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Abstract

This paper argues that workers should be rewarded with “failure bonuses” upon reporting evidence
that an innovative project cannot succeed to circumvent the costs of private learning. We consider a
moral hazard problem in which a principal hires a wealth-constrained agent to work on a project of
unknown feasibility. The agent conducts a sequence of experiments that can reveal conclusive, public
success or conclusive, private failure. Evidence for failure is hard but concealable. If an experiment is
more likely to yield success than failure, then the lack of either causes belief in project feasibility to
fall. Unobservable shirking allows the agent to not only divert funds but also privately halt this decline
in beliefs. We assume the agent has a small chance of observing failure even while shirking, making
success a superior signal of effort. Even so, the principal should reward failure alongside success to
prevent the agent from extracting any information rent from private learning, as shirking suppresses
the agent’s chances of obtaining failure bonuses from future experimentation. Failure bonuses thereby
encourage more innovation by reducing agency costs and allowing projects to be funded for longer. We
find conditions for which the unique, optimal, long-term contract takes a simple “balanced” form that
always makes the agent indifferent between working and shirking after any sequence of effort choices.
After the initial period, bonuses do not depend on beliefs except through the optimal deadline, and
strikingly, failure is rewarded more handsomely than success.

1 Introduction

During the course of an innovative project, workers will generate a variety of information. Traditionally,

organizations only reward data that comes as good news, such as the construction of a working prototype.

This leaves room for workers to potentially delay the project’s termination by concealing what comes as bad

news, such as proof that production costs will be higher than anticipated. At Google’s unconventional R&D

division called X, dedicated to developing so-called “moonshots,” this concern has led management to reward

teams not only for completing projects but also for killing them. To obtain these “failure bonuses,” teams

must submit reports presenting hard evidence that projects satisfy agreed upon “kill metrics” (Huckman et

al., 2018).

On top of preventing delay and waste, failure bonuses can also be used to encourage effort as long as

workers are more likely to learn that a project is infeasible when working hard to prove its feasibility. This is

not an implausible assumption. For example, X’s project to develop a “full-scale, cost-competitive, carbon-

neutral process for converting seawater into fuel” was killed after the act of building a prototype revealed

a flaw that ultimately could not be resolved cost-effectively. If good and bad news are both more likely to

arrive with higher effort, how should incentives be balanced between the two outcomes? Should both types

of bonus be used simultaneously as they are in Google X? Under what conditions should failure bonuses not

be used at all?
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To explore these questions, we develop a simple model in which a principal hires an agent to work

on a project of unknown feasibility. The agent is tasked with conducting a sequence of costly, crucial

experiments: with some probability they definitively reveal if the project is feasible or infeasible.1 Feasibility

is revealed through “success” and infeasibility through “failure.” The principal provides the needed funds

to the wealth-constrained agent, who can divert them for personal gain (for example, to finance a pet

project). While success is public, failure can be hidden but not fabricated—in line with our application,

evidence is hard. We allow the principal to catch unreported failure at a less than perfect rate. Nonetheless,

delayed disclosure still affords the agent chances to divert. As the agent is protected by limited liability, the

principal chooses a sequence of success and failure bonuses to prevent unobservable shirking and delay. We

focus on characterizing the profit-maximizing long-term contract in this scenario assuming both parties are

risk-neutral.

If success and failure are equivalent signals of effort, success and failure bonuses become largely inter-

changeable, and the model does not provide determinate answers to the questions we are interested in.

Given that success bonuses are overwhelmingly prevalent in practice, one might expect them to be in some

way superior to failure bonuses at motivating effort. To achieve this feature in our model, we allow the

agent to privately obtain evidence of failure at a smaller rate even while shirking, so that success becomes

a superior signal of effort. Under this assumption, the principal will not reward failure in the absence of

dynamic considerations. One reasonable interpretation of this assumption is the existence of a rival attempt

at the same project by another organization. Although the rival organization has no incentive to publicly

advertise its failure—indeed, duplication of dead-end projects is quite common in practice—the agent may

privately learn of it by gossiping with its workers.2 Surprisingly, even when making this assumption, we find

conditions under which failure bonuses should still be used to incentivize effort because they circumvent the

costs of private learning.

In the main case we consider, the bonuses in the unique optimal contract take a simple, “balanced” form

that cause indifference between working and shirking at any point on or off the equilibrium path. At time

zero, the failure bonus is set just high enough to prevent delayed disclosure, while the success bonus is set

just high enough to prevent shirking. At all subsequent times, however, the agent strictly prefers immediate

disclosure; constraints preventing delay are slack. Failure bonuses are such that an agent equipped with

the knowledge that the project is infeasible would be indifferent between working and shirking at all times.

Likewise, success bonuses are set so that indifference between working and shirking would always satisfied

given certainty of feasibility. Consequently, because the agent’s expected payoff at any time is a convex

combination of the payoff conditional on infeasibility and the payoff conditional on feasibility, indifference

between working and shirking is guaranteed at all times regardless of beliefs.

The balanced incentives contract has several interesting properties worth highlighting. After the first

period, bonuses only depend on the prior belief through the deadline. Success bonuses are equal to the cost

of experimenting over the success arrival rate plus the expected discounted sum of remaining funds that can

be diverted conditional on feasibility. Analogously, failure bonuses are equal to the cost of experimenting over

the difference between the failure arrival rate and the gossip rate plus a term proportional to the expected

discounted sum of remaining funds conditional on infeasibility. This feature of balanced incentives leads to

the next two properties of post-first-period bonuses. First, success bonuses are smaller than failure bonuses

1The term “crucial experiment” originates from Francis Bacon’s Novum Organum (1620); to quote economist Williams
Stanley Jevons in his Principles of Science (1913), “A crucial experiment must not simply confirm one theory, but must
negative another; it must decide a mind which is in equilibrium, as Bacon says, between two equally plausible views.”

2Akcigit and Liu (2016) point out the existence of widespread duplication of dead-end research in the pharmaceutical
industry, referencing Singer (2009) and a report by the Pharmaceutical Research and Manufacturers of America (2011).
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because the arrival rate for failure is smaller than that for success. Second, both success and failure bonuses

are front-loaded; they decrease over time because the sum of remaining funds diminishes as the project nears

the deadline.

Three conditions must be satisfied for balanced incentives to be optimal. First, failure must arrive more

slowly than success, so that belief in project feasibility decreases when experiments yield no news. Increasing

pessimism combined with the constant cost of experimentation implies that the principal will choose a finite

deadline upon which to terminate the project if news does not arrive before then. Moreover, it means that

shirking not only benefits the agent through diversion but also potentially by halting the decline in beliefs.

Shirking can also provide the agent with learning rent by allowing later experimentation with a propped

up belief in obtaining a success bonus. Since taking advantage of private learning requires experimenting

at some point, we define learning rent as the payoff the agent obtains in excess of what is achievable by

only shirking for the entirety of the contract. When incentives are balanced, failure bonuses are set just

high enough to make the agent indifferent between working forever and shirking forever, thereby eliminating

learning rent. This is possible because experimenting increases the agent’s hope of observing failure, while

shirking holds it down. If failure bonuses are sufficiently large relative to success bonuses, a single deviation

ensures the agent prefers to shirk for the remainder of the contract.

Second, the rate at which the agent obtains evidence of failure while shirking cannot be “too high.” We

call this the gossip rate because one can imagine the agent shirking and yet learning about failure through

the grapevine. Even when this rate is arbitrarily small, failure bonuses cannot be set arbitrarily high or

else gossip rent becomes too large. Gossip rent is the information rent the agent receives from failure bonus

while shirking. If the gossip rate is too high, the profit earned from eliminating learning rent is dwarfed by

the cost of gossip rent. This trade-off between learning and gossip rent makes success bonuses an essential

feature of the optimal contract.

Third, the rate at which the principal detects unreported failure must be “large enough.” This is a more

technical assumption. If unreported failure is always undetected, gossip rent can potentially be reduced by

setting failure bonuses after the second period higher than their balanced values. As this causes continuation

values to be higher in the second period, we can set the second-period failure bonus lower than its balanced

value and still cause indifference between working and shirking in and out of equilibrium. In other words, we

can shift weight from the second-period failure bonus to later bonuses. A smaller second-period failure bonus

can be advantageous because the first-period disclosure constraint binds: the first-period failure bonus must

equal the payoff the agent receives from diverting funds and obtaining the second-period failure bonus. On

the other hand, all subsequent disclosure constraints are slack. Thus, the second-period failure bonus will

have significantly more weight in gossip rent compared to later bonuses, as it alone enters into gossip rent

through the first-period bonus, too. Unless the principal’s detection rate is sufficiently high, which ensures

the first-period bonus is low enough, reducing the second-period bonus will be worth increasing later failure

bonuses.

Under these three assumptions, the principal will provide the agent with balanced incentives until a

deadline. This deadline will be lower than in the first-best because the agent can always extract rent via

diversion, the scope of which increases with the deadline. However, failure bonuses encourage more innovation

by reducing further inefficiency caused by information rent. The deadline under balanced incentives will be

higher than it would be if the principal could not reward failure, as the agent does not receive any rent from

private learning. As the rate at which the agent can obtain failure via shirking decreases to zero, information

also decreases to zero, and the optimal deadline approaches the highest possible deadline when diversion is
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possible.

To gain insight into when failure bonuses should not be used, we consider minimal departures from the

assumptions made so far. Every departure we consider makes use of the following general principle. If

there is pressure to set failure bonuses as low as possible, such that disclosure constraints bind at all times,

then a principal who is sufficiently more impatient than the agent will prefer to not reward failure at all.

For a sufficiently impatient principal, delayed disclosure is less costly than preventing it. To reach a similar

conclusion, we could also assume the agent is not wealth-constrained and can pay the costs of experimenting.

If the principal never rewards failure, a wealthy agent has no opportunity to divert and thus no reason to

delay. Therefore, assuming either an impatient principal or a wealthy agent, we now consider three cases in

which not rewarding failure is optimal.

First, when the failure arrival rate is too low relative to the gossip rate, the gossip rent needed to

eliminate learning rent becomes too large. If too low, experiments are hardly crucial. This could be the

case, for example, when the agent has a low “failure tolerance,” a trait X tries to screen out when hiring

employees. Such an agent does not grow more optimistic about obtaining a failure bonus at a much faster

rate when working than when shirking (Huckman et al., 2018). As a result, the failure bonuses needed to

eliminate learning rent become too large, and the principal is better off only rewarding success.

Second, if failure is fully unverifiable, then it cannot be used to motivate effort in the terminal period of

any contract. The agent will always wish to make a false report of failure whenever success is not observed.

If the contract only lasts for two periods, then failure will not be rewarded for its entirety. In line with

our application, Google X only rewards failure bonuses upon submission of evidence that the project cannot

succeed—teams cannot simply choose to kill projects on a whim.

1.1 Related Literature

Since at least Arrow (1962), economists have understood that incentivizing innovation poses unique chal-

lenges. Even in the absence of measurability and contractibility issues (Holmstrom, 1989; Aghion and Tirole,

1994), high-powered incentives are not well-suited for motivating innovation because they crowd out intrinsic

motivations (Bénabou and Tirole, 2003); discourage exploratory risk-taking (Manso, 2011); and encourage

working too long on dead ends (Sadler, 2018).

This paper takes as a starting point another explanation for their unsuitability, developed in Bergemann

and Hege (1998, 2005), Hörner and Samuelson (2013), Halac, Kartik, and Liu (2016), and Moroni (2017).

These papers model experimentation as an exponential bandit problem.3 Embedding the bandit problem into

a principal-agent framework and allowing the principal to reward the experimenting agent upon a successful

innovation, they find that private learning causes inefficiently early termination of projects.4 When a project

has many competing workers and multiple stages, Moroni (2017) demonstrates that organizations can reduce

private learning rent by rewarding successful workers with better assignments in later stages instead of with

bonuses. In these papers, the agent never conclusively learns that a project is infeasible. We introduce

private, conclusive bad news to this framework to demonstrate how failure bonuses can be used to power

down incentives to eliminate private learning rent, thus encouraging more innovation.5

3Keller, Rady and Cripps (2005) analyze exponential bandits in a strategic, public-goods setting. For an overview of bandit
problems in economics, see Bergemann & Välimäki (2008).

4In Halac, Kartik, and Liu (2016), the agent has private information about the arrival rate of success, and inefficiently early
stopping only occurs for the type with a lower rate.

5Moroni (2017) in a very different setting also finds that rents can be eliminated when agents observe public signals whose
arrival rates increase over time with effort.
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We also depart from this literature by assuming our agent can observe failure with some probability even

while shirking and so faces a restless bandit problem, in which the state of an inactive arm also evolves over

time.6 Experimenting or “pulling the risky arm” affects the payoff distribution from shirking or “pulling

the safe arm” by changing the agent’s belief in project feasibility. It is not at all clear ex-ante whether

eliminating learning rent is still possible in this setting, since there is now a trade-off between failure and

success bonuses. This is not simply a robustness issue. Without this trade-off, the model suffers from an

indeterminacy problem. There is a large open set of optimal contracts, including one consisting solely of an

increasing sequence of failure bonuses, which does not fit our intended application. All our results regarding

the unique optimality of balanced incentives hinge upon the assumption that observing failure is possible

while shirking. Stripped of this assumption, we could also not offer low failure tolerance as a possible reason

for why organizations might not offer failure bonuses.

Methodologically, we face a complication that most existing work manages to avoid: local incentive

compatibility does not imply global incentive compatibility in our model. In fact, the mechanism by which

failure bonuses eliminate learning rent is by pushing the agent into shirking for the remainder of the contract

after having only shirked once. This complication is easily resolved when failure can only be observed while

working. As long as any single deviation converts into a contract-long multiple deviation, we have optimality;

this is only criterion a contract must meet. When failure can be observed while shirking, it is necessary to

relax the problem in a clever way to find the unique contract that not only satisfies this criterion but also

minimizes gossip rent.

Akcigit and Liu (2016) studies a model in which two firms compete to develop an innovative product.

Conclusive good or bad news about the product arrives privately to each firm. A firm switches to a safer

project upon receiving bad news, causing the other firm who is oblivious to this to waste time on a dead end.

Rewarding the firms for revealing dead ends can eliminate this inefficiency. We do not have competition in

our model nor focus on the inefficiencies it produces. Moreover, our model features unobservable shirking as

opposed to switching from a risky to a safe project. Failure bonuses must be paid for bad news to be known

within the firm and are useful to cheaply prevent the agent from shirking on the job.

This paper is also linked to a literature that theoretically justifies termination payments such as golden

parachutes. Like in Levitt and Snyder (1997), Diaz, Rayo and Sapra (2009), Inderst and Mueller (2010),

Hidir (2017), and Madsen (2018), we assume the agent can hide bad news that triggers termination and

must be incentivized to act otherwise. Of these papers, the most similar to ours is Hidir (2017). She assumes

public good news and private bad news arrive at a rate dependent on effort. However, she assumes bad

news is inconclusive. More importantly, she assumes the arrival rate for news, while dependent on effort, is

independent of project feasibility. Therefore, the decision problem the agent faces is not a bandit problem.

As a result, like the rest of this literature, she is able to avoid the central concern of our paper, information

rent from private learning. Her analysis complements ours by focusing instead on the richer disclosure

problem stemming from inconclusive news.

Manso (2011), on the other hand, does provide a justification for termination payments that—like ours—

is based on reducing agency costs, but the logic of his result is—unlike ours—based on the tradeoff between

exploitation and exploration. Under certain conditions, rewarding the lack of early success is the cheapest

way to prevent the agent from exploiting an established method instead of exploring a riskier method.

Simultaneously, terminating the agent upon this outcome is the cheapest way to prevent early shirking. In

our paper, the lack of news is never rewarded. The agent receives failure bonuses upon reporting evidence

6See Whittle (1988) for the pioneering work on restless bandits and Urgun (2017) for an application to relational contracts.
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of conclusive infeasibility, not only early in the project but up until the deadline. In fact, the principal has

no desire to reward failure in the first period of the contract, as failure bonuses are only useful for reducing

dynamic agency costs.

2 Model

2.1 Setup

A principal (she) hires an agent (he) to work on a project that is either good or bad. There is ex-ante

symmetric uncertainty regarding the project’s quality: they share the prior belief p0 ∈ (0, 1) that the project

is good. In each period t = 0, 1, . . . , the agent privately chooses to either work, et = 1, or shirk, et = 0.

Success (good news) arrives with probability π ∈ (0, 1), which we call the success rate, if the project

is good and the agent works. It never arrives if the project is bad or the agent shirks. Success is a public

signal. Failure (bad news) never arrives if the project is good. If the project is bad, it arrives upon working

with probability λ ∈ (0, 1), which we call the failure rate, and upon shirking with probability η ∈ [0, λ],

which we call the gossip rate (one can imagine the agent costlessly learning that the project is bad from

others who have already attempted an identical or similar project, hence the use of the word “gossip”). Let

us denote by Λ ≡ λ− η the difference between the failure and gossip rate, which we call the marginal rate.

Failure is a private signal, but the agent cannot report it having never observed it. If the agent has

observed failure in the current or at any prior time, he can choose to report, rt = 1 or hide it, rt = 0. At

the start of every period, the principal learns of unreported failure from previous periods with probability

α ∈ [0, 1], which we call the detection rate.

We also assume there exists another public signal that conclusively reveals the project to be good at

rate η, independently of success or effort (one can imagine another organization completing the same project

before our principal). This ensures the agent does not grow more optimistic about the project succeeding

while not working and not observing failure.7

The principal and agent are both risk-neutral, expected-utility maximizers that share an outside option

of 0 and a common discount factor δ ∈ (0, 1].8 Experimentation is costly, requiring a flow investment c > 0.

We assume the agent is wealth constrained, so the principal must provide these funds. If the agent shirks, he

diverts these funds for his own consumption. The principal obtains a positive payoff, which we normalize to

1, upon observing a success before the other public signal; otherwise, she receives a payoff of 0. The agent,

on the other hand, does not care intrinsically about the project succeeding.

7We only need this signal to arrive with probability at least η to obtain qualitatively identical results. Absent this signal,
the principal could potentially benefit from interrupting funding to allow the agent to become more optimistic. This is a
complication we desire to avoid. Alternatively, we could accomplish the same goal by, with loss of generality, imposing the
restriction to contracts with no funding interruptions.

8If the outside option is positive, we must consider uninteresting cases: either the agent’s participation constraint does not
bind, in which case our analysis is unchanged, or the constraint does bind, in which case any incentive-compatible contract that
provides the agent rent equaling his outside option is optimal. Likewise, similar results continue to hold if the principal is more
but not “too” patient relative to the agent. We will consider the case in which the principal is more impatient than the agent
in Section 5, in which we explore reasons for not using failure bonuses.
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2.2 Pessimistic Learning

If the agent has belief p that the project is good and works, then upon not observing any news he updates

his belief to:

q(p) ≡ p(1− π)(1− η)

p(1− π)(1− η) + (1− p)(1− λ)

=
p(1− π)

p(1− π) + (1− p)
(

1− Λ
1−η

) ,
If he shirks, his belief remains unchanged:

p(1− η)

p(1− η) + (1− p)(1− η)
= p.

Thus, if the agent works for t periods without observing any news, his belief at t will be:

pt ≡ q(pt−1) =
pt−1(1− π)(1− η)

pt−1(1− π)(1− η) + (1− pt−1)(1− λ)

=
p0(1− π)t

p0(1− π)t + (1− p0)
(

1− Λ
1−η

)t ,
We make the following assumption for the rest of the paper:

Assumption 1 (Pessimistic Learning). π > Λ
1−η

Under pessimistic learning, each additional period of work producing no news causes his belief to be

revised downwards, i.e. pt decreases monotonically to 0.

2.3 First-Best

Before we proceed, we derive the first-best experimentation strategy—that is, the strategy the principal

would delegate to the agent if she could observe and contract on his effort and private signals. Formally, the

problem is to choose an effort sequence, e = {et}∞t=0, that maximizes the principal’s profit:

∞∑
t=0

δt(1− η)tet

[
p0

t−1∏
k=0

(1− ekπ) [(1− η)π − c]− (1− p0)

t−1∏
k=0

(
1− ek

Λ

1− η

)
c

]
.

Profit is discounted not only by δ but also by the probability the project does not exogenously cease to be

profitable (1− η). For the same reason, the expected revenue in every period that effort is exerted is equal

to (1− η)π instead of π.

We can solve this two-armed bandit problem quite simply via dynamic programming, using belief that

the project is good as the state variable. The principal’s value function for a given belief p is:

V (p) = max {p (1− η)π − c+ δ(1− η)V (q(p)), δ(1− η)V (p)} .

The optimal strategy is clearly a cut-off rule in beliefs, since pessimistic learning implies that q(p) < p. It is

optimal to experiment in every period until beliefs drop below the following cut-off:

p∗ ≡ c

(1− η)π
.
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Proposition 1 (First-Best Experimentation). The optimal effort strategy e∗ = {et}∞t=0 is given by

et =

1, if pt ≥ p∗

0, if pt < p∗.

As long as p0 > p∗, there is a finite deterministic deadline T ∗ up to which it is optimal to experiment and

after which it is optimal to abandon the project altogether. This deadline is given by:

T ∗ = max{t ∈ N0 : pt ≥ p∗}.

2.4 Contracts

We make three important assumptions. First, the principal has full commitment power. Second, we assume

the agent has limited liability; he cannot be required to make transfers. Third, the principal is restricted to

deterministic funding decisions.

If the principal observes success, the other public signal, or the report of failure, she has no reason to

continue funding the project. Thus, contingent on these three events not having occurred prior to t, the

principal will choose to either fund the project in the current period, bt = 1, or not, bt = 0. Finally,

we can assume without loss that the principal does not condition payments on the other public signal, as

effort decisions have no influence over its arrival. Given these assumptions, the principal offers the agent a

contract (w, b, e, r), where:

1. w = {(wSt , wFt , wUFt , w∅t )}∞t=0 is a sequence of non-negative payments for success (S), failure (F), unre-

ported failure (UF), and no news (∅);

2. b = {bt}∞t=0 is a sequence of funding decisions;

3. e = {et}∞t=0 is a sequence of recommended effort decisions;

4. and r = {rt}∞t=0 is a sequence of recommended reporting decisions.

2.4.1 Reducing the Contract Space

Before laying out the principal’s problem in detail, we make a number of arguments that greatly simplify the

space of contracts the must be considered. We avoid formality to bypass the introduction of cumbersome

notation.

First, the optimal contract will feature a finite, deterministic deadline, T ∈ N0, after which the

project is never funded. Otherwise, btn = 1 for some increasing sequence of times {tn}∞n=0. This is clearly

not optimal. Expected flow profit will always be negative in any time after tT∗ , as expected flow revenue

will equal pt(1− η)π and the expected flow cost will be at least c.

Second, there is no loss of generality in only considering immediate disclosure contracts in which the

agent reports failure without delay, i.e. rt = 1 for all t = 0, 1, . . . , T . Suppose to the contrary that the agent

knows the project is bad but does not report it at t. He will divert funds until cashing in on a failure bonus,

but the principal can simply offer him a failure bonus wFt that equals the expected payoff from this strategy,

not costing her any more than before.

Third, the optimal contract will feature no lockouts in which et = 0 or bt = 0 for any time t =

0, 1, . . . , T − 1 before the deadline. Clearly, it is never optimal to set et = 0 without bt = 0: if the principal
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wants the agent to shirk, she saves money by not giving him funds to divert. By setting bt = 0, she is

merely delaying any potential profit she will receive at some time k > t. Beliefs stay the same during a

lockout. Imposing a lockout period allows the principal to pay the agent smaller bonuses in previous periods

because it reduces the profitability of delay through shirking or concealing failure. Nonetheless, this is at

best tantamount to delaying costs that must be paid eventually. The principal is better off setting bt = 1,

choosing a deadline of T − 1, and shifting bonuses accordingly.

Last, unreported failure and the lack of news are ever rewarded in the optimal contract: wUFt = w∅t = 0 for

t = 0, 1 . . . , T . Paying for unreported failure only increases the agent’s payoff from not disclosing immediately.

As the absence of news is more likely while shirking, the principal cannot motivate effort by rewarding this

outcome. The result follows immediately from the absence of lockouts.

Therefore, we can summarize a contract by a pair (T,w) consisting of a finite, deterministic deadline

T and a sequence of failure and success bonuses {(wSt , wFt )}Tt=0. We denote by wt the sequence of bonuses

starting at t, {(wSk , wFk )}Tk=t.

2.5 Incentive-Compatibility

A contract (T,w) is incentive-compatible if given the bonuses provided w the agent chooses to work and

report failure immediately in every period up to T .9 Incentive-compatibility is characterized then by a series

of reporting and effort constraints.

2.5.1 Reporting Constraints

First, we show that we need only consider the following single-deviation reporting constraints:

wFt ≥ δ(1− α)(c+ wFt+1) for t = 0, 1, . . . , T − 1. (R)

Proposition 2. The agent immediately discloses failure if and only if w satisfies constraints (R), .

Proof: Necessity is obvious. We prove sufficiency via induction. The agent always prefers to report

immediately at T , as he has no opportunity to delay. The single-deviation constraint directly implies the

agent prefers to report immediately at T − 1. The base case is proven.

Now, we hypothesize that the agent prefers to report immediately for some t = 1, 2, . . . , T − 2. This is

equivalent to:

wFt ≥ max
k∈{t+1,...,T}

{
k∑

l=t+1

(δ(1− α))
l−t

c+ (δ(1− α))
k−t

wFk

}
.

Together with (R), this implies that:

wFt−1 ≥ δ(1− α)(c+ wFt ) ≥ max
k∈{t,...,T}

{
k∑
l=t

(δ(1− α))
l−t+1

c+ (δ(1− α))
k−t+1

wFk

}
,

which means the agent prefers to report immediately at t− 1, as well.

9We assume that if the agent will work and report immediately if he is at least indifferent compared to the alternative.
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2.5.2 Effort Constraints

Next, we derive the effort constraints that guarantee the agent will choose to work in every period. The

agent’s ex-ante expected value at t if he has shirked k times prior is equal to:

Ut,k(T,w) = max
{
U t,k(T,w), U t,k(T,w)

}
,

where Ūt,k(T,w) is his value if he works and U t,k(T,w) if he shirks. We suppress the dependence on the

contract (T,w) when it is clear from context. We might also write Ut,k(wt) to emphasize that value at t only

depends on wt. If he works, he has a chance of obtaining a success bonus or a failure bonus:10

U t,k = p0(1− π)t−k(1− η)tπwSt + (1− p0)(1− λ)t−k(1− η)kλwFt + δUt+1,k, (1)

If he shirks, he diverts funds and has a chance of obtaining a failure bonus:

U t,k =
[
p0(1− π)t−k(1− η)t + (1− p0)(1− λ)t−k(1− η)k

]
c+(1−p0)(1−λ)t−k(1−η)kηwFt +δUt+1,k+1. (2)

The effort constraints are easy to write with this notation:

Ut,0(T,w) = U t,0(T,w) ⇔ U t,0(T,w) ≥ U t,0(T,w) for t = 0, 1, . . . , T. (E)

2.6 Principal’s Problem

Participation is implied by incentive-compatibility because we assume limited liability and an outside option

of zero. Consequently, the principal’s problem is reduced to choosing an incentive-compatible contract

that maximizes her expected profit, i.e. solving the following program:

max
T,w

T∑
t=0

δt
[
p0(1− π)t(1− η)t

[
π
[
(1− η)− wSt

]
− c
]
− (1− p0)(1− λ)t

(
λwFt + c

)]
s.t. U t,0(T,w) ≥ U t,0(T,w) for t = 0, 1, . . . , T (E)

wFt ≥ δ(1− α)(c+ wFt+1) for t = 0, 1, . . . , T − 1 (R)

wSt ≥ 0 for t = 0, 1, . . . , T, wFT ≥ 0. (LL)

If there is no contract that provides a non-negative profit, she chooses her outside option.

This problem can be divided into two problems. First, for a given deadline T , we find the optimal bonus

sequence ŵ(T ) that minimizes the agent’s rent; this is the rent-minimization problem:

min
w

U0,0(T,w)

s.t. (E), (R), and (LL).

We suppress the dependence of ŵ(T ) on T when it is clear from context. Second, we find the (T, ŵ(T )) that

maximizes profit; this is the deadline problem:

max
T

T∑
t=0

δt
[
p0(1− π)t(1− η)t

[
π
[
(1− η)− ŵSt

]
− c
]
− (1− p0)(1− λ)t

(
λŵFt + c

)]
10By convention, UT+1,k(T,w) = 0 for all k and (T,w).
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3 Types of Rent

We provide a taxonomy of rent to establish clear definitions that will be used throughout our analysis. The

principal must provide rent in every period to prevent the agent from diverting resources. This diversion

rent has a static and dynamic component. The static component prevents the agent from diverting funds

in the current period. The dynamic component prevents him from shirking today to increase his chances of

survival into subsequent periods when he will have further opportunities to divert. Total diversion rent for

a given T is quite simple to express:

RD(T ) ≡
T∑
t=0

δt(1− η)tc

Diversion rent is unavoidable and fixed for a given T , but the principal can vary w in an attempt to

minimize gossip and learning rent. Gossip rent is the expected payoff the agent can receive from failure

bonuses while shirking for the duration of the contract:

RG(T,w) ≡
T∑
t=0

δt(1− p0)(1− η)tηwFt

Learning rent is the expected payoff the agent receives in excess of gossip and diversion rent. The agent

can potentially achieve positive learning rent by shirking for some time and then experimenting before the

contract is over. We can express total learning rent for a given (T,w) as the residual:

RL(T,w) ≡ U0,0(T,w)−RD(T )−RG(T,w).

This is always non-negative because the agent can always achieve a rent of at least RD(T ) + RG(T,w)

by shirking for the entirety of the contract. If the principal uses failure bonuses to eliminate learning rent,

this will increase the agent’s gossip rent. Before jumping into the solution of the rent-minimization problem,

we look at some special cases that illuminate these two conflicting effects separately. To proceed, we need

to introduce some important definition.

3.1 Indifference Ratio

As the failure rate exceeds the gossip rate, i.e. Λ ≥ 0, the principal has both failure and success bonuses

to choose from to motivate the agent to exert effort. Which she will choose depends on the indifference

ratio:

mt ≡
(

1− pt
pt

)(
Λ

π

)
,

which is equal to the amount she must decrease the success bonus if she increases the failure bonus by 1

and wishes to preserve the agent’s equilibrium preference for work at t. Thus, one can conceive of it as the

equilibrium marginal rate of substitution of the failure bonus for the success bonus at t. If the agent exhibits

indifference between working and shirking in equilibrium at t, he will continue doing so if we increase the

failure bonus by ε > 0 and decrease the success bonus by mtε. However, we cannot carelessly perform this

adjustment, as it might violate earlier effort and reporting constraints.
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3.2 Minimizing Gossip Rent: The Static Case

We demonstrate a simple principle—that gossip rent makes failure bonuses an inferior form of incentive from

a static perspective—with an equally simple case, the one-period problem when T = 0:

min
wS

0 ,w
F
0

p0πw
S
0 + (1− p0)λwF0

s.t. p0πw
S
0 + (1− p0)λwF0 ≥ c+ (1− p0)ηwF0

wS0 , w
F
0 ≥ 0,

Note that there is no reporting constraint and only one effort constraint.

Proposition 3. Let T = 0. If η = 0, then any ŵ is rent-minimizing if it satisfies:

ŵS0 =
c

p0π
−m0w

F
0

ŵF0 ∈
[
0,

c

(1− p0)λ

]
.

If η > 0, the unique rent-minimizing ŵ is given by:

ŵS0 =
c

p0π

ŵF0 = 0.

Proof: We begin by pointing out the obvious: the effort constraint must bind. At least one of the two

bonuses must be positive, and if we decrease this bonus by some small ε > 0, this would reduce the agent’s

rent without violating the constraint. Note that we will not be able to adapt this argument to show all effort

constraints bind once we consider T > 1.

The proof ends here when η = 0. As the agent does not get any gossip rent, his rent is bounded below by

c, the amount of funds he can divert. Any pair of bonuses that achieves this lower bound is rent-minimizing,

including the pair that only rewards failure:

ŵS0 = 0

ŵF0 =
c

(1− p0)λ
.

To show that failure bonus cannot be positive if η > 0, we proceed by contradiction. Suppose that ŵ is

rent-minimizing and ŵF0 > 0. However, let us consider an alternative pair of bonuses, where the new failure

bonus is smaller by ε > 0:

wS0 = ŵS0 +m0ε,

wF0 = ŵF0 − ε.

The new success bonus is just large enough to preserve the agent’s preference for work:

p0π(wS0 +m0ε)(1− p0)Λ(wS0 − ε) ≥ c

⇔ p0πw
S
0 + (1− p0)ΛwS0 ≥ c.

12



At the same time, rent is smaller:

p0π(wS0 +m0ε)(1− p0)λ(wF0 − ε)

= p0πw
S
0 + (1− p0)λwF0 − (1− p0)ηε,

thus contradicting the hypothesis that ŵ is rent-minimizing. The amount she would need to increase the

success bonus to keep the rent unchanged is higher than it is in the adjustment:(
1− p0

p0

)(
λ

π

)
>

(
1− p0

p0

)(
Λ

π

)
= m0.

As we must have that ŵF0 = 0, the success bonus ŵG0 can be backed out from the binding effort constraint.

The principal still only pays the agent a diversion rent equal to c, but if she would have paid the agent a

positive failure bonus, she would have also paid him positive gossip rent.

3.3 Minimizing Learning Rent

We will solve two special cases for arbitrary T . When Λ = 0, we have the case of effort-independent

failure, in which learning rent is unavoidable as failure bonuses cannot be used to motivate effort. When

η = 0, we have the no gossip case. By contrast, learning rent can be completely eliminated in this case by

providing large failure bonuses, which has no adverse effects in the absence of gossip rent.

3.3.1 Effort-Independent Failure: Λ = 0

If the failure rate is not larger than the gossip rate, the ex-ante chance of obtaining wFt is equal to (1−p0)(1−
η)tη after any sequence of effort choices. As a result, failure bonuses drop out of the effort constraints (E).

It immediately follows that failure bonuses should be set as low as possible. Reporting constraints should

bind, and the terminal failure bonus should be zero.

Proposition 4. If Λ = 0, then unique rent-minimizing contract ŵ(T ) for a particular T is given by:

ŵFt =

T∑
k=t+1

δk−t(1− α)k−tc,

ŵSt =
c

ptπ
+

T∑
k=t+1

δk−t(1− η)k−t
c

pk
,

for all t = 0, 1, . . . , T . Gossip rent is equal to:

RG(T, ŵ(T )) =

T∑
t=1

δt(1− p0)

(
t−1∑
k=0

(1− η)k(1− α)T−k

)
ηc.

Learning rent is equal to:

RL(T, ŵ(T )) =

T∑
t=1

δt(1− p0)

(
1− η
1− π

)t
c > 0.

Proof: First, we derive the rent-minimizing failure bonuses by induction. We prove the base case by

contradiction. Suppose that ŵFT > 0. If the principal offered instead a smaller bonus wFT = ŵFT − ε for some
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small ε > 0, effort and limited liability constraints remain satisfied while rent is smaller. Thus, ŵFT = 0.

We also prove the inductive step by contradiction. Suppose that ŵFt+1 =
∑T
k=t+2 δ

k−t−1(1 − α)k−t−1c and

ŵFt >
∑T
k=t+1 δ

k−t(1−α)k−tc. But then ŵFt > δ(1−α)(c+ ŵFt+1) and wFt = ŵFt − ε would still satisfy every

reporting and effort constraint, while reducing rent.

Now, to illustrate why the agent extracts learning rent in this case, we derive the rent-minimizing success

bonuses. First, we prove via induction that the agent will have a strict preference at any t off the equilibrium

path. The final effort constraint directly implies this for t = T :

p0(1− π)T (1− η)TπŵST ≥
[
p0(1− π)T (1− η)T + (1− p0)(1− λ)T

]
c

⇔ pTπŵ
S
T ≥ c

⇒ pT−kπŵ
S
T > c

⇔ p0(1− π)T−k(1− η)TπŵST >
[
p0(1− π)T−k(1− η)T + (1− p0)(1− λ)T−k(1− η)k

]
c,

where k > 0 is the number of times the agent has shirked. The intuition is simple. Shirking k times allows

the agent to enter the final period with an inflated belief pT−k > pT of obtaining wST , thereby increasing his

expected payoff from working.

Now, suppose the claim is true for t + 1, t + 2, . . . , T . Then, the effort constraint U t,0 > U t,0 will only

guard against a single deviation:

p0(1− π)t(1− η)tπŵSt ≥
[
p0(1− π)t(1− η)t + (1− p0)(1− λ)t

]
c+ δ (Ut+1,1 − Ut+1,0) .

=
[
p0(1− π)t(1− η)t + (1− p0)(1− λ)t

]
c+

T∑
k=t+1

δk−tp0(1− π)k−1(1− η)kπ2ŵSk .

⇔ ptπŵ
S
t ≥ c+

T∑
k=t+1

δk−tpt(1− π)k−t−1(1− η)k−tπ2ŵSk .

We see here the source of learning rent. The expected payoff from success ptπŵ
S
t at t must exceed the sum of

the funds he can divert c and the expected increase in his continuation value from not learning. Therefore,

for any k > 1, pt−k > pt implies:

ptπ

(
πŵSt −

T∑
k=t+1

δk−t(1− π)k−t−1π2ŵSk

)
≥ c

⇒ pt−kπ

(
πŵSt −

T∑
k=t+1

δk−t(1− π)k−t−1π2ŵSk

)
> c,

which is equivalent to U t,k > U t,k, proving the inductive step.

It remains to show that effort constraints bind. Since the agent strictly prefers to work out of equilibrium,

he has a higher chance of obtaining ŵSt if he has shirked in any earlier period. If we replace ŵSt with

wSt = ŵSt − ε, where ε > 0, every effort constraint is still satisfied as long as ε is sufficiently small. We can

now back out the success bonuses in the claim from the binding effort constraints.

14



3.3.2 No Gossip: η = 0

When η = 0, gossip rent is zero for any contract: RG(T,w) = 0. If the agent shirks for all T + 1 periods

of contract (T,w), his payoff is exactly equal to his diversion rent, RD(T ) =
∑T
t=0 δ

tc. This is a lower

bound on the agent’s rent, U0,0. If the total rent rewarded by a contract equals this lower bound, it is surely

rent-minimizing. We saw that in the case of effort-independent failure, the agent strictly prefers to work off

the equilibrium path, so pushing the agent into such a drastic multiple deviation was not possible. However,

when λ > η = 0 and so failure bonuses do enter into effort constraints, a large open set of contracts can in

fact accomplish this, eliminating learning rent altogether.

Let’s consider the contract in which success is never rewarded and failure bonuses are pinned down by

binding effort constraints. The terminal failure bonus is thus determined by UT,0 = UT,0, which implies that

the agent has a strict preference to shirk off the equilibrium path at T :

(1− p0)(1− λ)TλŵFT =
[
p0(1− π)T + (1− p0)(1− λ)T

]
c

⇔ ŵFT =
c

(1− pT )λ

⇒ ŵFT <
c

(1− pT−k)λ

⇔ (1− p0)(1− λ)T−kλŵFT <
[
p0(1− π)T−k + (1− p0)(1− λ)T−k

]
c

⇔ U t,k < U t,k.

It follows that for any k = 0, 1, . . . , T , we have UT,k =
[
p0(1− π)T−k + (1− p0)(1− λ)T−k

]
c. We can

back out ŵFT−1 from UT−1,0 = UT−1,0:

(1− p0)(1− λ)T−1λŵFT−1 =
[
p0(1− π)T−1 + (1− p0)(1− λ)T−1

]
c+ δ (UT,1 − UT,0)

=
[
p0(1− π)T−1 + (1− p0)(1− λ)T−1

]
c+ δ

[
p0(1− π)T−1π + (1− p0)(1− λ)T−1λ

]
δc

⇔ ŵFT−1 =
c

(1− pT−1)λ
+
mT−1 + 1

mT−1
δc

⇒ ŵFT−1 <
c

(1− pT−1−k)λ
+
mT−1−k + 1

mT−1−k
δc

⇔ UT−1,k < UT−1,k

The same logic can be applied be applied recursively to back out the failure bonus for T − 2, prove strict

preference for shirking out of equilibrium at T − 2, and so on. We get the following proposition:

Proposition 5. If η = 0 and λ > 0, then for any T the failure-only contract ŵ is rent-minimizing:

ŵFt =
c

(1− pt)λ
+
mt + 1

mt

T∑
k=t+1

δk−tc,

ŵSt = 0,

for all t = 0, 1, . . . , T . Learning rent is equal to:

RL(T, ŵ(T )) = 0.
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Proof: By construction, it satisfies the effort constraints and provides total rent equal to diversion rent:

U0,0 = (1− p0)λŵF0 + δU1,0

= c+ [p0π + (1− p0)λ]

T∑
t=1

δtc+ δ [p0(1− π) + (1− p0)(1− λ)]

T∑
t=1

δt−1c,

=

T∑
t=0

δtc.

It follows immediately that learning rent is zero:

RL(T, ŵ) = U0,0 −RD(T )−RG(T, ŵ) =

(
T∑
t=0

δtc

)
−

(
T∑
t=0

δtc

)
− 0 = 0

It remains to be shown that the failure bonuses satisfy the reporting constraints:

ŵFt =
c

(1− pt)λ
+
mt + 1

mt

T∑
k=t+1

δk−tc

> δ(1− α)
c

(1− pt+1)λ
+ δ(1− α)c+

mt+1 + 1

mt+1

T∑
k=t+2

(1− α)δk−tc

= δ(1− α)(c+ ŵFt+1),

where the inequality follows from δα ≤ 1 and the fact that pt+1 < pt and so mt+1 > mt.

The failure-only contract is not the only rent-minimizing contract. Let us consider only adjusting the

terminal bonuses: wFT = ŵFT − m
−1
T ε and wST = ε for some ε ≥ 0. Indifference to work is maintained in

equilibrium:

p0(1− π)Tπε− (1− p0)(1− λ)Tλm−1
T ε = p0(1− π)Tπε− p0(1− π)Tπε = 0.

All we need to preserve rent-minimization is for the agent to still prefer shirking out of equilibrium:

pT−kπε+ (1− pT−k)λ

(
c

(1− pT )λ
−m−1

T ε

)
≤ c

⇔ ε ≤

 1−
(

1−pT−k

1−pT

)
pT−k −

(
1−pT−k

1−pT

)
pT

 c

π
=
c

π
.

Thus, we can have ε ∈
[
0, cπ

]
and the contract is still rent-minimizing. In fact, we could perform this sort

of adjustment not only in the final but in every earlier period. This indeterminacy results from the lack of

any tradeoff between success and failure bonuses when they are balanced in such a way to ensure shirking is

always preferred out of equilibrium.

4 Balanced Incentives

When failure is not effort-dependent and the gossip rate is positive, i.e. λ > η > 0, the principal has to deal

with both learning rent and gossip rent simultaneously. The following contract eliminates learning rent, at
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the expense of higher gossip rent, by balancing incentives between failure and success:

Definition 1. For a given T , w is said to be balanced if it satisfies:

wSt =
c

π
+

T∑
k=t+1

δk−t(1− η)k−tc, for t = 1, . . . , T

wFt =
c

Λ
+
λ

Λ

T∑
k=t+1

δk−tc, for t = 1, . . . , T

wS0 =
c

p0π
+

T∑
t=1

δt(1− η)tc− δm0(1− η)
c

Λ
+m0α

λ

Λ

T∑
t=1

δtc,

wF0 = δ(1− α)

(
c+

c

Λ
+
λ

Λ

T∑
t=2

δt−1c

)
.

We can see that time-zero bonuses do not take the same form as future bonuses. Since the time-zero

success bonus does not contribute to any form of dynamic rent, the principal will prefer using it instead of

the failure bonus to motivate effort, as we saw in the one-period case. The time-zero failure bonus is set as

low as possible without violating a preference for immediate disclosure.

After the first period, bonuses take a very simple form that does not depend at all on the prior belief, p0.

Success bonuses are such that the agent would always be indifferent between working and shirking if success

were certain, i.e. p0 = 1. The first component, π−1c, would offset the immediate benefit from shirking at t,

while the second component,
∑T
k=t+1 δ

k−t(1−η)k−tc, would offset the increase to his continuation value that

shirking produces by making survival into the next period more likely. Failure bonuses are set analogously,

making the agent indifferent to work if failure were certain, i.e. p0 = 0. As a result, incentives are balanced

because the agent is indifferent to work at all times on and off the equilibrium path.

Lemma 1. If w is balanced, then for any t = 1, . . . , T and k = 0, 1, . . . , t we have:

U t,k(T,w) = U t,k(T,w) = p0(1− π)t−k

(
T∑
l=t

δl−t(1− η)lc

)
+ (1− p0)(1− λ)t−k(1− η)k

λ

Λ

(
T∑
l=t

δl−tc

)

Since we also have that U0,0 = U0,0, total rent is equal to:

U0,0 = c+ p0

(
T∑
t=1

δt(1− η)tc

)
+ δ(1− p0)(1− η)η(1− α)

c

Λ
+ (1− p0)(1− ηα)

λ

Λ

(
T∑
t=1

δtc

)
.

Learning rent is equal to zero, and gossip rent is equal to:

RG(T,w) = δ(1− p0)(1− η)η(1− α)
c

Λ
+ (1− p0)

T∑
t=1

δt
[
(1− ηα)

λ

Λ
− (1− η)t

]
c.

Furthermore, w induces immediate disclosure.
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Proof: We prove the first claim via induction. For the final period, we have:

UT,k = p0(1− π)T−k(1− η)Tπ
( c
π

)
+ (1− p0)(1− λ)T−k(1− η)kλ

( c
Λ

)
= p0(1− π)T−k

(
(1− η)T c

)
+ (1− p0)(1− λ)T−k(1− η)k

λ

Λ
(c)

=
[
p0(1− π)T−k + (1− p0)(1− λ)T−k(1− η)k

]
c+ (1− p0)(1− λ)T−k(1− η)kη

( c
Λ

)
= UT,k.

If the statement is true for t+ 1, then the agent’s value if he works at t having shirked k times previously is

equal to:

U t,k = p0(1− π)t−k(1− η)tπ

(
c

π
+

T∑
l=t+1

δl−t(1− η)l−tc

)

+ (1− p0)(1− λ)t−k(1− η)kλ

(
c

Λ
+
λ

Λ

T∑
l=t+1

δl−tc

)

+ δ

[
p0(1− π)t+1−k

(
T∑

l=t+1

δl−t−1(1− η)l−t−1c

)
+ (1− p0)(1− λ)t+1−k(1− η)k

λ

Λ

(
T∑

l=t+1

δlc

)]

= p0(1− π)t−k

(
T∑
l=t

δl−t(1− η)lc

)
+ (1− p0)(1− λ)t−k(1− η)k

λ

Λ

(
T∑
l=t

δl−tc

)
.

His value if he shirks at t having shirked k times previously is equal to:

U t,k = p0(1− π)t−k(1− η)tc+ (1− p0)(1− λ)t−k(1− η)k

[
c+ η

(
c

Λ
+
λ

Λ

T∑
l=t+1

δl−tc

)]

+ δ

[
p0(1− π)t−k

(
T∑

l=t+1

δl−t−1(1− η)lc

)
+ (1− p0)(1− λ)t−k(1− η)k+1 λ

Λ

(
T∑

l=t+1

δlc

)]

= p0(1− π)t−k

(
T∑
l=t

δl−t(1− η)lc

)
+ (1− p0)(1− λ)t−k(1− η)k

λ

Λ

(
T∑
l=t

δl−tc

)
.

As wS0 by construction makes the agent indifferent to shirking at t = 0, the total rent U0,0 is equal to

the payoff from shirking c + (1 − p0)ηwF0 plus the continuation value δU1,1, for which we just derived an

expression. It is easy to check then that total rent is equal to the desired expression. The agent obtains

zero learning rent because at the start he is indifferent to shirking for the entire duration of the project.

Therefore, we can simply subtract diversion rent from total rent to obtain the desired expression for gossip

rent.

Finally, we check that w satisfies the reporting constraints. The first failure bonus, wF0 , satisfies the
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reporting constraint by design. If t ∈ {1, 2, . . . , T}, then:

ŵFt ≥ δ(1− α)(c+ ŵFt+1)

⇐ c

Λ
+ δ

λ

Λ
c+

λ

Λ

T∑
k=t+2

δk−tc ≥ δc+ δ
c

Λ
+
λ

Λ

T∑
k=t+2

δk−tc

⇔ 1 + δλ ≥ δΛ + δ

⇔ 1 ≥ δ(1− η).

We see here that if δ = 1 and α = 0, then slack in the reporting constraints disappears as η → 0.

Two other properties of balanced incentives after t = 0 are worth pointing out. First, pessimistic learning

implies balanced failure bonuses are always greater than success bonuses: wFt > wSt for t = 1, 2, . . . , T .

Second, because the scope for future diversion narrows as the deadline looms closer, balanced incentives are

front-loaded: wFt > wFt+1 and wSt > wSt+1 for t = 1, 2, . . . , T − 1.

We require two assumptions for balanced incentives to be rent-minimizing. First, for it to be optimal to

eliminate learning rent, the gossip rate must be sufficiently small. Otherwise, gossip rent becomes a costlier

source of rent, and balanced incentives are no longer rent-minimizing.

Assumption 2. The gossip rate is small enough: η < η, where

η ≡ (π − λ)λ

(2− π)(1− λ)− α(1− π)
.

Second, for balanced incentives to be the unique rent-minimizing contract among all those that eliminate

learning rent, the principal must not have an incentive to reduce the failure bonus at t = 1 by shifting more

weight onto later failure bonuses. This incentive disappears when the detection rate is sufficiently high.

Assumption 3. The detection rate is large enough: α > α, where

α ≡


(1−η)−(2−η)λ

(1−η)−λ if λ < 1−η
2−η

0 if λ ≥ 1−η
2−η .

With these assumptions in hand, we can now state our main theorem.

Theorem 1. If the parameters π, λ, η and α satisfy Assumptions 1-3, then the unique rent-minimizing

contract ŵ(T ) for a given deadline T is balanced.

4.1 Relaxed Problem

By shirking in any period before the last, the agent not only reaps immediate benefits from diversion but

also potentially increases his continuation value. Thus, solving the rent-minimization problem requires

understanding how future bonuses affect the continuation value off the equilibrium path. When failure is

effort-independent, i.e. Λ = 0, we saw that local implies global incentive-compatibility: the agent never

shirks off the equilibrium path. As a result, his out-of-equilibrium continuation value is always proportional

to his equilibrium value, and success bonuses can easily be backed out by backwards induction.

On the other hand, when Λ > 0, this ceases to be true, as effort now affects the rate at which failure

arrives. If failure bonuses are sufficiently large, then preference for work in equilibrium does not always
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imply such preference out of equilibrium, as the agent is less confident about obtaining a failure bonus after

having shirked. Consider, for example, the agent’s incentive to work in the terminal period after having

shirked k ∈ {0, 1, . . . , T} times:

UT,k ≥ UT,k
⇔ pT−kπw

S
T + (1− pT−k)ΛwFT ≥ c

⇔ wST ≥
c

π
+mT−k

[ c
Λ
− wFT

]
.

As equilibrium belief pt is decreasing in t, the indifference ratio mt is increasing in t. If the failure bonus

exceeds its balanced value, wFT > c
Λ , then we can have equilibrium preference for work, UT,0 ≥ UT,0, but a

strict preference to work out-of-equilibrium, UT,k < UT,k for some k ∈ {1, 2, . . . , T}.
If Λ > 0 but there is no gossip, i.e. η = 0, we saw that it’s possible to minimize rent by only rewarding

failure. By contrast to the case of effort-independent failure, the agent will always prefer shirking off the

equilibrium path, thereby eliminating learning rent. However, if η > 0, this is no longer a guarantee of

optimality because the agent obtains gossip rent while shirking, and this gossip rent depends on w. Among

the contracts that eliminate learning rent, the principal must now find the cheapest one, the one that provides

minimal gossip rent. We cannot restrict attention to contracts that induce a strict preference for shirking

out-of-equilibrium at all times, as other contracts can also eliminate learning rent. If the principal makes the

agent indifferent between working for the entirety of the contract, i.e. et = 1 for t = 0, 1, . . . , T , and shirking

for all of it, et = 0 for t = 0, 1, . . . , T , then total rent will only equal diversion plus gossip rent. Learning rent

will be zero, even if possibly at some t > 0, the best deviation involves working at some future time k > t.

Since we cannot employ the same tricks from either of the two special cases we have already solved, we

will instead consider a relaxed problem in which we can deal with multiple deviations and find a way to

characterize the agent’s out-of-equilibrium behavior. We define a new “relaxed” value function for the agent:

Vt,k(wt) =


V t,k(wt), if V t,t−1(wt) < V t,t−1(wt) and k 6= 0

or V t,t−1(wt) = V t,t−1(wt) and k = t ∈ {2, 3, . . . , T}

max
{
V t,k(wt), V t,k(wt)

}
, if V t,t−1(wt) > V t,t−1(wt).

We define V t,k and V t,k like we did for the original value function:

V t,k = p0(1− π)t−k(1− η)tπwSt + (1− p0)(1− λ)t−k(1− η)kλwFt + δVt+1,k

V t,k = p0(1− π)t−k(1− η)tc+ (1− p0)(1− λ)t−k(1− η)k(c+ ηwFt ) + δVt+1,k+1.

This value function has the following meaning. If the agent strictly prefers shirking at t after having shirked

t− 1 times previously, then we ignore the possibility of the agent working at t after having shirked at least

once. If indifferent, we ignore the possibility of the agent working at t having shirked t times prior. Thus,

if we replace the old value function with this “relaxed” one, we will be relaxing the effort constraints of the
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problem. We can now state the relaxed problem:

min
w

V0,0(T,w)

s.t. V t,0(T,w) ≥ V t,0(T,w) for t = 0, 1, . . . , T (E-R)

wF0 ≥ δ(1− α)(c+ wF1 ), wFt ≥ 0 for t = 1, . . . , T (R-R)

wSt ≥ 0 for t = 1, . . . , T (LL-R)

For further simplicity, we have dropped both the limited liability constraint for the first-period success bonus,

wF0 , and all the reporting constraints but the first.

4.2 Preliminary Lemmas

Before proceeding with the proof of Theorem 1, we prove a series of preliminary lemmas that state properties

of the solution of the relaxed rent-minimization problem. For this section, we assume that π, λ, η and α

satisfy Assumptions 1-3 and that ŵ(T ) solves the relaxed rent-minimization problem for a fixed T .

In the following lemma, we establish that rent-minimization requires minimizing the out-of-equilibrium

value of the agent, as this is a lower bound for total rent. If we find a bonus sequence that produces a smaller

out-of-equilibrium value than ŵ but violates the first-period effort constraint, then we can construct from it

a feasible bonus sequence that gives the agent smaller total rent.

Lemma 2. There cannot exist w with wS0 = ŵS0 that satisfies effort constraints V t,0(wt) ≥ V t,0(wt) for

t = 1, 2, . . . , T and the reporting constraint wF0 ≥ δ(1 − α)(c + ŵF0 ) but has a smaller out-of-equilibrium

value: V 0,0(w0) < V0,0(ŵ0).

Proof: Suppose such a w exists. We do not know if w satisfies the t = 0 effort constraint. Consider w̃ such

that w̃1 = w1, w̃F0 = wF0 but:

w̃S0 = ŵS0 +
1

p0π

[
(1− p0)λ

(
wF0 − ŵF0

)
+
(
V0,0(w0)− V0,0(ŵ0)

)
− δ

(
V1,0(w1)− V1,0(ŵ1)

)]
.

We know that ŵ satisfies the t = 0 effort constraint, which implies that w̃ must also satisfy it:

p0πw̃
S
0 + (1− p0)λwF0 + δV1,0(w1) = p0πŵ

S
0 + (1− p0)λŵF0 + δV1,0(ŵ1) +

(
V0,0(w0)− V0,0(ŵ0)

)
≥ V0,0(w0).

However, this also shows that the agent’s rent is smaller under w̃ than ŵ:

V0,0(w̃0) = ŵS0 + (1− p0)λŵF0 + δV1,0(ŵ1) +
(
V0,0(w0)− V0,0(ŵ0)

)
< p0πŵ

S
0 + (1− p0)λŵF0 + δV1,0(ŵ1)

= V0,0(ŵ0).

This is a contradiction because we assumed ŵ solved the relaxed problem.

Lemma 3. If ŵFt > 0 for any t = 1, 2, . . . , T , then we cannot have V t,k(ŵt) > V t,k(ŵt) for all k =

0, 1, . . . , t− 1 or for all k = 0, 1, . . . , t− 2 if for some such k we have V k,k−1(ŵk) > V k,k−1(ŵk).
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Proof: Suppose the statement is true for all k = 0, 1, . . . , t − 1. Consider w that is identical to ŵ except

for:

wFt = ŵFt − ε,

where ε > 0 is small enough to preserve the agent’s strict preference for work at t having shirked up to t− 1

times. The new w still satisfies every effort constraint except perhaps the first, as the agent has a greater

chance of obtaining the failure bonus if he works out of equilibrium. However, the out-of-equilibrium value

V 0,0(wt) is smaller than the original V 0,0(ŵt). By Lemma 1, this means ŵ cannot be a solution to the

relaxed problem, a contradiction.

Now, suppose the statement is true for all k = 0, 1, . . . , t − 2 if for some such k we have V k,k−1(ŵk) >

V k,k−1(ŵk). In this case, the only way the agent can reach t having shirked t − 1 is by shirking at t = 0.

Otherwise, he must shirk for all l = 1, 2, . . . , t− 2, but if he shirks up until k, he will strictly prefer to work

at k. Therefore, if he does not shirk at t = 0, he will have shirked less than t − 1 times at t and strictly

prefer to work. If as before, we were to reduce ŵFt by some small ε > 0, we would again preserve every effort

constraint except possibly the first. The out-of-equilibrium value is once more smaller under this adjustment,

so that Lemma 1 implies a contradiction.

Lemma 4. If ŵSt > 0, we cannot have V t,k(ŵt) > V t,k(ŵt) for all k = 1, . . . , t for any t = 1, 2, . . . , T .

Proof: Suppose the statement is true for some t ∈ {2, . . . , T}. Consider w that is identical to ŵ except

for:
wSt = ŵST −mtε

wFt = ŵFt + ε,

where ε > 0. In equilibrium, the agent’s preference for work is preserved and his payoff increases:

VT,0(wt)− VT,0(ŵt) = (1− p0)(1− λ)tηε > 0

Out of equilibrium, if ε > 0 is small enough, the agent’s strict preference for work is also preserved, and by

Assumption 2, his payoff decreases:

Vt,k(wt)− Vt,k(ŵt) = −p0(1− π)t−k(1− η)tπmtε+ (1− p0)(1− λ)t−k(1− η)kλε < 0

⇔ mt−k
λ

Λ
< mt

⇐ mt−1
λ

Λ
< mt

⇔
(

1− p0

p0

)(
1− λ
1− π

)t−1

(1− η)−t+1 Λ

π

λ

Λ
<

(
1− p0

p0

)(
1− λ
1− π

)t
(1− η)−t

Λ

π

⇔ (1− η)λ <

(
1− λ
1− π

)
Λ

⇐ η(1− α) + (1− η)λ <

(
1− λ
1− π

)
Λ. (Assumption 2)

This adjustment introduces slack into every effort constraint, but lowers the out-of-equilibrium value of the

agent. Lemma 2 thus implies a contradiction.

Suppose the statement is true for t = 1. We can perform the same adjustment as above, but we also then
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adjust the first-period failure bonus to maintain the reporting constraint satisfied:

wF0 = ŵF0 + δ(1− α)ε.

The same logic as above still implies that the out-of-equilibrium value of the agent decreases by:

V 0,0(w0)− V 0,0(ŵ0) = −p0π(1− η)m1δε+ (1− p0) (η(1− α) + (1− η)λ) δε < 0

⇔ η(1− α) + (1− η)λ <

(
1− λ
1− π

)
Λ, (Assumption 2)

producing a contradiction.

Lemma 5. If ŵFt > 0, we cannot have V t,t−1(ŵt) < V t,t−1(ŵt) for any t = 1, 2, . . . , T .

Proof: By the relaxation, this implies that Vt,k(ŵt) = V t,k(ŵt) for any k 6= 0. Consider w that is identical

to ŵ except for:

wST = ŵSt +mtε

wFT = ŵFt − ε,

where ε > 0. In equilibrium, the agent’s preference for work is preserved and his payoff decreases:

Vt,0(wt)− Vt,0(ŵt) = −(1− p0)(1− λ)T ηε.

Out of equilibrium, he will always get the payoff for shirking, so it will decrease by more,

Vt,k(wt)− Vt,k(ŵt) = −(1− p0)(1− λ)T−k(1− η)kηε.

Thus, as effort constraints remain satisfied but rent decreases, we have a contradiction.

Lemma 6. There exists a sequence of non-negative terms {xt}Tt=2 such that:

ŵFt =
c

Λ
+ xt + λ

T∑
k=t+1

δk−t
( c

Λ
+ xk

)
, for t = 2, 3, . . . , T

ŵF1 =
c

Λ
+
λ

Λ

T∑
t=2

δt−1c+

T∑
t=2

δt−1
[
λ− (1− η)t−1

]
xt.

In addition, for t = 2, 3, . . . , T , the agent will be indifferent between shirking and working at t if he has

shirked t− 1 times previously, V t,t−1 = V t,t−1. At t = 1, the agent will be indifferent to work in and out of

equilibrium: V 1,0 = V 1,0 and V 1,1 = V 1,1.

Proof: In Appendix A.

4.3 Proof of Theorem 1

First, it is clear that rent should not exceed the agent’s value at t = 0 upon shirking: V0,0 = V 0,0. Otherwise,

we can decrease ŵS0 and lower the rent while maintaining incentive-compatibility. Second, Lemma 6 and the

relaxation imply that V 0,0 will equal the total payoff from shirking for the remainder of the contract, i.e.
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diversion plus gossip rent:

V 0,0 =

T∑
t=0

δt(1− η)t
[
c+ (1− p0)ηŵFt

]
.

Third, we know that the first-period failure bonus ŵF0 should be set as low as possible, as it cannot be used

to decrease any out-of-equilibrium continuation value for the agent. Thus, the reporting constraint will bind:

ŵF0 = δ(1− α)(c+ ŵF1 ). We can simply substitute in the expressions we obtained for {ŵFt }Tt=1 in Lemma 6

to obtain:

V 0,0 = c+ p0

(
T∑
t=1

δt(1− η)tc

)
+ δ(1− p0)(1− η)η(1− α)

c

Λ
+ (1− p0)(1− ηα)

λ

Λ

(
T∑
t=1

δtc

)

+

T∑
t=2

δt(1− p0)η

[
[(1− α) + (1− η)]

[
λ− (1− η)t−1

]
+ (1− η)t + λ

t−1∑
k=2

(1− η)k

]
xt.

The coefficient for xt in the above expression is increasing in t. Assumption 3 implies that the coefficient for

x2 is positive:

0 < [(1− α) + (1− η)] [λ− (1− η)] + (1− η)2

⇔ α <
(1− η)− (2− η)λ

(1− η)− λ
.

Therefore, Assumption 3 also implies the coefficient for every xt is positive. It follows that the solution to

the relaxed rent-minimization problem ŵ cannot have xt > 0 for any t, i.e. ŵ must be balanced. By Lemma

1, we know that balanced incentives is incentive-compatible in the original rent-minimization problem and

thus must also be the solution.

4.4 Optimal Deadline

Inefficiently early stopping is inevitable in the second-best, due to the unavoidable presence of diversion rent.

Let us denote by T ∗∗(η) the optimal deadline the principal would choose for a given η if she only had to pay

diversion rent:

T ∗∗(η) ≡ argmax
T

Π(T )−RL(T ),

where Π(T ) is the principal’s profit for any contract of length T plus agency costs:

Π(T ) ≡
T∑
t=0

δt
[
p0(1− π)t(1− η)t [π(1− η)− c]− (1− p0)(1− λ)tc

]
From the expression we obtain in Lemma 1 for total rent, we can see that TB(η), the optimal deadline under

balanced incentives, can never exceed T ∗∗(η):

TB(η) ≡ argmax
T

Π(T )−RL(T )

− 1{T≥1}

[
δ(1− p0)(1− η)η(1− α)

c

Λ
− (1− p0)

T∑
t=1

δt
[
(1− ηα)

λ

Λ
− (1− η)t

]
c

]

However, as gossip rent decreases to zero as η → 0, we can see that limη→0 T
∗∗(η) = limη→0 T

B(η). There-

fore, as η → 0, balanced incentives eliminates all information rent, achieving the maximum amount of
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experimentation given the possibility of diversion.

On the other hand, if we let TNF be the deadline in the optimal contract that does not reward failure, we

know that under Assumptions 1 through 3 we must have TB(η) ≥ TNF (η) because balanced incentives are

rent-minimizing. In fact, if restricted to no failure bonuses, the principal cannot eliminate the inefficiency

caused by information rents even as η → 0, i.e. limη→0 T
NF (η) ≥ limη→0 T

∗∗(η). In such a contract, we

must have wST = c
pTπ

and wFT = 0. If the agent has shirked for the entirety of the contract, we know that he

will want to work in the last period, yielding him an ex-ante payoff of δT (1 − η)T p0
pT
c. It follows the agent

will have learning rent exceeding δT p0−pTpT
c as η → 0, which proves the result. We summarize our arguments

in the following corollary.

Corollary 1.1. If Assumptions 1-3 hold, then we will have inefficiently early stopping under balanced in-

centives compared to the first-best but also more experimentation than under any contract without failure

bonuses: TNF (η) ≤ TB(η) ≤ T ∗∗(η) ≤ T ∗(η). As η → 0, balanced incentives, in contrast to any contract

without failure bonuses, achieves the optimal amount of experimentation if the principal only had to pay

diversion rent: limη→0 T
∗∗(η) = limη→0 T

B(η) ≥ limη→0 T
NF (η).

5 When Should Failure Remain Unrewarded?

We investigate conditions under which the principal is better off not offering failure bonuses to the agent. For

this section, we assume for simplicity that α = 0. Moreover, while retaining the assumption of pessimistic

learning, we will make either of the following two assumptions. First, we can assume the principal is less

patient than the agent:

Assumption 4. The principal has discount factor δP ∈ (0, 1) and the agent has discount factor δA ∈ (δP , 1].

Under this assumption, if failure bonuses are set so that reporting constraints bind, the principal is

better off offering not offering failure bonuses at all and allowing the agent to not report failure. The cost

of immediate disclosure
∑T
k=t+1 δAc is greater than the cost of no disclosure

∑T
k=t+1 δP c. Second, we can

assume the agent is not wealth constrained.

Assumption 5. The agent pays cost c > 0 to experiment and receives no positive benefit from shirking.

In this case, delaying the report of failure does not afford him opportunities to divert funds in the

meantime. Thus, if reporting constraints bind and the terminal failure bonus is zero, the agent has no

incentive to delay.

5.1 Low Failure Tolerance

When the arrival rate of failure does not increase sufficiently with effort, then it will prove impossible to

eliminate learning rent with failure bonuses. Indifference ratios will be too small, and increasing failure

bonuses does not allow the principal to decrease success bonuses by a sufficient amount.

Proposition 6. Suppose either Assumption 4 or 5 hold and Λ < Λ, where:

η = λ

(
1− π
1− λ

)T
.

Then, for any T ≤ T , we must have ŵFt = 0 for all t ∈ {0, 1, . . . , T} in the rent-minimizing contract ŵ(T ).
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Proof: To solve the rent-minimization problem, we can relax the problem by only focusing on effort

constraints that guard against single-deviations. Suppose ŵ is the solution to this relaxed problem and that

the reporting constraint at t is slack. Then, let us consider w that is identical to ŵ except for:

wSk = ŵSk + δt−k(1− η)t−kmtε,

wFt = ŵFt + δT−tε,

for k = 0, 1, . . . , t. Effort constraints remain satisfied, but Λ < Λ implies that

mt < mT <

(
1− p0

p0

)
λ

π
.

This in turn implies that the equilibrium payoff in every k will decrease:

p0(1− π)k(1− η)kπmt − (1− p0)(1− λ)tλ < 0.

This leads to a contradiction. The solution to the relaxed problem will only rewards success, and one can

show it induces a strict preference for work out-of-equilibrium because the failure bonuses are zero. Therefore,

it is feasible in the original problem, and thus a solution.

5.2 Unverifiability

Suppose the agent is not wealth-constrained. Let us restrict our attention to contracts that do not last more

than two periods. Moreover, we assume evidence is soft: the principal cannot verify if a reported failure

signal is truthful. In this case, the agent can report failure whenever the principal does not observe a public

signal. To induce truthful reporting, the principal cannot provide the agent a failure bonus greater than

his equilibrium continuation value, which he will forgo if he takes the failure bonus. It follows immediately

that the terminal failure bonus must be zero, as the agent gains nothing from not reporting failure. In the

first period of a two-period contract, the failure bonus must also be zero. The principal gains nothing from

having a failure bonus higher than zero in this period, and for this to even be possible under truth-telling,

she would have to offer an equilibrium continuation value higher than zero, which is pointlessly costly.

Proposition 7. Suppose Assumption 5 holds and T ≤ 1. Then, in the rent-minimizing contract ŵ(T ), we

must have ŵFt = 0 for all t ≤ T .

6 Conclusion

This paper poses the question of how to design an optimal contract that incentivizes an agent to innovative

if effort increases his chances of generating both public good news and private but verifiable bad news. We

assume that bad news arrives at a small enough rate even when the agent shirks. Even if this assumption

makes success a superior signal of effort, the principal finds it optimal to offer a finite sequence of both

success and failure bonuses. Failure bonuses that are rewarded for the report of bad news can be used to

not only prevent delayed disclosure but also the extraction of information rent via private learning. As a

result, by decreasing agency costs, failure bonuses encourage more innovation, affording agents more time to

attempt to carry out innovative projects.
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We find conditions under which the bonuses in the optimal contract take a unique, simple form with

interesting properties. If in addition to a small arrival rate for failure when shirking, the principal detects

unreported failure at a high enough rate, then optimal success and failure bonuses are “balanced.” Balanced

incentives make the agent indifferent between working and shirking at any time given any belief. After the

first period, they do not depend on the prior belief except through the deadline. Both success and failure

bonuses are front-loaded, and failure bonuses are larger than success bonuses even in the terminal period

when the agent has no incentive to delay reporting bad news.

We also provide clues as to when failure bonuses should not be rewarded. If the agent is not wealth-

constrained and pays the costs of experimentation or the principal is impatient relative to the agent, then

there are conditions under which bad news remains unrewarded. First, if the worker hired has low “failure

tolerance,” which causes the rate at which he can generate bad news while working to be too low, then

eliminating private learning rent becomes too costly. Second, if bad news is unverifiable, then failure bonuses

cannot be too high or else the agent will prefer to submit a false report of bad news.
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A Proof of Lemma 6

A.1 Step 1

We prove that ŵFT = c
Λ + xT for xT ≥ 0 and V T,T−1 = V T,T−1. Suppose first that ŵFT < c

Λ . However, we

know that equilibrium preference for work in this case implies a strict preference for work off the equilibrium

path:

V T,0 ≥ V T,0

⇔ ŵST ≥
c

π
+mT

[ c
Λ
− ŵFT

]
> 0

⇒ ŵST >
c

π
+mT−k

[ c
Λ
− ŵFT

]
⇔ V T,k > V T,k.
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This is true for all k = 1, 2, . . . , T , so Lemma 4 leads to a contradiction. Lemma 5 implies that we must have

V T,T−1 ≥ V T,T−1. Suppose now that V T,T−1 > V T,T−1, but then we have strict preference for work for all

k = 0, 1, . . . , T1:

V T,T−1 > V T,T−1

⇔ ŵST >
c

π
+m1xT

⇒ ŵST >
c

π
+mT−kxT

⇔ V T,k > V T,k.

By Lemma 3, this leads to a contradiction.

A.2 Step 2

We now prove that there exists a sequence of non-negative numbers {xt}Tt=2 such that for all t = 2, 3, . . . , T

we must have V t,t−1(ŵt) = V t,t−1(ŵt) with:

ŵFt =
c

Λ
+ xt + λ

T∑
k=t+1

δk−t
( c

Λ
+ xk

)
.

We proceed by induction. In Step 1, we proved the base case. Suppose the statement is true for all

k ∈ {t+ 1, t+ 2, . . . , T}. Then, the agent will prefer working at all such k if he has shirked less than k − 1

times, strictly if xk > 0. This is clearly true for k = T : then ŵST = c
π −m1xT implies that ŵST ≥ c

π −mT−lxT

for any l ≤ T − 1, with equality only if xT = 0. If it is true for k + 1, k + 2, . . . , T , then we know that:

V k,l(ŵ
t) ≥ V k,l(ŵt)

ŵSk ≥
c

π
+

T∑
j=k+1

δj−k(1− π)j−k−1(1− η)j−kπŵSj +mk−l

 c

Λ
+

T∑
j=k+1

δj−k(1− λ)j−k−1λŵFj − ŵFk


=
c

π
+

T∑
j=k+1

δj−k(1− π)j−k−1(1− η)j−kπŵSj +mk−l

 c

Λ
+ λ

T∑
j=k+1

δj−k
( c

Λ
+ xj

)
− ŵFk


Since we have assumed that ŵFk ≥ c

Λ + λ
∑T
j=k+1 δ

j−k ( c
Λ + xj

)
, it follows that V k,k−1 = V k,k−1 implies

V k,l ≥ V k,l for l < k − 1 with equality only if xk = 0. Thus, if V t,t−1 > V t,t−1 and there exists a

k ∈ {t + 1, t + 2, . . . , T} for which xk > 0, Lemma 3 yields a contradiction. If V t,t−1 > V t,t−1 but

xk = 0 for all k ∈ {t + 1, t + 2, . . . , T}, then ŵFt ≥ c
Λ + λ

Λ

∑T
k=t+1 δ

k−tc implies that V t,k > V t,k for

k = 0, 1, . . . , T − 1, in which case Lemma 3 again leads to a contradiction. Also, ŵFt < c
Λ + λ

Λ

∑T
k=t+1 δ

k−tc

implies that V t,k > V t,k for k = 1, 2, . . . , T , in which case Lemma 4 yields the contradiction. On the other

hand, if V t,t−1 < V t,t−1, we must have ŵFk > c
Λ + λ

∑T
j=k+1 δ

j−k ( c
Λ + xj

)
given that V t,0 ≥ V t,0. In

this case, Lemma 5 implies a contradiction. Now that we have proven that V t,t−1 = V t,t−1, we must have

ŵFk ≥ c
Λ + λ

∑T
j=k+1 δ

j−k ( c
Λ + xj

)
given the time t effort constraint V t,0 ≥ V t,0.
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A.3 Step 3

We now prove that V 1,1 = V 1,1 and that:

ŵF1 =
c

Λ
+
λ

Λ

T∑
k=2

δk−1c+

T∑
k=2

δk−1
[
λ− (1− η)k−1

]
xk

If V 1,0 > V 1,0, then Lemma 3 yields a contradiction. If V 1,1 > V 1,1, then Lemma 4 yields a contradiction,

while if V 1,1 < V 1,1, then Lemma 5 yields the contradiction. Therefore, we must have both V 1,0 = V 1,0 and

V 1,1 = V 1,1. These two equations can be written as:

p0(1− π)(1− η)πŵS1 + (1− p0)(1− λ)ΛŵF1 = [p0(1− π)(1− η) + (1− p0)(1− λ)] c+ δ (V2,1 − V2,0)

p0(1− η)πŵS1 + (1− p0)(1− η)ΛŵF1 = (1− η)c+ δ (V2,2 − V2,1) .

From these two equality conditions, we can pin down ŵF1 :

ŵF1 =
c

Λ
+ δ

(
V2,1−V2,0

1−π

)
− (V2,2 − V2,1)

(1− p0)
[(

1−λ
1−π

)
− (1− η)

]
Λ
.

To progress further, we need to characterize V2,k for k = 0, 1, 2. We saw in the previous two steps that the

agent will be indifferent between working and shirking at t if he has shirked exactly t − 1 times. This also

implies he will prefer working if he has shirked less than t − 1 times. This means that his value at t = 2 if

he has shirked once, V2,1, is equal to both the total payoff from working until the remainder of the contract

and the total payoff from shirking:

V2,1 =

T∑
t=2

δt−2
[
p0(1− π)t−1(1− η)tπŵSt + (1− p0)(1− λ)t−1(1− η)λŵFt

]
=

T∑
t=2

δt−2
[
p0(1− π)(1− η)t + (1− p0)(1− λ)(1− η)t−1

(
c+ ηŵSt

)]
In addition, it means his value in equilibrium is equal to the total payoff from working until the remainder

of the contract:

V2,0 =

T∑
t=2

δt−2
[
p0(1− π)t(1− η)tπŵSt + (1− p0)(1− λ)tλŵFt

]
.

On the other hand, if the agent reaches the second period having shirked twice, the relaxation means that

his value will equal the total payoff from shirking until the remainder of the contract:

V2,1 =

T∑
t=2

δt−2(1− η)t
[
c+ (1− p0)ηŵSt

]
.

Using the fact that V2,1 equals both the total payoff from working until the remainder of the contract and

the total payoff from shirking, we can write all V2,k in form dependent only on failure bonuses. After some

straightforward calculations, we obtain the desired form for ŵF1 .
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