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Abstract

In information disclosure games, the receiver does not know the sender’s verifiable
information. In this paper, the receiver may also be uncertain about the sender’s ob-
jective. We investigate how the sender leverages the option of hiding or revealing her
verifiable information and how the receiver responds when the sender’s objective is or is
not common knowledge. To examine the selection among multiple equilibria predicted
by the model, we conduct between-subjects laboratory experiments where the sender’s
objective is known to the receiver in transparent treatments, but unknown to the re-
ceiver in opaque treatments. When the sender’s objective is opaque to the receiver, the
selected equilibrium is the one that is more robust to the presence of naive receivers.
However, the behavioral differences between transparent and opaque treatments are
minimal due to non-unraveling behavior under transparent treatments.
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1 Introduction

Police departments may publicly announce that speed limits are enforced using aircraft

or speed cameras. Product reviewers may post reviews about a product’s quality on social

media. Such games involving verifiable information disclosure are common in life. In these

games, a sender (she) faces the decision of revealing or hiding a piece of her verifiable private

information, which we call a type, to a receiver (he). The receiver responds after observing

the sender’s decision regarding information disclosure.

However, senders’ objectives may not always be transparent. Eliciting a sender’s true

objective is hard in many empirical contexts, especially when potentially conflicting objec-

tives exist. For instance, police departments may aim to deter rule violations, yet they may

also have incentives to implicitly encourage rule violations because of the revenue collected

through fines upon detecting violations of the rule; it is difficult to induce a corrupt po-

lice department to acknowledge that its primary objective is revenue maximization.1 The

opaqueness of the sender’s objective thus adds an additional layer of private information

alongside the sender’s type and affects the strategic interaction between the sender and re-

ceiver. There has been scant research on opaqueness in objectives despite its significance. We

provide the first theory-based laboratory experiment to study the role of opaque objectives

in a disclosure game of verifiable information.

We begin with a theoretical framework involving two risk-neutral players, a sender and

a receiver. For simplicity, assume that the sender’s type can be either high or low. She

decides between revealing her type to the receiver at a small cost or hiding this information.

Her potential objectives are Objective A, which seeks to induce the receiver to choose the

risky action among his two available actions, and Objective B, which seeks to induce the

receiver to choose the safe action. The sender knows her objective from the outset. When

the objective is opaque to the receiver, we treat it as an additional dimension of the sender’s

1See https://www.nytimes.com/2021/10/31/us/police-ticket-quotas-money-funding.html for a New York
Times news report related to enforcer’s objective of maximizing citation rates from drivers’ violations.

1

https://www.nytimes.com/2021/10/31/us/police-ticket-quotas-money-funding.html


private information; when it is transparent, we model it as ex-ante uncertainty to be resolved

by the receiver before he takes the action. After observing the sender’s action, the receiver

chooses his action. We assume that the receiver prefers the risky action when knowing that

the sender’s type is high, and prefers the safe action when knowing that the sender’s type is

low.

When the sender’s objective is transparent to the receiver, the standard unraveling logic

applies. There is always an equilibrium involving unraveling: concealing the sender’s type

leads the receiver to choose the same action as if the type were revealed. This is because

only the sender with advantageous type is willing to pay a small cost to showcase her type

to the receiver. Therefore, hiding information signals a disadvantageous type. Under certain

parameters, there may be other equilibria that do not involve full unraveling. For instance,

when the receiver’s prior belief is that a sender’s type is sufficiently likely to be advantageous,

there is a pooling equilibrium where both types of senders hide, and the receiver chooses the

sender’s preferred action when the sender hides her type.

The novel focus of our paper is the situation where the sender’s objective is opaque to the

receiver: in this case, we derive multiple equilibria under a wide range of parameters. Two

pure-strategy equilibria may appear. In the pure-strategy equilibrium where the receiver

chooses the risky action upon observing the sender’s action to hide, only the low-type sender

with Objective B reveals. In the other pure-strategy equilibrium, only the high-type sender

with Objective A reveals, and the receiver chooses the safe action if the sender hides her type.

There may also be mixed-strategy equilibria where (1) the low-type sender with Objective

B and (2) the high-type sender with Objective A reveal with positive probability, and the

receiver mixes upon observing the sender’s action to hide. In all of those equilibria, the

receiver can no longer perfectly infer the sender’s type when the sender chooses to hide. As

a consequence, the additional private information on the sender’s objective breaks down the

standard unraveling result.

To examine equilibrium selection under opaque objectives, as well as behavioral dif-
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ferences between transparent and opaque objectives, we conducted a controlled laboratory

experiment with six between-subjects treatments. Subjects were assigned the role of ei-

ther sender or receiver. The four main treatments vary along two dimensions: whether

the sender’s objective is transparent or opaque to the receiver, and the receiver’s different

prior beliefs about the sender’s type. In all four main treatments, the sender’s objective is

randomly assigned and ex-ante uncertain, and it can be one of two conflicting objectives.

This uncertainty is resolved before the receiver takes action in transparent treatments, but

persists in opaque treatments. This common feature of ex-ante uncertainty allows us to

compare transparent and opaque treatments directly. Our parameterization allows for mul-

tiple equilibria under all four main treatments, and we examine equilibrium selection. In

addition, we include two robustness treatments where the sender’s objective is fixed at either

Objective A or Objective B and is common knowledge to both the sender and the receiver.

We focus on two outcome variables: senders’ overall hiding rate and the rate at which

receivers choose the safe action after observing a sender hide. We first examine behavior in

the opaque treatments, where receivers do not observe the sender’s objective. The data show

no significant difference in overall hiding rates between the two opaque treatments. However,

conditional on hiding, receiver behavior differs sharply under different priors. Receivers are

significantly less likely to choose the safe action when the prior probability of a high-type

sender is relatively high, and significantly more likely to choose the safe action when the

prior probability of a high-type sender is relatively low.

This pattern suggests that, among the multiple equilibria predicted by theory, the selected

equilibrium is prior-contingent: the receiver chooses the risky action under sufficiently high

priors of a high type and the safe action otherwise. The pattern is also consistent with an

alternative interpretation in which receivers interpret hiding in a naive manner: rather than

fully accounting for the sender’s strategic incentive to hide, they appear to condition their

actions on the prior probability of the sender’s type. We conjecture that the presence of

such naive receivers leads equilibrium selection toward outcomes that are robust to receiver
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naivety.

Then, we compare transparent and opaque treatments. We find no clear evidence of

unraveling in the transparent treatments, and little behavioral difference between the opaque

and transparent treatments. One possible explanation is that the ex-ante uncertainty present

in the transparent treatments increases the complexity of the receiver’s inference problem. In

particular, receivers must separately reason through the sender’s two conflicting objectives

in order to infer the meaning of hiding, which may be cognitively demanding, especially in

the early rounds. This interpretation is further supported by the fixed-objective treatments,

where the strategic environment is simpler because receivers only need to understand one

sender objective. In these simpler treatments, unraveling emerges more clearly. Taken

together, the opaque treatments suggest that receiver naivety shapes equilibrium selection,

the transparent treatments show that greater complexity sustains such naivety, and the

fixed-objective treatments show that reducing complexity weakens it.

Our results highlight the role of senders’ conflicting objectives in the context of informa-

tion disclosure. We show that the opaqueness of the sender’s objective provides a natural

channel to break down the unraveling result. Moreover, we provide insights on predicting

players’ behaviors when the sender’s objective is opaque: the pure-strategy equilibrium,

where the receiver behaves as if basing his decision solely on the prior belief about the

sender’s type when the sender hides, appears to best describe actual play. From a practical

perspective, elicited information about the receiver’s prior beliefs may be sufficient to predict

behavior under opaque objectives.

This paper contributes to the literature on signaling and information disclosure games

in several ways. It is well known that, when the sender has only one dimension of private

information (i.e., her type), equilibrium predictions typically involve unraveling: the receiver

infers the sender’s private information perfectly, leaving no information rent to the sender

(Milgrom, 2008; Jin et al., 2021; Fréchette et al., 2022). Recent experiments have investigated

several factors that may mitigate unraveling, including level-k thinking (Benndorf et al.,
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2015), competition (Sheth, 2021; Penczynski et al., 2022), and complexity (Jin et al., 2022).

In contrast to this literature, we introduce an additional dimension of private information,

the sender’s objective, which cannot be credibly disclosed and may itself prevent unraveling.

Our paper is also related to theoretical studies in which information senders have hidden

motives (Sobel, 1985; Morris, 2001; Morgan & Stocken, 2003; Li & Madarász, 2008; Onuchic,

2025). In particular, Onuchic (2025) suggests that hidden motives may weaken unraveling.

Our paper differs from this work by characterizing multiple equilibria and experimentally

investigating equilibrium selection.2 Moreover, our explanation of the experimental findings

through receivers’ naivety connects to earlier discussions of bounded strategic reasoning in

signaling and information disclosure games without multiple objectives (Brandts & Holt,

1996; Hagenbach & Koessler, 2017; Deversi et al., 2021; Montero & Sheth, 2021).

This paper also contributes to the growing literature on rule enforcement. Several studies

have investigated the agency’s incentive to reveal information about its enforcement policy

(Apel & Nagin, 2011; Apel, 2013; Chalfin & McCrary, 2017; Buechel et al., 2020).3 A few

studies have also examined the fiscal incentives of law enforcement agencies using empirical

data (Makowsky & Stratmann, 2009; DeAngelo & Hansen, 2014; Makowsky et al., 2019;

Harvey, 2020). Utilizing theory-based laboratory experiments, Calford & DeAngelo (2023)

investigate different law enforcement schemes of police departments, either compliance max-

imization or revenue maximization, in a game of complete information. To our knowledge,

no applied-oriented work has yet examined conflicting enforcement objectives in a Bayesian-

Nash framework.

The remainder of the paper is organized as follows. Section 2 presents our theoretical

framework. Section 3 describes the experimental design. Section 4 summarizes our testable

hypotheses. Section 5 demonstrates our experimental results. Section 6 concludes.

2Experiments have also been used to study equilibrium selection in signaling games (Brandts & Holt,
1992, 1993; Banks et al., 1994; Possajennikov, 2018; Szembrot, 2018; Vinogradov & Makhlouf, 2021).

3Also, the crackdown literature assumes that authorities determine the enforcement effort first and then
choose whether to reveal it to agents or not (Lazear, 2006; Eeckhout et al., 2010; Dur & Vollaard, 2019). The
tax avoidance literature also studies when it is optimal to reveal a chosen enforcement effort to taxpayers
(Andreoni et al., 1998; Hallsworth, 2014; Mascagni, 2018; Slemrod, 2019).
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2 Theoretical Framework

2.1 Setup

There are two players in the game: a sender (she) and a receiver (he). Both players are

assumed to be risk-neutral.4 The sender is privately informed of her type θ ∈ Θ = {θ, θ},

which affects the payoff of the receiver and potentially the sender as well. Let p ∈ [0, 1] be

the receiver’s prior belief that the sender’s type is θ.

The sender has two possible actions after privately observing θ: to hide (H) her type

from the receiver or to reveal (R) her type to the receiver. The sender will incur a small

cost c if she chooses to reveal verifiable evidence about her type θ.5 After observing the

sender’s action, the receiver chooses an action from the set A = {a, b}. Motivated by the

rule enforcer and product reviewer settings discussed in Examples 1 and 2, we assume that

one action is safe whereas the other is risky. Let b denote the safe action so the receiver’s

payoff is independent of the sender’s type, i.e., r(b, θ) = r(b, θ) ≡ r(b). Moreover, assume

that r(b) ∈ (r(a, θ), r(a, θ)). That is, the risky action a yields a higher payoff to the receiver

when the sender’s type is θ than when it is θ, while the receiver’s payoff from the safe action

b lies strictly between these two levels.

We explore two conflicting objectives that the sender may follow: an objective-A sender

wishes to induce action a from the receiver, and an objective-B sender wishes to induce b.

We assume that the objective only affects the sender’s payoff so that s(A, a, θ) > s(A, b, θ)

and s(B, b, θ) > s(B, a, θ) for all θ ∈ Θ, but does not affect the receiver’s. Denote the

sender’s objective by o ∈ O = {A,B}.

The following two examples motivate our concern about conflicting objectives and the

payoff structure of the game.

4The same qualitative results hold if players are not excessively risk averse or risk seeking.
5We assume c ∈ (0, (s(A,a,θ)−s(A,b,θ))(s(B,b,θ)−s(B,a,θ))

s(A,a,θ)−s(A,b,θ)+s(B,b,θ)−s(B,a,θ)
) to reduce the number of equilibria without com-

promising the existence of separating equilibria, where the s function is defined in the next paragraph. If
c = 0, additional perfect Bayesian equilibria can emerge. For example, in addition to the equilibria reported
in Table 1, there exist equilibria in which all senders fully disclose their types.
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Example 1. Let the sender be a potentially corrupt rule enforcer and the receiver be an

agent. The two objectives of the enforcer are A, to maximize revenue from fines by inducing

violation of the rule (action a) by the agent, and B, to induce compliance (action b). Let

θ ∈ Θ denote the probability that an agent avoids detection when violating the rule, which is

determined by the enforcer’s technology to detect violation and fixed in the short run. The

high type θ implies a greater ability for the agent to avoid detection, which is associated with

a weak detection technology, e.g., a lack of speed cameras.

An enforcer aiming to induce compliance receives θ-independent payoffs of s(B, b, θ) and

s(B, a, θ) from agent’s compliance and violation, respectively, where s(B, b, θ) > s(B, a, θ).

An enforcer aiming to induce violation receives a θ-independent payoff s(A, b, θ) from the

agent’s compliance. Her payoff from the agent’s violation can depend on θ and satisfies

s(A, b, θ) = s(A, b, θ) < s(A, a, θ) < s(A, a, θ). The first inequality follows from the fact that

this enforcer wishes to induce violation to collect fines, and the second follows from the fact

that a stronger detection technology, i.e., a lower θ, leads to higher fine revenue when the

agent violates the rule.

The agent earns a safe payoff r(b) if he chooses action b, i.e., to comply with the rule.

His payoff is r(a, θ) if he chooses to violate the rule and ends up encountering the strong

detection technology. Similarly, his payoff is r(a, θ) if he violates the rule and encounters the

weak detection technology.

Example 2. Let the sender be a biased product reviewer who is either sponsored by the

entrant or the incumbent in a duopoly market, and the receiver be a consumer. The product

reviewer has verifiable evidence about the quality of the product developed by the entrant

θ ∈ Θ. The two potential objectives of the product reviewer are A, to induce the consumer

to buy from the entrant (action a), and B, to induce buying from the incumbent (action b).

When the consumer buys from the entrant, a product reviewer sponsored by the entrant

earns a payoff s(A, a, θ) > s(A, b, θ), where both payoffs are assumed to be independent of θ.

Similarly, when the consumer buys from the incumbent, a product reviewer sponsored by the
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incumbent earns a payoff s(B, b, θ) > s(B, a, θ).

When a consumer takes action a, i.e., buying from the entrant, he benefits from higher

quality, i.e., r(a, θ) < r(a, θ). The consumer earns a sure payoff r(b) ∈ (r(a, θ), r(a, θ)) if he

chooses the safe action b, i.e., to buy from the incumbent.

2.2 Opaque Objective

Assume that the sender’s objective is opaque to the receiver, whose prior that the ob-

jective is A is γ ∈ [0, 1]. Thus, the sender’s private information can be summarized as an

element of Θ×O. For simplicity, we assume that the distributions of θ and o are independent.

If the sender’s objective is known to the receiver, one could apply the “no news is bad

news” reasoning to construct a separating equilibrium (despite the potential existence of

other equilibria): the sender only hides her type if it is disadvantageous, but showcases her

type if it is advantageous, and thus the receiver can perfectly infer the sender’s type when she

chooses to hide information. Whether a type is advantageous or disadvantageous depends on

the sender’s objective. As a result, in our case where the sender’s objective remains opaque

to the receiver, the receiver cannot make such a perfect inference.

The equilibrium notion we adopt is perfect Bayesian equilibrium (PBE) (Fudenberg &

Tirole, 1991), which involves three components: the sender’s strategy, the receiver’s strategy,

and the receiver’s belief about the sender’s type upon observing H. If the sender reveals type

θ, the receiver will respond by playing a, and if the sender reveals θ, the receiver will respond

by b. Hence, we omit describing the strategies of the receiver when the sender reveals her

type. Table 1 summarizes some important differences between the PBE-1 through PBE-5

that may arise in this game. These equilibria are exhaustive, but they do not all exist under

the same parameter range. The full characterization of PBEs (including the beliefs) and

proofs are provided in the Appendix.

To specify the parameter ranges under which each equilibrium is sustained, we introduce

some notation. Let p∗ ≡ r(b)−r(a,θ)

r(a,θ)−r(a,θ)
be the cutoff belief such that the receiver is indifferent
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PBE-1 PBE-2 PBE-3 PBE-4 PBE-5

Sender with (A, θ) H R

H w.p.

2− 1
γ
− γ∗∗(p) R R

Sender with (A, θ) H H H H H

Sender with (B, θ) H H H H H

Sender with (B, θ) R H R
H w.p.

γ∗(p)− γ
1−γ

R

Receiver observing H a b
b w.p.

c
S(A,a,θ)−S(A,b,θ)

b w.p.
1− c

S(B,b,θ)−S(B,a,θ)

b w.p.
c

S(A,a,θ)−S(A,b,θ)
to 1− c

S(B,b,θ)−S(B,a,θ)

Table 1: Description of strategies in PBE-1 through PBE-5. The abbreviation w.p. denotes
with probability.

between actions a and b, i.e., r(b) = p∗ · r(a, θ) + (1 − p∗) · r(a, θ). Also, we define γ∗(p) ≡
p(1−p∗)
p∗(1−p)

, γ∗∗(p) ≡ 1 − 1
γ∗(p)

= p−p∗

p(1−p∗)
, and γ′(p) ≡ p(1−p∗)

p∗+p−2pp∗
. It is easy to show that all three

functions γ∗(p), γ∗∗(p), and γ′(p) are weakly increasing, γ∗∗(p) < 0 < γ
′
(p) < γ∗(p) < 1 for

all p ∈ (0, p∗), and 0 < γ∗∗(p) < γ
′
(p) < 1 < γ∗(p) for all p ∈ (p∗, 1). Moreover, γ∗(p∗) = 1

and γ∗∗(p∗) = 0.

Proposition 1. PBE-1 is sustained when γ ≤ γ∗(p); PBE-2 is sustained when γ ≥ γ∗∗(p);

PBE-3 is sustained when γ′(p) < γ < γ∗(p); PBE-4 is sustained when γ∗∗(p) < γ < γ′(p);

PBE-5 is sustained when γ = γ′(p).

As can be seen from Figure 1, there are areas in the parameter space where multiple

equilibria arise and they all satisfy the intuitive criterion of Cho & Kreps (1987). Identifying

the equilibrium selection motivates our laboratory experiments.

Due to the complication caused by opaque objectives, we postulate that there are naive

receivers who fail to update their beliefs when the sender playsH. This may lead to equilibria

that better tolerate the presence of naive receivers. In particular, we conjecture that for

p < p∗, players’ strategies are consistent with those under PBE-2; for p > p∗, players’

strategies are consistent with those under PBE-1.6

To formalize this idea, we follow Deversi et al. (2021) and let χ ∈ [0, 1] be the fraction of

naive receivers. Assume that χ is commonly known to all players, but whether a particular

receiver is rational or naive is known to that receiver only. We claim that when p < p∗,

6We theoretically and experimentally omit the discussion of the knife-edge case where p = p∗.
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γ

p∗

p∗

γ∗(p)

γ∗∗(p)

γ′(p)

Figure 1: The (p, γ) parameter space and sustainable PBEs: PBE-1 (Vertical Pattern),
PBE-2 (Horizontal Pattern), PBE-3 (Blue), PBE-4 (Red), and PBE-5 (on the γ′(·) curve).

only PBE-2 is robustly sustained as an equilibrium under all χ ∈ [0, 1]. More precisely, the

sender’s strategy, the rational receiver’s belief upon observing H, and the strategies of both

the rational and naive receivers are described in PBE-2. To see this, notice that the naive

receiver plays b upon observing H since p < p∗. One can follow the proof of Proposition

1 to verify that the remaining strategies and beliefs are consistent with this equilibrium.

However, when χ is large, a significant portion of receivers will play b upon observing H,

which prevents the sender from playing the strategies specified in any other PBEs. Similarly,

for all p > p∗, only PBE-1 is robustly sustained as an equilibrium under all χ ∈ [0, 1].

2.3 Transparent Objective

What if the sender’s objective is transparent? Specifically, we assume that there is an

ex-ante stage where the sender’s objective is unknown to both players, but this uncertainty

is resolved before the sender takes the action. In this case, the sender’s private information

is an element of Θ. To simplify the exposition, we focus on the two subgames after o ∈ O is
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realized.

When o = A is realized, the strategies of objective-A senders and the receiver are con-

sistent with those on the top edge of the unit box in Figure 1, where γ = 1. In fact, PBE-1

degenerates into a pooling equilibrium, as the two relevant types of senders (the objective-A

type-θ sender and the objective-A type-θ sender) play the same strategy H, and the receiver

can draw no inference upon observing H. Similarly, PBE-2 essentially becomes a separating

equilibrium—the receiver can perfectly infer the sender’s disadvantageous type θ from her

action ofH. When p > p∗, PBE-1, PBE-2, and PBE-3 coexist. Among them, the equilibrium

that tolerates naivety is PBE-1, the pooling equilibrium.

Similarly, when o = B is realized, the strategies of objective-B senders and the receiver

are described on the bottom edge, where γ = 0. In this case, PBE-1 essentially becomes a

separating equilibrium, and PBE-2 becomes a pooling equilibrium. When p < p∗, PBE-1,

PBE-2, and PBE-4 coexist. The equilibrium that tolerates naivety is PBE-1, the pooling

equilibrium.

Again, the intuitive criterion does not help select a unique equilibrium in the transpar-

ent objective setup. When both the separating equilibrium and the pooling equilibrium

exist, one natural prediction is that the separating equilibrium will be played out. How-

ever, the naivety-tolerating equilibrium is the pooling equilibrium. It is of interest to see

which selection rule is consistent with our experimental results. Moreover, the direct com-

parison between opaque objective and transparent objective cases also calls for a controlled

environment.

3 Experimental Design

We recruited an even number of subjects for all laboratory sessions. Subjects were

informed that they were participating in a game played in groups of two. We utilized abstract
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framing for the instructions of the experiment.7 One subject was assigned the role of the

sender and the other the role of the receiver. Subjects kept their assigned role throughout

the entire experiment. Each sender was assigned a type, either type θ or type θ, with equal

probability, and then kept the same type throughout the whole experiment.

The game was played for twenty rounds. New groups of two subjects were formed at

the beginning of each round. The sender moved first and decided between two options: to

reveal her type or to hide it. If the sender chose to reveal, the receiver was informed of the

sender’s type. If the sender chose to hide, the receiver only knew that it was equally likely

that the sender had either of the two types. The receiver observed the sender’s choice and

then chose between two options, the safe action b and the risky action a. Once all subjects

had made their decisions, each subject was informed of their own earnings for the round.

Subjects were not informed of other subjects’ earnings.

The experiment utilized a between-subjects design with a total of six treatments. The four

main treatments varied along two dimensions: whether the sender’s objective was transparent

or opaque to the receiver, and whether the parameterization featured large p (p > p∗) or

small p (p < p∗). For the large p case, the two main treatments were the Transparent-

Large (TL) treatment and the Opaque-Large (OL) treatment. For the small p case, the

two main treatments were the Transparent-Small (TS) treatment and the Opaque-Small

(OS) treatment. In addition, we included two treatments as robustness checks under large

p: the A-Large (AL) treatment, in which all senders had objective A, and the B-Large

(BL) treatment, in which all senders had objective B. These treatments are different from

and simpler than the transparent treatments in that there is no ex-ante stage in which the

sender’s objective is uncertain.

Table 2 summarizes the treatment variations in the experiment. In the four main treat-

7In our instructions, the sender and receiver are referred to as the “Red Player” and “Blue Player,”
respectively. The types θ and θ are labeled “Type A” and “Type B,” while the actions of revealing and
hiding one’s type are labeled “Option R” and “Option H.” The receiver’s actions, a and b, are labeled
“Option C” (motivated by compliance with the rule in Example 1) and “Option V” (violation). Finally,
Objectives A and B are reflected by “Compensation Rule II” and “Compensation Rule I,” respectively. The
experimental instructions are provided in supplementary appendices.
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ments (TL, OL, TS, and OS), in addition to a type, each sender was also randomly assigned

one of the two conflicting objectives with equal probability at the beginning of the experi-

ment and kept that objective throughout the experiment. The assignment of objectives was

independent of the assignment of types. Each sender knew her type and her objective. The

key difference between transparent and opaque treatments was whether the sender’s objec-

tive was known or unknown to the receiver. Under transparent treatments, the receiver was

informed of the sender’s objective despite the ex-ante uncertainty. Under opaque treatments,

the receiver was not informed of the sender’s exact objective. Instead, the receiver only knew

that it was equally likely that a sender’s objective was A or B. In the two robustness-check

treatments, AL and BL, there is only one objective for all senders within a treatment. In

the AL treatment, all senders had objective A, while in the BL treatment, all senders had

objective B. In both cases, the sender’s objective was common knowledge.

Main Experiment Robustness Checks
TL OL TS OS AL BL

Objective A ✓ ✓ ✓ ✓ ✓
Objective B ✓ ✓ ✓ ✓ ✓
Sender’s objective is randomly assigned? ✓ ✓ ✓ ✓
Sender’s objective is common knowledge? ✓ ✓ ✓ ✓
Large p? ✓ ✓ ✓ ✓

Table 2: Description of between-subjects treatments in the experiment.

We parameterized the experiment to match interesting cases of multiple equilibria in the

context of Example 1. In our main experiment, p = γ = 0.5. For senders, s(A, a, θ) = $5,

s(A, a, θ) = $7.5, s(A, b, θ) = s(A, b, θ) = $4, s(B, a, θ) = s(B, a, θ) = $5, s(B, b, θ) =

s(B, b, θ) = $7, and c = $0.5. For receivers, r(a, θ) = $3 and r(a, θ) = $8. The only

parameter that changed across treatments was r(b). Specifically, r(b) = $5 in the AL, BL,

TL, and OL treatments, while r(b) = $6 in the TS and OS treatments. This change in

r(b) shifts the receiver’s cutoff belief from p > p∗ to p < p∗. In the AL, BL, TL, and OL

treatments, p∗ = 0.4, γ∗∗(p) = 1
3
, γ′(p) = 0.6, and γ∗(p) = 3

2
. In the TS and OS treatments,

p∗ = 0.6, γ∗∗(p) = −0.5, γ′(p) = 0.4, and γ∗(p) = 2
3
. As a result, γ ∈ (γ∗∗(p), γ′(p)) in the

13



TL and OL treatments, while γ ∈ (γ′(p), γ∗(p)) in the TS and OS treatments.

After all twenty rounds elapsed, subjects filled out a questionnaire consisting of their

demographic information, their description of the strategy used in the experiment, a non-

incentivized risk-preference test similar to Eckel & Grossman (2008), and a Cognitive Reflec-

tion Test (CRT) (Frederick, 2005). After finishing the questionnaire, the session was over,

and subjects were informed of their earnings from the experiment privately. For each sub-

ject, one of the twenty rounds was randomly selected and realized for payment in addition

to a $10 show-up bonus. The average payment was $16.29.

Subjects for this experiment were 336 undergraduate students at Texas A&M University,

recruited using the econdollars.tamu.edu website, a server based on ORSEE (Greiner, 2015).

Sessions took place at the Economic Research Laboratory at Texas A&M University in spring

2023 and spring 2024. The experiment was programmed and conducted with the software

z-Tree (Fischbacher, 2007). Every session lasted less than 90 minutes, including instructions,

comprehension quizzes, and payment procedures.

4 Testable Hypotheses

Denote T ∈ {TL, TS,OL,OS} as a treatment of the main experiment. Our main out-

come variables are, in each treatment T , (1) the overall rate of hiding (denoted as HT )

played by the senders and (2) the receivers’ rate of choosing the safe action (denoted as bHT )

conditional on observing hiding being played by the senders.

4.1 Equilibrium Selection under Opaque Objectives

Under our experimental parameterization, Table 3 summarizes the strategies associated

with each equilibrium described in Table 1.

By Proposition 1, there are three equilibria under the OL treatment: PBE-1, PBE-2, and

PBE-4. For the OS treatment, there are also three equilibria: PBE-1, PBE-2, and PBE-3.

14
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PBE-1 PBE-2 PBE-3 PBE-4 PBE-5

Sender with (A, θ) H R H w.p. 0.5 R R
Sender with (A, θ) H H H H H

Sender with (B, θ) H H H H H
Sender with (B, θ) R H R H w.p. 0.5 R

Receiver observing H a b b w.p. 0.5
b w.p.
0.75

b w.p.
0.5 to 0.75

Table 3: Description of strategies in PBE-1 through PBE-5 under the parameter specification
used in the experiments. The abbreviation w.p. denotes with probability.

Since our parameterization does not involve the knife-edge situation where PBE-5 emerges,

the focus is on PBE-1 through PBE-4.

We hypothesize that the PBE that better accommodates the presence of naive receivers

will be selected in the experiment. Namely, PBE-1 is selected in the OL treatment, and

PBE-2 is selected in the OS treatment. We expect no significant difference in overall hiding

levels between the two treatments. This is because in PBE-1, among the four categories

of senders (type-θ sender with objective A, type-θ sender with objective A, type-θ sender

with objective B, and type-θ sender with objective B), only type-θ senders with objective

B reveal, and in PBE-2, only type-θ senders with objective A reveal.8 Upon observing the

sender’s action of hiding, receivers are expected to choose the risky action a under the OL

treatment, and the safe action b under the OS treatment.

Hypotheses 1 and 2 examine equilibrium selection across treatments with different re-

ceiver priors when the sender’s objective is opaque.

Hypothesis 1. HOL = HOS.

Hypothesis 2. bHOL < bHOS.

By jointly considering the outcomes of Hypotheses 1 and 2, we can categorize all possible

equilibrium-selection outcomes and infer which equilibria are selected under the opaque

treatments.

8Recall that each sender category accounts for 25% of the sender population.
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bHOL < bHOS bHOL = bHOS bHOL > bHOS

HOL < HOS (PBE-4, PBE-2) N/A (PBE-4, PBE-1)
HOL = HOS (PBE-1, PBE-2) (PBE-1, PBE-1) (PBE-2, PBE-1)

or (PBE-2, PBE-2) or (PBE-4, PBE-3)
HOL > HOS (PBE-1, PBE-3) N/A (PBE-2, PBE-3)

Table 4: Summary of equilibrium selection results from Hypotheses 1 and 2. In each pair of
parentheses, the first dimension refers to the selected PBE under the OL treatment and the
second dimension refers to the selected PBE under the OS treatment.

Table 4 summarizes all possible equilibrium-selection outcomes based on the equilibrium

strategies reported in Table 3 under our experimental parameterization. If both Hypotheses

1 and 2 hold, we can claim that PBE-1 is selected under the OL treatment, and PBE-2 is

selected under the OS treatment.

4.2 Comparison Between Transparent and Opaque Objectives

We then examine behavioral differences between transparent and opaque objectives. Hy-

potheses 3 and 4 are constructed based on Hypotheses 1 and 2 as well as the assumption

that players in the TL and TS treatments play the separating equilibrium once the sender’s

objective becomes publicly known. In the separating equilibrium, the receiver will choose

the safe action upon observing objective-A sender’s action to hide, and the risky action upon

observing objective-B sender’s action to hide; for objective-A senders, only type-θ ones hide,

and for objective-B senders, only type-θ ones hide.

We expect the overall rate of hiding to be higher under opaque treatments. The reason

is that three out of four categories of senders hide in equilibrium under opaque treatments

based on the characterizations of PBE-1 and PBE-2, while two categories of senders hide in

separating equilibrium under transparent treatments. Also, recall that PBE-1 is predicted

to be selected under the OL treatment while PBE-2 is predicted to be selected under the OS

treatment. Hence, upon observing the sender’s action to hide, we expect more safe choices

under the TL treatment than under the OL treatment, while fewer safe choices under the

TS treatment than under the OS treatment.
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Hypothesis 3. HOL > HTL and HOS > HTS.

Hypothesis 4. bHOL < bHTL and bHOS > bHTS.

Rejection of both HOL > HTL and bHOL < bHTL would be inconsistent with separating

equilibrium in the TL treatment. Similarly, rejection of both HOS > HTS and bHOS > bHTS

would be inconsistent with separating equilibrium in the TS treatment.

Relative to the opaque treatments, the transparent treatments require receivers to con-

dition their behavior on the sender’s publicly observed objective. This may impose greater

cognitive demands because receivers must account for different strategic incentives associ-

ated with the two objectives. As noted at the end of Section 2.3, the naivety-tolerating

equilibrium in the transparent treatments is the pooling equilibrium. If Hypotheses 3 and

4 are rejected, these elevated cognitive requirements may provide a potential explanation.

Meanwhile, we expect that the proportion of separating equilibrium behavior will increases

in these transparent treatments as subjects gain experience from strategic interactions.

5 Results

We present our experimental results in this section. To be specific, we report OLS

estimates as our main regression results.9 In all regressions, robust standard errors are

clustered at the session level using a stratified bootstrap procedure. Our findings are also

robust to the inclusion of period fixed effects and survey controls (including subjects’ gender,

their correct responses to three CRT questions, their risk preferences, and whether the

subject was born in Texas).10

9Additionally, we estimate Probit and Logit models as robustness checks. Those results are similar to
the results from OLS regressions and are available as supplementary materials.

10Summary statistics of those control variables are shown in Table A.1. Moreover, to account for po-
tential learning effects, we verify that restricting attention to the last ten rounds of the experiment yields
qualitatively similar results as well.
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5.1 Examining Equilibrium Selection under Opaque Objectives

We start by examining the data from two opaque treatments (OL and OS). From Table

5, we cannot reject Hypothesis 1 that overall hiding levels between two opaque treatments

are the same (p ≈ 0.952). Those proportions (77.9% for the OL treatment and 77.7% for the

OS treatment) are also in line with our theoretical predictions since the overall percentage

of hiding is 75% if a pure-strategy PBE is selected as actual play. Type-θ senders under

objective B hide more often in the OS treatment than the OL treatment (p < 0.001),

while type-θ senders under objective A hide more often in the OL treatment than the OS

treatment (p < 0.001). Also, in line with equilibrium characterization, more than 90% of

senders in other two categories hide. This null result is further confirmed by OLS regressions

in Table 6, which show that the treatment effect remains insignificant even after controlling

for period effects and survey controls.

Treatment TL OL TS OS
mean mean mean mean

(std deviation) (std deviation) (std deviation) (std deviation)

Hiding Rate (H)

Full Data 0.713 0.779 0.763 0.777
(0.453) (0.415) (0.426) (0.419)

Objective A-θ 0.55 0.786 0.5 0.417
(0.499) (0.411) (0.502) (0.495)

Objective A-θ 0.914 0.993 0.917 0.942
(0.281) (0.084) (0.278) (0.235)

Objective B-θ 0.929 0.907 0.975 0.992
(0.258) (0.291) (0.157) (0.091)

Objective B-θ 0.457 0.429 0.658 0.758
(0.500) (0.496) (0.476) (0.430)

Rate of Safe Choices|“Hide” (bH) 0.451 0.452 0.705 0.791
(0.498) (0.498) (0.457) (0.407)

Number of Subjects 56 56 56 56

Table 5: Summary statistics of main outcome variables by treatment in the main experiment.

Observation 1. There is no significant difference in the overall hiding rates between the OL

and the OS treatments.
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How does the receiver’s behavior change when his prior belief changes from p > p∗

to p < p∗? Table 6 presents OLS regressions of the rate of receiver’s safe choices upon

observing the sender’s hiding action. When senders hide, the rate of receivers’ safe choices

under the OS treatment is higher than that under the OL treatment by 22.6 percentage

points (p < 0.001).11 The rate of safe choices conditional on senders’ hiding behavior under

the OS treatment is higher than that under the OL treatment by roughly 20 percentage

points after adding period effects and survey controls.12

Observation 2. Upon observing the sender’s action to hide, receivers choose the safe action

more often under the OS treatment than the OL treatment.

H bH

(1) (2) (3) (4) (5) (6)

OS Treatment -0.014 -0.014 -0.011 0.226*** 0.226*** 0.199***
(0.025) (0.025) (0.050) (0.059) (0.056) (0.053)

Constant 0.779*** 0.846*** 0.858*** 0.452*** 0.431*** 0.691***
(0.024) (0.043) (0.058) (0.023) (0.063) (0.107)

Period Effects N Y Y N Y Y
Survey Controls N N Y N N Y

Observations 1120 1120 1120 864 864 864
R2 0.000 0.009 0.085 0.052 0.074 0.116

Robust standard errors clustered at the session level are in parentheses, based on
1000 bootstrap replications. *** p < 0.01, ** p < 0.05, * p < 0.1.

Table 6: OLS regressions of the treatment effect of prior beliefs under opaque objectives.
Columns (1)–(3) use the sender’s hiding behavior, H, as the outcome variable. Columns (4)–
(6) use the receiver’s choice of the safe action conditional on the sender’s hiding behavior,
bH , as the outcome variable. The benchmark is the OL treatment.

We summarize that Observations 1 and 2 support both Hypotheses 1 and 2. Therefore,

PBE-1 is selected under the OL treatment, and PBE-2 is selected under the OS treatment.

Recall that our experimental design sets p > p∗ for the OL treatment and p < p∗ for the

OS treatment. Among multiple equilibria, the one being played out features the receiver

11We also do not find supportive evidence that receivers always choose a specific action regardless of the
sender’s behavior in opaque objectives.

12In Figure A.1, similar results hold when we look at the trend of receivers’ behavior when senders hide.
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behaving as if he simply bases his decision on his prior when the sender hides. Equivalently,

the selected equilibrium is the one more robust to the presence of naive receivers.

Result 1. PBE-1 is selected under the OL treatment, and PBE-2 is selected under the OS

treatment. In the selected equilibrium under opaque objectives, when the sender hides, the

receiver behaves as if he merely bases his decision on his prior of the sender’s type.

5.2 Comparison Between Transparent and Opaque Objectives

We also examine potential behavioral differences between transparent and opaque objec-

tives. According to statistical comparisons in Table 5, the hiding rate is significantly higher

under the OL treatment than under the TL treatment (p ≈ 0.01). However, for receivers,

no significant differences are observed in the rate of choosing the safe action when senders

hide (p ≈ 0.61). Meanwhile, we also find no evidence that the OS treatment generates a

higher hiding level than the TS treatment (p ≈ 0.592). Upon observing senders’ actions of

hiding, receivers are more likely to choose the safe action under the OS treatment than the

TS treatment (p < 0.001).

In addition to the statistical comparisons reported in Table 5, we also performed OLS

regressions to evaluate behavioral differences between transparent and opaque treatments.

Tables 7 and 8 present the OLS regressions to evaluate treatment effects. Overall, we find

very limited support for Hypotheses 3 and 4. The results provide little evidence that objective

opaqueness generates substantial behavioral differences, particularly after accounting for

period effects and survey controls.

Observation 3. The overall hiding rate is higher in the OL treatment than in the TL

treatment. There is no significant difference in the overall hiding rates between the TS

treatment and the OS treatment.

Observation 4. Upon observing the sender’s action to hide, the receiver chooses the safe

action more frequently in the OS treatment than in the TS treatment. There is no significant
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H bH

(1) (2) (3) (4) (5) (6)

OL Treatment 0.066 0.066 0.054 0.001 0.003 -0.013
(0.057) (0.055) (0.076) (0.033) (0.033) (0.030)

Constant 0.712*** 0.788*** 0.645*** 0.451*** 0.411*** 0.631***
(0.051) (0.040) (0.112) (0.024) (0.079) (0.054)

Period Effects N Y Y N Y Y
Survey Controls N N Y N N Y

Observations 1120 1120 1120 835 835 835
R2 0.006 0.018 0.104 0.000 0.015 0.052

Robust standard errors clustered at the session level are in parentheses, based on
1000 bootstrap replications. *** p < 0.01, ** p < 0.05, * p < 0.1.

Table 7: OLS regressions of the treatment effect of transparency under large p. Columns
(1)–(3) use the sender’s hiding behavior, H, as the outcome variable. Columns (4)–(6) use
the receiver’s choice of safe action conditional on the sender’s hiding behavior, bH , as the
outcome variable. The benchmark is the TL treatment.

difference in the receiver’s behaviors between the TL treatment and the OL treatment when

the sender hides.

5.3 Discussion

One may wonder why Hypotheses 3 and 4 receive only limited support in the main ex-

periment. Recall that Hypotheses 3 and 4 rely on the selection of the separating equilibrium

under transparent objectives. In our setting, however, the ex-ante uncertainty about senders’

objectives in the transparent treatments, though resolved before receivers take action, may

still impose cognitive costs, as receivers must reason through the implication of each of the

conflicting objectives. This additional complexity can make unraveling difficult, especially

in the presence of naive receivers. As a result, transparent and opaque treatments generate

statistically similar outcomes for much of the experiment.

To examine this mechanism more directly, we turn to the robustness treatments, AL and

BL. Relative to TL and TS, AL and BL treatments are likely to impose less cognitive cost

on receivers due to the lack of ex-ante uncertainty regarding senders’ objectives, so naive

receivers should find it easier to respond in a manner consistent with the unraveling logic.
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H bH

(1) (2) (3) (4) (5) (6)

OS Treatment -0.007 -0.007 -0.020 0.093 0.095 0.105*
(0.052) (0.053) (0.045) (0.070) (0.070) (0.055)

Constant 0.771*** 0.807*** 0.877*** 0.771*** 0.800*** 1.053***
(0.052) (0.036) (0.083) (0.046) (0.068) (0.082)

Period Effects N Y Y N Y Y
Survey Controls N N Y N N Y

Observations 1120 1120 1120 860 860 860
R2 0.000 0.008 0.042 0.011 0.038 0.098

Robust standard errors clustered at the session level are in parentheses, based on
1000 bootstrap replications. *** p < 0.01, ** p < 0.05, * p < 0.1.

Table 8: OLS regressions of the treatment effect of transparency under small p. Columns
(1)–(3) use the sender’s hiding behavior, H, as the outcome variable. Columns (4)–(6) use
the receiver’s choice of the safe action conditional on the sender’s hiding behavior, bH , as
the outcome variable. The benchmark is the TS treatment.

Table 9 is consistent with this interpretation. Columns (4)–(6) show that, conditional on

sender hiding, receivers in BL choose the safe action 18.1 percentage points less often than

receivers in AL. Columns (1)–(3) show no significant treatment difference in senders’ overall

hiding rates. Taken together, these results suggest that the main difference between AL and

BL arises from how receivers respond to hidden information, rather than from differences in

senders’ overall hiding behavior.

Table 10 reaches the same conclusion using Mann-Whitney U tests. Senders and receivers’

choices tend to follow the prediction of separating equilibrium as rounds increase. For the

full sample, the frequency with which receivers choose the safe action after observing hiding

is 0.60 in AL but only 0.42 in BL; the same gap persists in rounds 11–20. In rounds 1–10,

however, this gap is not statistically significant. Thus, even in these simpler robustness

treatments, unraveling does not emerge immediately.13 It takes repeated interactions for

receivers to learn how to interpret hiding behavior, which is consistent with an important

13To further support this underlying mechanism, we also classify each sender-receiver outcome in AL, BL,
TL, and TS according to whether it matches the separating equilibrium. Table A.2 shows that unraveling
outcomes are significantly more frequent in AL and BL than in either TL or TS. This is true in the pooled
data and remains true in later rounds. Although the frequency of unraveling increases over time in all
treatments, it rises slower under TL and TS, where receivers reason through a more complex game with
ex-ante uncertainty about the sender’s objective.
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H bH

(1) (2) (3) (4) (5) (6)

BL Treatment 0.027 0.027 0.025 -0.181** -0.179** -0.168*
(0.071) (0.074) (0.064) (0.080) (0.085) (0.091)

Constant 0.680*** 0.790*** 0.712*** 0.423*** 0.335*** 0.648***
(0.042) (0.072) (0.162) (0.067) (0.097) (0.170)

Period Effects N Y Y N Y Y
Survey Controls N N Y N N Y

Observations 1120 1120 1120 777 777 777
R2 0.001 0.024 0.033 0.033 0.051 0.100

Robust standard errors clustered at the session level are in parentheses, based on
1000 bootstrap replications. *** p < 0.01, ** p < 0.05, * p < 0.1.

Table 9: OLS regressions of the treatment effect of the sender’s objective. Columns (1)–
(3) use the sender’s hiding behavior, H, as the outcome variable. Columns (4)–(6) use the
receiver’s choice of option C conditional on the sender’s hiding behavior, bH , as the outcome
variable. The benchmark is the AL treatment.

role for naivety.14 Moreover, Table 11 presents the relationship between the CRT score

of receivers and the proportion of actions that satisfy the separating equilibrium.15 This

result shows that receivers with relatively higher CRT scores are more likely to make choices

that are consistent with the separating equilibrium when they only need to comprehend one

objective in a session. However, that is not the case under TL and TS treatments when

they need to comprehend both objectives.

Type-θ Sender Type-θ Sender Receiver

AL BL p-value AL BL p-value AL BL p-value

Full Data 0.92 0.45 <0.001*** 0.49 0.91 <0.001*** 0.60 0.42 <0.001***
Rounds 11–20 0.95 0.31 <0.001*** 0.34 0.94 <0.001*** 0.69 0.39 <0.001***
Rounds 1–10 0.89 0.58 <0.001*** 0.65 0.90 <0.001*** 0.53 0.45 0.118

Columns for senders report the relative frequency of hiding (H). Columns for receivers report
the relative frequency of choosing the safe action conditional on the sender choosing to hide
(bH). p-values are from Mann-Whitney U tests comparing the AL and BL treatments. ***
p < 0.01, ** p < 0.05, * p < 0.1.

Table 10: Relative frequencies and comparison tests in robustness checks.

14Following Deversi et al. (2021), we examine the receiver’s behavior with a more restricted sample,
including only receivers whose matched sender’s action coincides with equilibrium characterizations in Section
2. The results still hold.

15Cuzick’s nonparametric trend test finds a significant positive relationship between CRT scores and
unraveling under AL and BL treatments (AL and BL pooled, Z = 2.43, p = 0.008), but no such relationship
under TL and TS treatments (TL: p = 0.464; TS: p = 0.767; TL and TS pooled: p = 0.607).
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Unraveling Rate by CRT Score

CRT=0 CRT=1 CRT=2 CRT=3 Correlation

AL 0.59 0.48 0.56 0.87 0.184
BL 0.50 0.64 0.46 0.88 0.173
TL 0.58 0.53 0.41 0.51 -0.066
TS 0.56 0.42 0.51 0.46 -0.058

Unraveling is defined as the receiver’s action matching the
separating equilibrium prediction when senders hide. In AL,
unraveling corresponds to choosing the safe action; in BL,
to choosing the risk action; in TL, to choosing the safe ac-
tion when the sender has objective A and the risk action
when the sender has objective B; in TS, to choosing the
risky action when the sender has objective A and the safe
action when the sender has objective B.

Table 11: Receiver unraveling rates by CRT score across treatments.

Therefore, these findings suggest a simple interpretation. When receivers must reason

through the implications of multiple possible sender objectives, making the sender’s objective

transparent may not be sufficient to induce immediate unraveling. The complexity due to

ex-ante uncertain objectives hampers receivers’ ability to unravel even after they have passed

the comprehension checks. This is why opaque and transparent objectives generate similar

aggregate behavior in the main experiment, particularly when the number of interactions is

limited.

Result 2. Opaque objectives do not generate significant behavioral differences when compared

with transparent objectives.

6 Conclusion

In this paper, we investigate whether a sender has the incentive to voluntarily reveal her

verifiable information to a receiver. We connect this problem with senders’ conflicting objec-

tives, and a sender’s exact objective can be either common knowledge or the sender’s private

information. We derive multiple equilibria under a wide range of parameters. Our labora-

tory experiments show that under opaque objectives, the selection from multiple equilibria
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depends on the receiver’s prior regarding the sender’s type. Specifically, the selected equi-

librium is the one in which, after observing the sender choose to hide, the receiver behaves

as though his decision is based solely on his prior belief about the sender’s verifiable infor-

mation. We conjecture that this equilibrium is played out because it tolerates the presence

of naive receivers better. A practical implication is that, in everyday situations involving

hidden motives and voluntary disclosure, people who observe concealment are likely to rely

mainly on their prior impressions of the other party when making decisions.

The paper focuses on understanding the role of opaque objectives in disclosure games with

verifiable information. Future research can connect opaque objectives to other problems, such

as mechanism design or information design problems. Exploring the broader implications of

opaque objectives may be challenging yet rewarding.
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phisticated and Näıve Offenders. Journal of Economic Behavior & Organization, 177 ,

836–857.

Calford, E. M., & DeAngelo, G. (2023). Ambiguity and Enforcement. Experimental Eco-

nomics , 26 (2), 304–338.

Chalfin, A., & McCrary, J. (2017). Criminal Deterrence: A Review of the Literature. Journal

of Economic Literature, 55 (1), 5–48.

Cho, I.-K., & Kreps, D. M. (1987). Signaling Games and Stable Equilibria. The Quarterly

Journal of Economics , 102 (2), 179–221.

DeAngelo, G., & Hansen, B. (2014). Life and Death in the Fast Lane: Police Enforcement

and Traffic Fatalities. American Economic Journal: Economic Policy , 6 (2), 231–257.

Deversi, M., Ispano, A., & Schwardmann, P. (2021). Spin Doctors: An Experiment on

Vague Disclosure. European Economic Review , 139 , 103872.

Dur, R., & Vollaard, B. (2019). Salience of Law Enforcement: A Field Experiment. Journal

of Environmental Economics and Management , 93 , 208–220.

Eckel, C. C., & Grossman, P. J. (2008). Forecasting Risk Attitudes: An Experimental

Study Using Actual and Forecast Gamble Choices. Journal of Economic Behavior &

Organization, 68 (1), 1–17.

Eeckhout, J., Persico, N., & Todd, P. E. (2010). A Theory of Optimal Random Crackdowns.

American Economic Review , 100 (3), 1104–1135.

27



Fischbacher, U. (2007). z-tree: Zurich Toolbox for Ready-Made Economic Experiments.

Experimental Economics , 10 (2), 171–178.
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A Appendix

A.1 Theory Appendix

A.1.1 Description of Equilibria

PBE-1: Only the objective-B type-θ sender reveals; when the sender hides, the re-

ceiver takes action a and updates his belief to (πH(A, θ), πH(A, θ), πH(B, θ), πH(B, θ)) =

( pγ
1−(1−p)(1−γ)

, (1−p)γ
1−(1−p)(1−γ)

, p(1−γ)
1−(1−p)(1−γ)

, 0).

PBE-2: Only the objective-A type-θ sender reveals; when the sender hides, the re-

ceiver takes action b and updates his belief to (πH(A, θ), πH(A, θ), πH(B, θ), πH(B, θ)) =

(0, (1−p)γ
1−pγ

, p(1−γ)
1−pγ

, (1−p)(1−γ)
1−pγ

).

PBE-3: Only the objective-A type-θ sender and objective-B type-θ sender reveal with

positive probability: the objective-B type-θ sender reveals for sure and the objective-A type-θ

sender plays a mixed strategy (σs[A, θ](R), σs[A, θ](H)) = (1−γ
γ

+γ∗∗(p), 2− 1
γ
−γ∗∗(p)); when

the sender hides, the receiver updates his belief to (πH(A, θ), πH(A, θ), πH(B, θ), πH(B, θ)) =

(p∗ − 1−γ
γ
γ∗(p)p∗, 1 − p∗, 1−γ

γ
γ∗(p)p∗, 0) and adopts a mixed strategy (σr[H](a), σr[H](b)) =

(1− c
S(A,a,θ)−s(A,b,θ)

, c
S(A,a,θ)−s(A,b,θ)

).

PBE-4: Only the objective-A type-θ sender and objective-B type-θ sender reveal with

positive probability: the objective-A type-θ sender reveals for sure and the objective-B type-

θ sender plays a mixed strategy (σs[B, θ](R), σs[B, θ](H)) = ( 1
1−γ

−γ∗(p), γ∗(p)− γ
1−γ

); when

the sender hides, the receiver updates his belief to (πH(A, θ), πH(A, θ), πH(B, θ), πH(B, θ)) =

(0, (1−p∗)γ
1−γ

(1−γ∗∗(p)), p∗, (1−p∗)γ
1−γ

( 1
γ
−2+γ∗∗(p))) and adopts a mixed strategy (σr[H](a), σr[H](b))

= ( c
S(B,b,θ)−S(B,a,θ)

, 1− c
S(B,b,θ)−S(B,a,θ)

).

PBE-5: The objective-A type-θ sender and objective-B type-θ sender reveal, and the

objective-A type-θ sender and objective-B type-θ sender hide. When the sender hides, the

receiver updates his belief to (πH(A, θ), πH(A, θ), πH(B, θ), πH(B, θ)) = (0, 1− p∗, p∗, 0) and

adopts any mixed strategy (σr[H](a), σr[H](b)) such that σr[H](a) ≥ c
s(B,b,θ)−s(B,a,θ)

and

σr[H](b) ≥ c
s(A,a,θ)−s(A,b,θ)

.
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A.1.2 Proof of Proposition 1

Proof of Proposition 1. First, notice that objective-A type-θ and objective-B type-θ senders

have a strict incentive to hide. This is because revealing their types is not only costly, but

also leads to the play of their less-preferred outcome by the receiver.

Case 1 (PBE-1): We construct the equilibrium where the receiver plays action a when

the sender hides. Given this response from the receiver, only the objective-B type-θ sender

reveals. Now we check when this strategy profile can be sustained as an equilibrium.

The receiver’s belief when the sender hides is (πH(A, θ), πH(A, θ), πH(B, θ), πH(B, θ)) =

( pγ
1−(1−p)(1−γ)

, (1−p)γ
1−(1−p)(1−γ)

, p(1−γ)
1−(1−p)(1−γ)

, 0). Given this belief, for the receiver to take action

a, we must have pγ+p(1−γ)
1−(1−p)(1−γ)

≥ p∗, i.e., γ ≤ γ∗(p).

Case 2 (PBE-2): We construct the equilibrium where the receiver plays action b when

the sender hides. Given this response from the receiver, only the objective-A type-θ sender

reveals. Now we check when this strategy profile can be sustained as an equilibrium.

The receiver’s belief when the sender hides is (πH(A, θ), πH(A, θ), πH(B, θ), πH(B, θ)) =

(0, (1−p)γ
1−pγ

, p(1−γ)
1−pγ

, (1−p)(1−γ)
1−pγ

). Given this belief, for the receiver to take action b, it must be

the case that p(1−γ)
1−pγ

≤ p∗, i.e., γ ≥ γ∗∗(p).

Case 3: It remains to discuss equilibria where the receiver mixes between actions a and

b with probability σr[H](a) ∈ (0, 1).

Given c < (s(A,a,θ)−s(A,b,θ))(s(B,b,θ)−s(B,a,θ))

s(A,a,θ)−s(A,b,θ)+s(B,b,θ)−s(B,a,θ)
, it can never be the case that both objective-A

type-θ sender and objective-B type-θ sender hide with positive probability. To see this,

assume by way of contradiction that both of them hide with positive probability. Then it

must be the case that neither has a strict incentive to reveal, i.e.,

s(A, a, θ)− c ≤ σr[H](a)s(A, a, θ) + (1− σr[H](a))s(A, b, θ);

s(B, b, θ)− c ≤ σr[H](a)s(B, a, θ) + (1− σr[H](a))s(B, b, θ).
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These two inequalities, along with the range of c, lead to

(s(A, a, θ)− s(A, b, θ))(s(B, b, θ)− s(B, a, θ))

s(A, a, θ)− s(A, b, θ) + s(B, b, θ)− s(B, a, θ)
> c ≥ (1− σr[H](a))(s(A, a, θ)− s(A, b, θ));

(s(A, a, θ)− s(A, b, θ))(s(B, b, θ)− s(B, a, θ))

s(A, a, θ)− s(A, b, θ) + s(B, b, θ)− s(B, a, θ)
> c ≥ σr[H](a)(s(B, b, θ)− s(B, a, θ)).

These further imply that

s(B, b, θ)− s(B, a, θ)

s(A, a, θ)− s(A, b, θ) + s(B, b, θ)− s(B, a, θ)
> 1− σr[H](a);

s(A, a, θ)− s(A, b, θ)

s(A, a, θ)− s(A, b, θ) + s(B, b, θ)− s(B, a, θ)
> σr[H](a).

Summing up the two inequalities, we have 1 > 1, a contradiction.

We discuss three different subcases.

Case 3.1 (PBE-3): We now verify if there exists a PBE where objective-A type-θ sender

hides with probability τ = σs[A, θ](H) ∈ (0, 1) and objective-B type-θ reveals. When the

sender hides, the receiver updates his belief to (πH(A, θ), πH(A, θ), πH(B, θ), πH(B, θ))

= ( pγτ
pγτ+(1−p)γ+p(1−γ)

, (1−p)γ
pγτ+(1−p)γ+p(1−γ)

, p(1−γ)
pγτ+(1−p)γ+p(1−γ)

, 0). To make the receiver indifferent

between a and b, τ must satisfy 1− p∗ = (1−p)γ
pγτ+(1−p)γ+p(1−γ)

, which leads to τ = 1
γ∗(p)

− 1
γ
+ 1.

To show that τ > 0 and 1 − τ > 0, we must require that γ′(p) < γ < γ∗(p). Then we

plug the above τ into the vector of πH to establish the belief described in Section A.1.1.

To make the objective-A type-θ sender indifferent between hiding and revealing, the

following condition should hold: s(A, a, θ)− c = σr[H](a)s(A, a, θ)+ (1−σr[H](a))s(A, b, θ),

which leads to σr[H](a) = 1− c
s(A,a,θ)−s(A,b,θ)

.

At last, the fact that the objective-B type-θ sender has the incentive to reveal is guar-

anteed by the assumption that c < (s(A,a,θ)−s(A,b,θ))(s(B,b,θ)−s(B,a,θ))

s(A,a,θ)−s(A,b,θ)+s(B,b,θ)−s(B,a,θ)
.

Case 3.2 (PBE-4): We now verify if there exists a PBE where objective-A type-θ re-

veals and objective-B type-θ sender hides with probability τ = σs[B, θ](H) ∈ (0, 1). When

the sender hides, the receiver updates his belief to (πH(A, θ), πH(A, θ), πH(B, θ), πH(B, θ))
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= (0, (1−p)γ
1−pγ−(1−p)(1−γ)(1−τ)

, p(1−γ)
1−pγ−(1−p)(1−γ)(1−τ)

, (1−p)(1−γ)τ
1−pγ−(1−p)(1−γ)(1−τ)

). To make the receiver in-

different between a and b, τ must satisfy p∗ = p(1−γ)
1−pγ−(1−p)(1−γ)(1−τ)

, i.e., τ = γ∗(p)− γ
1−γ

.

The requirement that τ > 0 and 1 − τ > 0 leads to γ∗∗(p) < γ < γ′(p). Then we plug

this value of τ into the vector of πH to establish the belief described in Section A.1.1.

To make the objective-B type-θ sender indifferent between hiding and revealing, the

following indifference condition should hold: s(B, b, θ) − c = σr[H](a)s(B, a, θ) + (1 −

σr[H](a))s(B, b, θ), which leads to σr[H](a) = c
s(B,b,θ)−s(B,a,θ)

.

Again, the fact that objective-A type-θ reveals for sure is guaranteed by the range of c.

Case 3.3: We verify if there exists a PBE where objective-A type-θ and objective-

B type-θ senders both reveal. When the sender hides, the receiver updates his belief to

(πH(A, θ), πH(A, θ), πH(B, θ), πH(B, θ)) = (0, (1−p)γ
(1−p)γ+p(1−γ)

, p(1−γ)
(1−p)γ+p(1−γ)

, 0). To make the re-

ceiver indifferent between a and b, the following indifference condition must be satisfied:

p∗ = p(1−γ)
(1−p)γ+p(1−γ)

, which implies the nongeneric parameter range that γ = γ′(p). At last, to

ensure that objective-A type-θ and objective-B type-θ senders have the incentive to reveal,

s(A, a, θ)− c ≥ (1− σr[H](b))s(A, a, θ) + σr[H](b)s(A, b, θ);

s(B, b, θ)− c ≥ (1− σr[H](b))s(B, a, θ) + σr[H](b)s(B, b, θ).

These inequalities lead to σr[H](b) ∈ [ c
s(A,a,θ)−s(A,b,θ)

, 1− c
s(B,b,θ)−s(B,a,θ)

].
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A.2 Experimental Results Appendix

Female Correct Responses in CRT Risk From Texas?
Treatment mean mean mean mean

(std deviation) (std deviation) (std deviation) (std deviation)

AL 0.571 1.250 2.429 0.625
(56 subjects) (0.495) (1.057) (1.362) (0.484)
BL 0.589 1.304 2.554 0.679
(56 subjects) (0.492) (1.085) (1.281) (0.467)
TL 0.554 1.429 2.625 0.625
(56 subjects) (0.497) (1.132) (1.409) (0.484)
OL 0.553 0.964 2.446 0.554
(56 subjects) (0.497) (1.101) (1.322) (0.497)
TS 0.479 1.208 2.813 0.583
(56 subjects) (0.500) (1.155) (1.425) (0.493)
OS 0.542 1.271 2.292 0.542
(56 subjects) (0.499) (1.238) (1.365) (0.499)

Table A.1: Summary statistics for control variables used in regression analysis.

Figure A.1: Comparison of receivers’ choices of safe action b upon the sender’s action of
hiding across OL and OS treatments.

35



Objective A (AL Treatment)

Rounds 1-5 Rounds 6-10 Rounds 11-15 Rounds 16-20
Equilibrium Number (Percentage) Number (Percentage) Number (Percentage) Number (Percentage)

Separating 92 (32.86%) 142 (50.71%) 178 (63.57%) 188 (67.14%)

Pooling 120 (42.86%) 84 (30%) 50 (17.86%) 60 (21.43%)

Others 68 (24.29%) 54 (19.29%) 52 (18.57%) 32 (11.43%)

Total 280 (100%) 280 (100%) 280 (100%) 280 (100%)

Objective B (BL Treatment)

Rounds 1-5 Rounds 6-10 Rounds 11-15 Rounds 16-20
Equilibrium Number (Percentage) Number (Percentage) Number (Percentage) Number (Percentage)

Separating 106 (37.86%) 146 (52.14%) 164 (58.57%) 186 (66.43%)

Others 174 (62.14%) 134 (47.86%) 116 (41.43%) 94 (33.57%)

Total 280 (100%) 280 (100%) 280 (100%) 280 (100%)

Objective A (TL Treatment)

Rounds 1-5 Rounds 6-10 Rounds 11-15 Rounds 16-20
Equilibrium Number (Percentage) Number (Percentage) Number (Percentage) Number (Percentage)

Separating 54 (38.57%) 56 (40%) 64 (45.71%) 62 (44.29%)

Pooling 54 (38.57%) 60 (42.86%) 48 (34.29%) 58 (41.43%)

Others 32 (22.86%) 24 (17.14%) 28 (20%) 20 (14.29%)

Total 140 (100%) 140 (100%) 140 (100%) 140 (100%)

Objective B (TL Treatment)

Rounds 1-5 Rounds 6-10 Rounds 11-15 Rounds 16-20
Equilibrium Number (Percentage) Number (Percentage) Number (Percentage) Number (Percentage)

Separating 60 (42.86%) 72 (51.43%) 76 (54.29%) 98 (70%)

Others 80 (57.14%) 68 (48.57%) 64 (45.71%) 42 (30%)

Total 140 (100%) 140 (100%) 140 (100%) 140 (100%)

Objective A (TS Treatment)

Rounds 1-5 Rounds 6-10 Rounds 11-15 Rounds 16-20
Equilibrium Number (Percentage) Number (Percentage) Number (Percentage) Number (Percentage)

Separating 66 (47.14%) 82 (58.57%) 88 (62.86%) 100 (71.43%)

Others 74 (52.86%) 58 (41.43%) 52 (37.14%) 40 (28.57%)

Total 140 (100%) 140 (100%) 140 (100%) 140 (100%)

Objective B (TS Treatment)

Rounds 1-5 Rounds 6-10 Rounds 11-15 Rounds 16-20
Equilibrium Number (Percentage) Number (Percentage) Number (Percentage) Number (Percentage)

Separating 36 (25.71%) 26 (18.57%) 40 (28.57%) 40 (28.57%)

Pooling 84 (60%) 94 (67.14%) 88 (62.86%) 90 (64.29%)

Others 20 (14.29%) 20 (14.29%) 12 (8.57%) 10 (7.14%)

Total 140 (100%) 140 (100%) 140 (100%) 140 (100%)

Table A.2: Percentage of equilibrium outcomes under transparent objectives. When there
are multiple equilibria in the game, a sender-receiver pair is defined as “pooling” if the
sender hides regardless of her type, and the paired-receiver behaves based on his prior of the
sender’s type when the sender hides. All other pairs are defined as “others.” We also used
“separating equilibrium” here to represent the unraveling equilibrium.
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