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Abstract

We consider a two-period collective experimentation model featuring self-interested
agents that test a sequentially-rational principal’s enforcement propensity through their
misconduct, whereby the principal tries to build a reputation for strict enforcement.
We find that peer learning between the agents yields more misconduct than when
misconduct and enforcement is not observable between the agents, because the prin-
cipal’s reputation concern creates enforcement externalities between them. When the
principal’s reputation concerns are su�ciently strong, these enforcement externalities
dominate the information externalities and heighten misconduct. Whereas reputation
always benefits the principal in the opaque setting, it often backfires in the presence of
peer learning.
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1 Introduction

Tension is ubiquitous between self-interested economic agents and the principal who

monitors them. Firms may prioritize their own profits at the expense of social welfare,

such as in cases of pollution or violations of securities and data protection regulations,

while regulators expend resources trying to contain such behavior. Analogously, in a multi-

divisional firm setting, divisional managers may implement sub-optimal business plans given

their private benefits from empire-building. Although the CEO can intervene and force

a division manager to drop the investment plan and avoid the loss, this intervention is

typically costly to the CEO. In both cases, as enforcement is costly, some misconduct may

go unpunished.

When there are repeated interactions, agents will be interested in learning the princi-

pal’s enforcement cost—a parameter governing the principal’s propensity to enforce. When

engaging in misbehavior for their own benefit, these agents simultaneously test the prin-

cipal’s forbearance. Aware of this, the principal aims to build a reputation for aggressive

intervention early on to deter future misconduct. Moreover, the sharing of information be-

tween the agents may lead to direct and indirect externalities among them. In this light, we

ask two questions. Should the principal publicize a case of enforcement and the associated

level of misconduct to make an example of the nefarious agent, or keep the case secret? Does

a more patient principal deter misconduct more e↵ectively?

To answer these questions, we employ a two-period game featuring a sequentially ra-

tional principal and two agents who may misbehave at the principal’s expense. In each

period, the agents simultaneously choose their levels of misconduct, and observing the mis-

conduct, the principal decides whether to discipline each of them. If the principal tolerates

an agent’s misconduct, the agent enjoys some private benefit while the principal bears some

damage, both proportional to the misconduct level. Alternatively, if the principal disciplines

an agent at some fixed cost, then the agent’s misconduct is corrected, eliminating any benefit

to the agent and damage to the principal. This enforcement cost is the principal’s private
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information; agents only hold a common prior belief at the beginning of the game.

We compare two information structures that vary in terms of how much agents can

observe about their peers. One is the opaque benchmark model, where an agent cannot

observe a peer’s misconduct or the outcome of any enforcement actions taken against the

peer. As a result, peer learning is not possible, and the game is reduced to one between a

single agent and the principal. In this game, a higher level of misconduct exposes the agent

to a greater risk of enforcement but generates more private benefits, when the misconduct is

tolerated. Moreover, more egregious misconduct in the first period, if tolerated, emboldens

the agent to engage in even more misconduct in the second period, as the agent learns that

the principal has a higher enforcement cost. Therefore, an agent’s optimal misconduct level

in the first period balances the three forces: enforcement risk, private benefit of misconduct,

and option value of learning. Concurrently, the strategic principal has a reputation concern.

She takes into account not only the intra-period costs and benefits of enforcement but also

how her current enforcement actions signal her willingness to suppress future misconduct.

This reputation concern leads to overzealous enforcement in the first period.

The opaque benchmark model has a unique equilibrium. The principal treats the agents

separately and disciplines an agent only when his misconduct is su�ciently high. Impor-

tantly, the enforcement criterion does not depend on the peer agent’s misconduct. Hence,

each agent chooses a strictly positive misconduct level in the first period and then adjusts it

upward or downward in the second period given their own enforcement outcome in the first

period.

The main model, on the other hand, features an information structure where each agent

can also observe their peers’ misconduct and enforcement outcomes. While the agents’ trade-

o↵s from the benchmark model still apply, agents can also free-ride on the information they

learn from their peers, and thus, they curb their own misconduct. This is the canonical e↵ect

of positive information externalities explored in the collective experimentation literature.

This is not the end of the story, however. Since the strategic principal is aware that her
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enforcement actions against both agents are publicly observed, she inevitably conditions her

enforcement action against one agent on the misconduct of both agents. The key intuition

for this interdependence is that the principal’s cost of mimicking an intolerant type depends

on the proximity of the agents’ misconduct levels in the first period. When the misconduct

levels are close, the principal never punishes only the slightly more nefarious agent but not

the other, as doing so will allow the agents to infer that the principal has an enforcement

cost in a narrow range. The principal is then disabled from pooling with lower-cost types to

deter misconduct in the second period. In contrast, when the two agents’ misconduct levels

are far apart, only disciplining the agent with higher misconduct still enables the principal

to “make an example” of the agent, signaling her tough stance without revealing too much

information about her enforcement cost.

This interdependence of enforcement decisions creates endogenous enforcement exter-

nalities between the agents, as one agent’s misconduct a↵ects the other’s chance of being

disciplined. The enforcement externalities can be positive or negative. They are positive if

they discourage an agent from engaging in misconduct as he shields behind his peer’s miscon-

duct. Alternatively, they are negative if they encourage an agent to increase his misconduct

because part of his heightened enforcement risk is shared with his peer.

The main model, where peer misconduct and enforcement are transparent, has a unique

equilibrium. It takes starkly di↵erent forms depending on the principal’s patience. A rel-

atively impatient principal is less concerned about her future reputation resulting from the

enforcement decisions in the first period, in particular, the unfavorable inference from pun-

ishing only one agent. Therefore, the principal will sometimes discipline only one agent if

his misconduct is much higher than the other’s. This creates an incentive for each agent to

reduce their misconduct to shield behind their peer. In this case, the enforcement externali-

ties, which are positive, work in the same direction as the positive information externalities,

further discouraging misconduct and benefiting the principal.

In contrast, a relatively patient principal is so concerned about her future reputation that
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she wishes to avoid the unfavorable inference from punishing only one agent. In essence, her

hands are tied as she is compelled to treat the two agents similarly and condition her collective

enforcement decision on the total misconduct levels. Thus, although being more patient

encourages the principal to discipline misconduct more aggressively, this “both or neither”

enforcement strategy backfires as the risk of enforcement is shared between the agents,

thereby encouraging misconduct. These enforcement externalities, which are negative, work

in the opposite direction to the positive information externalities and dominate them. The

outcome is thus heightened misconduct, which harms the principal.

Our analysis o↵ers two key sets of implications. First, we highlight the e↵ect of peer

learning on equilibrium misconduct. When the principal is relatively impatient, peer learning

discourages misconduct and thereby reduces the principal’s cost. This prediction echoes the

traditional literature on collective experimentation (Bolton and Harris, 1999; Keller et al.,

2005), which emphasizes information spillovers between the agents. When the principal is

relatively patient, however, peer learning encourages misconduct, which harms the principal.

This is because a more patient principal becomes overly concerned about her reputation and

is hesitant to punish only one agent. This constrains the principal to treat the agents as a

group, causing negative enforcement externalities to arise between the agents and inducing

heightened misconduct. These novel endogenous enforcement externalities, uncovered in

our model, are strong enough to dominate the information spillovers, thereby reversing the

prediction in the extant collective experimentation literature.

Second, we illustrate how the principal’s reputation concern a↵ects misconduct. When

information is opaque between agents (i.e., in a single-agent scenario), a more patient princi-

pal always better deters misconduct, which is largely consistent with the conventional wisdom

about reputation. However, when learning is possible between agents, the misconduct levels

are non-monotonic in the principal’s patience. On the one hand, a higher level of patience

gives the principal stronger incentives to build a tough reputation, resulting in more strin-

gent enforcement that quashes misconduct. On the other hand, as the principal becomes
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more patient, she becomes more concerned about her reputation and hesitates to discipline

just one agent. Instead, she is trapped into treating both agents as a group, resulting in

higher misconduct levels that harm the principal.

Finally, in extensions of our model, we illustrate the robustness of our main results with

(a) alternative parameter ranges, (b) heterogeneous agents, and (c) more than two periods.

Related Literature Our paper belongs to the literature on experimentation (Rothschild,

1974; Aghion et al., 1991; Manso, 2011; Bergemann and Hege, 2005; Nanda and Rhodes-

Kropf, 2017). See Bergemann and Välimäki (2006) and Hörner and Skrzypacz (2016) for

surveys of this literature. Specifically, a branch of literature studies collective experimenta-

tion where multiple agents learn from each other. The literature typically assumes that the

object about which the players learn, or the “bandit arm,” is non-strategic, and consequently

the information externalities among players drive the dynamics of learning (e.g., Bolton and

Harris, 1999; Keller et al., 2005; Bonatti and Hörner, 2011; Chen, 2020). In our paper, in

contrast, agents learn about a strategic principal who optimally manages her reputation. We

find that peer learning among agents not only results in free-riding of information, but also

creates endogenous enforcement externalities. For a su�ciently patient principal, we show

that this novel e↵ect dominates the free-riding e↵ect and raises equilibrium experimentation

through misconduct. Bergemann and Välimäki (2000) is among the few papers that study

buyers’ collective learning when facing strategic sellers. This learning is about the unknown

quality of a new product in a setting where information asymmetry is absent. In contrast, our

paper considers a one-sided learning model, where agents experiment to elicit the principal’s

private information whereas the principal tries to jam the signal. Marinovic and Szydlowski

(2022) investigate an environment where one or more agents and a monitor learn about the

monitor’s unknown ability. They find that when the monitor can detect misconduct, but not

the identity of the misbehaving agent, the monitor has to collectively punish all agents. The

agents can free-ride on this collective punishment, which leads to heightened misconduct. In
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our work, in contrast, the principal observes individual misconduct and can choose individ-

ual punishments, although sometimes she will endogenously choose an enforcement strategy

that resembles collective punishment. When she does so, misconduct is either encouraged

or discouraged, depending on the patience of the principal.

Our paper is also related to the literature on the counter-productive e↵ect of reputation,

i.e., bad reputation. Ely and Välimäki (2003) uncover the bad reputation e↵ect in repeated

games where a su�ciently patient long-run player becomes so obsessed with its reputation

that it fails to take the correct stage action and thus is ousted by the short-run opponents.

Corona and Randhawa (2010) consider a setting with a manager and a monitor who can

detect the manager’s fraud. They find that the reputation concerns of the monitor may

heighten the monitor’s reluctance to uncover fraud for fear of revealing previously undetected

fraud. Deb, Mitchell, and Pai (2022) study an experimentation setting with an informed

agent who cares about its reputation for being a good bandit arm that benefits the principal.

They show that the agent’s reputational incentives are so strong that they can destroy the

relationship between the principal and the agent, unless they can coordinate on ine�cient

strategies. Unlike these papers that feature bad reputation with only one agent (or when

agents cannot learn from each other), our model displays a bad reputation e↵ect when

multiple agents learn from each other. Bar-Isaac and Deb (2014) study a repeated reputation

game between one agent and two audiences with diverse preferences, where the agent’s

persistent private information is its preference alignment with one of the audiences. They

show that transparency between the audiences improves welfare. In contrast, our model

features homogeneous audiences, and we find that transparency can be harmful.

Our results on the e↵ect of information transparency and the principal’s patience shed

light on questions in various institutional settings. Our paper is related to the literature

on regulatory reputation management (Boot and Thakor, 1993; Morrison and White, 2013;

Shapiro and Skeie, 2015; Huang, 2017), regulatory enforcement transparency (see Goldstein

and Sapra (2013) and Goldstein and Leitner (2020) for surveys of the literature that fo-
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cuses on banking regulations), and crime (Bond and Hagerty, 2010). We contribute to this

literature by exploring a novel channel through which the reputation-building motive of a

strategic principal interacts with peer-learning among agents to yield guidance on whether

a principal should publicize the agents’ misconduct and enforcement.

The paper proceeds as follows. Section 2 introduces the model. Section 3 analyzes

a benchmark environment where peer misconduct and enforcement are opaque. Section 4

characterizes the equilibrium and derives implications when peer misconduct and enforce-

ment are transparent. Section 5 extends the analysis. Section 6 concludes. All proofs are

relegated to the Appendix.

2 Model

Consider a model of collective experimentation between two agents (with the pronoun

he) facing a strategic principal (with the pronoun she). The game has two periods. In each

period t = 1, 2, agents i = A,B simultaneously choose the levels of misconduct, xi

t
> 0. After

observing (xA

t
, xB

t
), the principal makes enforcement decisions (eA

t
, eB

t
) 2 {0, 1}2, such that

ei
t
= 1 denotes the decision to discipline agent i in period t and ei

t
= 0 indicates otherwise.

If agent i’s misconduct xi

t
is tolerated (ei

t
= 0), the agent derives private benefits nor-

malized to xi

t
while the principal internalizes proportional damages kxi

t
, where the coe�cient

k > 0 is interpreted as the principal’s damage sensitivity. Alternatively, if the agent is disci-

plined (ei
t
= 1), the agent’s private benefit is eliminated and the principal avoids the damage.

Additionally, the agent su↵ers a penalty L > 0,1 and the principal incurs an enforcement

cost c > 0. The enforcement cost c and damage sensitivity k are the principal’s private

information and persist across periods. At the beginning of period 1, agents hold a common

prior about the joint distribution of (c, k).

We compare two information structures. In the opaque benchmark (Section 3), one

1While we assume L to be an exogenous number in this paper, the qualitative results still hold when
L(·) is a function of own misconduct.
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agent’s misconduct and enforcement outcome are not observed by the other agent, whereas

in the main model (Section 4), the misconduct levels (xA

1 , x
B

1 ) and enforcement outcomes

(eA1 , e
B

1 ) in period 1 are common knowledge between the agents at the end of period 1. After

observing the available information, the agents enter period 2 with Bayes-updated beliefs.

The timeline is summarized in Figure 1.

All players are risk-neutral. The principal has discount factor �P 2 (0, 1), whereas the

agents have a common discount factor � 2 (0, 1). A higher discount factor is interpreted

as the player being more patient. Given the realized misconduct levels xi

t
and enforcement

decisions ei
t
, t = 1, 2, agent i enjoys a total discounted payo↵ across both periods of:

U i ⌘
⇥
xi

1(1� ei1)� Lei1
⇤
+ �

⇥
xi

2(1� ei2)� Lei2
⇤
. (1)

The principal incurs a total discounted cost across both periods of:

C ⌘
X

i=A,B

⇣⇥
kxi

1(1� ei1) + cei1
⇤
+ �P

⇥
kxi

2(1� ei2) + cei2
⇤⌘

= k
X

i=A,B

⇣⇥
xi

1(1� ei1) + ✓ei1
⇤
+ �P

⇥
xi

2(1� ei2) + ✓ei2
⇤⌘

,

where:

✓ ⌘ c

k
> 0

is interpreted as the principal’s normalized enforcement cost. In our linear and additive

framework, the model is strategically equivalent to a normalized one with k = 1 and c =

✓, where ✓ summarizes the principal’s private information. Hereafter, we let k = 1 for

notational convenience, and refer to ✓ as the principal’s type. A higher ✓ corresponds to a

lower enforcement propensity and hence a more tolerant principal. Agents have common

prior beliefs at the beginning of period 1 that ✓ is continuously distributed with c.d.f. F and

p.d.f. f on the support [0,1). We require the parameters to satisfy the following conditions.

Assumption 1 (Parameters)
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S2`BQ/ 1 S2`BQ/ 2

S`BM+BT�H
H2�`Mb
c, k

�;2Mi i

+?QQb2b
xi

1

S`BM+BT�H
/2+B/2b
(eA1 , e

B

1 )

�;2MibǶ
#2HB27b

mT/�i2/

�;2Mi i

+?QQb2b
xi

2

S`BM+BT�H
/2+B/2b
(eA2 , e

B

2 )

Figure 1: Timeline of the two-period game

(i) The hazard rate h(✓) ⌘ f(✓)
1�F (✓) is continuously increasing in ✓.

(ii) The penalty is moderate: 1 6 Lh(0) < 1 + � � �P .

Part (i) is a mildly restrictive monotone hazard rate property. Part (ii) requires the penalty

to be large enough, i.e., L > 1/h(0), so that if there was only one period, the agents would

try to avoid any enforcement risk.2 On the other hand, the penalty is su�ciently low, i.e.,

L < (1+���P )/h(0), such that the agents will engage in some misconduct in period 1. Note

that (ii) implies �P < �, that is, the principal is more impatient than the agents. Otherwise,

the principal always punishes any agent with positive misconduct in period 1 to signal her

type, and foreseeing this, agents are deterred from any misconduct in period 1.

With slight abuse of notation, the strategy of agent i is a pair (xi

1, x
i

2), where xi

1 2

[0,1). In the opaque benchmark, xi

2 maps (xi

1, e
i

1) into [0,1), while in the main model,

xi

2 maps {xj

1, e
j

1}j=A,B into [0,1). The principal’s strategy is a pair (e1, e2), where e1 maps
�
✓, {xj

1}j=A,B

�
into {0, 1}⇥ {0, 1} and e2 maps

�
✓, {xj

1, e
j

1, x
j

2}j=A,B

�
into {0, 1}⇥ {0, 1}. We

impose the following constraint on the principal’s strategy:

Assumption 2 (Enforcement Strategy)

If the principal is indi↵erent between disciplining an agent or not, she breaks the tie by not

disciplining. Formally, for any principal type ✓, period t = 1, 2 and agent i = A,B, the

principal’s enforcement decision ei
t
is lower semi-continuous in (xA

t
, xB

t
).

2We show numerically in Section 5.2 that the key driving forces of the model remain unchanged if this
assumption is relaxed.
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This assumption ensures that agents’ best responses are always well-defined. It is without loss

of generality because an agent can always reduce his misconduct by " to avoid enforcement.

We characterize the perfect Bayesian equilibrium (PBE). A PBE is a strategy profile

{xA

t
, xB

t
, et}t=1,2 along with agent i’s (i = A,B) posterior belief qi 2 �([0,1)) at the be-

ginning of period 2, such that: (a) agent i’s strategy (xi

1, x
i

2) maximizes his expected total

discounted payo↵, denoted E(U i), given the strategies of agent �i and the principal; (b) the

principal’s strategy {et}t=1,2 minimizes her expected total discounted cost, denoted E(C),

given the agents’ strategies; and (c) the agent i’s posterior belief qi is consistent with the

strategies and Bayes’ rule whenever possible.

3 Benchmark: No Peer Learning

We first consider an opaque benchmark in which an agent cannot observe the peer’s

misconduct nor the enforcement outcome. This opaque information structure eliminates

peer learning between the agents. As each agent only relies on his own experience to learn

the principal’s type and the principal’s cost is separable between the agents, the game is

equivalent to two replications of a one-agent-one-principal game.

Using backward induction, we begin with the continuation game in period 2. The

following lemma characterizes the equilibrium strategies of the three parties.

Lemma 1 (Period-2 Equilibrium)

In period 2, for i = A,B:

(i) The principal disciplines agent i if and only if xi

2 > ✓.

(ii) If the posterior belief qi has the truncated support [✓L, ✓H) ⇢ [0,1) from the prior, then

xi

2 = ✓L.

Lemma 1 states that all players behave myopically in the terminal period. The principal

compares the misconduct damage xi

2 to the enforcement cost ✓, without considering her

reputation. Analogously, an agent maximizes his within-period payo↵ as there is no further
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option value from learning. Given Assumption 1, an agent chooses a misconduct level equal

to the lower bound of his posterior belief support, thereby avoiding any enforcement risk;

that is, the agent chooses the highest misconduct while still avoiding punishment.

We now turn to period 1. Suppose agent i 2 {A,B} has chosen misconduct xi

1. If a

type-✓ principal disciplines this agent, her discounted cost from agent i alone is:

✓ + �P min{✓, xi

2(x
i

1, e
i

1 = 1)}, (2)

which is the sum of the enforcement cost in period 1 and the discounted continuation cost

in period 2 when ei1 = 1. If, instead, she does not discipline agent i, the cost is:

xi

1 + �P min{✓, xi

2(x
i

1, e
i

1 = 0)}, (3)

which is the damage su↵ered in period 1 plus the discounted continuation cost in period 2

when ei1 = 0. The principal disciplines agent i in period 1 if and only if (2) is less than (3).

Principal’s cost from agent i displays the single-crossing property in ✓. That is, given any

misconduct xi

1 in period 1, the higher the enforcement cost ✓, the less willing the principal

is to discipline the agent.3 Consequently, the principal follows a cuto↵ strategy such that

an agent is disciplined if and only if ✓ is strictly below some cuto↵ ✓†.

We now determine the equilibrium cuto↵ type ✓† of the principal that is indi↵erent

between disciplining the agent and not. When the type-✓† principal disciplines the agent,

(2) reduces to ✓† + �P · 0. This follows because, according to Lemma 1(ii), the agent chooses

xi

2 = 0 to avoid any enforcement risk when the principal’s type is inferred to be in [0, ✓†).

When the agent is not disciplined, (3) simplifies to xi

1 + �P · ✓†, because with the principal’s

type inferred to be in [✓†,1), the agent chooses xi

2 = ✓†. The cuto↵ ✓† can then be solved

3To see this, observe that the derivative of (2) with respect to ✓ is no lower than 1, while the derivative
of (3) with respect to ✓ is no higher than �P < 1. Thus, the di↵erence between (2) and (3) increases in ✓,
and the single-crossing property holds. This argument is true for any xi

2(·, ·).
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from the indi↵erence between (2) and (3), which depends on xi

1:

✓† = �(xi

1) ⌘
xi

1

1� �P
. (4)

The principal disciplines agent i in period 1 if and only if ✓ < ✓†, or equivalently,

xi

1 > ✓(1� �P ). (5)

Understanding the principal’s strategy, agent i anticipates the risk associated with each

level of period-1 misconduct and optimally chooses xi

1 to maximize the expected payo↵:

�
xi

1 + � · �
�
xi

1

�� �
1� F

�
�
�
xi

1

���
+ (�L) · F

�
�
�
xi

1

��
. (6)

To interpret, the principal’s type is higher than the cuto↵ ✓† = �(xi

1) with probability

1 � F (� (xi

1)), in which case the agent’s period-1 misconduct is tolerated. The agent then

enjoys a private benefit of xi

1 in period 1, infers the principal’s type to be at least �(xi

1),

and chooses period-2 misconduct xi

2 = �(xi

1). With the complementary probability, the

principal’s type is lower than the cuto↵, in which case the agent is disciplined in period 1.

The agent then su↵ers the penalty L in period 1, and chooses xi

2 = 0 in period 2 with his

updated belief. The first-order condition with respect to xi

1 yields the equilibrium period-1

misconduct, characterized in the next proposition.

Proposition 1 (Equilibrium: No Peer Learning)

Let �(·) be defined as in (4). In the absence of peer learning, there is a unique perfect

Bayesian equilibrium. Type-✓ principal disciplines an agent with xi

1 in period 1 if and only if

✓ < �(xi

1) (or equivalently, x
i

1 > ✓(1� �P )). Agent i’s period-1 misconduct is xi

1 = x⇤
, where

x⇤ > 0 uniquely solves:

(L+ (1 + � � �P )�(x
⇤))h (�(x⇤)) = 1 + � � �P . (7)
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In addition, agent i’s period-2 misconduct is xi

2 = 0 if ei1 = 1 and xi

2 = �(x⇤) if ei1 = 0.

Each agent chooses a strictly positive and identical misconduct x⇤ in the first period.

The second-period misconduct increases to �(xi

1) if the principal tolerates it and drops to zero

otherwise. The trade-o↵ an agent faces in period 1 is as follows. With a higher misconduct

xi

1, the agent faces increased risk of enforcement while enjoying greater current benefits

conditional on the principal’s forbearance. In addition to these intra-period trade-o↵s, higher

xi

1 also enhances the option value of learning: if the higher misconduct is tolerated in period

1, the principal is revealed to be even weaker than the agent initially supposed, causing

the agent to raise his period-2 misconduct. As (4) reflects, a higher xi

1 maps to a higher

cuto↵ type �(xi

1), which is exactly the period-2 misconduct. Thus, an agent has an extra

experimentation incentive to probe the principal’s enforcement propensity.

The principal, meanwhile, anticipates the agents’ experimentation and thus disciplines

them aggressively in period 1 to build a tough reputation. This tendency is reflected in

(5) as a type-✓ principal disciplines an agent with misconduct as low as ✓(1� �P ), which is

below the misconduct of ✓ that the principal tolerates when she is myopic. Moreover, the

principal’s period-1 enforcement strategy is independent across agents, that is, the decision

whether to discipline one agent depends only on that agent’s misconduct and not on his

peer’s.

We also investigate whether a principal with higher patience is better at deterring mis-

conduct. Intuitively, as the principal becomes more patient, she cares more about her rep-

utation because it determines her period-2 cost. Accordingly, she adopts a more stringent

enforcement criterion in the first period to build a tough reputation. Anticipating this ag-

gressiveness, the agents curb their misconduct. The next corollary formalizes this intuition.

Corollary 1 (Reputation E↵ect without Peer Learning)

A higher �P strictly reduces the agents’ misconduct in both periods.
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4 Main Model: Peer Learning

We now turn to the main setting in which an agent observes not only the peer’s mis-

conduct but any enforcement against the peer. For an agent, the trade-o↵s identified in the

opaque benchmark still apply. Unlike the benchmark, however, the peer-learning now intro-

duces two forms of externalities. First, an agent can free-ride on the information revealed by

his peer’s experience, thereby lowering his own misconduct. This leads to positive informa-

tion externalities. Second, the principal’s enforcement against one agent may depend on the

other agent’s misconduct, which endogenously generates enforcement externalities between

them.

Using backward induction, we start with period 2. The characteristics of any equilibrium

identified in Lemma 1 continue to apply to the main model because all three players act

myopically in period 2.

4.1 Period 1: Principal’s Enforcement

Next, we consider the first period. Fixing an arbitrary misconduct profile (xA

1 , x
B

1 ), we

characterize properties of the principal’s strategy that necessarily arise in equilibrium.

Lemma 2 (Properties of Enforcement)

(i) (Monotonicity) In period 1, if xi

1 > xj

1 and ej1 = 1, then ei1 = 1.

(ii) (Cuto↵ Strategy) Given any misconduct profile (xA

1 , x
B

1 ), there exist cuto↵ types 0 6

✓⇤⇤ 6 ✓⇤ < 1 such that the principal disciplines both agents when ✓ < ✓⇤⇤, disciplines one

agent when ✓⇤⇤ 6 ✓ < ✓⇤, and disciplines neither agent when ✓ > ✓⇤.

Lemma 2(i) implies that if the principal disciplines only one agent, then it must be the

one with the higher level of misconduct. Part (ii) shows that the principal follows a cuto↵

strategy that depends on her type ✓, echoing the counterpart in the benchmark.4 As the

principal’s type ✓ increases, her enforcement strategy becomes increasingly tolerant.

4As in the benchmark, the fact that the principal follows a cuto↵ enforcement strategy does not depend
on the agents’ second-period strategy.
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Although the principal’s cuto↵ strategy contains three cases, it is possible that ✓⇤⇤ = ✓⇤

for some (xA

1 , x
B

1 ). In this degenerate scenario, the principal disciplines both agents if her

type is low and disciplines neither otherwise, but never finds it optimal to discipline only one

agent. This scenario where the principal punishes both or neither arises when the agents’

misconduct xA

1 and xB

1 are close together.

The proximity of the agents’ misconduct levels is vital for determining how the principal

develops a reputation for strict enforcement. The principal’s reputation building, and hence

enforcement strategy, depends on whether the agents’ misconduct levels are close or far

apart. On the one hand, suppose the two agents’ period-1 misconduct levels are close, where

xA

1 is only slightly higher than xB

1 . If the principal punishes only agent A but not B, the

reputation building is limited as the principal will be considered as having an enforcement

cost not low enough to justify punishing both agents, and worse still, her enforcement cost

is revealed to lie in a narrow range, leaving her little room to pool with lower-cost types.

On the other hand, suppose agent A’s misconduct is far above that of agent B. This time,

punishing only agent A does not substantially hurt the principal’s reputation. The large gap

in the agents’ misconduct levels enables the principal to pool with much lower cost types,

despite having punished only one agent.

Formally, we define the proximity cone as a subset of the xA

1 –x
B

1 plane, where the

principal never disciplines only one agent when the actions (xA

1 , x
B

1 ) fall inside this cone.

Definition 1 (Proximity Cone)

For �P 2 (0, 1), the proximity cone is the set:

P(�P ) ⌘
�
(xA

1 , x
B

1 ) 2 [0,1)2 : xB

1 > xA

1 (1� 2�P ), xA

1 > xB

1 (1� 2�P )
 
.

Figure 2(a) illustrates the proximity cone for �P < 1
2 , which is the area sandwiched

between the two rays xB

1 = xA

1 (1 � 2�P ) and xB

1 = x
A

1
1�2�P

. These rays correspond to the

misconduct profiles for which punishing only one agent becomes a dominated strategy for
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Figure 2: Proximity cone for small and large �P .

all principal types. As �P grows, the cone expands and, when �P > 1
2 , covers the entire

quadrant, as Figure 2(b) shows.

The next proposition describes the principal’s enforcement strategy for misconduct pro-

files inside and outside the proximity cone.

Proposition 2 (Principal Strategy in Period 1)

Define:

�1|2(xA

1 , x
B

1 ) =
min{xA

1 , x
B

1 }
1� 2�P

for �P 2
⇥
0, 12

�
,

�0|1(xA

1 , x
B

1 ) =
max{xA

1 , x
B

1 }(1� 2�P )�min{xA

1 , x
B

1 }(2�P )
(1� 2�P )2

for �P 2
⇥
0, 12

�
,

�0|2(xA

1 , x
B

1 ) =
xA

1 + xB

1

2(1� �P )
for �P 2 [0, 1) .

(8)

(i) If (xA

1 , x
B

1 ) is in the proximity cone, then the principal disciplines both agents when

✓ < �0|2(xA

1 , x
B

1 ) and disciplines neither otherwise.

(ii) If (xA

1 , x
B

1 ) is not in the proximity cone, then the principal disciplines both agents when

✓ < �1|2(xA

1 , x
B

1 ), disciplines one agent when �1|2(xA

1 , x
B

1 ) 6 ✓ < �0|1(xA

1 , x
B

1 ), and disciplines

neither when ✓ > �0|1(xA

1 , x
B

1 ).

We describe the enforcement strategy graphically by characterizing the enforcement
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(a) Enforcement zones: fixed ✓
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(b) Enforcement zones: varying ✓

Figure 3: Principal’s enforcement zones in period 1 for �P < 1
2 . (a): four distinct enforcement

zones for a fixed ✓. (b): solid (resp. dashed) lines are the boundaries of the enforcement zones
for a low (resp. high) type, and the shaded area is the proximity cone.

zones on the xA

1 –x
B

1 plane. These enforcement zones take di↵erent shapes, depending on

whether the principal is relatively impatient or patient. For an impatient principal (�P <

1
2), Figure 3(a) illustrates the four distinct enforcement zones when the principal’s type

✓ is fixed. The solid lines are the boundaries between adjoining zones; the principal is

indi↵erent between adjacent decisions at these boundaries. Although it is still true that

a type-✓ principal disciplines an agent whenever his misconduct level is too high, the key

di↵erence from the opaque benchmark is that the criterion for “too high” now depends on

the misconduct of the other agent. As the principal’s type ✓ increases in Figure 3(b), the

enforcement zones scale up from a lower type (solid lines) to a higher type (dashed lines).

The higher type is more lenient because, for any profile (xA

1 , x
B

1 ), she disciplines weakly fewer

agents than a lower type. Notably, by varying ✓, the boundary between punishing neither

and both agents, which has a slope of �1, traces out exactly the proximity cone (shaded

area).

We now turn to a patient principal, defined by �P > 1
2 . In this case, the proximity

cone covers the entire quadrant, as the principal always bundles the two agents together

for enforcement. Accordingly, fixing the principal’s type, there are only two enforcement

18



0 2✓(1� �P )
xA

1

2✓(1� �P )

xB

1

L2Bi?2`

"Qi?

(a) Enforcement zones: fixed ✓
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Figure 4: Principal’s enforcement zones in period 1 for �P > 1
2 . (a): two distinct enforcement

zones for a fixed ✓. (b): the solid (resp. dashed) line is the boundary of the enforcement
zones for a low (resp. high) type, and the shaded area is the proximity cone.

zones instead of four, as Figure 4(a) illustrates. As the principal’s type changes, Figure 4(b)

compares the enforcement zones for a lower and a higher type of principal, where again, the

principal becomes more lenient as her type increases.

Collectively, Figure 3 and Figure 4 show that principal’s enforcement actions are guided

by how closely the agents’ misconduct levels align (that is, if they fall within the proximity

cone). As the principal becomes more patient, the proximity cone expands. Intuitively, be-

cause a more patient principal places a higher value on her reputation, she is more concerned

about the potential reputational damage that might arise if she penalizes only one agent.

When she is su�ciently patient (�P > 1
2), her focus on her reputation in period 2 is so strong

that she constrains herself to always punishing both agents in period 1. This can be observed

in Figure 4(b), where the proximity cone (illustrated as the shaded area) expands to cover

the entire quadrant.

Unlike in the opaque benchmark, the principal’s enforcement strategy in the main model

is interdependent between the agents. In other words, her equilibrium strategy creates

endogenous enforcement externalities between the agents. These externalities can be either

positive or negative, which we define next.
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Definition 2 (Enforcement Externalities) For i = A,B:

(i) Positive enforcement externalities arise when agent i’s higher period-1 misconduct ben-

efits peer agent �i by reducing the latter’s probability of enforcement in period 1;

(ii) Negative enforcement externalities arise when agent i’s higher period-1 misconduct

harms peer agent �i by raising the latter’s probability of enforcement in period 1.

If an agent engages in misconduct that is significantly less egregious than that of his

peer, he is likely to avoid punishment while exposing his peer. However, if he increases

his level of misconduct to a point where it is similar to his peer, he reduces the peer’s

enforcement risk, creating positive enforcement externalities for his peer. This is because

the principal now becomes more hesitant to punish the peer agent, as doing so would require

punishing both agents, resulting in double the cost. When �P < 1
2 , the dashed arrow in

Figure 5(a) illustrates these positive externalities, for a given principal type ✓. As agent A’s

misconduct xA

1 increases and crosses the upward-sloping boundary, the principal switches

from disciplining only agent B to disciplining neither agent, reducing agent B’s enforcement

risk. In other words, agent A’s increased misconduct protects agent B from being punished.

Notably, these positive externalities only occur outside the proximity cone.

Alternatively, if an agent’s misconduct is close to his peer’s misconduct, then further

raising his misconduct imposes negative enforcement externalities on the peer. This is be-

cause when the misconduct levels are su�ciently close that they fall in the proximity cone,

the principal punishes both agents or neither agent, depending on the aggregate misconduct

of both agents. Therefore, an agent’s higher misconduct raises the sum and exposes his peer

to greater risk. For a type-✓ principal, the negative externalities can be seen in both panels

of Figure 5 as the solid arrows. As xA

1 increases past the boundary between “Neither” and

“Both”, the principal switches from disciplining neither agent to disciplining both. These

negative externalities only arise inside the proximity cone.

The enforcement externalities are novel insights generated from the interaction of the

principal’s reputation concern and the agents’ peer learning. The enforcement externalities
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Figure 5: Enforcement externalities given the principal’s type ✓. Solid (resp. dashed) arrow
shows the negative (resp. positive) externalities. (a): both externalities exist for �P < 1

2 .
(b): only negative externality exists for �P > 1

2 . The shaded area is the proximity cone.

do not exist if either the principal is myopic (�P = 0), or in the opaque benchmark where

there is no peer learning about the agent. Consequently, without either ingredient, an agent’s

misconduct has no bearing on its peer’s enforcement.

4.2 Period 1: Agents’ Misconduct

We now consider the agents’ incentives to engage in misconduct given the principal’s

enforcement strategy. Suppose the agents’ misconduct falls inside the proximity cone. Agent

i’s expected discounted payo↵ is

E(U i) =
�
xi

1 + � · �0|2
� �

1� F (�0|2)
�
+ (�L)F (�0|2), (9)

where U i is defined in (1), and �0|2 is short for �0|2(xA

1 , x
B

1 ) defined in (8). To interpret,

when facing misconduct profile (xA

1 , x
B

1 ) inside the proximity cone, �0|2 is the cuto↵ type

between disciplining both agents and disciplining neither. When the principal disciplines

neither agent in period 1 (which occurs with probability 1� F (�0|2)), agent i enjoys private

benefit xi

1 and infers the principal’s type to be at least �0|2. Applying Lemma 1, the agent
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chooses xi

2 = �0|2 in period 2. When, however, the principal disciplines both agents in period

1, agent i su↵ers the penalty L and refrains from any misconduct in period 2. Expression (8)

shows that �0|2 is proportional to the aggregate misconduct xA

1 + xB

1 . A higher xi

1 increases

this aggregate misconduct, thereby raising the enforcement risk for both agents. In other

words, the enforcement risk for each agent, represented by F (�0|2) = F ( x
i

1+x
�i

1
2(1��P )), increases

in xi

1. Thus, within the proximity cone, the agents’ actions create negative enforcement

externalities.5

Alternatively, suppose the agents’ misconduct falls outside of the proximity cone, that

is, one agent’s misconduct is much higher than his peer’s. If agent i is leading in misconduct,

that is, xi

1 > x�i

1 , then his expected discounted payo↵ is

E(U i) =
�
xi1 + � · �0|1

� �
1� F (�0|1)

�
+
�
�L+ � · �1|2

� �
F (�0|1)� F (�1|2)

�
+ (�L)F (�1|2). (10)

If, instead, agent i is trailing, that is, xi

1 < x�i

1 , then

E(U i) =
�
xi1 + � · �0|1

� �
1� F (�0|1)

�
+
�
xi1 + � · �1|2

� �
F (�0|1)� F (�1|2)

�
+ (�L)F (�1|2). (11)

In both expressions, there are three possible outcomes. If neither agent is disciplined

(✓ > �0|1), then agent i enjoys benefit xi

1 now and infers the principal’s type to be at least �0|1.

The agent then chooses xi

2 = �0|1 in period 2, based on Lemma 1. If only one is disciplined

(�1|2 6 ✓ < �0|1), the leading agent su↵ers the penalty while the trailing agent remains

safe. Both agents infer the principal’s type to be at least �1|2 and choose xi

2, x
�i

2 = �1|2 in

period 2. Finally, if both are disciplined (✓ < �1|2), then each agent su↵ers the penalty and

infers the principal’s type to be below �1|2. Both agents then choose xi

2, x
�i

2 = 0 to be safe.

The positive enforcement externalities, which exist outside the proximity cone, are evident

in (10). Observe that lower peer misconduct x�i

1 exposes agent i to a higher probability

of enforcement; that is, the probability F (�0|1) = F (x
i

1(1�2�P )�x
�i

1 (2�P )
(1�2�P )2 ) is higher when x�i

1

5While Figure 5 shows externalities when fixing a type of the principal, the analysis here takes expectation
over the principal’s types.
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decreases.6 Accordingly, to reduce his probability of enforcement, agent i is motivated to

reduce his own misconduct to shield behind his peer.

4.3 Equilibrium

We now solve for the equilibrium agent misconduct in the main model that permits

peer learning. We then compare the equilibrium misconduct in the main model to that in

the opaque benchmark to show the e↵ect of peer learning. The next theorem establishes

our main result — the level of misconduct in the main model can either increase or decrease

relative to the opaque benchmark depending on the principal’s level of patience.

Theorem 1 (E↵ect of Peer Learning)

Compare to the opaque benchmark in which there is no peer learning:

(i) For an impatient principal (�P < 1
2), when L is large enough, introducing peer learning

leads to strictly lower expected misconduct in both periods and lower expected total dis-

counted cost E(C) for all principal types.
7

(ii) For a patient principal (�P > 1
2), introducing peer learning leads to strictly higher

expected misconduct in both periods and higher expected total discounted cost E(C) for all

principal types.

Part (i) shows that, when the principal is su�ciently patient, peer learning reduces

equilibrium misconduct, which is consistent with the established understanding in the col-

lective experimentation literature. The literature suggests that allowing agents to learn from

each other’s experimentation can lead to a decline in experimentation due to free-riding

(Bolton and Harris (1999); Keller, Rady, and Cripps (2005); Bonatti and Hörner (2011);

6According to (10), the probability of agent i being punished with penalty L is sum of the probability of
only the leading agent being punished, F (�0|1)�F (�1|2), and the probability of both agents being punished,
F (�1|2); in aggregate, agent i’s probability of enforcement equals F (�0|1).

7We require a su�ciently large L to ensure tractability. We show numerically in Section 5.1 that the
qualitative results remain unchanged if we lift this restriction. In the more general case, the period-1
equilibrium misconduct levels are not necessarily zero, but they continue to be low.
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Chen (2020)). In contrast, part (ii) reveals that peer learning can actually induce equilib-

rium misconduct when the principal exhibits su�cient patience. This result is surprising for

two reasons. First, the increase in misconduct (or experimentation) is typically not expected

when agents can free-ride on each other’s e↵orts to learn. Second, the unintended rise in

misconduct occurs exactly when the principal is relatively patient and eager to suppress

misconduct to establish a reputation for tough enforcement.

We explore this result in the next two propositions that characterize the agents’ equi-

librium misconduct when facing an impatient principal and a patient one, respectively.

Proposition 3 (Equilibrium Misconduct: �P < 1
2)

For every �P < 1
2 , there exists a threshold L̂(�P ) <

1+���P

h(0) such that when L > L̂(�P ), there

exists a unique equilibrium in pure strategies in which neither agent engages in misconduct

in either period, i.e., xi

t
= 0, for i = A,B and t = 1, 2.8

In contrast to the benchmark result in Proposition 1 where the period-1 equilibrium

misconduct level is positive, Proposition 3 shows that peer learning causes the agents to

eschew any misconduct when the principal is impatient.

This deterrence e↵ect arises from two factors. First, there exist positive information

externalities between the agents, which discourage misconduct as agents free-ride on each

other’s experimentation. Second, the opportunity to lower one’s misconduct and shield

behind his peer creates endogenous positive enforcement externalities, which further reduce

the agents’ misconduct. To understand the enforcement externalities, observe from Figure 3

that when �P < 1
2 , the proximity cone does not cover the entire quadrant. Thus, given his

peer’s misconduct, an agent is able to determine whether the profile (xA

1 , x
B

1 ) stays within

or outside of the proximity cone by adjusting his own level of misconduct. Importantly, this

means that an agent can always choose to significantly reduce his own misconduct level to

the point where he falls completely outside of the proximity cone. This allows him to enjoy

8The condition L > L̂(�P ) is to ensure tractability. We show numerically in Section 5.1 that the
qualitative results remain unchanged if we lift this restriction. In the more general case, the period-1
equilibrium misconduct levels are not necessarily zero, but they continue to be low.
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the positive information externalities his peer creates and avoid punishment. Indeed, the

temptation to hide behind one’s peer is irresistible, inducing both agents to reduce their

misconduct. In equilibrium, neither agent engages in misconduct.

Now suppose the principal is relatively patient, that is, �P > 1
2 .

Proposition 4 (Equilibrium Misconduct: �P > 1
2)

For �P > 1
2 , there exists a unique equilibrium in pure strategies in which the agents choose

the same misconduct level xA

1 = xB

1 = x⇤⇤
in period 1. The level x⇤⇤

is greater than x⇤
in

Proposition 1, and it uniquely solves:

�
L+ (1 + � � �P )�0|2(x

⇤⇤, x⇤⇤)
�
h
�
�0|2(x

⇤⇤, x⇤⇤)
�
= 2 + � � 2�P . (12)

In addition, agent i’s period-2 misconduct is xi

2 = 0 if (eA1 , e
B

1 ) = (1, 1), and xi

2 = �0|2(x⇤⇤, x⇤⇤)

if (eA1 , e
B

1 ) = (0, 0).

Comparing Proposition 4 to Proposition 1 reveals that peer learning actually promotes

misconduct rather than suppressing it. When the principal is relatively patient, peer learning

limits the principal’s enforcement strategy to punishing both agents collectively, e↵ectively

tying the principal’s hands; this enforcement strategy is illustrated in Figure 4(b), where the

proximity cone extends to cover the entire quadrant. Intuitively, a more patient principal

is concerned with her reputation in period 2 and therefore is hesitant to punish only one

agent in period 1, as this could leak too much information — revealing her type to be

within a narrow range. This enforcement strategy creates negative enforcement externalities

between the agents, as one agent engages in higher levels of misconduct, knowing that part

of the increased enforcement risk is shifted to his peer. Consequently, peer learning increases

misconduct.

The negative enforcement externalities promote misconduct and work against the pos-

itive information externalities. In fact, Proposition 4 implies that the negative enforcement

externalities encourage misconduct more than the positive information externalities discour-

25



age it, with the overall e↵ect being heightened misconduct.

To understand why negative enforcement externalities dominate in equilibrium, suppose

both agents start with the misconduct level in the opaque benchmark, i.e., xA

1 = xB

1 = x⇤ > 0.

In the benchmark, an agent has no incentive to deviate from the equilibrium level x⇤ to a

higher level, x⇤ + dx, as the three forces are balanced against each other: the marginal risk

of enforcement equals the sum of the marginal current private benefit of misconduct and the

marginal future value from learning.

When information about the peer agent becomes transparent, however, two changes

occur in the agent’s marginal trade-o↵s. First, peer learning introduces positive information

externalities, which reduce the marginal value of learning on one’s own by half. This is

because an agent can now free-ride on his peer’s misconduct to learn, resulting in the value

of learning being shared equally by both agents. Second, peer learning generates negative

enforcement externalities, which also reduce the marginal enforcement risk by half. This is

because the increase in the deviating agent’s enforcement risk is shared equally between the

two agents. As a result, two out of the three marginal forces are halved, while the remaining

one, the marginal current private benefit, remains una↵ected by peer learning. Therefore, the

balance of forces in the opaque setting is broken, and an agent has an incentive to increase

misconduct.

Lastly, we investigate the comparative statics on the patience of the principal, that is,

how misconduct changes as �P varies. In the opaque benchmark, Corollary 1 establishes

that a more patient principal (a higher �P ) is always more capable of deterring misconduct,

because she is more eager to signal having a low enforcement cost by engaging in more strin-

gent enforcement in period 1. In the main model, where peer learning is present, however,

misconduct is non-monotonic in the principal’s patience �P , as the next corollary establishes.

Corollary 2 (Reputation E↵ect with Peer Learning)

Consider any L satisfying Assumption 1. For all �P < 1
2 such that L > L̂(�P ), the agents’

misconduct in both periods remains zero. At �P = 1
2 , the agents’ misconduct in both periods
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jumps up. For �P > 1
2 , the agents’ misconduct in both periods strictly decreases in �P .

When there is peer learning, the principal’s heightened reputation concern as �P in-

creases has two countervailing e↵ects. The first e↵ect is that the principal implements a

stricter enforcement criterion in period 1 to signal toughness, leading to a reduction in mis-

conduct. This e↵ect is also at play in the opaque benchmark. However, a second e↵ect arises

when the principal is more hesitant to punish a single agent due to her reputation concerns,

and instead must punish both agents concurrently. This e↵ect, when strong enough, prevents

an agent from reducing his own misconduct to shield behind his peer. In such a scenario,

both agents increase their misconduct to exploit the principal’s vulnerability to maintain her

reputation. As �P increases above 1/2, the second e↵ect remains at its zenith while the first

e↵ect continues to grow, and accordingly, misconduct declines.

5 Extensions

We extend our analysis in several ways and show that the main qualitative results in

Theorem 1 and Corollary 2 are unchanged.

5.1 Impatient Principal and Small Penalty

When there is peer learning and the principal is impatient, we find a unique symmetric

equilibrium with xA

1 = xB

1 = 0 provided the penalty L is high enough, i.e., L > L̂(�P ) (see

Proposition 3). In this section, we relax this assumption and allow the penalty to be small

(i.e., L 6 L̂(�P )). We show that although the equilibrium is no longer symmetric or unique,

we continue to find our main result that peer learning deters misconduct and reduces the

principal’s total discounted costs as in part (i) of Theorem 1. In addition, the comparative

statics regarding �P in Corollary 2 continue to hold.

To show that peer learning reduces misconduct, let � = 1, �P = 0.1, and the prior

belief about the principal’s type follows the exponential distribution with a c.d.f. of F (✓) =
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1 � e�✓. Assumption 1 requires L 2 [1, 1.9). The unique period-1 equilibrium is xA

1 =

xB

1 = 0 when L > L̂(�P ) = 1.8. For a smaller L, for example L = 1.6, there exist two

asymmetric equilibria, where one agent chooses zero misconduct and the other engages in

positive misconduct, specifically (xi

1, x
�i

1 ) = (0.09, 0), i = A,B. The opaque benchmark

yields period-1 misconduct of xA

1 = xB

1 = 0.14, which is higher than both misconduct levels

when peer learning is present. For an even smaller L, for example L = 1, there remain

two asymmetric equilibria where both agents engage in positive misconduct of (xi

1, x
�i

1 ) =

(0.37, 0.02). Observe that when L is su�ciently low, symmetry is broken as one of the two

agents becomes the pioneer in learning while the other shields behind him. That said, the

comparison with the opaque benchmark still holds: specifically, the period-1 misconduct is

xA

1 = xB

1 = 0.43 in the benchmark compared to (0.37, 0.02) when peer learning is present.

Therefore, an impatient principal invokes transparency to deter misconduct and lower total

discounted costs, as in the main model.

In addition, the non-monotonicity property in Corollary 2 also holds, implying that

misconduct can be higher when the principal is more patient. Fixing L = 1, the expected

misconduct in period 1 starts with x
A

1 +x
B

1
2 = 0.38 at �P = 0, monotonically declines to zero

as �P increases to 1/2, jumps up to 0.33 at �P = 1/2, and then declines again for �P > 1/2.

5.2 Interior Period-2 Misconduct

The main model assumes the penalty L cannot be too small (see Assumption 1(ii)) to

ensure an agent choose the highest level of period-2 misconduct that avoids being disciplined,

which equals the lower bound of the support of the updated beliefs about the principal’s

type. In this extension, we relax the restriction by allowing Lh(0) < 1. Intuitively, when

the penalty L is not intimidating, an agent may bear some enforcement risk in period 2 by

choosing misconduct in the interior of the support of the updated beliefs. The next lemma

specifies the interior solution.
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Lemma 3 In period 2, if the posterior belief of agent i is the prior with truncated support

[✓L, ✓H ], then xi

2 = x⇤
2(✓L, ✓H) 2 [✓L, ✓H) is the unique solution to (L+xi

2)h(x
i

2) =
F (✓H)�F (xi

2)

1�F (xi

2)

if (L+ ✓L)h(✓L) <
F (✓H)�F (✓L)

1�F (✓L)
and xi

2 = ✓L otherwise.

Lemma 3 shows that a weak penalty L can result in period-2 misconduct levels being

higher than the lower bound of the truncated belief support. With weak deterrence, the

principal’s reputation boost from enforcement is less valuable, and intuitively, she is less

willing to discipline the agents in period 1. Analogous to the main model, we can derive

the principal’s enforcement strategy in period 1. The properties of the principal’s period-1

enforcement strategy, as characterized in Lemma 2, continue to hold because they do not

rely on the strategies of the agents in period 2.

As the analytical form of the principal’s strategy is convoluted, we o↵er the following

numerical example to show the resemblance to the main model. Let � = 1, L = 1, and

suppose F (✓) = 1 � e�✓/2 is an exponential distribution of principal types. As Lh(0) =

1/2 < 1, Assumption 1 is violated. Figure 6 shows the enforcement zones in period 1 for a

principal with type ✓ = 2. When the principal is impatient (�P = 1/3), the four enforcement

zones resemble those in the main model, although the boundaries of the proximity cone are no

longer linear. When �P = 1/2, the principal tolerates misconduct by the less nefarious agent

because reputation building is more di�cult when the reputation is less valuable. When the

principal is even more patient (�P = 2/3), the enforcement zones align with Figure 4(a) in

the main model. The resemblance generates similar incentives for the agents in period 1.

For �P = 1/3, a pure strategy equilibrium does not exist, but a mixed strategy equilibrium

exists in which xA

1 = 0.42 with probability 0.76 and xA

1 = 0.55 with probability 0.24, while

xB

1 = 0.02. This strategy profile yields an expected period-1 misconduct of 0.23, lower than

1.03 in the opaque benchmark, which is consistent with the result in part (i) of Theorem 1.

For �P = 2/3, the unique pure strategy equilibrium features xA

1 = xB

1 = 0.89, higher than 0.55

in the benchmark, which is consistent with the results in part (ii) of Theorem 1. Finally,

the comparative statics for �P are similar to those in Corollary 2: the expected period-1
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Figure 6: Principal’s enforcement zones in period 1, when Lh(0) = 1
2 < 1. Grey areas show

proximity sets. Parameters: L = 1, F (✓) = 1� e�✓/2, ✓ = 2

misconduct is 0.23 at �P = 1/3, declines to 0 as �P increases to 1/2, jumps to 1.27 at

�P = 1/2, and then declines again to 0.89 at �P = 2/3.

5.3 Asymmetric Agents

So far we have assumed the agents are symmetric in the model’s parameters. In this

extension, we consider asymmetric agents. First, agents may su↵er di↵erent penalty sizes.

Second, with the same level of misconduct, agents may derive di↵erent private benefits.

Third, agents may inflict di↵erent damages on the principal despite the same level of mis-

conduct. With proper normalization, however, these asymmetries can be reduced into a

di↵erence in the agents’ penalties.9 Assume agent i = A,B su↵ers a penalty Li if punished,

where both LA and LB satisfy Assumption 1. The modified penalty structure only a↵ects

the agents’ misconduct in period 1, but not the principal’s enforcement strategy. When

characterizing the equilibrium, we replace the penalty L in agent i’s payo↵ (9)-(11) with Li.

Consider an impatient principal. Numerically, let � = 1, �P = 0.3, and F (✓) = 1� e�✓.

Assumption 1 requires Li 2 [1, 1.7). If (LA, LB) = (1.2, 1.5), then in the opaque benchmark

9In the second case, it is the ratio of private benefit to the cost of the penalty that matters for an agent’s
decision. Therefore, we can proportionally modify the parameters such that the private benefits equalize
while the penalties may di↵er. In the third case, we can redefine misconduct as the damage to the principal,
thereby reducing this case to the second case.
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where peer learning is absent, the agents play individual games with the principal, and they

choose period-1 misconduct of xA

1 = 0.21 and xB

1 = 0.08. In contrast, with peer learning, in

period 1, there is a unique equilibrium in pure strategies in which xA

1 = 0.06 and xB

1 = 0.

These levels of misconduct are both lower than those in the benchmark, which is consistent

with Theorem 1(i).

Alternatively, consider a patient principal. Let � = 1, �P = 0.67, and F (✓) = 1 � e�✓.

Assumption 1 requires Li 2 [1, 1.33). If (LA, LB) = (1, 1.25), then in the opaque benchmark,

the agents play individual games with the principal and choose period-1 misconduct of xA

1 =

0.08 and xB

1 = 0.02. In contrast, with peer learning, in period 1 there is a unique equilibrium

in pure strategies in which xA

1 = 0.26 and xB

1 = 0.01. The average period-1 misconduct

between the two agents is 0.14, which is higher than the average misconduct in the opaque

benchmark. The higher average misconduct with peer learning echos Theorem 1(ii).10

The non-monotonic e↵ect of a change in the principal’s patience as stated in Corollary 2

still applies in this asymmetric case. Fixing � = 1, F (✓) = 1 � e�✓, (LA, LB) = (1.2, 1.5),

when �P = 0.3, there is an average misconduct of 0.03 in period 1. It decreases to zero as �P

increases to 1/2, jumps to 0.29 at �P = 1/2, and decreases again as �P increases above 1/2.

5.4 Three Periods

In this section, we extend the horizon of the game from two to three periods. Applying

the insights from the two-period model, we can conjecture the properties of equilibrium for

a three-period model. In period 1, given misconduct (xA

1 , x
B

1 ), the principal’s enforcement

decision separates her types into two or three intervals, depending on her level of patience.

In period 2, the agents update their beliefs to the corresponding interval and choose (xA

2 , x
B

2 ),

10With asymmetric agents, however, individual misconduct levels do not necessarily rise with peer learn-
ing. In the numerical example, while the average misconduct in period 1 increases due to peer learning,
agent B’s misconduct actually drops from 0.02 to 0.01. This is due to an additional force at work: the
two agents’ misconduct are strategic substitutes inside the proximity cone. Intuitively, agent A’s penalty
LA is smaller than agent B’s, so agent A is expected to have higher misconduct. This heightens agent B’s
enforcement risk and therefore reduces his misconduct. In sum, while peer learning increases the average
misconduct levels, it also increases the discrepancy between the two agents’ misconduct levels. The latter
result does not exist in the main model due to the symmetry between the agents.
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and then the principal further separates her types within that updated interval. Period 3

is the terminal period. As the principal types are potentially separated into intervals in

each period, the benchmark and the main model become unwieldy as the number of periods

increases. Nonetheless, numerical solutions are obtainable for a three-period game.

To illustrate the properties of the three-period game, we use backward induction starting

with period 3. Invoking Lemma 1, the agents choose the highest misconduct level that

avoids punishment. Moving back to period 2, the principal and the agents face a two-period

continuation game.

On the one hand, consider an impatient principal. Let � = 1, �P = 0.3, and F (✓) =

1�e�✓. We let L = 1.5, which satisfies Assumption 1. Absent peer-learning, the agents play

individual games with the principal and choose period-1 misconduct of xi

1 = 0.26, which is

adjusted down to xi

2 = 0 after being disciplined and up to xi

2 = 0.43 otherwise. There will

be no enforcement in period 2, and the agents’ misconduct in period 3 remains the same

as in period 2. In contrast, with peer-learning, period 1 admits two asymmetric equilibria

in pure strategies in which xi

1 = 0.07 and x�i

1 = 0. The principal never disciplines both

agents. In period 2, both agents adjust misconduct to xi

2 = 0 if one agent is disciplined,

and up to xi

2 = 0.32 if neither is disciplined. There will be no enforcement in period 2, and

the misconduct in period 3 remains the same as in period 2. In sum, peer-learning reduces

misconduct when the principal is impatient, which is consistent with part (i) of Theorem 1.

On the other hand, consider a patient principal. Let � = 1, �P = 0.6, and F (✓) = 1�e�✓.

Suppose L = 1.2, which still satisfies Assumption 1. Absent peer-learning, the agents play

individual games with the principal and choose period-1 misconduct of xi

1 = 0.02, which is

adjusted down to xi

2 = 0 after being punished and up to xi

2 = 0.41 otherwise. There will be

no enforcement in period 2, and the misconduct in period 3 remains the same. In contrast,

with peer-learning, there is a unique equilibrium in period 1 with xi

1 = 0.02. The principal

never disciplines only one agent. In period 2, both agents adjust misconduct down to xi

2 = 0

after both are disciplined and up to xi

2 = 0.43 otherwise. There will be no enforcement in
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period 2, and the misconduct in period 3 remains the same. Accordingly, we observe that

peer-learning heightens misconduct when the principal is patient, which is consistent with

part (ii) of Theorem 1.

We also numerically confirm the counterpart of Corollary 2 in a three-period game.

With three periods, the cuto↵ patience level for the principal is no longer �P = 1
2 . Instead,

the new proximity cone is defined by {(xA

1 , x
B

1 ) 2 [0,1)2 : xB

1 > xA

1 (1� 2�P (1 + �P )), xA

1 >

xB

1 (1 � 2�P (1 + �P ))}, which implies the cone expands to the entire quadrant if and only if

�P >
p
3�1
2 = 0.37. Fixing � = 1, F (✓) = 1� e�✓, L = 1.5, and �P = 0.3, average misconduct

is 0.04 in period 1. It approaches zero as �P increases to 0.37, before jumping up to 0.3 at

�P = 0.37, and decreases as �P continues to increase.

6 Conclusion

We examine a two-period model in which two agents make misconduct decisions in the

presence of a strategic principal whose tolerance for misconduct is unknown to the agents. We

depart from the existing literature on collective experimentation by allowing the principal

– i.e., the object about which the players are learning – to be strategic. We show that

enforcement externalities arise endogenously. As a result, the transparency of misconduct

and enforcement, which allows the principal to “make an example” of the nefarious agent

by publicly punishing the agent, may actually increase misconduct. We also show that

reputation may benefit or hurt the principal, depending on the transparency of misconduct

and enforcement. Our findings have implications for various institutional settings, including

relations between headquarters and division managers, common owners and portfolio firm

managers, and regulators and firms.
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Appendix: Proofs

Proof of Lemma 1

Proof. (i) Since period 2 is the terminal period, the principal minimizes the continuation

cost
P

i=A,B
[xi

2 + ei2(✓ � xi

2)]. Therefore, ei2 = 1 (ei2 = 0) if xi

2 > ✓ (xi

2 < ✓). When xi

2 = ✓,

Assumption 2 requires that ei2 = 0.

(ii) In period 2, an agent i maximizes his continuation payo↵ E [xi

2(1� ei2)� Lei2|qi] =

xi

2(1 � E[ei2|qi]) � LE[ei2|qi]. According to the principal’s strategy, E[ei2|qi] = Pr(xi

2 > ✓|qi).

If an agent’s posterior belief is the prior truncated to [✓L, ✓H), then agent i, who chooses

misconduct xi

2 2 [✓L, ✓H), receives a continuation payo↵

xi

2

F (✓H)� F (xi

2)

F (✓H)� F (✓L)
� L

F (xi

2)� F (✓L)

F (✓H)� F (✓L)
.

Di↵erentiating w.r.t. xi

2:
f(xi

2)
F (✓H)�F (✓L)

⇣
F (✓H)�F (xi

2)

f(xi

2)
� (L+ xi

2)
⌘
6 f(xi

2)
F (✓H)�F (✓L)

⇣
1

h(0) � L
⌘
< 0,

where the first inequality is due to Assumption 1 (i) and the second inequality is due to

Assumption 1 (ii). This means the continuation payo↵ is strictly decreasing in xi

2 2 [✓L, ✓H).

If xi

2 < ✓L, then the payo↵ is xi

2. If x
i

2 > ✓H , the agent payo↵ is �L. Therefore, the globally

optimal choice is xi

2 = ✓L.

Proof of Proposition 1

Proof. Given xi

1, the principal’s cost (2) from agent i, as a continuous function of ✓, has a

derivative of at least 1 almost everywhere. In contrast, the cost (3) has a derivative of at

most �P < 1 almost everywhere. Moreover, as ✓ ! 1, (2) is greater than (3). Therefore,

the principal’s strategy in period 1 must feature a cuto↵ ✓† > 0 such that ei1 = 1 if and only

if ✓ < ✓†. The indi↵erence is broken in favor of not disciplining because of Assumption 2.

Then, according to Bayes’ rule, agent i’s posterior belief is the prior distribution truncated

to [✓†,1) if ei1 = 0, and truncated to [0, ✓†) if ei1 = 1. By Lemma 1, agent i chooses xi

2 = ✓†

34



and xi

2 = 0, respectively. Plugging into (2) and (3) and observe that (2) and (3) are equal

at the cuto↵ type ✓ = ✓†, we have ✓† + �P · 0 = xi

1 + �P · ✓†. Solving the equation, we have

✓† = �(xi

1) =
x
i

1
1��P

.

In period 1, agent i’s payo↵ is (xi

1 + ��(xi

1)) (1� F (�(xi

1))) + (�L + � · 0)F (�(xi

1)),

its derivative having the same sign as (1 + � � �P ) � (L+ (1 + � � �P )�(xi

1))h (�(x
i

1)). It

is strictly decreasing in xi

1 by Assumption 1. It diverges to �1 as xi

1 ! 1 and evaluates

to 1 + � � �P � Lh(0) > 0 when xi

1 = 0. By Intermediate value theorem, there exists a

unique x⇤ > 0 such that (L+ (1 + � � �P )�(xi

1))h (�(x
i

1)) = 1+ �� �P , and agent i’s payo↵

is maximized at xi

1 = x⇤. In addition, x⇤ is global optimal because the first derivative is

positive when x < x⇤ and negative when x > x⇤.

Proof of Corollary 1

Proof. Equation (7) can be rewritten as

G(�P ,�(x
⇤)) ⌘ (L+ (1 + � � �P )�(x

⇤))h (�(x⇤))� (1 + � � �P ) = 0.

Notice that @G

@�(x⇤) > 0, and @G

@�P
= 1 � �(x⇤)h(�(x⇤)) = Lh(�(x⇤))

1+���P
> 0 with the second

equality being guaranteed by G(�P ,�(x⇤)) = 0. By the Implicit function theorem, d�(x⇤)
d�P

=

� @G

@�P
/ @G

@�(x⇤) < 0. Since x⇤ = �(x⇤)(1� �P ), we have x⇤ strictly decreases in �P .

Proof of Lemma 2

Proof. (i) Suppose for some principal type ✓, we have xi

1 > xj

1, e
i

1 = 0 and ej1 = 1. Let

✓L 6 ✓ be the infimum of such types. The principal’s total cost is at least ✓ + xi

1 + �P (2✓L).

By deviating to ei1 = 1 and ej1 = 0, the total cost is at most ✓+ xj

1 + �P (2✓). As ✓ ! ✓L, this

deviation strictly lowers cost, a contradiction.

(ii) Depending on the principal’s enforcement in period 1, agent i chooses potentially

random misconduct level xi

2 in period 2 according to its posterior. Assume xA

1 > xB

1 w.l.o.g.
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By disciplining both agents, one agent, and neither agent in period 1, the principal respec-

tively incurs the following total costs as continuous functions of ✓

C2(✓) ⌘ 2✓ + �P
X

i

E
⇥
min

�
✓, xi

2(x
A

1 , x
B

1 , e
A

1 = 1, eB1 = 1)
 ��✓

⇤
,

C1(✓) ⌘ ✓ + xB

1 + �P
X

i

E
⇥
min

�
✓, xi

2(x
A

1 , x
B

1 , e
A

1 = 1, eB1 = 0)
 ��✓

⇤
,

C0(✓) ⌘ xA

1 + xB

1 + �P
X

i

E
⇥
min

�
✓, xi

2(x
A

1 , x
B

1 , e
A

1 = 0, eB1 = 0)
 ��✓

⇤
.

Define ✓⇤ ⌘ inf{✓ > 0 : C0(✓̃) 6 min{C1(✓̃), C2(✓̃)}, 8 ✓̃ > ✓} and ✓⇤⇤ ⌘ sup{✓ > 0 : C2(✓̃) <

min{C0(✓̃), C1(✓̃)}, 8 0 6 ✓̃ < ✓}. By definition, ✓⇤⇤ > 0. Since C2(✓) > C1(✓) > C0(✓) as

✓ ! 1, we know ✓⇤ < 1 and Pr{✓ : (eA1 , e
B

1 ) = (0, 0)} > 0.

We prove a single-crossing property such that if C1(✓0) � C0(✓0) > 0 for some ✓0, then

it remains true for all ✓ > ✓0. Suppose, towards contradiction, that C1(✓0) � C0(✓0) > 0

and C1(✓1) � C0(✓1) < 0 for some ✓1 > ✓0. Since lim✓!1 C1(✓) � C0(✓) = 1, by continuity

there exist ✓0 2 [✓0, ✓1) and ✓00 > ✓1 such that C1(✓0) � C0(✓0) = C1(✓00) � C0(✓00) = 0

and C1(✓) � C0(✓) < 0 for all ✓ 2 (✓0, ✓00). This means a type ✓ 2 (✓0, ✓00) never chooses

(eA1 , e
B

1 ) = (0, 0), but since (eA1 , e
B

1 ) = (0, 0) is on the equilibrium path, the agents assign

zero conditional probability to ✓ 2 (✓0, ✓00) upon seeing (eA1 , e
B

1 ) = (0, 0). As a result, upon

seeing (eA1 , e
B

1 ) = (0, 0), xi

2 is never in the interval (✓0, ✓00), and thus for all ✓ 2 (✓0, ✓00)

C 0
1(✓)� C 0

0(✓)

= 1 +
X

i

�P
�
Pr(xi

2(x
A

1 , x
B

1 , e
A

1 = 1, eB1 = 0) > ✓
��✓)� Pr(xi

2(x
A

1 , x
B

1 , e
A

1 = 0, eB1 = 0) > ✓
��✓)

�

= 1 +
X

i

�P
�
Pr(xi

2(x
A

1 , x
B

1 , e
A

1 = 1, eB1 = 0) > ✓
��✓)� Pr(xi

2(x
A

1 , x
B

1 , e
A

1 = 0, eB1 = 0) > ✓00)
�
,

which decreases in ✓ wherever defined. This implies C1(✓)�C0(✓) is concave on ✓ 2 (✓0, ✓00),

a contradiction with the definition of ✓0 and ✓00. Similarly, one can show that the function

C2(✓)� C0(✓) has the same single-crossing property.

There are two possibilities regarding C1(✓). First, consider the case where {✓ : (eA1 , e
B

1 ) =
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(1, 0)} 6= ;. The above argument works for the function C2(✓) � C1(✓) to show the single-

crossing property. Then by definition of ✓⇤ and ✓⇤⇤ and the three single-crossing properties,

we have the cuto↵ strategy described in the lemma. Also, since {✓ : (eA1 , e
B

1 ) = (1, 0)} =

[✓⇤⇤, ✓⇤) 6= ;, we must have ✓⇤⇤ < ✓⇤.

Second, consider the case where {✓ : (eA1 , e
B

1 ) = (1, 0)} = ;. Then by definitions of

✓⇤ and ✓⇤⇤ and the single-crossing property of C2(✓) � C0(✓), we have the cuto↵ strategy

described in the lemma. Also, since {✓ : (eA1 , e
B

1 ) = (1, 0)} = ;, we must have ✓⇤⇤ = ✓⇤.

Proof of Proposition 2

Proof. W.l.o.g., suppose xA

1 > xB

1 . (i) Let (xA

1 , x
B

1 ) 2 P(�P ). Suppose, towards contradic-

tion, that ✓⇤⇤ < ✓⇤. According to Lemma 2, type-✓⇤⇤ principal incurs cost ✓⇤⇤ + xB

1 + 2�P ✓⇤⇤

when punishing only agentA, cost 2✓⇤⇤+2�P ·0 when punishing both, and cost xA

1 +xB

1 +2�P ✓⇤⇤

when punishing neither. By definition, we must have ✓⇤⇤ + xB

1 + 2�P ✓⇤⇤ = 2✓⇤⇤ + 2�P · 0 <

xA

1 + xB

1 + 2�P ✓⇤⇤, which yields xA

1 > ✓⇤⇤ and ✓⇤⇤(1 � 2�P ) = xB

1 . If �P < 1
2 , this means

(xA

1 , x
B

1 ) /2 P(�P ), a contradiction. If �P = 1
2 , then xB

1 = 0. The definition of ✓⇤ requires

xA

1 = ✓⇤⇤. Fixing any type ✓ 2 (✓⇤⇤, ✓⇤), we know eA1 (x
A

1 , 0) = 1 and eB1 (x
A

1 , 0) = 0. However,

since �0|2(xA

1 , 0) = xA

1 = ✓⇤⇤ < ✓, for su�ciently small " > 0, we have �0|2(xA

1 , ") < ✓. Then,

eA1 (x
A

1 , ") = eB1 (x
A

1 , ") = 0, violating Assumption 2. If �P > 1
2 , then xB

1 = 0 and ✓⇤⇤ = 0.

The definition of ✓⇤ requires xA

1 + (2�P � 1)✓⇤ = 0, which contradicts the assumption that

✓⇤ > ✓⇤⇤ > 0. In all above cases, we conclude ✓⇤⇤ = ✓⇤. Then the indi↵erence of type ✓⇤

requires 2✓⇤ + 2�P · 0 = xA

1 + xB

1 + 2�P ✓⇤, i.e., ✓⇤⇤ = ✓⇤ = x
A

1 +x
B

1
2(1��P ) = �0|2(xA

1 , x
B

1 ).

(ii) Let (xA

1 , x
B

1 ) /2 P(�P ), which requires �P < 1
2 . Suppose towards contradiction that

✓⇤⇤ = ✓⇤. According to Lemma 2, type-✓⇤ principal incurs cost 2✓⇤ + 2�P · 0 when punishing

both, and cost xA

1 + xB

1 + 2�P ✓⇤ when punishing neither. By definition, we must have

2✓⇤ + 2�P · 0 = xA

1 + xB

1 + 2�P ✓⇤, which yields ✓⇤ = �0|2(xA

1 , x
B

1 ). Instead, the principal

incurs a cost of at most ✓⇤ + xB

1 + 2�P ✓⇤ when punishing only agent A, regardless of the

agents’ beliefs. Since (✓⇤ + xB

1 + 2�P ✓⇤) � (2✓⇤ + 2�P · 0) = x
B

1 �(1�2�P )xA

1
2(1��P ) < 0, we have
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a profitable deviation, contradicting the assumption ✓⇤⇤ = ✓⇤. Therefore, ✓⇤⇤ < ✓⇤. For

type ✓⇤⇤ to be indi↵erent between punishing both agents and punishing agent A, we require

2✓⇤⇤+2�P ·0 = ✓⇤⇤+xB

1 +2�P ✓⇤⇤, i.e., ✓⇤⇤ =
x
B

1
1�2�P

= �1|2(xA

1 , x
B

1 ). For type ✓
⇤ to be indi↵erent

between punishing agent A and punishing neither, we need ✓⇤+xB

1 +2�P ✓⇤⇤ = xA

1 +xB

1 +2�P ✓⇤,

i.e., ✓⇤ = x
A

1 (1�2�P )�x
B

1 (2�P )
(1�2�P )2 = �0|1(xA

1 , x
B

1 ).

Proof of Proposition 3

Proof. First, we show that when L is close enough to 1+���P

h(0) , a pair (xA

1 , x
B

1 ) in the interior

of the proximity cone is not part of an equilibrium. Suppose, towards contradiction, that it

is, then the FOC of (9) w.r.t. xA

1 and xB

1 yields xA

1 = xB

1 = x⇤⇤, where x⇤⇤ satisfies (12). Then,

agent i’s payo↵ simplifies to U
⇣

x
⇤⇤

1��P
, L
⌘
, where U(✓, L) ⌘ (1+ �� �P )✓(1�F (✓))�LF (✓).

Since @U(✓,(1+���P )/h(0))
@✓

= �(1 � F (✓))(1 + � � �P )
⇣

h(✓)
h(0) � 1 + ✓h(✓)

⌘
< 0 for all ✓ > 0, by

the Mean value theorem, U
⇣

x
⇤⇤

1��P
, 1+���P

h(0)

⌘
< U

⇣
0, 1+���P

h(0)

⌘
= 0. Because (12) defines x⇤⇤

as a continuous function of L, we know U
⇣

x
⇤⇤

1��P
, L
⌘
< 0 for L 2

⇣
L̃(�P ),

1+���P

h(0)

⌘
for some

L̃(�P ) <
1+���P

h(0) . However, by choosing xi

1 = 0, agent i can secure a non-negative payo↵ from

(11), a profitable deviation.

Next, we show that equilibrium cannot feature xA

1 6= xB

1 . Suppose, towards contradic-

tion, that xA

1 > xB

1 in equilibrium. Since (xA

1 , x
B

1 ) is not in the interior of the proximity cone,

it must be xA

1 > x
B

1
1�2�P

. In this regime, (10)’s derivative w.r.t. xA

1 is

1� F
�
�0|1

�

1� 2�P

⇥
(1 + � � 2�P )�

�
L+ xA

1 + �(�0|1 � �1|2)
�
h
�
�0|1

�⇤
. (13)

Given the definition of �0|1 and �1|2, the expression in the brackets is decreasing in xA

1 . When

evaluated at xA

1 = x
B

1
1�2�P

, the expression becomes (1 + � � 2�P ) �
⇣
L+ x

B

1
1�2�P

⌘
h
⇣

x
B

1
1�2�P

⌘
6

1 + � � 2�P � Lh(0) < 0 when L > 1+��2�P
h(0) . That is, if L > 1+��2�P

h(0) , agent A’s optimization

requires xA

1 = x
B

1
1�2�P

. To be consistent with an equilibrium, agent B must be willing to

choose xB

1 = xA

1 (1�2�P ). However, the derivative of (11) w.r.t. xB

1 , when evaluated at xB

1 =
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xA

1 (1�2�P ), is � 1�F (xA

1 )
(1�2�P )2 ((1+��2�P )(2�P )+(1�2�P )((L+(1+��2�P )xA

1 )h(x
A

1 )�1)) < 0,

so that agent B will deviate to some lower xB

1 .

Finally, the only remaining possibility is xA

1 = xB

1 = 0, and we verify it as an equilibrium.

Given xB

1 = 0, agent A’s payo↵ is described by (10), with derivative described by (13). Since

xB

1 = 0, we have �0|1 =
x
A

1
1�2�P

and �1|2 = 0. When L = 1+��2�P
h(0) , (13) evaluated at xA

1 = 0 is

zero. Therefore, for all larger L, xA

1 = 0 is the best response for agent A. The same applies

to xB

1 .

For the above arguments to hold, we require L > L̂(�P ) ⌘ max
n
L̃(�P ),

1+��2�P
h(0)

o
. Since

xi

1 = 0 in period 1, no agent is disciplined, and both choose zero misconduct in period 2.

Proof of Proposition 4

Proof. For �P > 1
2 , any (xA

1 , x
B

1 ) is in the proximity cone. The FOC of (9) w.r.t. xi

1 requires

(2 + � � 2�P )�
�
L+ xi

1 + ��0|2
�
h
�
�0|2

�
6 0, (14)

and equality holds if xi

1 > 0. The left-hand side of (14) is decreasing in xi

1, and it diverges

to �1 as xi

1 ! 1. Therefore, given any x�i

1 > 0, there exists a unique best response

xi

1(x
�i

1 ) > 0 of agent i. If the best response xi

1(x
�i

1 ) > 0, the Implicit function theorem

implies that

dxi

1

dx�i

1

= �1 +
2(1� �P )h

�
�0|2

�2

(2 + � � 2�P )
⇣
h
�
�0|2

�2
+ h0

�
�0|2

�⌘ 2 (�1, 0).

If the best response xi

1(x
�i

1 ) = 0 for some x�i

1 , then as the left-hand side of (14) decreases

in x�i

1 , we have xi

1(x
�i

1 ) = 0 for all larger x�i

1 . Consequently, the best response functions

intersect at most once, ensuring uniqueness of the equilibrium. Guessing xA

1 , x
B

1 > 0, the

FOCs hold with equality. Solving the system, we have xA

1 = xB

1 ⌘ x⇤⇤, where x⇤⇤ satisfies

(12). The left-hand side of (12) strictly increases in x⇤⇤. At x⇤⇤ = 0, the left-hand side

39



becomes Lh(0), which is small than the right-hand side 2+��2�P according to Assumption 1.

As x⇤⇤ ! 1, the left-hand side diverges to 1 > 2 + � � 2�P . Therefore, (12) has a unique

solution x⇤⇤ > 0 by the Intermediate value theorem, and our guess of the equilibrium is

verified. The misconduct in period 2 follows from Lemma 1.

Proof of Theorem 1

Proof. (i) When �P < 1
2 and L 2

⇣
L̂(�P ),

1+���P

h(0)

⌘
, the agents in the main model choose

misconduct level 0 in period 1, and again 0 in period 2, according to Proposition 3. A type-✓

principal’s expected total cost is 0. In the benchmark, the agents choose misconduct level

x⇤ > 0 in period 1 that satisfies (7), and they choose either �(x⇤) or 0 in period 2 depending

on being disciplined or not. A type-✓ principal’s expected total discounted cost simplifies

to min{2✓, 2�(x⇤)}. Therefore, the expected misconduct is lower in both periods and the

expected cost is lower when there is peer learning.

(ii) When �P > 1
2 , the agents in the main model choose misconduct level x⇤⇤ in period 1

that satisfies (12), according to Proposition 4. In period 2, misconduct is either �0|2(x⇤⇤, x⇤⇤)

or 0, depending on whether ✓ > �0|2(x⇤⇤, x⇤⇤) or not. The expected misconduct in period 2

is
�
1� F

�
�0|2(x⇤⇤, x⇤⇤)

��
�0|2(x⇤⇤, x⇤⇤). A type-✓ principal’s expected total discounted cost

simplifies to min{2✓, 2�0|2(x⇤⇤, x⇤⇤)}. In the benchmark, the agents choose misconduct level

x⇤ > 0 in period 1 that satisfies (7), and they choose either �(x⇤) or 0 in period 2 depending

on whether ✓ > �(x⇤) or not. The expected misconduct in period 2 is (1� F (�(x⇤)))�(x⇤).

A type-✓ principal’s expected total discounted cost is min{2✓, 2�(x⇤)}.

Since 2 + � � 2�P > 1 + � � �P and the function (L+ (1 + � � �P )✓)h (✓) is increasing

in x, we know �0|2(x⇤⇤, x⇤⇤) > �(x⇤), i.e., x⇤⇤ > x⇤, so that misconduct is higher in period

1 when enforcement is transparent. For period 2, notice that the function (1 � F (✓))✓ has
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derivative (1� F (✓))(1� ✓h(✓)). Since

2 + � � 2�P =
�
L+ (1 + � � �P )�0|2(x

⇤⇤, x⇤⇤)
�
h
�
�0|2(x

⇤⇤, x⇤⇤)
�

> Lh(0) + (1 + � � �P )�0|2(x
⇤⇤, x⇤⇤)h

�
�0|2(x

⇤⇤, x⇤⇤)
�

> 1� �P + (1 + � � �P )�0|2(x
⇤⇤, x⇤⇤)h

�
�0|2(x

⇤⇤, x⇤⇤)
�
,

we know that �0|2(x⇤⇤, x⇤⇤)h
�
�0|2(x⇤⇤, x⇤⇤)

�
< 1, implying that the derivative (1�F (✓))(1�

✓h(✓)) is positive for ✓ = �0|2(x⇤⇤, x⇤⇤). According to Assumption 1, (1�F (✓))(1� ✓h(✓)) is

also positive all ✓ 6 �0|2(x⇤⇤, x⇤⇤). Therefore, (1� F (✓)) ✓ is lower if evaluated at ✓ = �(x⇤)

than if evaluated at a higher level ✓ = �0|2(x⇤⇤, x⇤⇤), and misconduct in period 2 is higher

when there is peer learning. Also, since �0|2(x⇤⇤, x⇤⇤) > �(x⇤), the principal’s cost is weakly

higher with peer learning and strictly higher if ✓ > �(x⇤).

Proof of Corollary 2

Proof. When �P < 1
2 and L > L̂(�P ), the conclusion follows from Proposition 3 and the

proof of Theorem 1. When �P = 1
2 , the conclusion follows from Proposition 4 and the proof

of Theorem 1.

When �P > 1
2 , (12) can be rewritten as

G(�P ,�0|2(x
⇤⇤, x⇤⇤)) ⌘ (L+ (1 + � � �P )�0|2(x

⇤⇤, x⇤⇤))h(�0|2(x
⇤⇤, x⇤⇤))� (2 + � � 2�P ) = 0.

Notice that G strictly increases in �0|2(x⇤⇤, x⇤⇤), and @G

@�P
= 2��0|2(x⇤⇤, x⇤⇤)h(�0|2(x⇤⇤, x⇤⇤)) =

Lh(�0|2(x
⇤⇤

,x
⇤⇤))+�

1+���P
> 0. By the Implicit function theorem, �0|2(x⇤⇤, x⇤⇤) strictly decreases in

�P . Therefore, x⇤⇤, which is equal to �0|2(x⇤⇤, x⇤⇤)(1� �P ), also strictly decreases in �P .

The expected misconduct in period 2 is
�
1� F

�
�0|2(x⇤⇤, x⇤⇤)

��
�0|2(x⇤⇤, x⇤⇤) according
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to the proof of Theorem 1. From G(�P ,�0|2(x⇤⇤, x⇤⇤)) = 0, we have

�0|2(x
⇤⇤, x⇤⇤)h(�0|2(x

⇤⇤, x⇤⇤)) =
2 + � � 2�P � Lh(�0|2(x⇤⇤, x⇤⇤))

1 + � � �P
<

1 + � � 2�P
1 + � � �P

< 1.

Since the function (1�F (✓))✓ has derivative (1�F (✓))(1�✓h(✓)), which is positive whenever

✓ 6 �0|2(x⇤⇤, x⇤⇤). Therefore, a higher �P , leading to a lower �0|2(x⇤⇤, x⇤⇤), also lowers the

expected misconduct in period 2.

Proof of Lemma 3

Proof. If the posterior belief is the prior truncated to [✓L, ✓H), then agent i, who chooses

misconduct xi

2 2 [✓L, ✓H), receives a continuation payo↵:

xi

2

F (✓H)� F (xi

2)

F (✓H)� F (✓L)
� L

F (xi

2)� F (✓L)

F (✓H)� F (✓L)
.

Di↵erentiating with respect to xi

2 yields 1�F (xi

2)
F (✓H)�F (✓L)

⇣
F (✓H)�F (xi

2)

1�F (xi

2)
� (L+ xi

2)h(x
i

2)
⌘
. The

Karush-Kuhn-Tucker conditions require F (✓H)�F (xi

2)

1�F (xi

2)
� (L + xi

2)h(x
i

2) 6 0, with equality if

xi

2 = ✓L. Since the left-hand side is decreasing in xi

2, this condition is also su�cient.
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