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Abstract

Agents decide whether to commit a crime based on their private types, which
capture their heterogeneous returns from a crime. The police have information about
these types. The police search agents, without commitment, to detect crime subject
to a search capacity constraint. The deterrent effect of policing is lost when the police
have full information about agents’ types. The crime-minimizing information structure
prevents the police from identifying agents who face high returns from a crime, while
still allowing them to adjust their search intensities based on the types of agents who
face low returns from a crime. The result extends to the case in which the police

endogenously choose search capacity at a cost.
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1 Introduction

Law enforcement agencies increasingly rely on data and algorithms to predict crime (Perry,
2013; Brayne, 2020). They use a variety of data sources, such as criminal records, social
media posts, financial records, and local environmental information. Private vendors, such
as Palantir and PredPol, also offer predictive algorithms to police departments. Although
this trend aims to improve law enforcement effectiveness, it also raises concerns. For example,
the EU’s “Artificial Intelligence Act” prohibits certain uses of Al for crime prediction.?

Motivated by recent discussions, I study how information available to law enforcement
affects its ability to deter crime, when the law enforcer cannot commit to how the information
will be used. I examine this question from the perspective of information design.

The model consists of a unit mass of agents and a law enforcement decision maker, called
the “police.” Agents have private types, which capture their heterogeneous returns from a
crime. At the outset, the police observe a signal about each agent’s type, according to an
exogenous signal structure. Each agent decides whether to commit a crime (e.g., tax evasion,
fraud, trafficking), and then the police, without observing individual actions, choose how to
distribute their limited search capacity across different types of agents.

The situation is modeled as a simultaneous-move game because neither the police nor
agents observe the others’ actions prior to choosing their own strategy. Although the police
might ideally want to reduce the overall crime rate, the simultaneous-move assumption means
they cannot directly influence it through their search strategy. Therefore, their focus shifts
to detecting crime instead of deterring them.

I first show that information restriction is necessary for crime deterrence: If the police
have full information about agents’ types and face a limited search capacity, then in any
equilibrium every agent commits a crime with probability 1. Intuitively, the fully informed
police will focus their limited search capacity on agents who commit a crime with positive
probability and never search for those who abstain from crime. However, if agents expect
not to be searched, they will commit a crime for sure. The only outcome consistent with

these conditions is that all agents commit a crime: The police allocate search capacity so

!See  https://www.europarl.europa.eu/news/en/press-room/20230609IPR96212/meps-ready-to-
negotiate-first-ever-rules-for-safe-and-transparent-ai, accessed March 3, 2025.
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that each agent is either not searched at all, and thus commits a crime, or is searched with
a positive probability but still commits a crime because this probability is too low to deter
their crime.

The main result characterizes the signal structure that minimizes the crime rate. As
shown in the first result, providing the police with detailed information may erode the
deterrent effect of searches because the police will prioritize searching agents who are most
actively engaged in crime in equilibrium. However, if the police have no information, they
may waste search resources by searching some agents with unnecessarily high probability,
even when these agents have low incentives to commit a crime. The crime-minimizing signal
structure provides the police with information to reduce wasteful searches without eroding
the deterrent effect.

Specifically, to derive the crime-minimizing signal structure, I first solve a relaxed problem
in which I choose a joint signal structure for the police and agents to minimize the crime
rate under the assumption that agents do not observe their types. The relaxed problem
has a solution in which the police receive no information and randomly search agents with a
constant probability, and each agent learns only whether their type exceeds some cutoff. The
relaxed problem identifies a lower bound of possible crime rates that can arise in the original
problem. I then turn to the original problem—in which agents observe their types—and
construct a signal structure for the police that attains the same outcome as the solution to
the relaxed problem.

The crime-minimizing signal structure shares a limited amount of information with the
police: It does not allow them to identify agents with the highest propensity for criminal
activity. Instead, it pools such high-crime types with lower-crime types, ensuring equal
screening across these groups, which effectively deters crime among the lower types. At the
same time, the crime-minimizing signal structure assigns different signals to different low
types, which allows the police to avoid searching agents with excessively high probability
when these agents can easily be deterred.

The model shows how increased data or technology that improves law enforcement’s
ability to predict crime could backfire, leading to higher criminal activity. At the same

time, the crime-minimizing information policy is not necessarily to prohibit the use of any



information, but to structure the information shared with police to ensure that policing
efforts are directed toward those who can be deterred from crime.

In Section 4, I demonstrate the relevance of the crime-minimizing signal structure in
several extensions. First, I show that a version of the crime-minimizing signal structure
remains optimal when the objective is to minimize a combination of the crime rate and the
search costs imposed on innocents (Section 4.1). Second, I solve the case in which the police
have full commitment power (Section 4.2). Third, I show that the crime-minimizing signal
structure applies to a model in which a designer partially controls both a search strategy and
the police’s information (Section 4.3). Finally, I provide a sufficient condition under which
the main result holds when the police can endogenously choose total search capacity at a

cost (Section 4.4).

Contribution to the Literature. This paper is related to the literature on the appli-
cation of Bayesian persuasion and information design to law enforcement.? While previous
research (e.g., Lazear 2006; Eeckhout, Persico, and Todd 2010; Herndandez and Neeman 2022)
has explored how disclosing information to potential criminals can deter crime, this paper
examines how providing information about potential criminals to police affects crime. The
model provides insights into the potential unintended consequences of the increasing use
of data and technology to predict and prevent crime, including the use of crime prediction
software and mass surveillance systems (see Berk (2021) for a survey).

Methodologically, this paper addresses an information design problem with many players,
states, and actions (for the police)—a setting that is less understood than Bayesian persua-
sion with one sender and one receiver (see Smolin and Yamashita (2022) for a discussion). I
contribute to the literature by introducing a relaxed-problem approach that simplifies anal-
ysis of this potentially complex information design problem.

A key feature of my model is that the player receiving information (the police) is distinct
from those agents whose behavior we ultimately want to influence. This leads to a novel

type of information manipulation, embodied in the “truth-or-noise” signal structures that

2See Kamenica (2019) and Bergemann and Morris (2019) for surveys of Bayesian persuasion and infor-
mation design.



solve my problem. These structures satisfy the constraints of both police and agent behavior
and differ substantially from previously studied optimal signal structures, such as monotone
partitional signals, censorship policies, and nested intervals (e.g., Dworczak and Martini
2019; Guo and Shmaya 2019; Kolotilin, Mylovanov, and Zapechelnyuk 2022).3

This paper also contributes to the economic literature on crime and policing, which
starts from Becker (1968). A question regarding what potentially observable information
about agents should or should not be used for policing is discussed in the context of racial
profiling (Knowles, Persico, and Todd 2001; Persico and Todd 2005; Bjerk 2007; Persico
2009).

My model’s structure—particularly the timing of actions and the way payoffs are determined—
is similar to that of Persico (2002), who examines whether mandating police to use a more
equitable search strategy reduces crime. His model can be interpreted as a model of in-
formation provision to police; a “fair” search strategy is equivalent to providing police no
information about agent type. While Persico (2002) examines the impact of a given level of
information on crime reduction, I take a broad approach by considering all possible infor-
mation structures and identifying the one that minimizes crime. This allows me to uncover
a general principle about optimal information provision to law enforcement, independent of
specific parameter values.*

The rest of the paper is organized as follows. Section 2 presents the baseline model and
the benchmark in which the police have full information. Section 3 characterizes the crime-
minimizing signal structure. In Section 4, I consider several extensions that relax various

assumptions in the baseline model.

3The relaxed problems examined in this paper are also related to Bayesian persuasion with moral hazard,
in which the state distribution is endogenously determined by a player’s action (Rodina, 2017; Boleslavsky
and Kim, 2018; Zapechelnyuk, 2020; Horner and Lambert, 2021).

4My model abstracts away from other important considerations, such as the design of judicial systems,
richer responses by potential criminals and victims, the fairness of predictive algorithms, and the endogenous
generation of data (e.g., Curry and Klumpp 2009; Cotton and Li 2015; Jung, Kannan, Lee, Pai, Roth, and
Vohra 2020; Vasquez 2022; Liang, Lu, and Mu 2022; Che, Kim, and Mierendorff 2024; Li and Cotton 2023).
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2 Model

The model consists of police and a unit mass of agents. Each agent i € [0,1] has some
underlying returns on crime, called their type, x; € [0,1]. Each agent observes their type,
which captures the individual characteristics that affect their propensity for crime, including
their opportunity cost of crime (e.g., legal earning opportunities) or crime opportunities
specific to certain locations or times. Types are independently and identically drawn from
distribution function F' € A[0, 1], which has a positive density f and is commonly known.”
Ep[-] is the expectation operator under F. Also, F(-|Z < ¢) is the conditional distribution
of F on [0,c] and Eg[-|Z < ¢] is the corresponding expectation operator.

The police learn about each agent’s type according to a signal structure, (S, ), which
consists of a set .S of signals and a collection 7 = {7(:|)}sc01] of conditional distributions
7(-|z) € AS over signals for each type z. For each agent i € [0, 1], the police observe a signal
s; € S drawn from distribution 7(-|x;). Conditional on types, signals are independent across
agents. The signal structure is exogenous and commonly known, but only the police observe
realized signals.

Given the signal structure, the police and agents play the following simultaneous move
game: Each agent decides whether to commit a crime and, simultaneously, the police choose
a search strategy p : S — [0, 1], where p(s) is the probability of searching agents with signal
s € S. The police have a measure P € (0,1) of searches to allocate; thus, the police can

choose a search strategy p(-) if and only if the total mass of searches does not exceed P, i.e.,

/Ol/sp(s) dr(slz) dF(z) < P. (1)

Agent’s Payoff The payoff for an agent for committing a crime is x — p, where z is the

agent’s type and p is the search probability the agent faces. The payoff for not committing

°T write AX for the set of all probability distributions on a set X. See, e.g., Sun (2006) for a formal
treatment of a continuum of independent random variables and the corresponding law of large numbers.

6Because the signal structure is exogenous, we should view the results as comparative statics that examine
how information affects the deterrent effect of policing. A related but separate question is which signal
structure would be chosen if information were endogenous; the answer would depend on the objective of the
player who chooses the signal structure and whether this choice is observable to the agents.



a crime is 0.7 For a given signal structure and a search strategy, an agent’s expected payoff

for committing a crime is written as

- / p(s) dr(sl).

Successful Search and Crime Rate Fix any strategy profile, and let a(z) denote the
probability with which agents of type x commit a crime. Define the mass of successful

searches as the mass of agents who commit a crime and are searched by the police, i.e.,

s2 [ p(s) d(s|z)a(z) dF (z). 2)
iy

Define the crime rate as the mass of agents who commit a crime, i.e.,

1
r é/ a(z)dF(x). (3)
0
Police’s Payoff The police’s payoff is given by
o— Ar, (4)

where parameter A € R, captures the degree to which the police prioritize deterring crime
over uncovering crime. A is unconstrained, so the police may place a large weight on crime
deterrence. However, under the simultaneous-move assumption, the police take the crime
rate r as exogenous because it does not directly depend on their search strategy (see (3)).

Therefore, for any given A, in equilibrium, the police act as if their payoffs depend only on

"This payoff specification is equivalent to the following richer setup: The payoff for committing a crime
is U(y, p), which strictly increases in an agent’s type y; strictly decreases in search probability p; and has a
threshold search probability p(y) that solves U(y,p(y)) = 0 for each type y (without loss, the payoff for not
committing a crime is normalized to 0). An agent will commit a crime if p(y) > p. But once I redefine the
agent’s type as & = p(y), this richer setup and the original setup lead to the same set of best responses by
agents under any search strategy. This setup subsumes U(y, p) = (1 — p)y — Lp—i.e., an agent enjoys the
returns on crime if they are not searched, but incurs a loss of L if they are.



the mass of successful searches, i.e., A\ = 0.8

The solution concept is Bayesian Nash equilibrium (BNE). For expositional simplicity,
I focus on equilibria in which the agents of the same type commit a crime with the same
probability. Hereafter, an equilibrium refers to a BNE that satisfies this condition.

To minimize possible case classifications, I assume that the primitives—i.e., the distribu-

tion of returns from crime and the police’s search capacity—satisfy the following:

Assumption 1. The primitives, F' and P, satisfy

ﬁ</01:de(x). (5)

The assumption implies a fundamental limitation on police resources: They cannot com-
pletely eliminate crime. To achieve zero crime, each agent of type x would need to be
searched with a probability of at least x. However, Assumption 1 states that the police
do not have sufficient capacity for this. As a result, a positive mass of agents, anticipating
search probabilities below their types, commit a crime.

Consider a benchmark scenario in which the police have no information—i.e., the dis-
tribution 7(-|x) over signals is independent of type x. In this case, every agent faces the
same search probability, equal to the police’s total search capacity P.° Because every type
x > P faces a search probability less than their return from crime, they commit a crime.
This results in a total crime rate of 1 — F(P).

The main focus is on a signal structure that minimizes the crime rate (3) in equilibrium.

Definition 1. A crime-minimizing signal structure is a signal structure that has an equilib-
rium with the lowest crime rate across all signal structures and equilibria. The corresponding

equilibrium is called a crime-minimizing equilibrium.

8This observation does not imply that the police are better off when the crime rate is high: If X is
high but the crime rate is also high, the police in this model could have been better off—in the sense of
obtaining a greater payoff—had they publicly committed to a different search strategy or faced a different
signal structure. The model is not suitable for analyzing police welfare, because we can derive arbitrary
welfare implications depending on .

9The reason is as follows. When the underlying signal structure is uninformative, every agent faces
search probability [¢ p(s)dn(s|z), which is independent of 2. Then, [ p(s)dn(s|z) > P violates the search

capacity constraint. The other case [¢p(s)dm(s|z) < P also leads to a contradiction, because the police
could increase search rates and thus the mass of successful searches. Hence [ p(s)dm(s|lz) = P must hold.
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The equilibrium search strategy differs from the crime-minimizing strategy. Even though
the police might care about the crime rate, their actions do not deter crime but only affect
the amount of detected crime. Therefore, they maximize the mass of successful searches.
As a result, simply giving the police more information does not necessarily reduce crime.
Instead, the ideal information structure for minimizing crime strategically limits what the

police know and thus encourages a search strategy that effectively deters criminal activity.

2.1 Discussion of Timing and Payoffs

The paper’s results hinge on two assumptions: First, the police and agents move without
observing the actions of the other group; in particular, the police cannot publicly pre-commit
to a search strategy. Second, the police are rewarded for uncovering crime. Together, these
assumptions imply that the police act to maximize the number of successful searches. This
section motivates these assumptions (see Section 4.2 for consequences of relaxing them).

First, the literature has considered police pre-committing to their strategy as well as
police moving simultaneously with potential criminals (see, e.g., Eeckhout et al. (2010)
for the former). The validity of each assumption depends on the context. For example,
the literature on decentralized law enforcement, such as Persico (2002) and Porto et al.
(2013), adopts the simultaneous-move assumption by viewing the “police” as a collection
of individual officers or auditors. This assumption arises from the idea that the action of
each individual officer does not directly influence the decisions of potential criminals (Online
Appendix C formalizes this idea). The police’s lack of commitment might also stem from
the notion that a signal structure captures a predictive algorithm used by a law enforcement
agency. Predictions generated by an algorithm (i.e., signals) would be invisible to the public
and too complex to describe in advance, making it difficult for the police to commit to a
predetermined search strategy:.

The validity of the second assumption—that the police are (partly) rewarded for uncover-
ing crime—also depends on the context. For example, papers such as Eeckhout et al. (2010)
present evidence favoring pure crime minimization. In contrast, papers such as Baicker and

Jacobson (2007), Makowsky and Stratmann (2011), Nagin et al. (2015), and Owens and Ba



(2021) argue that the incentives of police are tied to detecting and resolving crime.!® Stashko
(2023) analyzes police stop-and-search data in the U.S. and concludes that “empirical evi-
dence is consistent with a model of arrest maximization and inconsistent with a model of

crime minimization.”

2.2 Preliminary Analysis: The Fully Informed Police

To demonstrate that restricting the police’s information is necessary for crime deterrence,
I begin with an analysis of the fully informed police. Specifically, suppose that the signal

structure is such that for every type x € [0, 1], 7(-|x) places probability 1 on s = x.

Theorem 0. Suppose that the police have full information. An equilibrium exists, and in

any equilibrium, almost every agent commits a crime with probability 1.

Proof. First, I construct an equilibrium. Suppose that the police adopt a search strategy
p*(z) = % for all z € [0,1]. This search strategy induces the total search capacity of
fol p*(r)dF(x) = P and thus is feasible. Assumption 1 implies that P < Eg[Z], which
means that p*(x) < z for all x € (0,1]. As a result, every agent (except possibly z = 0)
commits a crime with probability 1. The police then find it optimal to choose any search
strategy that exhausts search capacity P, including p*. Thus we obtain an equilibrium.
Second, take any equilibrium. The police cannot choose p(z) > « for (almost) every
x, because by Assumption 1 it violates the search capacity constraint. Thus, the set X £
{z € [0,1) : = > p(x)} has a positive mass, and any type in X commits a crime with
probability 1. Let Y be the set of types that commit a crime with probability strictly below
1. If Y has a positive mass, the police must be allocating a positive mass of searches to
types in Y, because otherwise types in Y would commit a crime for sure. We then obtain a

contradiction, because the police could increase the mass of successful searches by shifting

0Nagin et al. (2015) note that rewards from making arrests “are institutionalized in organizational
performance metrics that emphasize arrest and clearance,” while “generally no tangible reward is given for
preventing crime in the first place, precisely because it is a nonevent and therefore is difficult to measure.”
Similarly, Owens and Ba (2021) observe that CompStat-style reviews “create strong incentives for officers
to provide a high level of engagement—in particular, to make arrests, issue citations, and lower crime.”



search probabilities from types in Y to X.!' Thus, the set Y must have measure zero—i.e.,

almost every agent commits a crime with probability 1. O]

The logic of Theorem 0 is simple: The police aim to maximize the mass of successful
searches, and with full information, they can identify which agents will commit a crime in
equilibrium. Thus, the police never search the agents who abstain from a crime. However,
agents also commit a crime if they expect not to be searched. The only outcome consistent
with these conditions is that all agents commit a crime. The result implies that the police’s
ability to predict crime—combined with their incentive to uncover crime and the lack of
commitment in search strategy—eliminates the deterrent effect of policing.

In the literature, Goldman and Pearl (1976) and Persico (2002) provide sufficient con-
ditions on feasible search strategies or signal structures under which providing police with
information increases crime. Theorem 0 adds to this literature by showing that full infor-
mation leads to maximal crime under a mild condition (Assumption 1).!2

In contrast to the crime rate, the police’s equilibrium strategy is not unique. For example,
suppose that F' = U[0,1] (i.e., the uniform distribution on [0, 1]) and P = 1. In the proof of
Theorem 0, I constructed an equilibrium in which the police set p(z) = 3 for every x € [0, 1].
The following is another equilibrium: The police search any type x < \/Li with probability

<

L

x and never search any type x > 7 In this equilibrium, each type x \/Li is indifferent

between committing a crime and not, yet breaks ties for committing a crime. Indeed, if
types below \/Li did not commit a crime, the police would profitably deviate and search types
above \/LE instead. In general, under full information, a strategy profile is an equilibrium if
and only if (i) the search capacity P is allocated across agents in such a way that almost

every agent weakly prefers to commit a crime, and (ii) almost every agent commits a crime

with probability 1.

HThe police’s deviation would be profitable even if the police’s payoffs depend on a crime rate, because
the deviation does not change the agents’ actions (and thus the crime rate) under the simultaneous-move
assumption.

12Tn the terminology of my paper, Proposition 4 of Persico (2002) shows that for a sufficiently small P,
providing police with a binary signal structure (i.e., |S| = 2) that satisfies a certain condition results in a
higher crime rate than no information. Goldman and Pearl (1976) study a related complete-information
zero-sum game between an inspector and an inspectee and construct an equilibrium with crime rate 1 (see
p. 194). However, their proof does not apply to my model, which is not a zero-sum game.
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Remark 1 (Type-dependent Payoffs). Theorem 0 relies on the assumption that the
police’s payoff from successful searches is independent of the underlying types of agents. To
see this, suppose that, in the previous example, the police’s payoft from searching an agent
who committed a crime is equal to their type, = (in the baseline model, this payoff is 1 for
any type x). Then, in equilibrium, the police search any type x > \/Li with probability x
and never search any type = < \/ii Any type x > \/Lﬁ commits a crime with probability ﬁ,

1.13 The crime rate is strictly below

and any type z < % commits a crime with probability
1, because the police with type-dependent payoffs can credibly search agents even when
they commit a crime with low probability. In Appendix A, I construct an equilibrium when
the police have full information and earn arbitrary type-dependent payoffs from searching

criminals.

3 Crime-minimizing Signal Structure

I now turn to the main analysis: characterization of the crime-minimizing signal structure.
The analysis consists of two steps. First, I study a relaxed problem in which agents do not
directly observe their own types. In this relaxed setting, I design an information structure
for the police and agents to minimize crime. Because agents have less information in this
relaxed version, the lowest crime rate we achieve here serves as a theoretical limit for how
low the crime rate could possibly be in the original problem. In the second stage, I return to
the original setting, in which agents know their types, and construct a specific information

structure that achieves this theoretical minimum crime rate.

3.1 Relaxed Problem

The relaxed problem is defined as follows: Agents know the type distribution F' but do

not directly observe their type. Instead, information is provided by a joint signal structure,

13The police’s search strategy is optimal. Indeed, searching any type = < % leads to a payoff of at most
%, whereas searching any type x > % leads to a payoff equal to x - ﬁ = % Thus, a jearch strategy is
optimal if and only if it searches only types above % and exhausts the search capacity P. This condition

holds for the search strategy presented here.

11



(Sp,Sa,m). Here, Sp and S, are the sets of signals for the police and agents, respectively,
and ™ = {m(:|z)}zej0,1) is the collection of conditional probability distributions on Sp x Sx

A where

77

for each type. If agent i has type x;, the police observe s’ and agent i observes s
(sF,s4) ~ m(-]x;). The rest of the game remains the same: Each agent i observes s/ and
decides whether to commit a crime, and simultaneously, the police choose a search strategy
p: Sp — [0, 1] to maximize the mass of successful searches. The following result characterizes

a crime-minimizing joint signal structure.

Lemma 1. In the relaxed problem, the following joint signal structure and equilibrium min-
imize the crime rate: The police learn no information—e.q., Sp = {¢}—and each agent

learns whether their type exceeds cutoff ¢ € (0,1), which uniquely solves
Er[Z|z < ¢ = P. (6)

In equilibrium, the police search every agent with probability P, and each agent commits a

crime if and only if their type exceeds c.

Proof. Take any joint signal structure (Sp, Sa, ) and equilibrium. Let p : Sp — [0,1] be
the equilibrium search strategy and r € (0,1) the crime rate.!* The proof consists of three
steps. First, following the revelation principle of information design (e.g., Bergemann and
Morris 2019), replace the agents’ signals with action recommendations that replicate the
equilibrium behavior of each type. The signal space for agents is now S% = {crime,not}

and the obedience constraints hold:
E[Z — p(3")|crime] >0 and E[Z — p(37)|not] <0, (7)

where the expectations in the first and second inequalities are with respect to the agent’s
type Z and the police’s signal 57 conditional on action recommendations crime and not, re-

spectively. The obedience constraints ensure that each agent commits a crime after observing

1 Assuming r € (0,1) is without loss of generality. By Assumption 1, there is no equilibrium with 7 = 0.
Also, to solve the relaxed problem, we do not need to consider an equilibrium with » = 1, because we can
ensure r < 1 by providing full information to agents and no information to the police.

12



signal crime and not after signal not. It holds that
E[p(3")|erime] > P > E[p(3")|not]. (8)

Indeed, if one inequality is violated, the other inequality must also be violated because of
the binding search capacity constraint. However, if E[p(3F)|crime] < P < E[p(37)|not],
the mass of successful searches is 7E[p(57)|crime] < rP. The police would then deviate
and randomly search every agent with probability P and secure a higher mass of successful
searches, rP. This is a contradiction.

Second, replace the police’s signal with an uninformative signal, S} = {¢}. Under the
resulting signal structure (S5, S%, 7*), the police can only search every agent with probability

P. Inequalities (7) and (8) then imply
E[Z|crime] — P >0 and E[Z|not] — P <0,

i.e., the obedience constraints continue to hold.

Finally, the above two steps imply that, to derive the crime-minimizing joint signal
structure, I can without loss of generality assume that the police receive no information,
each agent receives an action recommendation, and the obedience constraints hold. The
problem can be framed as a Bayesian persuasion. Here, an agent (i.e., the receiver) obtains
payoff  — P for committing a crime and 0 for not. The sender discloses information about
type x ~ F to minimize the probability of the receiver’s committing a crime. As shown in
Gentzkow and Kamenica (2016) (Section IV.A), the solution is to disclose whether type x
exceeds a cutoff ¢ that solves (6), which deters types below ¢ from committing a crime. The
type distribution has a density and satisfies Assumption 1, so the cutoff ¢ € (0, 1) exists and

is unique. ]

Lemma 1 implies that, in the original setup, the minimum crime rate is attained if all
types below ¢ abstain from committing a crime. However, this outcome cannot arise if agents
observe their type and the police have no information, because the resulting random search

induces the types between P and ¢ to commit a crime. Nevertheless, the next section shows
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that providing the police with partial information achieves the same crime rate.

3.2 Characterizing the Crime-minimizing Signal Structure

I now turn to the original problem, in which agents observe their type. First, I define a class

of signal structures:

Definition 2. For each ¢ € [0, 1], the truth-or-noise signal structure with cutoff ¢, denoted
by (Se, ), is the following signal structure: The signal space S. is [0, ¢|; for each x < ¢,
distribution 7.(-|z) draws s = x with probability 1 (i.e., the truth); and for any = > c,

distribution 7.(-|z) is independent of = and equals F(:|Z < ¢) (i.e., the noise).

To understand the truth-or-noise signal structures, consider the police’s beliefs about
agent types after observing a signal realization from (S,, 7.) (see Figure 1). For agent types
below ¢, the signal coincides with their true type, whereas for types above ¢, the signal is a
random draw from F(:|Z < ¢), independent of the true type. Importantly, the police cannot
determine whether a given signal realization reflects the true type or is noise. As a result, the
posterior belief places positive probabilities on both types below and above c. Specifically,
the posterior induced by signal s € [0, ¢] contains a point mass F'(c) on type s and a mass
1 — F(c) of types distributed according to F(:|z > ¢)."> The posterior beliefs (indexed by
their point mass) are distributed according to F(-|Z < ¢) and average to prior distribution

F.

15To see this, let f(s|# < ¢) denote the conditional density associated with F(s|Z < c¢) evaluated at
x = s. Roughly, the “probability” with which signal s is realized is f(s|Z < ¢). The “probability” of the
joint event—in which the realized signal and the true type are both equal to s—is equal to the probability

of x < ¢, which is F(c¢), multiplied by the “probability” of the true type s conditional on z < ¢, which is

F(o)f(s|E<c) _ F(c).

f(s|Z < ¢). Therefore, the posterior probability of type s conditional on signal s is T
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Figure 1: Posterior distribution Gy of types conditional on signal s = sy, so under (S, 7).

Theorem 1. Let ¢ € (0,1) denote the cutoff defined by equation (6), i.e., P = Ep[Z|T < ¢].

The truth-or-noise signal structure with cutoff ¢ is a crime-minimizing signal structure.

Proof. 1t suffices to show that signal structure (S; ;) has an equilibrium in which types
below ¢ do not commit a crime. Consider the following strategy profile: The police adopt
search strategy p*(s) = s for every s € [0,¢], and each agent commits a crime if and only
if their type exceeds ¢. This is an equilibrium: First, from the police’s perspective, each
agent is committing a crime with probability 1 — F'(¢) conditional on any signal. Thus any
search strategy that exhausts search capacity P is optimal for the police. Search strategy
p* indeed exhausts the search capacity because of equation (6). The strategy of each agent
is also optimal: Any agent with type x < ¢ knows that the police will observe signal s = x
and search them with probability z, so the agent is indifferent and willing to abstain from
committing a crime. Types above ¢ will be searched with probability at most ¢, so they
commit a crime. Hence the strategy profile described above is an equilibrium and attains

the same crime rate as the solution to the relaxed problem described in Lemma 1. O

The optimality of a truth-or-noise signal structure stems from two forces. On the one
hand, providing the police with detailed information may erode the deterrent effect of
searches: The police use the information to target those who are not deterred from crime.
On the other hand, providing the police with too little information leads to wasteful searches,
because the police may search some agents with unnecessarily high probability when those

agents have a low incentive to commit a crime. A truth-or-noise signal structure provides the

15



police with partial information, which allows the police to reduce wasteful searches without
eroding the deterrent effect.

Specifically, the crime-minimizing signal structure has two key features. First, it prevents
the police from identifying or focusing search resources on only high-type agents, because
every signal contains the equal fraction F'(¢) of types below ¢.19 This prevents the police
from focusing too much search capacity on the highest-type individuals, who are less likely
to be deterred by the threat of being caught. Second, the crime-minimizing signal structure
enables the police to search each type z < ¢ with the minimum necessary probability needed
to deter crime, because no two types below ¢ are pooled together. This reduces wasteful
searches and increases the number of agents who can be deterred from crime. These two

features work together to minimize the overall crime rate.

3.3 Crime-reducing Signal Structure with Limited Information

The crime-minimizing signal structure prevents the police from targeting high-type agents
while allowing them to search low-type agents according to their type. To achieve both
goals, the signal structure pools high types with a type below ¢ while never pooling multiple
types below ¢ into a single signal. However, implementing such a signal structure may
require detailed information about types below ¢, which may not be feasible in practice.
Nevertheless, the idea behind the crime-minimizing signal structure can be useful even when
we cannot use signal structures that allow for full separation of the low types.

For example, consider a monotone-partitional signal structure that partitions [0, 1] into
subintervals 0 = o < 1 < --- < xny_1 < xxy = 1. This could represent a city divided into
N areas, each assigned a “risk level” for crime. Instead of sharing this information directly
with the police, it can be garbled similarly to the crime-minimizing signal structure: We
create K < N segments, where each segment & = 1,..., K contains all types in (zy_1, xy)

Fag)—F(zg

and the fraction ) ) of types in (zg, 1]. Every segment contains the same fraction

1 — F(xk) of types above xk, and no two subintervals below zx are pooled together.

16 A consequence of this property is that the crime rate is equal to 1 — F (¢) across all signals, and thus the
police are indifferent between any search strategies that exhaust P. However, the police’s indifference is not
unique to this signal structure and holds for, e.g., any deterministic signal structure (see Online Appendix

A).
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This garbling serves two purposes: First, the police cannot search types above xx ex-
clusively, because they are pooled with types below zx. Second, the police can still search
types below zx with different probabilities, depending on which subinterval these types be-
long to. As shown below, this garbling—which is a discrete version of the truth-or-noise
signal structure—may achieve a lower crime rate than the original partitional signal struc-

ture.

Example 1. Suppose F' = U[0,1] and P = 1/2.17 Consider a signal structure (S, ) that
sends signal sy, if x € [0,1/3], sy if © € (1/3,2/3], and sy if z € (2/3,1]. In equilibrium
under (S, 7), the police adopt search strategy p(sz) = 1/6, p(sy) = 1/2, and p(sy) = 5/6.'8
Within each signal, half of the agents abstain from committing a crime, so the equilibrium
crime rate is 1/2, the same as under no information.

Now, garble (S, ) by pooling all types in [0,1/3] with half of those in (2/3,1] to form
signal s}, and all types in (1/3,2/3] with the remaining half of (2/3,1] to form signal s},.
Let (S*,7*) denote the resulting signal structure. Under (S*,7*) and F' = U|[0, 1], a fraction
2/3 of agents within each signal have types below 2/3. In equilibrium, the police search s}
and s%, with probabilities 1/3 and 2/3, respectively, which deters all types below 2/3 from
committing a crime. The crime rate is thus 1/3 < 1/2.

Intuitively, the signal structure (S*, 7*) prevents the police from identifying types above
2/3. This reduces searches directed at high types and increases those directed at low types,
which are more responsive to searches. At the same time, it allows the police to search types
in [0,1/3] and (1/3,2/3] with distinct probabilities, leading to more effective allocation of

search resources across low types than under no information.

Remark 2 (Multiplicity of Crime-minimizing Signals). The crime-minimizing signal
structure is not unique in either the relaxed or the original problem. The relaxed problem
has multiple solutions, such as those in Lemma 1 and Theorem 1. The original problem

also has multiple solutions: For example, let F = U[0,1] and P = }l. Solving equation (6)

17This violates Assumption 1 as fol xdF(x) = P, but the same observation holds for any P < 1/2.

'8This search strategy deters all types in [0,1/6]U[1/3,1/2]U[2/3,5/6] from committing a crime, equalizing
the crime rate of every signal to 1/2. Tt also exhausts the search capacity, as % (% + % + %) = % = P. Thus,
the search strategy is optimal.

17



gives ¢ = % Another crime-minimizing signal structure, different from the one in Theorem

1, is as follows: Signal s € |0, %] is realized with probability 1 if and only if x = s or
x = 1 —s. Conditional on signal s, the posterior belief assigns equal probability to z = s
and x = 1—s > ¢ Since F(¢) = %, the proof of Theorem 1 applies directly. Thus, this

signal structure achieves the same crime rate as that in Theorem 1.

Remark 3 (Fragility of the Crime-minimizing Signal Structure). The signal struc-
ture (S, ;) in Theorem 1 exhibits two kinds of fragility. First, it achieves the minimal crime
rate only if the agents who are indifferent break ties by not committing a crime. Indeed,
under (S, ), there is another equilibrium with crime rate 1. In this equilibrium, the police
use the same search strategy p* as in the crime-minimizing equilibrium, and all types below
¢ break ties and commit a crime. Second, the signal structure fails to deter crime at all if
the police’s search capacity is slightly misspecified: If the crime-minimizing signal structure
(Sg, 7p) is designed and employed for a certain value of P but the actual search capacity is
P — e with € > 0, then, according to logic similar to that in Theorem 0, all agents commit a
crime in a unique equilibrium. At the same time, these kinds of fragility are not necessary for
a signal structure to reduce crime (relative to no information). For example, the binary sig-
nal structure (S*, 7*) in Example 1 has a unique equilibrium—which is the one described in
the example—and the equilibrium is robust to the slight misspecification of search capacity

P. Appendix B formalizes these ideas.

4 Discussion

I examine the consequences of modifying various assumptions in the baseline model.

4.1 Balancing the Crime Rate and Costs Imposed on Innocents

The cost of policing for innocent people has been an important consideration in the discussion
of policing (see, e.g., Section VII of Persico (2002)). In this section, I characterize a signal
structure that balances such costs and the crime rate. The timing and payoffs are the same

as in the baseline model (Section 2).
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Given any signal structure (S, 7) and any strategy profile, the search mass on innocents

is defined as the mass of agents who did not commit a crime but are searched, i.e.,

/0 / p(s) dn(sla)[1 - a(z)] dF (z), (9)

where a(z) is the probability with which type x commits a crime. I take (9) as the cost of
policing for innocent agents. The minimal search mass on innocents consistent with crime

rate r is

F=1(1-r)
/0 rdF(x), (10)

which arises if all types below F~!(1 —r) are searched with a probability equal to their type
and abstain from a crime. When r = 1 — F'(¢), where ¢ is the cutoff type in Theorem 1, the
minimal search mass on innocents is achieved by the crime-minimizing signal structure.
The equilibrium crime rate is at least 1 — F'(¢) across all signal structures. Thus, I fix an
arbitrary crime rate r € [1 — F(¢), 1] and characterize a signal structure and an equilibrium
that minimize the search mass on innocents subject to achieving the crime rate r. If we
explicitly formulated an information designer who cares about the crime rate and costs
imposed on innocents, the optimal choice of the designer would belong to the class of signal

structures characterized below.

Proposition 1. Let 7 =1 — F(¢) be the minimal crime rate of the baseline model. For any
€ [r, 1], there exists a signal structure and an equilibrium that attain the minimal search

mass on innocents given by (10) and crime rate r.

In Appendix C, T construct a signal structure under which any type x > F~}(1 —r)
commits a crime and any type z < F~!(1 — r) faces search probability z and chooses not
to commit a crime. This outcome attains a crime rate of r and the minimal search mass
on innocents (10). The signal structure resembles a truth-or-noise signal structure with one
modification: For any type z > F~!'(1 — r), the signal reveals the type with some type-
dependent probability. Whenever that happens, the police, knowing that the agent will
commit a crime, set search probability equal to 1. The probability of revelation is such

that in expectation, any type above F~!(1 — r) still commits a crime. As the probability of
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revelation increases, the police more easily find criminals. Consequently, the police allocate
more search resources to criminals, which results in a lower search mass on innocents and a

higher crime rate.

4.2 Police with Full Commitment Power

In this section, I assume that the police have full information and can commit to any search
strategy upfront. Formally, the police first choose a search strategy, and after observing it,

each agent chooses whether to commit a crime. The police’s payoff is given by
Ao — (1= N\, (11)

where ¢ is the mass of successful searches (2), r is the crime rate (3), and A € [0,1]. T focus
on an equilibrium that maximizes the police’s payoff.

Given that the police have full information, the minimum search capacity needed for

F~1(1-7)
/ LAF(E), (12)

which arises when the police search every type t < F~1(1 — r) with probability ¢ and deter

attaining crime rate r is

them from a crime. The mass of successful searches consistent with the crime rate r is then
at most P — fOFil(lfr) tdF'(t). The police can indeed attain this upper bound and the crime
rate 7 simultaneously; to do so, the police search every type t < F~1(1 —r) with probability
t while searching every type t > F~'(1 — r) with a probability of at most ¢, so that (i) the
police exhaust their search capacity P, (ii) all types above F~!(1 — r) commit a crime, and
(iii) no types below F~1(1 —r) commit a crime.

The police’s problem thus reduces to finding crime rate r that maximizes their payoff,

A (F - / re tdF(t)) (1=

subject to r > r*. Here, r* € (0,1) is the minimum crime rate under commitment, which
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solves

F=1(1—r*) .
/ tdF(t) = P. (13)
0

Equivalently, the police’s problem can be stated as the choice of a cutoff type z = F~1(1—r),
ie.,
max \ (f — / tdF(t)) -(1- 5\)[1 — F(x)],

0

z€[0,7]

where T £ F~'(1 — r*). The derivative of the police’s objective with respect to x is
A +1-— 5\,

which crosses 0 at most once and always from above as = increases. Solving the first-order

condition and taking into account the constraint x < T, we can derive the optimal cutoft:

. f1=x_
T = min —., T | .
A

Proposition 2. Suppose that the police can commit to their search strategy upfront, have

full information, and face payoffs (11). In the police-preferred equilibrium, the crime rate

s 1 —F (min (%,f)), which increases from 1 — F(T) to 1 as the weight A on successful

searches increases from 0 to 1.

If \ = 1, the police maximize the mass of successful searches. In this case, Proposition
2 implies that the police choose a search strategy under which all agents commit a crime,
leading to the maximal crime rate and successful searches. This resembles Theorem 0 but is
different: Theorem 0 holds for any = (0, 1], whereas in the current case, a crime rate of 1
arises only when A =1.

If A =0, the police aim to minimize the crime rate. In this case, the police search each
type x < T with probability x. In equilibrium, all such agents are indifferent and thus abstain
from committing a crime.

The police with commitment power can attain a lower crime rate than the police with no
commitment power. Indeed, the cutoff type for the crime-minimizing outcome in Theorem

1 solves foé ﬁ dF(t) = P (which is (6)), whereas the cutoff type in this commitment model
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with A = 0 solves fojt dF(t) = P. Since F(¢) < 1, we must have ¢ < 7. Therefore, compared
with the baseline model, the police with commitment power can also deter the types in [¢, 7]
from committing a crime.

Finally, the crime-minimizing outcome under full commitment (i.e., crime rate 1 — F/(T))
could arise even when the police and agents move simultaneously, provided that the police
face different payoffs from those in the baseline model. For example, suppose the police’s
payoff equals the mass of agents who did not commit a crime but are searched, i.e., (9). This
captures a case in which the police prefer to search innocents: They want to confirm that
citizens followed the law. In equilibrium, the police search each type x < T with probability
x and never search other types. Correspondingly, agents commit a crime if and only if z > 7.

The police have no incentive to deviate, because they prefer to search agents who did not

commit a crime rather than those who did.!?

4.3 Designer with Partial Commitment Power

A version of Theorem 1 holds even when a search strategy is partially determined by an
entity, different from the police, that has some commitment power. I clarify this point using
the following variation of the model.

First, I introduce a player called the designer, whose goal is to minimize the crime rate.
The designer could represent a law enforcement organization, with the police as individual
enforcers. The designer faces an exogenous signal structure, (S, 7). For simplicity, assume
S is finite. Each t € S is called a pre-signal, where m(t) £ [/ 7(t|z)dF(z) denotes the
mass of agents who receive ¢, and F; denotes the posterior type distribution conditional on
t. Assume that each F} has a positive density on [0, 1]. The designer has search capacity P
that satisfies Assumption 1.

The designer commits to the allocation of search capacity and the information available

to the police. First, the designer chooses an allocation policy @ : S — R, subject to the

9This is not the only specification that attains the crime rate 1 — F(Z) under the simultaneous-move
assumption. For example, suppose the police’s objective is to minimize the crime rate (3). In this case, the
police’s payoffs do not directly depend on their search strategy. Thus, any search strategy constitutes an
equilibrium, including the crime-minimizing strategy under full commitment.
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capacity constraint:

a(t) =P, (14)

%]

te
where @(t) is the mass of searches allocated to pre-signal ¢.

Second, for each t € S, the designer chooses a signal structure (S;, ), which captures
the information that the police can use to search agents with each pre-signal ¢. As in the
baseline model, the police cannot commit to how to use this information.

After the designer commits to an allocation policy @ and signal structures {(S;, m)};c3,
the game unfolds as follows: The pre-signal of each agent is realized and observed by the
agent and the police. In addition, each agent privately observes their type. Then, for each
t € S, the agents with pre-signal ¢ and the police play the game described in Section 2,
where the mass of agents is m(t) (instead of 1); the type distribution is F}; and the search
capacity is a(t).%°

The police’s payoff equals the total mass of successful searches aggregated across all
pre-signals. The designer’s objective is to minimize the total mass of agents who commit
a crime.?! 1 focus on the designer’s preferred equilibrium, which minimizes the crime rate
across all equilibria. If [S| = 1, the model reduces to the baseline model.

As an example, imagine that a police organization (i.e., the designer) has some informa-
tion about how different times of the day or locations in a city are associated with crime
opportunities. This information is captured by pre-signals, (S,7), where each pre-signal
represents a particular time or location.?? The organization commits to the allocation of

officers across different times or locations, which corresponds to an allocation policy @. The

20As in the baseline model, the police have no commitment power. However, if the underlying signal
(S, 7) available to the designer is fully informative, the designer can specify the search capacity allocated to
each type and thus directly control the police’s search strategy. In this case, the model is equivalent to the
one in Section 4.2 with A = 0.

21Formally, let r(t) denote the fraction of agents who commit a crime conditional on pre-signal ¢, and d(t)
denote the fraction of agents who commit a crime and are searched conditional on pre-signal t. The police’s
payoff is ), g d(t)m(t), and the designer’s payoff is — >, g7 (t)m(t).

22For example, people may face higher returns from illegal parking during certain times of the day.
Another example is tax auditing for businesses: Some types of businesses, such as large corporations, may
face higher returns from tax evasion. In such scenarios, the assumption that agents’ types are exogenous
implies that agents do not change the timing of their commute or their business type based on opportunities
for illegal parking or tax evasion.
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organization can also provide the officers assigned to each pre-signal ¢ with additional in-
formation (S, ), generated by a predictive algorithm.?® However, neither the organization
nor officers can pre-commit to how the information will be used.

The designer can replicate the same outcome as when the police have no information
in the baseline model. To do so, the designer allocates search capacity @(t) = m(t)P and

chooses an uninformative (S;, m;), such as S; = {¢}, for each ¢t. The police can then only

m(t
m(

search each pre-signal ¢ with probability P = 1?7 because they use search capacity m(t)P
to randomly search a mass m(t) of agents. Alternatively, the designer might provide the
police with more information, but the resulting outcome could involve more crime. How
should the designer balance control over the allocation of search capacity with the use of
more information?

Theorem 1 helps us solve the designer’s problem. To see this, suppose that the designer
has chosen an allocation policy @. The game between the police and the agents with pre-
signal ¢ is equivalent to our baseline model in which the prior type distribution is F' = F;

and the search capacity is P = Z((?). Here, I scale the mass of each pre-signal to 1 (instead

a(t)

m(t)’

of m(t)) and the search capacity to so that Theorem 1 applies verbatim.

Theorem 1 implies that for each pre-signal ¢, the designer should provide the police with

the truth-or-noise signal structure with cutoff ¢, = ¢, (%), which solves

B, (77 < ¢ = 2D (15)

al)

The cutoff ¢; does not exist if e

> Ep,[Z], in which case I set ¢, = 1. The minimized crime

a(t)
m(t)

rate conditional on pre-signal ¢ is thus 1 — F; (ct < )) The designer’s problem reduces

to choosing an allocation policy to minimize the overall crime rate:

o (3)]

subject to the capacity constraint, (14). The following result formalizes the above observa-

tion.

23 As shown in Appendix D, the police can be viewed as a population of individual officers.
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Proposition 3. The designer chooses an allocation policy @ that solves (16) and sets each

Si, ™) as the truth-or-noise signal structure with cutoff ¢ alt) Under the designer’s
m(t)

optimal allocation policy, ¢ (a((tt > solves (15) for eacht € S.

Appendix D proves this result and solves the designer’s problem in a simple example.
Furthermore, Online Appendix B extends Theorem 0 to the current setup by assuming that
the designer can control the allocation of search capacity based on pre-signals but must

disclose full information to the police.

4.4 Endogenous Search Capacity

In this section, I extend the baseline model to allow the police to strategically choose total
search capacity. Here, the police can choose any search strategy p at cost C'(P), where P

represents the mass of searches induced by p:

// (s]) dF (z).

The police’s objective is to maximize the mass of successful searches (2) minus the cost C'(P).

The cost function C(+) is strictly increasing, strictly convex, differentiable, and satisfies

cC'0)<1< (/ledF(x)> :

The first inequality ensures that the police search a positive mass of agents under any signal
structure and any equilibrium. The second inequality ensures that the equilibrium crime
rate is positive, which plays the same role as Assumption 1 played in earlier sections. The
rest of the model, including the agents’ payoffs and the timing, remains the same.

First, Theorem 0 still holds in this extended setup: Full information leads to the highest
possible crime rate. Thus, for the remainder of this section, I focus on a crime-minimizing
signal structure with endogenous search capacity (technical details are provided in Appendix

To analyze this, I begin with the relaxed problem, in which agents do not directly ob-

serve their own type and the joint signal structure, (Sp, Sa, ), is chosen to minimize the
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equilibrium crime rate. Figure 2 illustrates a solution to the relaxed problem. Similar to the
case with exogenous search capacity (Lemma 1), agents receive a signal (either crime or not)
based on whether their type exceeds a cutoff, ¢*. In equilibrium, they follow an action rec-
ommendation. The police’s signal is a garbling of the agents’ signals and may differ from the
uninformative signal. Notably, the police may now privately identify and, therefore, choose
not to search a fraction a* of agents who receive signal not. For the remaining population,

the police apply the uniform search rate, p* > 0.

Intuition and Key Results The partial revelation of agents’ types (i.e., @* > 0) incen-
tivizes the police to choose a higher search capacity, since they can more effectively target
criminals and increase the mass of successful searches. However, the partial revelation also
erodes the deterrence effect of searches, as demonstrated in the baseline model. When the
targeting effect dominates the deterrence loss, we obtain a* > 0.

0 c* 1
type |

Each agent’s signal
= their action

Police’s signal
= search probability

Figure 2: A solution to the relaxed problem with endogenous search capacity. The police
identify a fraction a* of the agents who do not commit a crime.

When o = 0, the crime-minimizing joint signal structure takes qualitatively the same
form as Lemma 1: The police remain uninformed while agents receive a cutoff-based signal.
In this case, truth-or-noise signal structures continue to solve the original problem. The
following result provides a condition for o* = 0 and relies on the following restriction on the

cost function.

Assumption 2. The police’s search cost function takes the form of

L Pl-‘rﬁ

C(p) = 1+ 8
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for some >0 and L > 1.

Proposition 4. Consider the police with endogenous search capacity. Suppose that the cost

function C(-) satisfies Assumption 2, where (F,(, L) satisfies

Ep [;c ‘ F< Pl <%)} > ((1+B)L)°7. (17)

Then, o = 0 holds in the relazed problem, and the crime-minimizing signal structure is a

truth-or-noise signal structure.

For a fixed (3, inequality (17) is more likely to hold when (i) the police face higher search
costs (i.e., L is high) or (ii) agents face greater returns from a crime (i.e., F~* <%> is high).
Under these conditions, the marginal cost of search in equilibrium is high. In such a case,
there is little advantage to revealing some agents with signal not, as doing so will have little
effect on the police’s search effort and only erodes the deterrent effect of searches. In this case,
the crime-minimizing signal structure in the relaxed problem keeps the police uninformed
and, correspondingly, the solution to the original problem becomes a truth-or-noise signal
structure.

A full, general analysis of the original problem under the extension is beyond the paper’s
scope. However, Proposition 8 in Appendix E provides an example in which a generalization

of a truth-or-noise signal structure solves the original problem when we have a* > 0 in the

relaxed problem.

5 Conclusion

This paper provides insights into the consequences of crime prediction technologies and
algorithmic policing. As law enforcement agencies increasingly rely on data-driven decision-
making, this paper shows that better information could undermine deterrence and lead to
higher overall crime rates. This suggests that simply increasing the predictive power of
policing tools, whether through AI models, data aggregation, or machine learning, may not

necessarily improve public safety. At the same time, characterization of the crime-minimizing
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signal structure suggests that the optimal policy may involve regulating how information is
structured and used, rather than banning these technologies outright.

The methodology developed in this paper has broader applications beyond crime and
policing. Information design is relevant to fields such as tax enforcement, counterterrorism,
and regulatory compliance, in which authorities must allocate enforcement efforts based on
limited information. The approach developed here, using relaxed-problem formulations to
determine optimal information structures, can be applied to those domains to design policies
that balance enforcement and deterrence.

Finally, future research may explore crime-minimizing information structures under insti-
tutional and legal constraints. In practice, law enforcement agencies may face political and
legal limitations on the type of data they can collect or use. Understanding how to design
crime-minimizing policies under such constraints would further enhance the applicability of

the results.
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Appendix

A Type-dependent Payoffs of the Police

I modify the baseline model so that the police’s payoff of searching an agent who commits

a crime is 1 + ng(x), where x is the agent’s type, n > 0 is an exogenous parameter that
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captures the degree of type-dependency, and ¢ : [0,1] — R, is an arbitrary nonnegative
continuous function such that g(z) = 0 for some = € [0,1]. Thus, if the police face signal
structure (S, 7) and adopt search strategy p and type x commits a crime with probability
a(x), the police’s payoff—the mass of successful searches that reflects the type-dependent

priority to search—is

/0 /SP(S) dr(s|z)a(z)[1 + ng(z)] dF (z).

To extend Theorem 0, define v > 0 as follows:

/ rdF(z) = P. (A.1)
{a:g(x)27}

For simplicity, we assume that ~ exists.?* Then, we obtain the following result.

Proposition 5. Suppose the police have type-dependent payoffs and full information. There
exists an equilibrium with the following property: The police search the agents whose type
satisfies g(x) > v with probability . These agents are indifferent and commit a crime with
probability

R /0
a(x)——1+ng(x). (A.2)

The police search any type x with g(x) < v with probability 0, and these agents commit a

crime with probability 1. As n — 0, the equilibrium crime rate converges to 1.

Proof. Consider the strategy profile described in the statement. The agents’ strategies are
optimal. The police’s payoff of searching any type = with g(z) > v is a*(z)(1 + ng(z)) =
1 + 1y, whereas the payoff of searching any type g(x) < 7 is at most 1 + ny. As a result,
the police’s search strategy is optimal if it only searches types x with g(x) > v and exhausts
search capacity P. The candidate strategy satisfies the first property by construction and the
second property because of (A.1). Finally, in this equilibrium, the probability of any agent

1+ny
1+nmax,c(o,1] g(z)

committing a crime is at least . Because 7 is independent of n, as n — 0, the

crime rate converges to 1. O

24Under Assumption 1, « exists if for any y € g([0,1]), its inverse image ¢~({y}) C [0, 1] has measure
Z€10.
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B Omitted Formalism for Remark 3

As I discussed in Remark 3, the crime-minimizing signal structure in Theorem 1 is fragile in
two ways. In this appendix, I elaborate on those points and then show that, as claimed in
the remark, signal structure (S*, 7*) in Example 1 does not have the same kinds of fragility.

First, consider the crime-minimizing signal structure of Theorem 1. For any crime rate
r € [1 — F(¢),1] greater than the minimized level, there exists an equilibrium in which
the crime rate is r and the police continue to adopt the same search strategy as in the
crime-minimizing equilibrium. In this equilibrium, any type above ¢ commits a crime with

probability 1, and any type below ¢, who is indifferent, commits a crime with probability

1— HCT) The mass of agents who abstain from crime is F'(¢) - [1 — (1 — %)] =1-—r,s0
the crime rate is r.

Second, the crime-minimizing signal structure fails to deter a crime at all if the police’s
search capacity is misspecified. To see this, suppose that we construct the crime-minimizing
signal structure, denoted by (Sp, 75), for a certain value of P, but the actual search capacity
turns out to be P — € with € > 0. The signal structure (Sp, 75) generates signals between
0 and ¢, and the search capacity P is just enough for the police to make all types below ¢
indifferent. Thus, if the search capacity is P — €, for any search strategy, there is always
a positive measure of signals associated with crime rate 1. The same argument as in the
proof of Theorem 0 implies that every signal generated by the signal structure (Sp, 7p) must
have crime rate 1. Therefore, if the search capacity is slightly overestimated, the equilibrium
crime rate jumps from the minimized level to 1.

The binary signal structure (S*,7*) in Example 1 reduces the crime rate relative to no
information, but it does not exhibit the same kind of fragility. First, I show that the equilib-
rium described in Example 1, where p(s}) = 1/3 and p(s},;) = 2/3, is unique. For instance,
if p(s7) > 1/3 in equilibrium, the binding search capacity constraint implies p(s},) < 2/3.
Then, the crime rate for signal L becomes strictly lower than that for signal M. The police
would then profitably deviate by shifting search probabilities from signal L to signal M,

which leads to a contradiction. Symmetrically, p(s}) < 1/3 leads to a contradiction. There-

fore, a search strategy can be part of an equilibrium only if p(s7) = 1/3 and p(s},) = 2/3,
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which implies that the equilibrium described in Example 1 is unique.

Moreover, the equilibrium crime rate is continuous with respect to P at P = 1/2. To see
this, suppose we construct the signal structure (S*,7*) for P = 1/2, but the actual search
capacity is P, = P — € for some €. I allow € < 0, in which case the actual search capacity is
underestimated. Let p(s}) and p(s},) denote the equilibrium search probabilities for signals
L and M, respectively. Here, the binding search capacity constraint 0.55(s%)+0.5p(s%,) = P.
implies p(s}) = 2(P. — 0.5p(s%,)). The value p(s},) is uniquely determined by the condition

that the crime rates for signals L and M are equalized, i.e.,

Fr (2(Pe = 0.5p(s3,))) = Far(p(shy)), (B.3)

where Fj, and F); are the type distributions conditional on signals L and M, respectively.
At p(sh,) = 0, the LHS is strictly greater than the RHS. If p(s3,) is large enough, the RHS
is strictly greater than the LHS. Also, F; and Fy are continuous. By the intermediate
value theorem, there exists a unique value of p(s},) that solves equation (B.3). The resulting
(p(s3),p(sh,)) and the agents’ (unique) best responses constitute a unique equilibrium. Note
also that the solution p(s},) to equation (B.3) is continuous with respect to € at € = 0.
Therefore, even if the search capacity is slightly misspecified, the resulting game has a

unique equilibrium, and the crime rate remains close to 1/3, which is the level associated

with (S*,7*) when P = 1/2.

C Proof of Proposition 1

I prove Proposition 1. Note that if » = 1, any equilibrium under full information has crime
rate 1 and the search mass on innocents is equal to zero (see Theorem 0), which satisfies the
condition in the proposition. For r € (7, 1), the following result presents a signal structure

and an equilibrium that have the properties described in Proposition 1.

Proposition 6. Let 1 be the crime rate under the crime-minimizing outcome in Theorem
1. Take any r € (#,1). Define x(r) = F~*(1 —r). There exists some & € (x(r),1) such that

the following signal structure and equilibrium attain crime rate r and the minimal search
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mass on innocents in (10) i.e., fOF_l(lfr) xdF(z). If x < x(r), the signal realization equals

x with probability 1. If x € (x(r), ), the signal is independent of the agent’s type and drawn

z—E[&|z<z(r)]

from F(-|z < x(r)). If © > &, the signal equals x with probability a(x) = Ea<a()] O

independent of x and drawn from F(:|z < xz(r)) with probability 1 — a(z). The police’s

equilibrium search strateqy is as follows:

TN SR (C.4)
1 if s> 1.

In this equilibrium, the agents commit a crime if and only if x > z(r).

Proof. For each x > z(r), define a(z) as the solution to the equation
r=ax)+ (1 —a)E[Z|Z < z(r)], (C.5)

or

ofa) = T E;"g = zg:s]] e (0,1, (C.6)
Equation (C.5) means that type z is indifferent between committing and not committing a
crime if they face search rate 1 with probability a(z) and search rate E[Z|Z < x(r)] with
probability 1 — a(z).

Fix & > x(r) and consider the signal structure described in the statement. The set of
possible signals is [0, z(r)] U [#, 1]. Suppose that the police adopt the search strategy (C.4).
Then, any type x € [0,x(r)] faces search probability x, so they are indifferent between
committing and not committing a crime; hence, it is optimal for types below x(r) to abstain
from a crime. Any type « € (z(r), &) faces a search rate of at most x(r) and strictly prefers
to commit a crime. Finally, any type x > & faces search rate 1 with probability «(z) and
the expected search rate of E[z|Z < z(r)] with probability 1 — a(z). By (C.5), such types
are indifferent between committing and not committing a crime, so it is optimal to commit
a crime.

To sum up, given the signal structure and the police’s strategy (C.4), there exist the

agents’ best responses such that all agents below type x(r) abstain from committing a crime
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and thus the resulting crime rate is r.
It remains to show that the police’s strategy is feasible and optimal. To begin with, note
that the police’s search strategy described above satisfies their search capacity constraint

with equality if z satisfies

E[z|z < x(r)] {F(fc) +[ (1 —a(t)f(t) dt] +/ a(t)f(t)dt = P. (C.7)

I show that there is an & € (z(r), 1) that solves (C.7). If & = 1, the right-hand side (RHS)
becomes weakly greater, because the left-hand side (LHS) is

E[#|Z < x(r)] < E[Z]F < & = P,

where the equality comes from equation (6). If £ = z(r), then the LHS exceeds the RHS
in (C.7) for the following reason. In this case, there is no type in (Z,z(r)), so all types
are indifferent between committing and not committing a crime under the search strategy
described above. Such a search strategy must violate Assumption 1, which means that the
LHS exceeds the RHS.

The intermediate value theorem implies that there is some & € (x(r), 1] that solves (C.7).
Therefore, for such an , the police’s search strategy satisfies their search capacity constraint.

It remains to show that the police have no profitable deviations. The posterior crime
rate for signal s € [z,1] is 1. For signals in [0, z(r)], the posterior crime rate is less than 1
and equalized across all signals. Thus, the police’s strategy is optimal so long as it satisfies
p(s) = 1 for all s € [#,1] and exhausts search capacity P. By construction, the police’s
strategy described above satisfies these conditions.

Finally, in this equilibrium, every type below z(r) chooses not to commit a crime and

faces a search rate . The corresponding search mass on innocents is fom(r) xdF(x). ]

D Proof of Proposition 3

I solve the designer’s problem in two steps. First, I fix an allocation policy @ arbitrarily and

then solve for the optimal signal structures. As discussed in the main text, if Eg, [Z] > %,
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the equation Ep, [2]Z < ¢] = m(( )) has a unique solution ¢, ( ((t))> and the designer can attain

the minimal crime rate by providing the police with the truth-or-noise signal structure with

cutoff ¢ (a((tt))>. If Ep 7] < (—( define ¢ < (( 2)) = 1. In this case, the minimal crime

rate is indeed 1 — F; <Ct <Z(t) )) = 0, because the designer can provide the police with full

(®)
information, and the police can deter all crimea crime (by the agents with pre-signal ¢) with

search strategy p(z) = x for all € [0, 1]. Overall, the crime-minimizing (S, 7;) leads to the

equilibrium crime rate of 1 — F; <ct ( ((tt))>>. The designer’s optimal allocation policy then

solves (16).

I now show that Ep, [Z] < % never arises at the optimal allocation policy chosen by the

designer. To see why, note that even in this extended model, the equilibrium crime rate is

strictly positive for at least one pre-signal, say t' € S, because the designer faces a search

capacity P that satisfies Assumption 1. Suppose to the contrary that Ep, [] < (tt) holds.

Then the designer can improve its payoff in the following way. First, the designer slightly

decreases the search capacity a(t) allocated to pre-signal ¢ by € > 0 so that Ep, [Z] < afi)(t—)e

holds. The resulting crime rate for pre-signal ¢ remains 0. Then, the designer increases
the search capacity allocated to a pre-signal (say ¢’) that has a positive crime rate by e.

Originally, the signal structure for pre-signal ¢ was the truth-or-noise signal with cutoff ¢

a(t)
m(t) "

where Er, [Z|Z < ] = For a small € > 0, the cutoff now increases to c. > c that solves

Er, []7 < ¢ = 205

with cutoff ¢.. Because ¢, > ¢, this will reduce the equilibrium crime rate for pre-signal ¢’

(Sy,mp) with the truth-or-noise signal

as well as the overall crime rate. But then we obtain a contradiction. Therefore, under the

designer’s optimal search strategy, Ep, [Z] > Z((tt)) holds, so Ep, [2]|Z < ¢] = Z((?) has a unique

solution ¢ for every t € S. This proves the last part of Proposition 3. 0

E Omitted Materials for Section 4.4

E.1 Extending Theorem 0

Proposition 7. Consider the case of endogenous search capacity. Suppose that the police

have full information. An equilibrium exists, and in any equilibrium, almost every agent
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commits a crime with probability 1.

Proof. First, I construct an equilibrium. Pick a unique Z that solves C’ ( fojtdF (t)) = 1.
Consider the strategy profile such that the police adopt a search strategy p*(z) = z for
x < Z and p*(z) = 0 for z > Z, and all agents commit a crime with probability 1. The
agents’ strategies are optimal. The police’s search strategy is also optimal, because the
police’s payoff from searching mass P of agents is P — C'(P), so the strategy is optimal if
the police search mass P* of agents where C'(P*) = 1. Search strategy p* has this property
by construction.

Second, take any equilibrium. Let p be the equilibrium search strategy and P = fol p(z) dF(z)
be the total mass of searches under p. We have C'(P) < 1, because otherwise the police
could profitably deviate by slightly lowering the mass of searches. Combining C'(P) < 1 with
1< <f01 xdF(az)), we obtain P < fol xdF(x). We can then apply the same argument as
the proof of Theorem 0: The set X = {z € [0,1] : z > p(x)} has a positive mass, and any
type in X commits a crime with probability 1. Let Y be the set of types that commit a crime
with probability strictly below 1. If Y has a positive mass, the police must be allocating a
positive mass of searches to types in Y, because otherwise they would commit a crime. We
then obtain a contradiction, because the police could increase the mass of successful searches
without changing the search cost C'(P) by maintaining the total search capacity at P and
shifting search probabilities from types in Y to X. Thus, the set Y has measure zero, i.e.,

almost every agent commits a crime with probability 1. O]

E.2 Solving the Relaxed Problem with Endogenous Search Ca-
pacity

The following lemma shows that the joint signal structure illustrated by Figure 2 solves the

relaxed problem under endogenous search capacity.

Lemma 2. Consider endogenous search capacity. In the relaxed problem, the following joint
signal structure (Sp, S%, ), characterized by tuple (p*,c*,a*) € (0,1)? x [0,1), minimizes a

crime rate:
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1. For every type x > c*, the realized signal is (s¥,s?) = (p*,crime) with probability

1. For every type x < c*, the realized signal is (0,not) or (p*,not) with probability
o or 1 — a*, respectively. In equilibrium, the agents and the police follow the action

recommendations.

2. Tuple (p*, c*, a*) satisfies Ep[Z|T < ¢*] = (1—a®)p*, i.e., the agents who observe signal

“not” are indifferent between committing a crime and not.

In what follows, a joint signal structure is referred to as a signal structure. Take any
signal structure (Sp,Sa,7) and any strategies chosen by agents. For each s € Sp, the
posterior crime rate, r(s) € [0,1], is defined as the probability that an agent commits a
crime conditional on the police’s signal s (but not conditional on the agent’s signal).?®

To prove Lemma 2, I first prove the following lemma to restrict the class of signal struc-

tures that need to be considered.

Lemma 3. Consider the relazed problem with endogenous search capacity, and take any
signal structure (Sp, S, ") and any equilibrium with crime rate r € (0,1). There is some
c € (0,1) such that the same crime rate arises under a signal structure (Sp,Sa,m) and an

equilibrium with the following properties:

1. Each agent receives signal “crime” or signal “not” if x > ¢ or x < ¢, respectively. In

equilibrium, agents follow action recommendations.

2. The police’s signal is a garbling of an agent’s signal, i.e., there exist conditional distri-
butions of the police’s signal given an agent’s signal, denoted by wp(-|crime), 7p(-|not) €
ASp, such that for any S C Sp, a € {crime,not}, and x € [0,1], we have w(S x
{a}|z) = #p(S|a)Ta(alz), where Ta(a|z) = 7(Sp x {a}|x). In equilibrium, each signal

of the police leads to a distinct posterior crime rate.

Proof. Take any signal structure (Sp, 8%, ') and any equilibrium with crime rate r € (0, 1).

Let p’ denote the police’s equilibrium search strategy. First, as in Lemma 1, replace the

2Let a(t) denote the probability that an agent commits a crime after observing signal ¢t € S4. The
posterior crime rate is given by r(s) = E[a(t)|s], where the expectation is with respect to the agent’s signal
t conditional on the police’s signal s € Sp.
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signal space S’y of agents with Sy = {crime,not} and assume that each agent follows the
action recommendation in equilibrium.

Second, replace each signal ' € S, of the police with its posterior crime rate r(s") induced
by the agents’ strategies. Let Sp C [0, 1] be the resulting signal space for the police. This
modification reduces the police’s information, because different signals in S may have the

same posterior crime rate. I then assume that the police adopt search strategy

p(y) 2 E'(s)|r(s") = y],Vy € Sp, (E.8)

where the expectation is with respect to the police’s original signal s € S conditional on
that the posterior crime rate associated with the signal equals y. The police find it optimal
to adopt p because they can ensure the same mass of successful searches as p’ despite having
less information under Sp than under Sp. The agents’ incentives remain the same (i.e., the
obedience constraints continue to hold), because strategies p’ and p induce the same expected
search probability conditional on each action recommendation. Indeed, as explained below,

it holds that for each a € {crime, not}, Ey[p'(s")|a] = E,[p(y)|a], or more specifically,

Ey[p'(s)a] = Ey[Ea [p'(s')|r(s) = y, alla] = Ey[Ey [p'(s')[r(s) = ylla] = Ey[p(y)lal. (E.9)

Here, Ey[-|a] is the expectation with respect to the police’s signal s’ € S% conditional on
action recommendation a; E,[-|a] is the expectation with respect to the police’s signal y € Sp
as a posterior crime rate conditional on a; Ey[-|r(s") = y, a] is the expectation with respect to
the police’s signal s’ € S, conditional on posterior crime rate y and action recommendation
a; and Ey|[-|r(s") = y] is the expectation with respect to the police’s signal s € S} conditional
only on posterior crime rate y.

I now explain why the equalities in (E.9) hold. The first equality is from the law of iterated
expectation. The last equality is from the definition of search strategy p in (E.8). To show
the second equality, suppose to the contrary that Ey[p'(s')|r(s") = y,a] # Eg[p'(s')|r(s") = y]

for some y € Sp and a € {crime, not}, which is equivalent to

Ey[p'(s)|r(s') =y, crime] # By [p'(s')|r(s") = y, not]. (E.10)
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Hereafter, we fix such a y. Let r~'(y) C S, be the set of all signals s’ € S} such that
r(s') = y. The condition (E.10) means that there is some set T C r~!(y) such that

Pr(s' € T|r(s") =y, crime) > Pr(s" € Tlr(s") = y, not) (E.11)

and thus
Pr(s’" € T¢|r(s") =y, crime) < Pr(s’ € T|r(s') = y, not) (E.12)

where T¢ = r~(y) \ T. For each U € {T,T¢}, we obtain

Pr(crimels’ € U)  Pr(crime|s’ € U,r(s') =y) _ Pr(crime|r(s’) =y) Pr(s' € Ulr(s') =y, crime)
Pr(not|s’ € U) ~ Pr(not|s' € U,r(s') =y)  Pr(notjr(s’) =vy) Pr(s’ € Ulr(s') =y, not)
(E.13)

where the first equality holds because s’ € U implies r(s') = y, and the second equality
follows from Bayes’ rule. Combining (E.11), (E.12), and (E.13), we obtain

Pr(crimels’ € T) _ Pr(crimels’ € T°)
Pr(not|s’ € T) Pr(not|s’ € T¢) ’

or equivalently, Pr(crimel|s’ € T') > Pr(crime|s’ € T¢). This contradicts the fact that signals
in 7" and T have the same posterior crime rate y. Therefore, the second equality in (E.9) is
valid.

Finally, let 7 € A(Sp x S4) denote the joint distribution of the police’s signal (i.e.,
posterior crime rate) and an agent’s signal (i.e., action recommendation). Let 7p(-|a) € ASp
denote the associated conditional distribution of the police’s signal given an agent’s signal
a € {crime,not}. 1 then modify the signal structure as follows. First, given the equilibrium
crime rate r € (0,1), assume that types above and below cutoff ¢ & F~(1 — r) receive
signals crime and not, respectively. Second, assume that conditional on each agent ’s
signal a; € {crime,not}, the police observe signal y; ~ 7p(-|a;) € ASp (regardless of i’s
type). These modifications (i) preserve the joint distribution of posterior crime rates and

action recommendations across the population and (ii) relax the obedience constraints for

the agents. As a result, the police optimally choose search strategy p defined in (E.8), and
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the agents continue to follow action recommendations. The resulting equilibrium has the

properties stated in the lemma. O
I now prove Lemma 2.

Proof of Lemma 2. Take any signal structure (Sp,S4,7) and any equilibrium that satisfy
the properties described in Lemma 3 and have crime rate r € (0,1). Part 2 of the lemma
ensures that the police’s signal is a garbling of an agent’s signal, generated by conditional
distributions 7 p(-|crime), 7p(-|not) € ASp. Without loss, assume that the police’s signals
are recommended search probabilities that the police follow in equilibrium.

First, I show Sp C {0, p, 1} for some p € (0,1). If Sp contains multiple interior search
rates p,p’ € (0,1), they must have the same posterior crime rate, i.e., r(p) = r(p'). For
example, if r(p) < r(p'), the police would profitably deviate by shifting search probabilities
from signal p to p’ without changing the total search capacity. However, r(p) = r(p/)
contradicts Part 2 of Lemma 3 that each signal leads to a distinct posterior crime rate.

The unique interior search rate p (if exists) satisfies two properties. First, {p,1} C Sp
implies 7(p) < r(1), because if r(p) > r(1), the police would profitably deviate by shifting
search masses from signal 1 to signal p (recall r(p) # r(1) from Lemma 3). Second, the
police equate the marginal cost of search with the marginal probability of detecting a crime.
Hence, the equilibrium total search capacity P solves C'(P) = r(p). Otherwise, the police
would profitably deviate by slightly changing p(p).

In the second step, we show that if {p,1} C Sp, we can replace signals p and 1 with the
same signal o to increase the search probability allocated to signal not. Indeed, with the
agents’ strategies fixed, after we pool signals p and 1, the posterior crime rate r(o) for signal
o satisfies (o) > r(p). Thus, if we let the police choose an optimal search strategy, the
police will choose total search capacity P > P, because the marginal return on searches at P
is now (o) — C'(P) > r(p) — C'(P) = 0. This pooling also reduces the police’s information
about the agents’ signals (and their behavior) and thus increases the fraction of searches

that go to signal not. As a result, if we fix the agents’ strategies but let the police adopt

26To be precise, this argument only implies that there exists some p € (0,1) such that the ex ante
probability of a signal belonging to Sp N (0,1) \ {p} is 0 (instead of this set being empty). However, we can
replace all signals in Sp N (0,1) \ {p} with signal p without affecting the equilibrium crime rate.
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an optimal search strategy, pooling signals p and 1 increases the expected search probability
conditional on signal not and relaxes its obedience constraint.

The pooling procedure in the previous paragraph changes the police’s signal space and
the distribution of the police’s signal conditional on the agent’s action recommendation.
However, to reduce notational burden, I continue using Sp for the police’s signal space and
(7p(-|crime), p(-|not)) for the conditional distributions of the police’s signal.

We now have a signal structure and a strategy profile such that Sp = {0,0} or {o} for
some o > 0, and the obedience constraint for signal not holds (possibly strictly).?” If Sp =
{0,0}, we have r(0) < r(o), because otherwise the police would deviate by shifting search
masses from signal o to signal 0. % We then continuously increase cutoff type ¢ defined in
Lemma 3 while (i) letting the agents follow action recommendations (i.e., they receive signal
crime and thus commit a crime if and only if x > ¢); (ii) maintaining conditional distributions
(7p(-|crime), p(-|not)) that garble the agents’ signals to create the police’s signals, and (iii)
letting the police adopt the optimal search strategy at any given c. Increasing cutoff ¢
continuously changes the expected search probabilities the agents face conditional on signals
crime and not. At ¢ = 1, all agents receive and follow signal not, the police choose search
probability 0, and the obedience constraint for signal not is violated. Thus at some ¢* € (0, 1),
the agents become indifferent between committing crime and not after receiving signal not.
The obedience constraint for signal crime also holds at the same ¢*, because the assumption
C’ ( fol rdF (a:)) > 1 implies that the police’s optimal searches never make all agents weakly
prefer to abstain from committing a crime.

At this point, we have a signal structure and an equilibrium such that: each agent receives
signal crime if x > ¢* or not if x < ¢*, they follow action recommendations, and those who
receive signal not are indifferent between the two actions; and the police’s signal space Sp

is {0,0} or {o}. If Sp = {0,0}, the inequality 7(0) < (o) continues to hold even though

@ p(0|crime)

7 p(0not) and

we increased cutoff ¢, because whether r(0) < 7(o) holds depends only on

7 p(o|crime)

o (olnot) not on c.

In the last step, we consider two cases. If Sp = {0}, we obtain the desired result where

2TWe cannot have Sp = {0} because if the police follow signal 0 and do not search at all, then all agents
commit a crime, which incentivizes the police to choose a positive search rate because of C'(0) < 1.
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a* = 0 (note that (s, s8) = (0, not) is irrelevant if o* = 0).

Otherwise, the signal space is {0,0}. In this case, we first change the police’s signals
back to the corresponding posterior crime rates, which results in a signal space {rg, r,} with
ro < r,. We then split signal r( into signals ¢, and ¢, that have posterior crime rates 0 and
re > 70, respectively.

We now need to consider two cases. One is when p(c) € (0,1), i.e., before splitting
signal 7y into to and t,, the search rate for signal r, is interior. In this case, we must have
C'(P) = r, and the police do not search signal ry at all before splitting. Thus, after splitting,
it continues to be optimal for the police to allocate search mass P to signal r, and not search
signal t, or to. In particular, searching agents with signal ¢, (in addition to those with r,)
will entail a higher marginal cost than C’(P). Now, signals ¢, and r, have the same posterior
crime rate, so we can pool them into the same signal, say u,. After this pooling, the police
still find it optimal to apply search capacity P to signal u, and search capacity 0 to signal
to, and the expected search probability conditional on each action recommendation remains
the same.

The other case is when p(o) = 1, i.e., before splitting signal 7 into ¢y and t,, the police
search signal r, with probability 1. In this case, we may have C'(P) < r, before splitting.
Thus, after splitting, the police continue to search agents with signal r, with probability 1,
and may also prefer to search agents with signal ¢, with a positive probability. As a result,
the obedience constraint for signal not may hold strictly—the agents used to face search
mass P after signal r, and no search after signal ry, but they now face search mass P after
signal r, and possibly a positive search mass after signal t,. We then proceed as follows:
First, we pool signals t, and r, into signal u,. As in the previous paragraph, signals ¢, and
r, have the same posterior crime rate, and this pooling does not change the police’s search
capacity or the agents’ incentives. If the obedience constraint for signal not holds strictly,
we increase cutoff ¢ from ¢* as we did in the second step (the procedure % above) until the
cutoff hits the point at which the obedience constraint for signal not binds and the one for
signal crime holds. Redefine ¢* as this new cutoff.

The police’s signal is now binary, i.e., signal ry has posterior crime rate 0 and search

rate 0, and signal u, has a positive crime rate and a positive search probability. In terms of

44



action recommendations, the police’s signal space becomes S} = {0, p*} for some p* € (0, 1].

We now have signal structure (S5, S%, 7*) such that: S, = {0, p*} and S, = {crime, not};
the agents with types above and below cutoff ¢* receive signals crime and not, respectively;
the agents who receive signal not are indifferent; and the police’s signal divides the population
into two groups, one with zero posterior crime rate and the other with a positive posterior
crime rate. This signal structure and equilibrium satisfy Part 1. Part 2 holds because I have
constructed the outcome so that the agents with signal not are indifferent.

Finally, note that at the beginning of this proof, I chose a signal structure (Sp,Sa,7)
whose corresponding equilibrium crime rate r lies in (0,1). This choice is without loss of
generality in the following sense. We do not need to consider » = 0 because it never arises:
If no agent commits a crime, the police with a strictly increasing cost function would never
search, which, in turn, implies that everyone would commit a crime. Similarly, we do not
need to consider r = 1 to derive the crime-minimizing joint signal structure, because we can
provide the agents with full information and the police with no information. The resulting

equilibrium crime rate is strictly less than 1, because C'(0) < 1. O

E.3 Solving the Original Problem: The Case of a* =0

The following lemma shows that if a* = 0 holds in the solution to the relaxed problem
characterized by Lemma 2, a truth-or-noise signal structure solves the original problem with

endogenous search capacity.

Lemma 4. Consider the case of endogenous search capacity. Suppose that the solution to
the relaxed problem described in Lemma 2 has o = 0, i.e., the police receive no information.
Then, the crime-minimizing signal structure of the original problem is the truth-or-noise

signal structure with cutoff ¢*, where ¢* and the equilibrium search capacity P* jointly solve

Er(z|z < | = P*, and (E.14)

1 - F(c") = C'(P*). (E.15)

Proof. Equation (E.14) and the same argument as Theorem 1 imply that under the truth-

or-noise signal structure with cutoff ¢*, there exists a strategy profile such that: the agents
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optimally commit a crime if x > ¢* and not if x < ¢*; the police adopt search strategy
p(s) = s for every s € [0,¢*]; and the police cannot increase their payoffs by changing the
search strategy while keeping the total search capacity P* fixed. Thus, it remains to show
that the police have no profitable deviation in terms of changing the total search capacity.
The police’s payoff from search capacity P is (1 — F'(¢*))P — C(P), because the posterior
crime rate is equalized to be 1 — F(¢*) across all signals. Due to the convexity of C(-),

equation (E.15) is sufficient for the optimality of P*. O
We are now ready to prove Proposition 4.

Proof of Proposition 4. Thanks to Lemma 4, it suffices to show that a* = 0 holds in the
relaxed problem. Thus, I use Lemma 2 to solve the relaxed problem and show that a* =0
holds under inequality (17).

I focus on signal structures that take the form described in Figure 2. Instead of parameters
(p*,c*,a*), we use (p,c,a) to indicate that they may not be the crime-minimizing signal
structure. Recall that « is the probability with which the police observe signal 0 conditional
on that an agent observes signal not. When types above some cutoff commit a crime, a crime
rate r pins down the cutoff type through ¢ = F~1(1 —r).

I fix a € [0, 1] arbitrarily and then determine the cutoff type ¢ and the unique positive
search probability p from the mutual best responses of the agents and the police. By Part
2 of Lemma 2, the equilibrium crime rate r(«) is determined by the condition that the
police’s optimal search strategy given crime rate r(a) makes the agents who observe signal
not indifferent between committing a crime and not.

I derive the expected search probability given signal not. As in Figure 2, if the crime

rate is r, the posterior crime rate for signal p is . The police’s mass of searches

r+(1—r)(1—a)

P then solves the first-order condition C'(P) = LP? = or

P:L_lé'<r+<1—:><1—a>>ﬁ'

For the moment, I ignore the constraint p < 1 and verify it later. The expected search
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probability conditional on signal not is (1 — a)- b

=N

L (1-— a)r%
Lifr+(1-r(l-a)?

>

I(r,a)
The binding obedience constraint for signal not is written as
I(r,a) =Ep[7|z < F1(1—7)). (E.16)

At r =0, we have 1(0,a) =0 < E,p[z]. At r =1, we have I(1,a) = 1;—; > 0. Also, I(r,«)
and E;r[Z|2 < F~Y(1 — )] are continuous in r. Thus equation (E.16) has a solution.
Let r(«) denote the smallest solution. The minimal crime rate in the relaxed problem is
given by r* £ min,ejo,1) 7(«). However, instead of solving this minimization problem, I first
derive a(r) £ argmax,ep) (r, @) and then determine the minimal crime rate r* through
I(r,a(r)) = Ep[Z|z < F~1(1 —r)]. Hereafter, I restrict attention to a € [0,1) and r € (0,1),
because o« = 1 or r € {0, 1} cannot be a part of a crime-minimizing equilibrium.

We have

1 +1+B 1—r
e g 1—a(l—r)

0
—log I = -

Note that (1 — a)(1 — a(1 —r)) > 0, but the expression

(1—a)(1—a(l- r))%log[(r, a) =—r+ %(1 —7r)(1—a)

changes its sign at most once from positive to negative as « increases, and % log I(r,a) <0
for a close to 1. As a result, % log I(r, @) is either always negative or changes its sign exactly
once from positive to negative. Examining the first-order condition 8% log I(r,a) = 0, we
obtain the following solution:
r : 1
1-— ﬁ— if r S m,

: 1
0 if ’I"Zm

47



and

Y N BT S |
L 146 1— i r= 1+5°
I(r.a(r) =47 0497 '
1 , )
%)5 if r> R

Now, go back to the equation
I(r,a(r)) = Ezop[Z]2 < F7H (1 — 1))

The left-hand side is strictly increasing, and the right-hand side is strictly decreasing in

r. Hence the equilibrium crime rate 7* is unique. Moreover, we have r* > —— and thus

143
1 B
) <merriosm (75))

which reduces to inequality (17). Finally, recall that when I derived the police’s best response,

a(r*) = 0 when

I temporarily ignored the condition that the search probability p* can be at most 1. This

condition is satisfied at equilibrium because p* satisfies p* < Eg[z|z > F~'(1—-r*)] < 1. O

E.4 Solving the Original Problem with o > 0: Example

Proposition 8. Consider the case of endogenous search capacity. Suppose that F = UJ0, 1]
and C(P) = §P2 with L > 3+Tﬁ ~ 1.31. In the original problem, the equilibrium crime rate
is minimized by a signal structure that reveals a fraction o = max(0,2 — \/ﬁ) of the agents
with type below c¢* and discloses information according to the truth-or-noise signal structure
with cutoff ¢* for the rest of agents. Here, o* and c¢* are parameters in the solution to the

relaxed problem characterized by Lemma 2.

Proof. Substituting F' = U|[0, 1] and $ = 1 into the solution to the relaxed problem shown

in the proof of Proposition 4, I obtain the following:

1-2r . 1
T if r< %
a(r) =
0 if r> %
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and

I(r,a(r))

Solving I(r, a(r)) = 5=, I obtain the minimized crime rate under the relaxed problem:

11— if L<2,

*
8
~

ST if L>2

Because the type distribution is uniform, a crime rate of r* means that an agent commits a
crime if and only if their type exceeds ¢* =1 — r*.

I now show that if L > L* = %5, crime rate r* can be implemented in the original
problem. To do so, I modify the signal structure in Theorem 1 as follows: If x < 1 — r*,
with probability a* = «(r*), the police observe signal 0. Other parts of the signal structure
follow the truth-or-noise signal structure with cutoff ¢*: The police observe signal x with
probability 1 — o* if © < ¢* and observe signal s ~ F(-|Z > ¢*) whenever z > ¢*.

If L > L*, this signal structure has an equilibrium in which each agent commits a crime
if and only if x > ¢*, and the police search agents with signal s with probability .
The agents’ strategies are optimal: Any agent with a type below ¢* is indifferent between

z

committing a crime and not because they anticipate search probability (1 — o))"= = =

in expectation. Any type x > ¢* will face a search probability of m <1l—r*<ux
where the first inequality uses o < 1/2, which follows from L > L*. The police’s strategy is
also optimal: The police never search signal 0 and are indifferent regarding how to allocate

a given mass of searches across the positive signals. The choice of a total search capacity

*

is also optimal: Indeed, the posterior crime rate for any positive signal is — -

=) (—a) 50

the total search capacity induced by the above search strategy equates the marginal cost

with the marginal crime rate because of the police’s first-order condition in the relaxed

problem. Also, L > L* ensures that the highest search probability —< is below 1, so

1—a*

the police’s strategy is feasible. Finally, if L € [L* 2), then we have r* = 1 — \/% and

afr*) = =22 = 2 2L If L > 2, we have a* = 0, so the police’s signal reduces to the

1—r*
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truth-or-noise signal structure.
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Online Appendix
(For Online Publication Only)

A  Proof of the Claim in Footnote 16

The argument in Footnote 16 rests on the following result:

Proposition 9. Consider any deterministic signal structure (S,7), i.e., for each type x €
[0, 1], the distribution 7(-|x) over signals is degenerate at some s € S. Then in any equilib-
rium, the crime rates are equal across almost all signals, and thus the police are indifferent

between any search strategies that exhaust search capacity P.

Proof. 1f the signal structure is deterministic, each agent, who knows their type, also knows
their signal. Take any equilibrium, and let 7(S") be the crime rate conditional on a set of
signals S C S. Suppose to the contrary that r(Sy) > r(S7) for some sets of signals, S; and
Sy, that can arise with positive ex ante probabilities under (S, 7). The inequalities imply
r(S1) < 1 and r(S2) > 0. Inequality 7(S;) < 1 means that the police allocate positive search
mass to signals in S, and 7(S2) > 0 implies that the search rate for signals in S; is strictly

1'28

below Then the police would profitably deviate by shifting search mass from signal S; to

S,. This is a contradiction, so the crime rate must be equalized across almost all signals. [

B Omitted Materials for Section 4.3

B.1 Example for Proposition 3

In the following example, I use Proposition 3 to solve the designer’s allocation problem.

28This argument could fail under a stochastic signal structure. For example, if some agents receive signal
s1 or so with a positive probability, it is possible that, even though the police search agents with signal s
with probability 1, these agents still commit a crime because the search rate for s; may be low, and the
agents may be uncertain about whether their signals will be s; or so. If we assume that the realized signals
are publicly observable, Proposition 9 holds under any signal structure.
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Example 2. There are two equally likely pre-signals, 1 and 2, such that Fj(z) = Fy(x) =
F(x) = 2° with 8 > 0, i.e., the pre-signals divide the population into two groups of equal
size and type distribution. Since F; = F,, I omit the dependence of F; and ¢; on t. For
simplicity, assume that 0.5Ex[z] < P < Ep[z]. Because m(1) = m(2) = 0.5, the designer’s
problem (16) is

5(1;%%?)200'5 [1—F(c(2a(1)))]+0.5[1 — F (c(2a(2)))]

subject to  a(1) +a(2) = P,
or equivalently,

e F (c(2a(1))) + F (¢ (2(2) (0.1)

subject to  a(1) +a(2) = P.

Direct calculation reveals that for each t € {1,2},%

2(1+p)

c(a(n) = =

at) and F(c(2a(t)))

The solution to (O.1) then becomes as follows: If § > 1, each term F'(c(2a(t))) of the
objective in (0O.1) is strictly convex in @(t), which implies that the designer should first
allocate as much search capacity as possible to one pre-signal and, once that pre-signal has a
crime rate of 0 (or F' (¢ (2a(t))) = 1), allocate the remaining search capacity to the other pre-
signal. Specifically, for one pre-signal, say 1, the designer sets a(1) = 0.5Er[z]| and provides
the police with full information, so that the police can search each type x with probability

x and attain a crime rate of 0. For pre-signal 2, the designer sets a(2) = P — 0.5Ep[z] and

provides the police with the truth-or-noise signal structure with cutoff

¢ (20(2)) = w (P — 0.5Ex]1]).

29Tt holds that Elzle < o = [ 2627 4p = 25¢, s0 Elz|v < o] = 2a(t) implies ¢ (2a(t)) = 2H2a(1).
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In contrast, if 5 € (0,1), each term F' (¢ (2a(t))) of the objective in (O.1) is strictly concave
in @(t), which implies that the designer should set @(1) = @(2) = 0.5P and provide the police

with the truth-or-noise signal structure with cutoff
1 —
c(2a(t)) = 120 p
g
for both pre-signals.

B.2 Extending Theorem 0

Next, I study the case in which the designer can control an allocation policy based on pre-
signals as in Section 4.3 but must provide the police with full information. We begin with a

lemma that extends Theorem 0:

Lemma 5. Suppose that signal structure (Sy, ) is fully informative for every t € S.
Take any pre-signal t. If a(t) > m(t) folqzdFt(:v), then in the game between the police
and the agents with pre-signal t, there exists an equilibrium with a crime rate of 0. If

a(t) < m(t) fol rdFy(x), any equilibrium has a crime rate of 1.

Proof. To simplify notation, without loss of generality, we set m(t) = 1. Suppose that
a(t) > fol xdF,(x). First, we construct an equilibrium with a crime rate of 0. Suppose
that the police adopt search strategy p*(z) = z,Vz € [0,1]. This search strategy is feasible
because it induces the total search capacity of at most fol p*(z) dFy(x) < a(t). Under p*, it is
optimal for every agent to not commit a crime . The police then find it optimal to choose any
search strategy because the mass of successful searches is 0 regardless of the search strategy.
Thus we obtain an equilibrium with crime rate 0. The second part follows from Theorem

0. [l

I now consider the designer’s allocation problem when the police have full information.
First, minimizing crime is equivalent to maximizing the mass of agents who do not commit
a crime (which we call the mass of innocents) in equilibrium. Thus, we assume that the
designer’s payoff equals the mass of innocents. By Lemma 5, the designer’s payoff from

pre-signal ¢ is m(t) if a(t) > m(¢) f01$dFt(:v) and 0 otherwise. It is then without loss of
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generality to assume that for each pre-signal ¢, the designer either allocates m(t) fol x dFy(x)

or nothing. The designer’s problem can then be restated as follows:

1
subject to Zm(t)/ rdF(r) < P.
0

This is a knapsack problem in which the set of items is S, the weight of each item ¢t € S is

m(t) fol x dF,(z), the value of item ¢ is m(t), and the maximum capacity is P.

C A Continuum of Officers

In this appendix, I formalize the idea that the simultaneous-move assumption arises when
a continuum of individual officers searches agents. Suppose that instead of the police, there
is a unit mass of officers, 7 € [0,1]. All officers face the same signal structure (S, 7) and
observe the same realized signal for each agent.

The timing of the game is as follows. First, each officer chooses a search strategy, p; :
S — [0,1]. The profile of search strategies, (p;);jcj,1], is publicly observed by all agents.
Second, nature draws the type and the signal for each agent. Finally, each agent observes
their type but not their realized signal, and decides whether to commit a crime.

Each officer j chooses a search strategy p; to maximize the mass of successful searches,

defined as X
o, 2 /0 /S p;(s) dr(s|z)a(z) dF (), (0.2)

where a(x) is the probability with which type # commits a crime. As in the baseline model,
we obtain identical results if each officer’s payoff is strictly increasing in o; and arbitrarily
dependent on the crime rate. Note that the probability a(x) of type x committing a crime
may depend on the chosen profile of search strategies, but I do not write this dependency
explicitly. Each officer faces the same search capacity constraint, P < fol xdF(z), which is
analogous to Assumption 1. Identical results hold if there is a mass P of officers, each of

whom has a search capacity of 1.

o4



Given the search strategies (p;);cp,1], define the aggregate search rate for signal s as

ps) 2 / py(s) dj. (03)

Abusing notation, define the aggregate search rate for type x as

pa) & /S p(s) dn(s]). (0.4)

An agent’s expected payoffs of committing a crime and not are = — p(z) and 0, respectively.

C.1 Extending Theorem 0

Proposition 10. Suppose there is a continuum of officers and they have full information.
An equilibrium exists, and in any equilibrium, almost every agent commits a crime with

probability 1.

Proof. A unilateral deviation by an individual officer does not affect the aggregate search
rate (O.4) for each type. Thus, for any fixed profile of search strategies, the set of best
responses by each agent does not change with or without an individual officer’s deviation.
Then we can construct an equilibrium in which all officers adopt the same search strategy
p* as the police in the first half of the proof of Theorem 0.

Second, take any equilibrium. There is no profile of search strategies such that the
induced aggregate search rate satisfies p(x) > z for (almost) every type z, because it would
violate the search capacity constraint of a positive mass of officers. Thus, the set X = {x €
[0,1] : x > p(x)} has a positive mass, and any type in X commits a crime with probability
1. By the same logic as the proof of Theorem 0, the set Y of types that commit a crime

with probability strictly below 1 must have measure zero. O]

C.2 Extending Theorem 1

I characterize the crime-minimizing signal structure with a continuum of officers. First, to
extend Lemma 1, we define the relaxed problem in this new setup: The information of the

agents and the officers is now determined by a joint signal structure, (Sp,S4, 7). The timing

55



of the game is as follows. First, each officer chooses a search strategy, p; : Sp — [0, 1].
The profile of search strategies, (p;);cpo,1], is publicly observed by all agents. Second, nature
sP s) for each agent i. Finally, each agent observes s but

RA)

draws the type z; and signals (

P

not (z;,s; ), and decides whether to commit a crime.

Proposition 11. Suppose there is a continuum of officers. In the relaxed problem, the
following joint signal structure minimizes a crime rate: The officers learn no information,
e.g., Sp = {¢}, and each agent learns whether their type exceeds cutoff ¢ € (0,1) that
uniquely solves

Erl77 < & = P. (0.5)

In equilibrium, each officer search every agent with probability P, and each agent commits a

crime if and only if their type exceeds c.

Proof. The proof follows that of Lemma 1. Take any joint signal structure (Sp,S4,7) and
equilibrium. Let p : Sp — [0, 1] be the aggregate search rate function, and let r be the
crime rate in equilibrium. First, replace the agents’ signals with action recommendations
so that the obedience constraints hold (see the proof of Lemma 1). This step is valid even
though the agents move after observing the chosen search strategies, because a single officer’s
deviation does not change the aggregate search rates and thus does not affect the agents’
incentives. In other words, after replacing the agents’ signals with action recommendations,
the agents’ behavior remains the same both on-path and after an officer’s deviation. Second,
by the same logic as Lemma 1, providing the officers with no information only relaxes the
obedience constraints. The resulting problem is to choose a disclosure policy from which the
agents receive action recommendations. The rest of the proof is the same as that of Lemma

1. O
Proposition 12. In the model with a continuum of officers, Theorem 1 holds verbatim.

The proof of this claim is identical to that of Theorem 1 and thus omitted.
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