their brokerages
and that these reputations are indeed consistently linked to forecast accu-
racy. Likewise, Lehmer, Lourie, and Shanthikumar (2022) provide evi-
dence that “forecast and analyst quality are associated with a larger broker-
age share of trading volume” (471) and, moreover, that “brokerage houses
are likely to consider trading volume generation to be a transferrable ana-
lyst skill” (462); therefore, investing in human capital within the organiza-
tion by hiring, retaining, and promoting higher-skilled analysts can im-
prove the bank’s prospects for future persuasion.

B.  Optimal Direct Mechanism

As mentioned above, the purpose of this application is twofold: to demon-
strate that some conflict-of-interest regulations can be circumvented and
rendered less effective in this market and also to illustrate the operation of
theorem 1 in a specific context. The first of these goals will follow as an
immediate consequence of theorem 1, and so the main contribution of
the next result is the explicit characterization of an optimal direct mech-
anism required for the latter goal.

Our payoff assumptions imply that there is an optimal direct mecha-
nism x* (s, p) = X*(s, p) x A*(s, p) forall (s, p) € O. Since there are only
two actions, we can express the action recommendation rule A* (s, p) €
A(A) as the probability A*(s, p) € [0, 1] with which the “buy” action

* It is easy to show that the probability of trade (given an optimal action recommenda-
tion rule) is increasing in the proportion of high-skill analysts; this follows from the as-
sumption that a high-skill analyst is better informed than a low-skill one.
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a = b is recommended. We can similarly express the contracting rule
X*(s,p) € A(T) as the pair of probabilities X*(s, p) € [0, 1] x [0, 1] with
which the analyst is retained when the events b and ¢ realize, respectively.
(Given that both the bank and the analyst care only about the total reten-
tion probability, any correlation across the dimensions of A(7") can be ig-
nored.) We abuse notation slightly in the remainder of this section and
use q* (0) to denote the client’s posterior belief that the investment is prof-
itable when the buy action is recommended."®

THEOREM 2. There is an optimal direct mechanism x*(s, p) =
X*(s, p) x A*(s, p) for all (s, p) € O, where

(0,1) ifp<1, 0 if p<p,
X (s, p) = and A*(s,p) = ¢ a if p = p,
(LOyifp=3. it p> p,

and the threshold informational type $ < g and the buy recommenda-
tion probability & €(0, 1] at this type are such that ¢*(b) = g. Moreover,
there is a sequential equilibrium of the public communication game that
implements x".

The optimal contracting rule X* is essentially a “prediction mecha-
nism”: the analyst is retained with certainty if the event (b or ¢) that they
claim to be more likely actually occurs and is fired with certainty if it does
not.!” Note further that X* does not depend on the analyst’s reported skill
s. To see why, note that the analyst’s interim payoff—given their informa-
tion p—does not depend on their skill s. Incentive compatibility (IC-A)
thus implies that the probability of retention must be the same for both
types (h, p) and ({, p) for all p. Moreover, there is no benefit to choosing
different X" (h, p) and X" (I, p) that yield the same expected retention
probability since the payoffs of both the bank and the analyst depend only
on the latter."® Thus, as itis not possible to screen on the skill dimension of
the analyst’s private type, the bank must rely solely on the accuracy of the

'* Since the client’s payoff does not depend on the analyst’s skill, we disregard her belief
about that dimension of 6.

7 A more general characterization of X* that dispenses with our simplifying assump-
tions on the distribution 7 € A(®) is of independent interest, as the bank’s screening prob-
lem is a novel mechanism design without transfers problem where local incentive com-
patibility constraints are not sufficient for optimality. An earlier version of this paper
presented a characterization that relied on a combination of ironing and Lagrangian meth-
ods; Dasgupta (2023) uses the structure of the set of implementable mechanisms to also
study this problem and derive interesting comparative statics.

'® Other work has similarly noted the optimality of ignoring payoff-irrelevant (to the in-
formed agent) private information; see, e.g., Jehiel and Moldovanu (2001), Che, Dessein,
and Kartik (2013), or Dworczak, Kominers, and Akbarpour (2021).
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analyst’s recommendations to indirectly evaluate and screen ability; note
that this also implies that this mechanism remains optimal even if the an-
alyst does not know their skill s and observes only the signal p about the
underlying asset.

The derivation of the optimal action recommendation rule A* in theo-
rem 2 follows from standard Bayesian persuasion arguments. Recall that
the client engages in trade only when they are sufficiently confident—that
is, only when their posterior q*(b) following a buy recommendation is
greater than or equal to ¢ > 1/2. Suppose the bank were to recommend
action b only when the analyst’s information satisfied p > ¢ (regardless
of the analyst’s skill s). Such a recommendation would yield a posterior
belief ¢ > ¢, and it is clearly optimal for the client to obey this “naive”
buy recommendation. But the bank can induce a greater volume of trade
by lowering the threshold value of p above which buy recommendations
are made. The cutoffs p and & are chosen to exactly push the client’s pos-
terior belief down to g, so that the clientis justindifferent to buying when
action b is recommended."

C.  Public Communication Is Optimal

Having provided some intuition for the form of the optimal direct mech-
anism, we now explain how it can be implemented as a sequential equilib-
rium of the public communication game. We begin with an explicit de-
scription of the bank’s strategy.*

Define the message space M = {B, B, ¢}. First, suppose that the cut-
off p from theorem 2 satisfies p > 1/2. Consider the singleton set of con-
tracts X* = {x,5}, where xj; is given by

(1,0) if m € {B, 8},
0,1 if m = ¢.

X5 (m)

Both messages B and (8 are interpreted by the bank as a prediction that
the investment will be profitable while the message ¢ predicts
unprofitability.

Whatis the type-(s, p) analyst’s best response to the public communica-
tion mechanism (M, x:B)? When p > 1/2, they are indifferent between
messages 8 and B but strictly prefer both to ¢; when p < 1/2, the analyst

' These cutoffs can be described directly in terms of the model’s primitives; see eqq. (B.2)
and (B.3). Also, note that the mixed recommendation when p = p is an artifact of the dis-
crete type space.

# Unsurprisingly, there are multiple sequential equilibria that implement the optimal di-
rect mechanism. The proof of theorem 1 constructs a “universal implementation” for all set-
tings, including the present one. Here we instead present a simpler implementation that is
provably minimal (in number of messages required) and more natural for our application.
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strictly prefers . Letting o (s, p| M, x) € A(M) denote the type-(s, p) ana-
lyst’s strategy when faced with public communication mechanism (M, x),
it is optimal for the analyst to respond to (M7, xzﬂ) with

1
(0,0.1) ifp<y,

L1 .
0*(s,p|j\/l*’x:5) _ (1,0,0) if 5 < p<p,
(1 —a&&0)if p=p,

(0,1,0) if p> .

In the above strategy, the first, second, and third dimensions denote the
probabilities with which the analyst reports B, 3, and ¢, respectively. Note
that the above strategy implies that the ex ante likelihood of retention for
each analyst type (s, p) € O is precisely X (s, p) from the optimal contract-
ing rule.

Now observe that the client’s posterior belief following a report (3 is, by
construction, the same as her posterior ¢* () when the optimal action rec-
ommendation rule A* suggests action b. Thus, the client optimally chooses
action b after the message . Conversely, the client’s posterior following
messages B or ¢ is lower than p, which is in turn lower than g. The client
will hence optimally pick action ¢ after observing messages Bor ¢. In other
words, the outcome is the same as that from the optimal action recommen-
dation rule A™.

Now suppose instead that the cutoff from theorem 2 is such that
£ < 1/2. Indirect implementation of the optimal mechanism via a public
communication is now more subtle: a single public message must separate
analyst posteriors in [p, 1/2) from those in [1/2, 1] (to implement the op-
timal screening rule X) while simultaneously pooling those posteriors
(to implement the optimal recommendation rule A™).

To achieve these dual objectives, consider the set of contracts X* =
{x3, x; }, where

{(1,0) if m = B, . {(1,()) it m =g,
x(m) = and x; (m) =
(0,1) if m # B, 0,1) if m # 8.

Under x;, the message B is interpreted by the bank as a prediction that
the investment will be profitable while messages 8 and ¢ predict un-
profitability. Under x;, alternatively, it is message 8 that is interpreted as
a prediction of profitability while the remaining messages B and ¢ do
not. Thus, the two contracts x, and x;; permute the bank’s interpretation
of the message B and f.



INDIRECT PERSUASION 000

When faced with public communication mechanism (M*, xp), it is
clear that the type-(s, p) analyst strictly prefers to report message Bwhen-
ever p > 1/2. When instead p < 1/2, she is indifferent between reporting
B or ¢ but strictly prefers both to B. Therefore, a best response to (M7,
x;k ) is the strategy

0,0,1) ifp<p,
0,&1—a)ifp = p,

o*(s,p|/\/l*,x;:) = (0,1,0) ifﬁ<[7<%,

(1,0,0) ifpz%.

As the only difference between the public communication mechanisms
(M*, x3) and (M*, x;) is the permutation of the messages Band 3, a best
response to (M7, x;) is the strategy

0,0,1) if p<p,
(@,0,1 —a&)ifp = p,

0" (s, pIM*, x5) = (1,0,0) if13<19<%’

(0,1, 0) ifpz%.

So suppose that the bank first commits to the set X* = {x;, x; } of con-
tracts and then privately randomizes with equal probability over this set.
Depending on the contract that realizes, the analyst best responds accord-
ing to the strategy o" above. By construction, the ex ante likelihood of re-
tention for each analyst type (s, p) € @ is X" (s, p).

How does the client respond? Itis easy to see that, from the client’s per-
spective, messages B and 3 are indistinguishable; each is generated with
equal likelihood by an identical distribution of analyst types. In other
words, the client assigns an identical conditional distribution to the ana-
lyst’s type when she observes either B or 8. Moreover, by construction, this
conditional distribution is identical to the posterior q*(b) corresponding
to the client’s belief when she receives the buy recommendation in the op-
timal direct mechanism. Similarly, the conditional distributions over the
analyst’s type when the client observes the message ¢ in the public com-
munication game is the same as when she observes the recommendation
A* = ¢ in the optimal direct mechanism. Thus, the ex ante distribution
over actions for each (s, p) € O is the same in both the public communi-
cation game and the optimal direct mechanism.
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Finally, note that the optimal direct mechanism is implemented regard-
less of the realization of the bank’s randomization over the set X* of con-
tracts. Therefore, an equal likelihood mix over both public communica-
tion mechanisms is a best response for the bank—who also cannot
improve its payoff by committing to a different set X # X* of contracts.
Consequently, the strategies described are an equilibrium and implement
the optimal direct mechanism as required.*'

Moreover, the construction above highlights the importance of inten-
tionally vague language for effective indirect persuasion: the client is un-
sure about the precise interpretation of message (8 relative to message B.
This uncertainty is not unnatural as there is, in practice, a substantial lack
of clarity about the interpretation of analyst ratings. For instance, what ex-
actly is the threshold demarcating the boundary between a “strong buy”
and a “weak buy” recommendation? And this vagueness is exacerbated
when, as is often the case, analysts resort to even more opaque language:
is an “outperform” rating better or worse than an “overweight” rating, and
how do they both compare to a simple “buy” rating? Critically, however,
this vagueness is one-sided, as the bank and analyst have a mutually shared
understanding of how the public language is to be privately decoded.

While the specific construction yielding theorem 2 is unique to the styl-
ized example we describe here, the intuition holds far more generally. For
example, itis straightforward (though notationally more cumbersome) to
extend this argument to richer (and potentially asymmetric) environ-
ments with a “sell” state in which the financial asset depreciates in value.*
Likewise, theorem 1 applies in settings where the client can determine the
volume of trade, the analyst has multiple abilities, and the contractible de-
cisions include transfers.

Finally, it is worth noting that there is some evidence suggesting that
other regulatory interventions may be effective in improving the informa-
tiveness of analyst ratings and recommendations. Chen and Chen (2009)
and Chen, Novoselov, and Wang (2018) present evidence suggesting that
National Association of Securities Dealers (NASD) rule 2711, the precur-
sor to FINRA rule 2241 that mandated firewalls between brokerages
investment and research arms while also regulating analyst compensation,
reduced the influence of conflicts of interest (including trading commis-
sions) and increased the informativeness of analyst research. Meanwhile,
Fang etal. (2020), Guo and Mota (2021), and Lang, Pinto, and Sul (2024)

*' Of course, to fully describe the equilibrium requires a specification of off-path behav-
ior should the bank deviate and offer a different set of contracts; these details are discussed
in the proof of theorem 1. We reiterate, however, that our construction does not rely on
implausible or pathological off-path beliefs.

#* This analysis (in an earlier version of this paper and available on request) yields the
traditional five-point analyst rating scale.
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argue that MiFID II (the EU regulation unbundling sell-side research
from transactions) has yielded improvements in research quality and an-
alyst recommendation accuracy.

D.  Welfare Consequences of Transparency

As should be clear from the above discussion, implementation of the op-
timal direct mechanism requires that the realized contract between the
bank and the analyst is unobserved by the client. It is therefore natural
to ask whether the client benefits if the bank’s contractual terms are in-
stead mandated to be public. In this case, the meaning of the message cho-
sen by the analyst is common to all three players.

Recall that the action recommendation rule A* in the optimal direct
mechanism ensures that the client is indifferent between trading and
notwhen she receives a buy recommendation and thus the client’s ex ante
payoff is zero. Making the contractual terms public therefore cannot hurt
the client, as they can always guarantee themselves a payoft of zero by not
trading. The next result shows that transparency and public contracting
can instead make the client strictly better off.

THEOREM 3. Suppose that the optimal action recommendation A"
from theorem 2 satisfies f) < 1/2. Then, there is a weight on the bank’s
trading fees and commissions k¥ > 0 such that, for any « <k, the client
earns a strictly positive payoff in every bank-optimal sequential equilib-
rium with public contracting.

The intuition for this result is straightforward. As we illustrated in
the above subsection, when [3 < 1/2, the bank cannot obtain the full-
commitment profits without mixing over contractual terms with the ana-
lyst.* Moreover, mixing is effective only when those contractual terms
are unobserved by the client. Therefore, when contracting is public, the
bank has to compromise on either the payoffs from retention or the pay-
offs from trading commissions—and when the weight k on the latter is suf-
ficiently low relative to the former, trading commissions are sacrificed.*
The proof of theorem 3 shows that, in this case, every bank-optimal equi-
librium with public contracting features a cutoff p > p such that the client
is induced to buy the asset only when the analyst’s information satisfies
p = . Since p > p, the client receives a strictly positive payoff from buying
the asset.

# Recall that when p > 1/2, mixing is not necessary and the bank commits (determin-
istically) to a single contract X~ = {xz4}.

# This intuition extends to the case of private contracting with a positive probability that
the contract is publicly revealed.
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V. Concluding Remarks

Bayesian persuasion is a powerful theoretical framework that relies on the
ability of a sender to commit to arbitrary information structures, which
may be an unrealistic assumption in practice. In this paper, we instead
model the sender as two players—an uninformed principal that contracts
with a privately informed agent—and show that optimal persuasion can
be achieved by partial commitment only to standard contractual terms.
Commitment to arbitrary information structures is thus not required
to achieve optimal persuasion. This yields an organizational microfoun-
dation for commitment in strategic communication.

Our main result, theorem 1, applies to an environment with adverse se-
lection. For certain applications, it might be more appropriate to instead
consider amodel where the agent must exerta costly private efforte € £ to
learn her private type 6, which is drawn from a distribution w(¢) € A(©). A
direct mechanism here would need to provide incentives to ensure that
the agent obediently exerts the principal’s desired effort and then reports
her realized type truthfully. (Action recommendations to the receiver
would be akin to those in the “pure” adverse selection case we study here.)
Itis straightforward to show (under similar conditions on payoffs) that the
principal’s optimal direct mechanism can be indirectly implemented as a
sequential equilibrium of a public communication game (defined in anal-
ogous fashion to that of sec. IT). The intuition remains the same: the prin-
cipal can mix over public communication mechanisms, allowing a single
public message from the agent to convey different meanings to the prin-
cipal and the receiver. Of course, in such settings, the moral hazard prob-
lem introduces an additional friction, as a principal who “owns” the infor-
mation acquisition process will typically choose a different level of effort
than that required of the agent in the optimal direct mechanism.

Appendix
A.  Proof of Theorem 1

The proof is constructive. Fix an optimal direct mechanism x* with marginals X*
and A", and note that, by definition, X* and A* satisfy the incentive compatibility
constraints (IC-A) and (IC-R).

Let supp(A*(B)) denote the support of A*(f) € A(A), and let A=
Ugeo supp (A(6)) be the set of all action recommendations that might realize. Since
@ is finite, we can enumerate its elements by writing © = {f,, ..., 0y_ }, where
N = |@|. We then define the message space M = A x {0, ..., N — 1}, and for
each k = 0,..., N — 1, define the contract x, : M — A(7) by

x(a, 1) = X (0(i+k) mod V) -

The set of messages M consists of N “publicly synonymous” copies of each action:
for any (a, i) € M, the receiver interprets the message as a recommendation to
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take action awhile the principal interprets the message as report of type 0, where
j =+ k)mod N is a “cyclic” permutation of ©.
Now consider the following “on-path” strategies for each player:

* the principal publicly announces the message space M and set of contracts
X = {%}i=,. y-1 and then randomizes uniformly over this set with p(x;) =
1/N forallk = 0,..., N — 1;

* after privately observing the realized contract x;, the agent of type 0, € ©
publicly announces message (a,j) € M with probability A*(8,)[a] if j =
(i + k) mod N, and with probability 0 otherwise; and

* after observing the publicly realized message (@, j), foranyj = 0,..., N — 1,
the receiver takes action a.

If the principal announces any other finite message space M’ or finite set of con-
tracts X' C (M")*™), arbitrarily choose any continuation strategies that constitute
a sequential equilibrium for this “off-path” subgame, where existence of such a se-
lection is guaranteed because all players pick from finite action sets; see Kreps and
Wilson (1982).

We now establish that these strategies constitute a sequential equilibrium of the
public communication game and that the equilibrium outcome coincides with
that of the optimal direct mechanism. We begin by examining the responses to
the principal’s on-path play starting with the receiver’s action choice. After observ-
ing public message (&, j), the receiver’s posterior belief that the agent’s type is
0; € O is, by Bayes’s rule, given by

W(ol)p(x(ﬁt) modN)A* (01)[&] — 7“’(01)14=1< (01)[&]
Ekﬂ'(ek)i)(xu—m mudz\")A* (01) [&} Ekﬂ-(ek)A* (0x) [&] ’

where the right-hand side is precisely the receiver’s posterior belief after observ-
ing action recommendation a from the direct mechanism. Since that latter satis-
fies (IC-R), it must therefore be the case that taking action @ remains a best re-
sponse (on-path) in the public communication game.

Now consider the agent’s message announcement decision, fixing an arbitrary
type 0, € ® and a realization x; of the principal’s randomization over X =
{%4}1=0. . n-1- Since the image of x; is the same as that of X" and the latter satisfies
(IC-A), type 0/’s payoff is maximized by sending any message (a, j) € x, ' (X*(0;)).
Given the definition of x; (and the fact that it does not condition on the recom-
mended action), this implies that all messages in {(a, (i + ic) mod N) },.; are best
responses for the type-§; agent; in particular, the mixture over this set that corre-
sponds to the distribution A*(0;) € A(A) is optimal for type 0,

Finally, note that the principal is indifferent between offering the agent any
contract from the set X = {x,},-_ 1. In particular, the agent’s contractual out-
come does not depend on the realization; because the receiver does not observe
the realization, their action is also independent of the realization. Thus, uniform
randomization is optimal for the principal and on-path play results in the iden-
tical outcomes as the optimal direct mechanism x*.

We complete the proof by observing that the principal has no incentive to
deviate by announcing a different message space M’ # M or set of contracts
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X' # X: any sequential equilibrium of any such off-path subgame must deliver
(by definition) a lower payoff than the optimal direct mechanism x*. QED

B.  Proof of Theorem 2

Recall that a direct mechanism is a mapping x: ® — A(7 x A) with marginals
X:0—A(7T)and A: © — A(A). We will write X (s, p) = (X, (s, p), X4 (s, p)), where
X, (s, p) denotes the probability with which the analyst is retained when she re-
ports § =(s, p) and event w € {b, ¢} realizes. Likewise, we interpret A(s, p) to be
the probability with which the “buy” action @ = b is recommended when the ana-
lyst reports 6 = (s, p).

The analyst’s truthful reporting constraints (IC-A) can be written as

(s, p) € argmax{pX, (s, p)+ (1 — p) X, (s, p)} forall (s,p) € ®.  (AT)

(s,
For the client, alternatively, the obedience constraints (IC-R) can be rewritten as

by - SepAC PTG S~ A p)w(sp)
B0 L AG pywis p) S, A=A prip T

These two conditions require that the client’s posterior upon receiving a “buy”
recommendation is sufficiently high that the recommendation is indeed opti-
mally followed and that her posterior upon receiving a “hold” recommendation
is sufficiently low that she does not buy.

Thus, the bank’s optimal direct mechanism x* solves the following “full com-
mitment” problem

S PX (s, p)+ (1 = p)Xs(s, p) (s = b} — 1{s = {})7 (s, p)
max o
X + k> A(s, p)w (s, p) (FC)

(s:)

> gand q(¢) =

(CO)

s.t. (AT), (CO), and X (s, p) € [0, 1]*, A(s, p) € [0, 1] for all (s, p) € ©.

Problem (FC) is clearly separable—the analyst truthtelling constraint (AT) af-
fects only the part of the objective function containing X, while the client obedi-
ence constraint (CO) affects only the part of the objective function containing A.
In particular, since (s, p) = (1/2)f(p) forall (s, p) € ©, we can rewrite problem
(FC) as a standalone screening problem

mgx{z((lﬂ&(h,l))ﬂl = D)X P)S(P) — (pXe (L p)+(1 = IJ)X»(L/J))J?(P))} )

’ S
s.t. (AT) and X (s, p) € [0,1]* forall (s, p) € ©

and a standalone persuasion problem

mgx{E(A(M)ﬁ(p) + A(l,p>ﬁ<p>)}

?

(P)
s.t. (CO) and A(s, p) € [0, 1] for all (s, p) € O.
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Below, we characterize the optimal retention rule X* (lemma B.1) and the opti-
mal persuasion rule A (lemma B.2) independently. These two results jointly
yield the characterization in theorem 2; meanwhile, the discussion in the main
text proves the indirect implementation result. QED

LEMMA B.1. The optimal retention rule X* that solves problem (S) is

0,1) ifp<é,
X* (s, p) = 1 (s
(1,0) if p= 5.

Proof.  Consider any direct retention rule X : ® — A(7"). We write the analyst’s
payoff from reporting (s, /) when her true type is (s, p) by

U plsp) = pX (s, p)+1 = pX(s,p).
Note first that (AT) implies that
U (h, plh, p) = U(L, plh, p) and U(L, p|L, p) = U (h, p|L, p) for all p.

But U(s, p'|s,p) does not depend on s, so U(h, p|h,p) = U(h, p|l, p) and
UL, pll, p) = U, p|h, p) for all p. Together, these two sets of expressions imply
that, arbitrarily choosing s € {4, [}, we can define a “truthful” expected utility

U(p) = Uls, pls, p) forall p.
Furthermore, (AT) also implies that, for all s, p, and p/,

Up) 2 U(s,pls, p) = pIX(s,p) = X (s, )] + X (s, )
U@+ (p = P)IX(s,p) — Xe(s, )], and
Up) = Uls pls.p) = PIX(s.p) = Xo(s. )] + X (s p)
Up)+@ = pX(s, p) — Xa(s, p)]-

Adding these two inequalities, we obtain

(b = X0 p) = X (s )] 2(p = PIXls ) = Xo(s, p)] forall s, p, and p),
or, equivalently,
A(s, p) = X, (s, p) — X5 (s, p) is weakly increasing in p, for all s. (MON)

Moreover, the two inequalities above can also be combined to yield a discrete
“envelope condition”:

(p— YA, p) 2 Up) — U@ 2(p — pHA(s, p) forall s, p,and p'.  (ENV)

With these observations in hand, let us consider a relaxed version of the
screening problem (S) where, instead of imposing (AT) directly, we instead im-
pose the monotonicity and “envelope” conditions above:

mgx{zU(p> () —ﬁ(p))}
P

s.t. (MON), (ENV), and X(s, p) € [0, 1]? for all (s,p) € 0.



000 JOURNAL OF POLITICAL ECONOMY

Note, however, that summation by parts yields

s - 500 C) - 2o ) -+ (5)
-5 o))

Thus, the relaxed problem above can be rewritten as

w2 [o(57) -0 )]0 -+ )l ®

s.t. (MON), (ENV), and X(s, p) € [0, 1]’ for all (s, p) € ©.

Note that the rotation order on F, and F, along with symmetry, implies that
F(p) < F,(p) whenever p < 1/2 and likewise that £, (p) > F,(p) whenever p > 1/2.
With this in mind, it is helpful to rewrite the objective function in problem (§') as

2[v(59) - G)][G) -5 C))
-2 [r0) GG -5 6)]

Considering this objective pointwise (i.e., foreach £ = 0, ..., n — 1) suggests that
itis optimal to minimize the difference U((k + 1)/n) — U(k/n) for k < n/2 and
to maximize it for k > n/2.

To this end, we can apply the bounds from (ENV), which we rewrite here for
adjacent analyst posteriors:

+ +
lA(s,k l)zU(k 1) —U(ﬁ)zlAG,ﬁ) forallsand &k = 0,1,...,n — 1.
n n n n n n

These bounds can be tightened to

lmin{A(x, m) } > U(m> - U(ﬁ) > lmaX{A<.§,£>} forallk =0,1,...,n — 1.
n s n n n n s n
Thus, we can rewrite the objective function as
1 k k k
s2eea b))
L=V n n n
1 k+1 k k
52 C) -l
N jochen n n n

The feasibility constraints (X (s, p) € [0, 1]° forall (s, p) € ®) imply that we must
have A(s, p) € [—1, 1] forall (s, p) € ©; this suggests the optimality of a bang-bang
solution:

k+1

A (85 = Sroran k< anda* (s, = 1forall k>~
n 2 2
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This is, of course, achievable by choosing X" asin (S¥). Note that this “prediction
mechanism” satisfies (AT), implying that it is also a solution to the original
screening problem (). QED

Lemma B.2. - There exist $ < gand & € (0, 1] such that the optimal action rec-
ommendation rule A" that solves problem (P) is
0 if p < p,
A(s,p) = @it p=p, (P)
1Lifp>p.

Proof.  Because w(s, p) = (1/2)f(p) for all (s, p) € ©, we can rewrite the cli-
ent’s obedience constraints (CO) as

2 PAs PP) > gand Db = Als, ) [(p) .

S AGPLP) T S, A - A 1

Multiplying these posteriors through by their denominators, we can rewrite
problem (P) as

max A{E(A(h,pm(p) + A(l,p)ﬁ@))}

4

s.LS(p = DA, p)f(p) 20,
s P
_ (P
SSUG — p) (1 =A@, p)f(p) =0,
s P

L (P)A(s, p) = 0 forall (s, p) € ©, and
£(p) (1 — A(s, p)) = Oforall (s, p) € ©.

Note that the final two sets of constraints are the feasibility constraints (which
require A(s, p) € [0, 1] for all (s, p) € ®) normalized by the (strictly positive)
probability mass functions.

Problem (P’) is simply a linear program and can therefore be solved with La-
grangian methods. To this end, we let N, N4, 7,(s, p), and n4(s, p) denote the
(nonnegative) multipliers on each of the inequality constraints. The solution
to (P') is therefore characterized by the following first-order conditions (along
with the usual complementary slackness conditions):

B.1
SO ANG =9 = N(q = p) + (s, p) = n4(s, p)] = 0forall (5, p) €©. (51
Now define p by
R . 12 DUl + fi(q)
0~ > .1 : B.
P mm{pe{ e S T ) >q} (B.2)

Thus, $ is the lowest analyst posterior such that pooling all strictly higher posteri-
ors, regardless of the analyst’s skill, leads the client to strictly prefer to buy. (Note
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that p is well defined, strictly positive due to the symmetry of the distributions,
and necessarily smaller than g.) Furthermore, we can define a € (0, 1] as the solu-
tion to

ai)%(i)) +ﬁ(i))) +E/I>pp<fh(p) +ﬁ(l)))
a(fi(p) + () + X, (D) + fi(p)

=7 (B.3)

It is easy to show that & is well defined: the expression on the left-hand side is
strictly decreasing in «, and—by the definition of p—a solution in (0, 1] exists.
Moreover, note that [) < g implies that

S ) + BN+ = @pGG) + ) _
S G0 + AN+ — & () + A1)

Therefore, consider the following dual variables:

. j;—g;if < 0 ifp < p,
)\;k = A,)\: = O,n?(s,j)) =L qg—p ’ andnz(s,p) = pfi,. R
““r 0 ifp>)h, —prr

Straightforward algebra verifies that A™ as defined in (P*), along with these mul-
tipliers, satisfies the first-order conditions in (B.1), as well as the complementary
slackness conditions, for all (s, p) € ©. Thus, A" is indeed a bank-optimal action
recommendation rule. QED

C.  Proof of Theorem 3

We proceed in several steps. First, let (M, %) denote the public communication
mechanism defined by

(1,0) if m
(0,1) if m

b,
o.

M = {b,¢} and X(m) = {

Note that this public prediction mechanism implements the optimal retention
rule X* from theorem 2; in addition, upon observing message m = b (which is
sent by the analyst whenever p > 1/2 > ), the client believes that the “buy event”
occurs with probability E[p|p > 1/2] > g and so has a strictly positive payoff from
taking the recommended action.

Next, fix any bank-optimal equilibrium with public contracting in which the
bank chooses a finite message space M along with a retention rule & M—
A(T); the analyst chooses a reporting strategy o (s, p) € A(./\//\l); and the client
chooses an action strategy & : M — A.Ttis without loss to assume that all messages
m e Mare on-path, and we will denote by ¢(m) € [0, 1] the client’s posterior belief
that the “buy event” will occur after observing message m € M.

Step 1: all messages in M" have zero client payoff—Notice that if there are any mes-
sages m € M with q(m) > ¢, the client receives a strictly positive payoff from
&(m) = b (and therefore also a strictly positive payoff in equilibrium). So assume
instead that ¢(m) < g for all m € M, and let
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M= {me Mlg(m) = g}

be the set of messages that make the client indifferent between actions. Note that
in a bank-optimal equilibrium, the client breaks ties in favor of buying, and so
&a(m) = b for all m € M’. Note further that |[M’| > 0, as otherwise this pur-
ported bank-optimal public mechanism yields a lower payoff than (M, x) (which
achieves optimal screening along with some persuasion).

Step 2: analyst types with p = 1 must send a message in M’ —Suppose that some
type (5, 1) never reports a message in M? that is, suppose that 6(s', 1)[M"] = 0
for some s € {h,l}. We can then define an alternative public communication
mechanism (M’ ¥) by

. { &(m) if me M,
M = MU {my,}and &' (m) =
x(mey) if m = mp,,
for any iy, € supp(6(s, 1)). Thus, type (s, 1) is assigned a new message m,,, that
the bank treats as equivalent to some message m € M’ in the support of their re-
porting strategy in the original X.

Since ¥ essentially replicates #, it is a best response for type (s, 1) to choose
o'(s',1)[m,] = 1 and for all other types (s, p) € © to choose o'(s, p) = G(s, p).
This yields posterior belief

=1 ifm=m,,

qd(m)§ = q(m) if m e M,

IN

¢(m) otherwise.

This yields a strictly greater probability of the client engaging in trade while
achieving the same separation of type-h and type-/analysts, contradicting the op-
timality of (./\//\l, X).

Thus, we must have (s, 1) [M"] > 0 for both s € {A, [}. Notice that this also im-
plies that

p = min{pla(h, p)[M'] + 6(1, p)[M'] > 0} < 7.

If this were not the case, then the posterior ¢(m) after any message m €
supp(6(h, 1)) N M”" would be strictly greater than g, contradicting the assump-
tion that the client is indifferent and achieves zero payoff.

Step 3: the bank pools all messages in M’ —Now fix any m e M’ with
G(si, pr)[m] > 0 and 6(se, po)[m] > 0 for some (s1, 1), ($2, po) € O with p; < 7 < po.
(These types can be chosen to satisfy the latter set of inequalities due to the client’s
indifference upon observing message m.) We argue that, for any other m’ € Mwith
a(s, p)[m'] > 0 for any (s, p) € @ with p € (pr, p»), we must have x(m) = x(m').
The optimality of reporting message m by types (s, 1) and (s, f») and reporting n/
by type (s, p) imply that

P (m) + (1 = p1) & (m) = i, (m') + (1 = pi) & (m), (G.1)
Poiy(m)+(1 = o) & (m) = poiy () + (1 — pu)&s(m'), and (C.2)
P (m)+ (1 = p) &, (m) = pi (m) +(1 = p)&, (m), (C.3)
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where we write x(-) = (%/(+), %(-)) € A(7). Combining (C.1) and (C.3) and
then dividing through by (p — p) yields

X (m) — x(m) < X(m') — &y (m).

Likewise, combining (C.2) and (C.3) and then dividing through by (p, — p)
yields

X (m) — xe(m) = X, (m') — ().

Thus, we must have X, (m) — x,(m) = x,(m') — x;,(m'). Of course, this then im-
plies that we may rewrite (C.2) and (C.3) as

&y (m) = % (m') and &, (m') = %, (m),

jointlyimplying that X, (m) = X,(m’). Since we can repeat this argument with p; =
p and again with g, = 1, this implies that the contract & treats all messages result-
ing in trade identically; that is,

x(m) = x(m') for all m, m' € M".

Indeed, this pooling extends to all m € M with (s, p)[m] > 0 for any p > p.

Step 4: (./\//\l, x) implements the optimal persuasion rule A" from theorem 2—With this
in hand, we can proceed to argue that this optimal mechanism also pools the rec-
ommendations for all analyst types (s, p) € © with p > p; thatis, 6(s, p)[M'] = 1
for all (s, p) € ® with p > p. Suppose that this were not the case, and consider
p = pand & €(0, 1] such that

1 _ 1 N
25 (ﬁ(f”“ * Eﬁ(ﬁ)) =35 SAPes pIM = T,
s [;

s p>p
where T is the volume of trade induced by (./\//\l, X).

Fix any 7 € M’, and consider the new mechanism (M, ¥) defined by

. x(m) if m=m',m",
M = MU {w,m"} and ' (m) =
x(m) otherwise.
Because of the contract pooling property described above, it is easy to see that,
for sufficiently small & > 0, it is optimal for the analyst to report according to
1 ifp>pm=m,
ate ifp=pm=m,

l—a—c¢ifp=pm=m'
o' (s, p)[m] = 1L ifpepp),m=n,

a(s,p)[m] if p < p.m +m',m’,

0 otherwise.

When ¢ = 0, the distribution of analyst types reporting m under strategy ¢’ in
mechanism (M, ¥') (strictly) first-order stochastically dominates that reporting
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any m € M’ under strategy & in mechanism (M, k). Therefore, the client’s pos-
terior belief is ¢'(m') > [E[Q(./\/l )] = ¢, and the probability with which action & is
induced is exactly 7" = 7. Then for sufficiently small & > 0, action b s induced
with strictly higher probability under this new mechanism than under (M, %), all
the while leaving the bank’s payoff from analyst retention unchanged. This con-
tradicts the assumption that (M, &) is part of a bank-optimal equilibrium.

Therefore, in any bank-optimal equilibrium where the client’s expected pay-
off is zero, the bank is indirectly implementing its optimal action recommenda-
tion rule A” from theorem 2.

Step 5: (M, &) is not optimal for k small—We can write the resulting bank payoff
from using mechanism (/\71, X) as

1l = ﬁs + KHI,

where ﬁs is its resulting payoff from screening and I} is the (optimal) payoff
from persuasion. Alternatively, the bank’s payoff from using the “public predic-
tion mechanism” (M, k) defined earlier is

I = H? + Kﬁp,

where (by definition) II; is the (optimal) payoff from screening and I, is the
induced payoff from persuasion. We then have II >II (and therefore a strictly
positive payoff for the client) whenever

I, — I,

K <K=

Note that k is well defined and strictly positive: 15 > Ti, slnce ep= p<1/2, and
so the pooling under (M, %) is suboptimal, and likewise IT,, > I, since the persua-
sion under (M, %) is also suboptimal. QED
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