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I Introduction

Standard theory of incentives, backed by empirical literature, sug-

gests that offering high–powered pay–for–performance contracts attracts

more productive workers. In models of worker compensation and sort-

ing, agents self–select into firms based on the sensitivity of pay to per-

formance: high–ability workers are drawn to steeper incentive schemes,

while low–ability workers opt for flatter ones (Salop and Salop, 1976; Har-

ris and Raviv, 1978; Lazear, 1986). Consistent with this view, Lazear’s

(2000) study of Safelite Glass documents that switching from hourly wages

to piece rates increased productivity by 44%, with roughly two–thirds of

the gain attributable to worker selection rather than changes in effort.

Nonetheless, in practice, CEOs and other senior executives consistently

rank “attracting and retaining creative talent” as a top-tier strategic bot-

tleneck. Recent data indicates a sharp rise in ”talent anxiety” regarding

the scarcity of innovative thinkers; for instance, 75% of CEOs now iden-

tify the inability to hire and retain workers with high-level creative and

adaptive skills as a primary threat to their three-year growth strategy

(Oliver Wyman, 2025). This concern is echoed across the C-suite, with

leaders reporting that while standard labor productivity has stabilized,

the availability of “human-centric” skills—specifically original thinking

and strategic reinvention—remains critically low (IBM, 2025; KPMG,

2024). Furthermore, research suggests that traditional corporate struc-

tures and rigid performance metrics are actively driving away the most

creative workers, who increasingly prioritize autonomy and psychological

safety over high-powered incentives (Deloitte, 2025).These patterns sug-

gest a fundamental misalignment in current labor economics: widely used

pay-for-performance schemes, though effective at selecting for high-effort

“exploiters,” may actually repel the “explorers” firms need for long-term

viability. This raises a critical design challenge: how should firms struc-

ture contracts to screen for creativity rather than mere industriousness?

2



This paper addresses this question by developing a two–period princi-

pal–agent model with two types of workers—“explorers,” who can invest

in a novel, uncertain approach, and “exploiters,” who can only apply a

safe, well–understood method—and asking how a principal should design

contracts when both motivation and selection matter. The analysis yields

two contrasting prescriptions. On one hand, the optimal contract that at-

tracts exploiters has the familiar structure of a high–powered piece–rate

plan: it ties pay closely to contemporaneous output, penalizes early fail-

ures through low current wages and the threat of termination, and places

little weight on long–term commitment or feedback. On the other hand,

the optimal contract that attracts explorers is almost its mirror image: it

backloads rewards on long–run success, softens or even reverses penalties

for early failure, and bundles these payoffs with job security, long–term

commitment, and timely feedback on performance.

In this respect, the selection problem turns out not to undermine but

to reinforce the logic of innovation–motivating design. Whereas Manso

(2011) shows that tolerance for early failure, backloaded rewards, job secu-

rity, and timely feedback are necessary to induce a given agent to explore,

the present analysis demonstrates that the same contractual features also

perform a powerful screening function: they make the “explorer” contract

attractive precisely to workers with a comparative advantage in experi-

mentation and unattractive to exploiters. For executives who worry about

how to enhance innovation, the combination of this paper and Manso

(2011) therefore offers a clear recipe: the very instruments that foster

exploration not only motivate innovative effort but also help attract the

workers most inclined to innovate.

A large empirical literature has examined how compensation and gover-

nance practices affect innovation, typically interpreting “exploration–type”

arrangements as mechanisms that relax short–term performance pressure

and thereby encourage experimentation.1 Most of this work is framed in

1See Section VIII for a review.
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terms of the motivational channel and uses tools such as differences-in-

differences and instrumental variables to identify causal effects on inno-

vative output, but it is difficult to exclude the possibility that changes in

incentives also reshape who chooses to work where. By showing that ex-

ploration–friendly contracts are powerful screening devices as well as mo-

tivators, the present model points to a complementary empirical agenda:

in the spirit of Lazear (2000), one can ask whether individuals with more

exploratory histories are disproportionately likely to enter, remain in, or

exit firms, industries, or regions that adopt (or roll back) long–horizon,

failure–tolerant, feedback–rich incentive schemes.

To model selection for innovation, I build on the class of Bayesian deci-

sion models known as bandit problems. In bandit problems, the agent is

uncertain about the true distribution of the available actions’ payoffs, and

innovation is the discovery, through experimentation and learning, of ac-

tions that are superior to previously known actions. As in Manso (2011),

the central trade-off is between the exploration of new untested actions

and the exploitation of well–known actions. Exploration of new untested

actions reveals information about potentially superior approaches, but is

also likely to waste time with inferior ones. Exploitation of well–known

actions ensures reasonable payoffs, but may prevent the discovery of su-

perior actions.

This environment is embedded in a principal–agent model with hid-

den types. The principal hires an agent who may be either an “explorer”

or an “exploiter.” Explorers can either shirk or experiment with a novel

method whose probability of success is initially unknown, while exploiters

can either shirk or apply a conventional method with known success prob-

ability. The principal does not observe the agent’s type or actions, only

the sequence of successes and failures, and offers a menu of contracts from

which the agent selects. The principal thus faces both the tension be-

tween exploration and exploitation inherited from bandit problems and

the tension between working and shirking in standard agency models,
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while simultaneously needing to design contracts that screen explorers

from exploiters.

I solve the screening problem by reformulating it as an equivalent

two–principal problem that separates incentive design by type and de-

couples the original optimization into two independent cost–minimization

problems—one for a principal screening exploiters, and one for a principal

screening explorers. Each contract is characterized by a three–step pro-

cedure: first, construct the least–cost contract that induces the desired

behavior under moral hazard; second, adjust the contract to discourage

imitation by the other type; and third, deliver any required surplus in

a way that minimizes rent leakage. This procedure yields two distinct

contracts, each tailored to its target type.

The optimal contract for an exploiter resembles a standard pay-for-

performance scheme: it rewards each success promptly and penalizes

failure with low current wages. In contrast, the contract that attracts

explorers shifts rewards to the long run. Since exploration often involves

early failures followed by uncertain success, the optimal scheme backloads

compensation on favorable performance trajectories, sometimes even re-

warding early failure if it is informative. These differences reflect both

motivation and selection: the explorer contract supports risk-taking and

experimentation while discouraging imitation by exploiters, for whom de-

layed contingent payoffs or rewards for early failure are less attractive.

As a result, the principal can screen effectively through the shape of the

payment profile.

Commitment plays very different roles across the two contracts. For

the exploiter, commitment is largely irrelevant: the optimal contract re-

lies heavily on short-term incentives that can be implemented period by

period. For the explorer, commitment is essential. The principal must

credibly promise to reward eventual success. Without this ability, the

principal is forced to front-load incentives, making the contract more at-

5



tractive to exploiters and undermining separation. In the absence of com-

mitment, exploration becomes more difficult to implement or altogether

infeasible.

Termination similarly affects the two contracts in distinct ways. For

the exploiter, the threat of termination after a failure is a powerful dis-

ciplinary tool that reduces the cost of providing effort incentives. It also

strengthens screening, as explorers are more likely to face early failure

and thus avoid such contracts. For the explorer, however, termination

undermines the value of continued experimentation. While the option to

terminate can be used to motivate effort or reduce shirking, it lowers the

option value of learning and recovery and may distorts selection. In some

cases, the principal may optimally commit to continuation even after fail-

ure, accepting short-run inefficiencies in order to encourage innovation.

The value of performance feedback also differs across contracts. In

the exploitation contract, withholding interim feedback imposes no cost

on the agent and helps deter explorers from mimicking: without knowl-

edge of early outcomes, a misreporting explorer cannot adapt his strat-

egy and receives lower expected payoffs. Witholding interim feedback

thus strengthens screening without affecting incentives for the exploiter.

In the exploration contract, by contrast, timely feedback is essential. It

allows the agent to learn from failures and adjust course in the second

period, increasing the expected payoff of experimentation. Providing feed-

back does not raise incentive costs, but improves efficiency and reinforces

separation.

Together, these results show that the tools used to motivate explo-

ration—backloaded rewards, tolerance for early failure, job security, com-

mitment, and feedback—also help select for it. The contracts that induce

innovation look fundamentally different from those that drive routine ex-

ecution, and they appeal to different types of workers. In equilibrium,

the principal offers a menu of contracts that motivates effort while sort-
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ing agents according to their comparative advantage in exploration versus

exploitation.

The idea that incentive pay can sort employees by ability and prefer-

ences has long been recognized. Early theories by Salop and Salop (1976),

Harris and Raviv (1978), and Lazear (1986) showed that firms could use

compensation contracts to induce self-selection of workers. A series of em-

pirical studies confirms significant sorting effects of performance pay. For

example, Lazear (2000) documents that switching to piece rates at Safelite

Glass increased average productivity in part by attracting more produc-

tive workers, and Banker et al. (2001) find that a pay-for-performance

plan in a retail firm attracted and retained higher-performing employ-

ees. Laboratory experiments by Eriksson and Villeval (2008), Cadsby

et al. (2007), and Dohmen and Falk (2011) likewise show that workers

self-select into incentive schemes based on their ability, risk attitudes,

and other traits, leading to higher output under performance-based pay

largely due to this sorting effect.

Another line of research examines how to design incentives to encour-

age innovation under moral hazard. Holmstrom (1989) argues that be-

cause innovative activities have noisier performance measures, the optimal

scheme to motivate innovation should be more tolerant of early failures

(i.e. “low-powered” incentives). In a related vein, Aghion and Tirole

(1994) emphasize the difficulty of contracting on unpredictable innovation

outcomes and derive an allocation of control rights that spurs innovation.

More recent models explicitly consider the explore–exploit trade-off in

incentive design: Manso (2011) shows that the optimal contract to mo-

tivate innovation involves substantial tolerance for early failure, reward

for long-term success, and managerial job security – features that dis-

tinguish it from standard pay-for-performance contracts. In equilibrium,

the principal offers a menu of contracts that sorts agents by their com-

parative advantage in exploration vs. exploitation. Relatedly, Hellmann

(2007) and Hellmann and Thiele (2011) study innovation incentives in a
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multi-tasking framework, highlighting the trade-offs between encouraging

creative exploration and incentivizing routine execution.

This work also connects to the literature on bandit problems in eco-

nomics, which formalize the exploitation–exploration tension. Multi-armed

bandit models (see Berry and Fristedt (1985) for an introduction) ana-

lyze how decision-makers optimally experiment with uncertain options.

Bergemann and Valimaki (2006) survey applications of bandit models

across economics. In the context of innovation, Weitzman (1979) presents

a classic model of searching for the best alternative, and March (1991)

introduced the terminology of “exploration” and “exploitation” in orga-

nizational learning. A number of economic models have applied ban-

dit frameworks to R&D and technology adoption problems. For exam-

ple, Roberts and Weitzman (1981), Jensen (1982), Bhattacharya et al.

(1986), and Moscarini and Smith (2001) use Bayesian learning models

to study the sequential exploration of new projects and the adoption

of innovations. In macroeconomic growth theory, models by Jovanovic

and Rob (1990), Jovanovic and Nyarko (1996), and Aghion (2002) depict

technological progress as the outcome of firms optimally balancing ex-

ploratory innovation and exploitative improvement of existing techniques.

Bolton and Harris (1999) analyze strategic experimentation in a game

with multiple firms, showing that information spillovers can lead to under-

experimentation (free-riding) relative to the social optimum. Our analysis

differs from these papers by focusing on the design of incentive contracts

– rather than exogenously given strategies – to induce the desired balance

between exploration and exploitation.

Finally, a growing recent literature extends these insights to dynamic

incentive design with learning. Bergemann and Hege (2005) study the

financing of innovation when investors learn about project quality over

time; they show that staged funding with the option to abandon can

provide efficient incentives, although their model does not feature an ex-

plicit explore/exploit choice by the agent. Several papers analyze optimal
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long-term contracts that encourage experimentation. Halac et al. (2016)

characterize the optimal contract for an agent who can experiment with

a new project or stick to a status-quo project, and they find that incen-

tive provision requires back-loaded rewards and the threat of termination

to motivate experimentation. Halac et al. (2017) examine the design of

contests for innovation, showing that prize-based tournaments can induce

competing agents to experiment efficiently. Other work explores incen-

tive design under private information in dynamic innovation settings: for

instance, Gomes et al. (2016) analyze a model in which a firm has hidden

information about its returns to exploration versus exploitation, and they

show that the investor can screen types by offering contracts with different

tolerance for failure (akin to our model’s distinction between “explorer”

and “exploiter” contracts).

More broadly, the analysis underscores the classic tension between ex-

ploiting well-established capabilities, which yields immediate returns, and

exploring novel possibilities, which entails risky experimentation but is

indispensable for long-run innovation. Because the practices that max-

imize exploitation often undermine those needed for exploration, firms

typically adopt two broad approaches to this trade-off: integration and

separation (Tushman and O’Reilly, 1996; O’Reilly and Tushman, 2013).

Integration strategies embed exploratory activity within the firm’s exist-

ing operations by giving employees slack time and backloaded rewards.

For example, 3M’s “15% time” and Google’s “20% time” policies allow

employees to pursue self-directed projects during part of their work hours,

and many firms run open innovation contests with backloaded prizes on

top of standard compensation. These policies create room for experimen-

tation while keeping innovation inside the core organization. By contrast,

separation strategies establish distinct units or laboratories, such as Bell

Labs and Xerox PARC, focused exclusively on exploratory work and in-

sulated from day-to-day operations. When motivation is the main con-

straint, integrated schemes can be effective: slack time and organization-
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wide contests can spur exploration even within a single operational unit.

When selection is the obstacle (exploration requires workers with different

aptitudes), structural separation becomes essential, allowing the firm to

attract and retain such “explorers” under tailored incentives while the rest

of the organization remains focused on exploiting established capabilities.

The paper is organized as follows. Section II introduces the baseline

principal–agent model of exploration and exploitation. Section III de-

velops the solution approach, showing how the optimal contracts can be

constructed using a three–step procedure based on decoupling and like-

lihood–ratio analysis. Section IV characterizes the optimal explorer and

exploiter contracts and highlights the resulting selection effects. Section V

studies implementation with and without commitment on the principal’s

side, while Section VI analyzes the optimal use of termination after fail-

ure. Section VII examines how the provision or withholding of feedback

reshapes incentives and selection. Section VIII discusses empirical im-

plications and applications to corporate governance, bankruptcy regimes,

and intrapreneurship in large organizations. Section IX concludes. All

proofs are in the Appendix.

II The Model

This section develops a two–period principal–agent model in which

an agent may be either an explorer or an exploiter. In each period, an

explorer can either exert effort in a novel, exploratory activity or shirk,

while an exploiter can either operate a conventional technology or shirk.

Effort generates a stochastic outcome, success or failure, and exploratory

effort also updates beliefs about the profitability of the novel method, as

in Manso (2011). The principal observes only the history of successes and

failures, not the agent’s type or effort, and must therefore design contracts

that both motivate effort and separate explorers from exploiters.
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To organise the analysis, I work with two closely related formulations

of the contracting problem. The first is the original screening problem

with a single principal, who offers a menu of contracts to a heterogeneous

pool of agents. In this one–principal model, the principal chooses a pair of

contracts and associated action plans to maximise expected profit subject

to incentive compatibility, self–selection, and participation constraints.

The second formulation is an auxiliary two–principal problem. Here,

each principal designs a contract with the goal of attracting and mo-

tivating one type—Principal E targets explorers and Principal X tar-

gets exploiters—while recognising that both types can in fact accept

either contract and misreport their type. Each auxiliary problem is a

cost–minimisation program for a given target type, subject to within–type

incentive compatibility, ride–along constraints that limit the other type’s

payoff from misreporting, and participation constraints.

I show below that the two formulations are equivalent for separat-

ing allocations: any optimal menu in the one–principal problem can be

supported by a pair of contracts that solve the two–principal problem,

and any solution to the two–principal problem that is consistent with

the induced utilities implements an optimal menu in the one–principal

model. This equivalence allows me to characterise the optimal contracts

by working with the decoupled explorer and exploiter subproblems in the

remainder of the paper.

A One-Principal Model

Time is two periods. In each period the agent chooses an action and

produces either a success (S) or a failure (F ). If the agent takes action

i ∈ {0, 1, 2}, the probability of success is pi, which may be unknown to

both parties. Let E[pi] denote the prior mean and E[pi | S, j], E[pi | F, j]

the posterior means after observing S or F from action j. Learning is
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action-specific:

E[pj] = E[pj | S, i] = E[pj | F, i] for all j 6= i.

Action 1 represents a conventional method with a known success prob-

ability

p1 = E[p1] = E[p1 | S, 1] = E[p1 | F, 1].

Action 2 is a novel method with an uncertain success probability p2. Let

E[p2] denote the prior mean and E[p2 | S, 2] the posterior mean after

observing a success with the novel approach. I assume that success raises

beliefs about the effectiveness of the new approach:

E[p2] < E[p2 | S, 2].

After a failure, the agent can learn from the unsuccessful attempt,

abandon that particular variant of action 2, and try a fresh novel method

drawn from the same prior. As a reduced-form representation, I denote

by E[p2 | F, 2] the continuation success probability if the agent explores

again after a first-period failure with action 2. In the baseline environment

with feedback I assume that the agent can fully reset,

E[p2 | F, 2] = E[p2].

The exploratory ordering

E[p2] < p1 < E[p2 | S, 2]

ensures that the novel approach is initially less attractive than the con-

ventional one, but can become strictly superior following a success.

When I later consider environments in which the principal withholds

feedback on interim performance, I will relax the reset assumption and

allow impaired learning after failure by letting the continuation success
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probability satisfy

E[p2 | F, 2] < E[p2],

capturing the idea that without feedback the agent may remain locked

into a less promising variant of action 2.

Action 0 corresponds to shirking and yields success with probability

p0 = 0. All other actions considered in the model, including the conven-

tional approach (action 1) and any version of the novel approach (action 2,

both at the prior and after success or failure), have success probabilities

strictly between zero and one.

Taking action i ∈ {0, 1, 2} in a period entails a private cost ci ≥ 0,

with c0 = 0, c1 > 0, and c2 > 0. The principal and the agent are risk

neutral and share a unit discount factor. Actions are unobservable (moral

hazard).

A contract specifies wages w = {wF , wS, wSF , wSS, wFF , wFS} contin-

gent on the history of successes and failures. Limited liability imposes a

minimum wage wx ≥ w for all outcomes x ∈ {F, S, SF, SS, FS, FF}. It

is convenient to write

wx = w + w̃x, w̃x ≥ 0,

and to refer to w̃ = {w̃F , w̃S, w̃SF , w̃SS, w̃FF , w̃FS} as the vector of bonuses

above the floor. The principal can commit to a long-term contract. Later

we will consider the case in which the principal cannot commit to a long-

term contract.

An action plan is denoted 〈i j
k
〉, where i is the first-period action, j the

second-period action after a first-period success, and k the second-period

action after a first-period failure. The principal’s total expected revenue
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and the agent’s expected wage payments under plan 〈i jk〉 are

R(〈i jk〉) = {E[pi]S+(1−E[pi])F}+E[pi]{E[pj | S, i]S+(1−E[pj | S, i])F}

+ (1− E[pi]){E[pk | F, i]S + (1− E[pk | F, i])F},

W (w̃, 〈i j
k
〉) = {E[pi]w̃S + (1− E[pi])w̃F}

+ E[pi]{E[pj | S, i]w̃SS + (1− E[pj | S, i])w̃SF}

+ (1− E[pi]){E[pk | F, i]w̃FS + (1− E[pk | F, i])w̃FF}+ 2w,

and the agent’s total effort cost is

C(〈i jk〉) = ci + E[pi] cj + (1− E[pi]) ck.

Before contracting, the agent’s type θ ∈ {E,X} is privately known.

The prior probability of type E is Pr(θ = E) = µ ∈ (0, 1). Types differ

only in the costly actions they can perform. Explorers cannot exploit

(c1 = +∞), and exploiters cannot explore (c2 = +∞). The corresponding

sets of feasible action plans are

A(E) = {〈i jk〉 : i, j, k ∈ {0, 2}}, A(X) = {〈i jk〉 : i, j, k ∈ {0, 1}}.

Termination is excluded in the base model: the agent always remains

employed for two periods. We will later consider what happens when

termination is allowed.

Each type θ ∈ {E,X} has an exogenous reservation utility U
com
θ ≥ 0,

which captures competition for talent and outside offers. An agent who

declines all contracts receives U
com
θ .

Given a contract w̃ and an action plan 〈i jk〉, the utility of an agent is

U(w̃, 〈i jk〉) = W (w̃, 〈i jk〉)− C(〈i jk〉),
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and the principal’s profit is

Π(w̃, 〈i jk〉) = R(〈i jk〉)−W (w̃, 〈i jk〉).

We will focus on separating equilibria of this game. In the original

screening problem there is a single principal who offers a menu of contracts

M = {w̃E, w̃X} and simultaneously chooses the action plan aθ ∈ A(θ)

that each type is expected to follow under its designated contract. The

principal’s problem can therefore be written as

max
w̃E, w̃X, aE, aX

µΠ
(
w̃E, aE

)
+ (1− µ) Π

(
w̃X, aX

)

s.t. UE

(
w̃E, aE

)
≥ UE

(
w̃E, 〈lmn 〉

)
, ∀ 〈l mn 〉 ∈ A(E), (IC)E

UX

(
w̃X, aX

)
≥ UX

(
w̃X, 〈lmn 〉

)
, ∀ 〈lmn 〉 ∈ A(X), (IC)X

UE

(
w̃E, aE

)
≥ sup

〈lmn 〉∈A(E)

UE

(
w̃X, 〈lmn 〉

)
(RAC)E

UX

(
w̃X, aX

)
≥ sup

〈lmn 〉∈A(X)

UX

(
w̃E, 〈lmn 〉

)
, (RAC)X

Uθ

(
w̃θ, aθ

)
≥ U

com
θ , w̃θ ≥ 0, θ ∈ {E,X}. (PC)

Solving this problem directly is not very transparent, because every

change in one contract affects the other type’s misreporting incentives.

The next subsection therefore introduces an auxiliary problem with two

principals that captures the same economic trade-offs but separates the

explorer and exploiter contracts.

B The Two–Principal Problem

There are two hidden types. Type E (explorer) can take costly action

2 (and 0), whereas type X (exploiter) can take costly action 1 (and 0).

Their feasible action-plan sets, A(E) andA(X), are as in the model. In the

original screening problem, a single principal wishes to implement a pair
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of target plans (aE, aX) ∈ A(E)×A(X) by offering a menu M = {w̃E, w̃X}

and solving (??).

To highlight the structure of the optimal menu, consider instead an

auxiliary environment with two distinct principals. Principal E faces only

explorer agents and designs a contract w̃E to screen among their feasible

action plans A(E). Principal X faces only exploiter agents and designs a

contract w̃X for A(X). Each principal takes as given four numbers

(U
own
E , U

mis
E , U

own
X , U

mis
X ),

which summarise, for each type, the utilities that can be attained on

either contract when following any feasible action plan. In this auxiliary

problem, these numbers play the role of exogenous caps in the ride–along

constraints.

Because the original principal faces both moral hazard and adverse se-

lection, the full screening problem cannot be solved as a single linear pro-

gram. It is convenient to decouple it into two simpler cost–minimisation

problems—one for each type—linked by the requirement that neither type

wishes to mimic the other. In each subproblem, the relevant principal

minimises the expected wage cost of implementing the designated plan

for that type subject to three families of constraints. The incentive-

compatibility constraints (IC) ensure that the agent of a given type prefers

the intended plan to all other feasible plans within its action set. The

ride-along constraints (RAC) prevent the other type from benefiting by

misreporting and then following any plan consistent with its own feasi-

bility set. Finally, the participation constraints (PC) guarantee that each

agent obtains at least its effective participation utility, taking into account

both competitive offers and the option to imitate the other contract.
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Given a candidate explorer contract w̃E, the cost–minimising contract

that implements aX for type X solves

min
w̃X≥0

W (w̃X, aX)

s.t. UX(w̃
X, aX) ≥ UX(w̃

X, 〈lmn 〉), ∀ 〈lmn 〉 ∈ A(X) (IC)

sup
〈i jk 〉∈A(E)

UE(w̃
X, 〈i j

k
〉) ≤ U

own
E , (RAC)

UX(w̃
X, aX) ≥ max{U

com
X , U

mis
X }, (PC).

Symmetrically, given a candidate exploiter contract w̃X, the cost–minimising

contract that implements aE for type E solves

min
w̃E≥0

W (w̃E, aE)

s.t. UE(w̃
E, aE) ≥ UE(w̃

E, 〈i j
k
〉), ∀ 〈i j

k
〉 ∈ A(E) (IC)

sup
〈lmn 〉∈A(X)

UX(w̃
E, 〈lmn 〉) ≤ U

own
X , (RAC)

UE(w̃
E, aE) ≥ max{U

com
E , U

mis
E }, (PC).

Amenu (w̃E, w̃X) together with a set of four numbers (U
own
E , U

mis
E , U

own
X , U

mis
X )

are called consistent if those numbers coincide with the actual utilities

generated by the menu in the original single–principal screening problem,

in the sense that

U
own

E = sup
〈i j

k
〉∈A(E)

UE(w̃
E, 〈i jk〉), U

mis

E = sup
〈i j

k
〉∈A(E)

UE(w̃
X, 〈i jk〉),

U
own
X = sup

〈lmn 〉∈A(X)

UX(w̃
X, 〈lmn 〉), U

mis
X = sup

〈lmn 〉∈A(X)

UX(w̃
E, 〈lmn 〉).

These equalities define the fixed point for the four cap values used in the

two linear programs; they do not require the corresponding ride-along

inequalities to bind at the optimum.
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For later reference, it is useful to introduce the participation utility of

type θ ∈ {E,X},

U θ ≡ max{U
com
θ , U

mis
θ },

which summarizes both competition for talent and the option to imitate

the other contract. In the figures below, the horizontal axis is labelled by

U θ.

Given these definitions, the original one-principal’s optimization prob-

lem can be approached separately for each type once the four constants

(U
own
E , U

mis
E , U

own
X , U

mis
X ) are treated as parameters that summarise the in-

teraction between the two subproblems.

LEMMA 1 (Equivalence of one– and two–principal formulations): Any

optimal separating menu in the single–principal problem (??) induces a

menu (w̃E, w̃X) and a vector (U
own
E , U

mis
E , U

own
X , U

mis
X ) that are feasible and

consistent solutions for the two–principal problem. Conversely, any fea-

sible and consistent solution to the two auxiliary cost–minimisation prob-

lems generates a separating menu that is optimal for (??).

The proof, provided in Appendix A, is a straightforward mapping be-

tween the constraints of the original screening problem and the caps in the

two auxiliary problems. Lemma 1 implies that solving the two–principal

problem is the first step towards solving the original screening problem:

the rest of the analysis therefore focuses on characterising the explorer

and exploiter subproblems and tracing how their optimal contracts vary

with the four cap values and with the participation utilities UE and UX.

While Lemma 1 establishes a formal equivalence between the one– and

two–principal formulations for separating allocations, it is important to

emphasise that the two–principal problem is not a literal reformulation of

the original environment. In particular, the equivalence holds at the level

of outcomes—optimal menus and induced utilities—but not necessarily at
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the level of decentralised procedures. The two principals in the auxiliary

problems operate independently and do not coordinate their contracts. As

a result, some separating outcomes that are implementable by a single co-

ordinating principal may not be sustainable when each principal controls

only one contract. For example, if separation requires delivering surplus

on the misreporting type’s contract to satisfy cross–type incentives, this

adjustment is feasible under a unified menu but not within an isolated

subproblem. The two–principal formulation is thus best viewed as an an-

alytical device: it decomposes a complex screening problem into tractable

subproblems while preserving global consistency through the utility caps.

The equivalence ensures that solving these subproblems yields valid so-

lutions to the original problem, but only when the resulting contracts

jointly satisfy the fixed–point consistency conditions that stand in for

coordination.

III Solution Approach

This section presents the tools used to solve the decoupled subprob-

lems introduced above. The principal faces both hidden actions and hid-

den types, so the contracting problem combines moral hazard and adverse

selection. The decoupling result allows me to treat the explorer and ex-

ploiter contracts separately, taking as given the four cross–type utility

caps and two participation utilities:

(U
own
E , U

mis
E , U

own
X , U

mis
X , UE, UX).

Each type–specific problem is then solved using a three–step procedure

that progressively adjusts the wage schedule to satisfy incentive compat-

ibility, separation, and participation at minimum cost.

Throughout this construction, I use likelihood–ratio analysis to deter-

mine which outcomes are most informative of the intended behavior. For
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any two plans π and π′ and any node h of the outcome tree, define

Λπ,π′(h) =
Pr(h | π)

Pr(h | π′)
.

Here π denotes the target plan (for the type whose contract is being de-

signed), and π′ denotes a comparison plan. In Step 1, π′ represents a devi-

ation by the same type. In Steps 2 and 3, π′ represents the best–response

plan of the other type when misreporting and accepting this contract. A

higher value of Λπ,π′(h) means that outcome h is more indicative of the

target plan π relative to the comparison plan π′, since it occurs relatively

more often under π than under π′. Events with high likelihood ratios will

therefore be the most useful for allocating incentives and surplus.

Step 1: Baseline. The first step ignores participation and ride–along con-

straints and solves the principal’s problem of motivating the intended

type to follow the target plan π at minimum expected wage cost. For-

mally, the principal minimizes W (w̃, aθ) subject only to type–θ’s incen-

tive–compatibility constraints. This yields a baseline contract that imple-

ments π for type θ, abstracting from selection considerations.

Likelihood–ratio analysis guides which outcomes should be rewarded in

this step. For any within–type deviation π′ ∈ A(θ), the most cost–effective

way to enforce π is to concentrate rewards on outcomes h with high

Λπ,π′(h). Each dollar paid at such a node increases the agent’s expected

utility under π much more than under π′, thereby tightening the relevant

incentive constraint at minimal cost. In particular, if an outcome can oc-

cur under π but never under π′ (so Pr(h | π′) = 0), then Λπ,π′(h) = +∞;

these “infinite–LR” events are lexicographically most informative and are

rewarded first when ruling out the deviation π′. Applying this logic across

all relevant deviations yields the least–cost incentive–compatible wage

schedule for type θ. If multiple baseline contracts attain the same mini-
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mum cost, the principal breaks ties in favor of contracts that give lower

utility to the misreporting type and that pay the agent earlier.

Step 2: Poison. The second step addresses cross–type misreporting. Start-

ing from the baseline contract, the principal checks whether it violates the

ride–along constraint for the other type θ′. If the baseline contract already

satisfies

Uθ′(w̃, aθ) ≤ U
own
θ′ ,

then it is already sufficiently unattractive to θ′ and no poisoning is re-

quired. If instead the baseline delivers too much utility to θ′, the princi-

pal must modify the wage schedule to make the contract less appealing

to misreporters while preserving type–θ’s incentive compatibility.

Let π denote the target plan for type θ and let π′ denote the best–response

plan of the other type θ′ when misreporting and taking this contract. Like-

lihood–ratio analysis then identifies which outcomes are relatively easy for

the misreporter to attain (low Λπ,π′(h)) and which are relatively hard (high

Λπ,π′(h)). To poison the contract, the principal shifts payments away from

outcomes with low likelihood ratios toward outcomes with high likelihood

ratios. This reallocation preserves the intended type’s incentives, because

it moves rewards to events that are still likely under π, but it reduces the

misreporter’s expected utility, because those same events are relatively

unlikely under π′. When the ride–along constraint is active, the poisoned

contract is chosen so that the misreporter’s utility is driven down exactly

to the cap U
own
θ′ .

In some cases, no such distortion exists that both keeps type θ on

the target plan and satisfies the ride–along constraint for θ′. In the

one–principal model, the burden of deterring misreporting can then be

shifted to the other contract in the menu. In the two–principal formu-

lation, by contrast, each principal controls a single contract and cannot

adjust the other, so infeasibility of poisoning directly translates into the
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absence of a separating equilibrium for that subproblem at the given pa-

rameter values.

Step 3: Deliver. The final step deals with participation. If the intended

type θ already receives at least its participation utility, Uθ(w̃, aθ) ≥ U θ,

then the contract constructed in Steps 1–2 is feasible and cost–minimizing.

Otherwise, the principal must raise Uθ up to U θ by delivering additional

surplus in a way that preserves incentive compatibility and keeps misre-

porting unattractive.

Again, let π be the target plan and π′ the misreporting type’s best–response

plan under the current contract. For any small adjustment ∆w(h) to the

wage at node h, the marginal change in the intended type’s expected util-

ity is proportional to Pr(h | π)∆w(h), whereas the marginal change in

the misreporter’s utility is proportional to Pr(h | π′)∆w(h). The ratio of

these effects is exactly Λπ,π′(h). To raise Uθ at minimum cost while leaking

as little as possible to θ′, the principal therefore allocates additional pay-

ments to outcomes with high Λπ,π′(h): these are events the intended type

reaches much more frequently than the misreporter. By concentrating

surplus on such nodes and adjusting along IC–preserving directions (for

example, along indifference arcs where the binding incentive constraints

remain tight), the principal can satisfy the participation constraint exactly

while keeping the ride–along constraint either slack or just binding.

When poisoning was necessary in Step 2, surplus delivery can be com-

bined with further reallocation to even more strongly discourage misre-

porting, but the underlying principle is the same: surplus is delivered

through outcomes that are most informative of the intended type’s effort

and least attractive to the misreporter.

Together, these three steps—baseline, poison, and deliver—decompose

the complex screening and moral hazard problems into a sequence of

likelihood–ratio–guided adjustments that can be applied to either type.
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The resulting contract satisfies all incentive, ride–along, and participa-

tion constraints and minimizes the principal’s expected wage bill. The

next sections apply this construction to derive the exploiter and explorer

contracts.

LEMMA 2 (Optimality of the Three–Step Construction): Fix a target

type θ ∈ {E,X} and treat the constants

(U
own
E , U

mis
E , U

own
X , U

mis
X , UE, UX)

as given parameters summarising cross–type incentives and participation.

Assume the decoupled problem for type θ is feasible at these parameters.

Then the contract obtained through the three–step procedure— (i) baseline

cost minimisation subject only to within–type IC; (ii) poisoning adjust-

ments, if necessary, to satisfy the ride–along constraint; and (iii) sur-

plus–delivery adjustments, if necessary, to satisfy the participation con-

straint— is an optimal solution to the decoupled problem. That is, the

resulting contract minimises the principal’s expected wage bill subject to

implementing the target plan for type θ, deterring misreporting by the

other type, and satisfying participation.

IV Optimal contracts

This section derives the optimal explorer and exploiter contracts . Fol-

lowing the approach of Manso (2011), we begin by fixing the principal’s

target action plans and then solve for the least-cost incentive schemes that

implement them under limited liability and hidden actions. Because the

two tasks—exploitation and exploration—capture fundamentally different

learning environments, they require very different compensation struc-

tures. Exploitation involves repeating a well-understood action whose

probability of success is known, while exploration requires experimenting
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with a new, uncertain method whose success rate can improve through

learning. These two activities are represented respectively by the action

plans

aX = 〈1 1
1〉 and aE = 〈2 22〉,

which are the natural benchmarks for contrasting the provision of short-

term effort versus long-term experimentation.

A Exploiter Contract

We first characterize the contract that implements exploitation, aX =

〈1 1
1〉. The principal faces a standard two–period moral–hazard problem

under limited liability, with the additional complication that an explorer

may misreport as an exploiter. The analysis therefore proceeds in three

steps. We begin by deriving the least–cost contract that induces 〈1 11〉

for a given exploiter. We then ask whether this baseline contract can be

modified to deter a misreporting explorer without violating the exploiter’s

incentive constraints. Finally, we describe how surplus is delivered to the

exploiter when his participation constraint binds, and how this surplus

can be allocated so as to leak as little as possible to the explorer.

Since p0 = 0, a success in any period occurs with strictly positive

probability under effort and with zero probability under shirking. By the

likelihood–ratio rule, the cheapest way to induce effort on any margin is

to load the entire incentive differential on the corresponding success node.

As a result, the one–period moral–hazard logic applies period by period:

the principal pays a flat bonus for every success and nothing after failure.

The ratio α1 ≡ c1/p1 represents the per–success bonus that makes the

exploiter just willing to exert effort in a single period. The least–cost

baseline contract that implements 〈1 1
1〉 then pays

w̃S = w̃SS = w̃FS =
c1
p1
, w̃F = w̃SF = w̃FF = 0,
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so that the exploiter earns the wage floor in each period and obtains

baseline utility 2w, equivalent to earning the minimum wage each period.

This contract simply repeats the one–period solution across time. If the

ride–along constraint for the explorer and the exploiter’s participation

constraint are slack, the baseline contract is clearly optimal.

The next question is whether the principal can poison the exploiter’s

contract to deter a misreporting explorer. Intuitively, one might try to re-

duce the first–period bonus w̃S and compensate with a higher continuation

bonus w̃SS, thereby shifting rewards away from early success. However,

any such rebalancing that leaves the exploiter indifferent along his incen-

tive–compatibility frontier either leaves the explorer’s payoff unchanged

or strictly increases it, since it promises a larger payment in states (such

as two consecutive successes) that are relatively attractive to the explorer.

More generally, any attempt to reduce the explorer’s value by lowering

some success–contingent bonus must either violate the exploiter’s incen-

tive constraints or be offset by higher rewards in other success states that

the explorer finds at least as attractive. Hence no feasible distortion of

the baseline wage profile can reduce an explorer’s ride–along payoff with-

out breaking the exploiter’s incentive compatibility. If the ride–along con-

straint binds, it must therefore be enforced on the explorer’s own contract

rather than through further distortions of the exploiter contract.

Finally, consider the case in which the exploiter’s participation con-

straint binds and his reservation utility exceeds the baseline level, UX >

2w. The principal must then deliver additional surplus ∆ = UX−2w > 0

in a way that maintains exploiter’s incentives and minimizes rent leak-

age to a misreporting explorer. The allocation of this surplus follows the

likelihood–ratio logic. If, at the baseline, an explorer who misreports as

an exploiter would shirk on some margin (for example, shirk in period 1

or after a particular history), the principal first tightens that margin by

raising the corresponding success bonus until the explorer is just willing

to exert on that branch, while making the minimal compensating adjust-
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ments needed to preserve the exploiter’s incentive constraints. Because

success against shirking has an effectively infinite likelihood ratio, this

step delivers surplus to the exploiter with zero leakage of surplus to the

explorer. Once the misreporting explorer would exert effort on all mar-

gins under the exploiter contract, any remaining surplus is delivered by

increasing the first–period success payment w̃S only, keeping w̃SS and w̃FS

at their incentive–minimal levels. First–period success is then the most

diagnostic non–shirking outcome, so concentrating additional rewards on

w̃S provides the exploiter with the required rent while leaking as little

surplus as possible to the explorer.

PROPOSITION 1 (Exploiter Contract): The least–cost baseline contract

that implements exploitation aX = 〈1 11〉 pays a constant bonus for each

success and zero after failure:

w̃S = w̃SS = w̃FS =
c1
p1
, w̃F = w̃SF = w̃FF = 0.

This baseline contract is optimal if the explorer’s ride–along constraint

and the exploiter’s participation constraint are slack.

No feasible modification of this wage profile can reduce an explorer’s

ride–along payoff without violating the exploiter’s incentive–compatibility

constraints. If the ride–along constraint binds, it must therefore be en-

forced on the explorer’s own contract rather than by distorting the exploiter

contract.

If the exploiter’s participation constraint binds and his reservation util-

ity satisfies UX > 2w, the principal delivers the required surplus ∆ =

UX − 2w > 0 as follows. First, if a misreporting explorer would shirk on

any margin under the baseline contract, the success bonus on that margin

is raised, with minimal compensating adjustments to preserve exploiter’s

incentive constraints, until exertion is optimal for the misreporting ex-

plorer. Once the misreporting explorer would exert on all margins, any
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remaining surplus is delivered by increasing w̃S only, keeping w̃SS and

w̃FS at their incentive–minimal levels.

Figure 1 illustrates the optimal exploiter contract for the benchmark

parameters.2 The least–cost baseline contract in Proposition 1 sets all

success–contingent bonuses equal to

w̃S = w̃SS = w̃FS =
c1
p1

=
4

5
, w̃F = w̃SF = w̃FF = 0,

so that under the target plan 〈1 11〉 the exploiter’s expected utility equals

2w = 0.4.

For this calibration, the misreporting explorer already exerts on all

margins at the baseline contract, so the first surplus-delivery step in

Proposition 1 is vacuous: no bonus needs to be raised simply to elim-

inate shirking. When the participation constraint binds and additional

surplus ∆ = UX−2w > 0 must be delivered, likelihood–ratio comparisons

between the target exploiter plan and the explorer’s best–response devi-

ation imply that first–period success is the most diagnostic event among

non–shirking outcomes; the least–leaky way to raise the exploiter’s util-

ity is therefore to increase w̃S only, keeping w̃SS and w̃FS fixed at their

baseline level c1/p1. In the numerical solution, the optimal contract thus

holds w̃SS = w̃FS = c1/p1 constant and raises w̃S linearly with UX once

UX exceeds 2w. Figure 1 shows the resulting wage schedule: w̃S has a

kink at 2w, while the continuation bonuses remain flat.

In summary, to attract and motivate exploiters the principal must

offer a contract that closely resembles a standard pay–for–performance

scheme. Because exploitation involves repetition of a known technology

with predictable outcomes, the optimal incentive relies on immediate and

proportional rewards for observable success. The resulting contract pro-

2The parameters are p0 = 0, E[p2] = 0.3, E[p2 | S, 2] = 0.7, and p1 = 0.5, with c1 = 0.4, c2 = 0.2,
and a wage floor w = 0.2.
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Figure 1. Optimal contract that implements exploitation as a function of the minimal
rent UX under the benchmark parameters. Total pay resembles a repetition of standard
pay–for–performance across periods; when participation binds, extra surplus is delivered
by raising only the first–period success bonus w̃S.

vides high–powered, short–term incentives that tie compensation tightly

to current performance, ensuring continuous effort while leaving only

small rents beyond those required for participation. In equilibrium, such

a contract attracts agents who are confident in their ability to deliver

consistent results and discourages explorers, for whom the same bonus

structure yields insufficient expected utility given the high probability of

early failures. The exploitation contract therefore performs a dual role:

it motivates steady effort and simultaneously screens out agents inclined

toward experimentation, mirroring the pay structures commonly observed

in routine operational or production tasks.

B Explorer Contract

We now characterize the least–cost contract that implements explo-

ration aE = 〈2 2
2〉. The principal faces a two–period moral–hazard problem
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under limited liability, with the added complication that an exploiter may

misreport as an explorer. As in the exploiter case, the analysis proceeds

in three steps. We begin by deriving the least–cost baseline contract that

induces 〈2 22〉 for a given explorer. We then ask whether this baseline con-

tract can be modified to deter a misreporting exploiter without violating

the explorer’s incentive constraints. Finally, we describe how surplus is

delivered to the explorer when his participation constraint binds, and

how this surplus can be allocated so as to leak as little as possible to the

exploiter.

In the baseline case where participation and ride–along constraints are

slack, all failure-branch wages are set at the floor, and effort is induced

through success-contingent bonuses that separate cleanly by history. Af-

ter a first-period failure, continuation effort requires a recovery bonus

w̃FS = c2/E[p2]; after a success, continuation requires a double–success

bonus w̃SS = (1 + E[p2])c2/(E[p2]E[p2 | S, 2]). As incentive constraints

are binding under this contract, the explorer earns baseline utility 2w.

The first–period success payment w̃S does not enter any binding in-

centive constraint and is therefore set at the floor. In principle, period–1

effort could be induced at the same cost via a combination of w̃S and

w̃SS, but doing so would concentrate rents on early success and make the

contract strictly more attractive to a misreporting exploiter, for whom S

is more diagnostic. Anticipating this, the baseline loads all first–period

incentives on w̃SS and keeps w̃S at the minimum.

Because these wages are already at their incentive-minimal levels for

the explorer, there is no feasible “poisoning” of the contract: any rebal-

ancing that preserves 〈2 2
2〉 either leaves the misreporting exploiter better

off or violates the explorer’s incentive constraints. Hence, if ride–along

binds, it must be enforced on the exploiter’s menu, not by distorting the

explorer contract.
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When the participation constraint binds and the required utility UE >

2w, the principal must deliver additional surplus ∆ = UE − 2w > 0. The

allocation of this surplus follows a two–step rule. First, if a misreporting

exploiter would shirk on any margin, the principal tightens that margin

by raising the corresponding success bonus—first w̃SS, and then, if nec-

essary, w̃FS—until exertion is optimal on all branches. This step delivers

surplus to the explorer with zero leakage. Once the misreporter exerts

everywhere, any remaining surplus is delivered along the least–leaky di-

rection identified by likelihood–ratio comparisons between SS and F .

PROPOSITION 2 (Explorer Contract): The least–cost baseline contract

that implements exploration aE = 〈2 2
2〉 pays:

w̃S = w̃F = w̃SF = w̃FF = 0, w̃FS =
c2

E[p2]
, w̃SS =

(1 + E[p2]) c2
E[p2]E[p2 | S, 2]

.

This contract is optimal if the exploiter’s ride–along constraint and the

explorer’s participation constraint are slack.

No feasible modification of this wage profile can reduce an exploiter’s

ride–along payoff without violating the explorer’s incentive–compatibility

constraints. If the ride–along constraint binds, it must therefore be en-

forced on the exploiter’s own contract rather than by distorting the explorer

contract.

If the explorer’s participation constraint binds and his reservation util-

ity satisfies UE > 2w, the principal delivers the required surplus ∆ =

UE − 2w > 0 as follows. First, if a misreporting exploiter would shirk on

any margin under the baseline contract, the success bonus on that margin

is raised—first w̃SS, then if needed w̃FS—until exertion is optimal for the

misreporting exploiter. Once the misreporting exploiter would exert on all

margins, any remaining surplus is delivered by increasing either:
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• w̃SS only, if double success is more diagnostic of exploration, that is,

if

Λ〈1 1
1 〉,〈2

2
2 〉
(SS) =

p21
E[p2]E[p2 | S, 2]

≤ Λ〈1 1
1 〉,〈2

2
2 〉
(F ) =

1− p1
1− E[p2]

,

• both w̃SS and w̃F jointly, along the explorer’s and exploiter’s incen-

tive–compatibility frontiers, if failure is more diagnostic, that is, if

Λ〈1 1
1 〉,〈2

2
2 〉
(SS) > Λ〈1 1

1 〉,〈2
2
2 〉
(F ).

Figure 2 illustrates the optimal explorer contract under the benchmark

parameters. At the baseline, the contract uses only the second–period

bonuses w̃FS and w̃SS to induce exploration. As UE rises, the contract first

follows Step 1 of Proposition 2, tightening incentives by raising w̃SS (and,

if needed, w̃FS) just enough to induce exertion by a misreporting exploiter.

Once effort is optimal on all margins, Step 2 allocates remaining surplus

based on likelihood–ratio comparisons: under the benchmark parameters,

failure is more informative of exploration than SS, so w̃F and w̃SS rise

together along the exploiter IC arc. The resulting wage paths for w̃F and

w̃SS exhibit kinks at the point where the contract moves along eliminating

shirking at different nodes and minimizing surplus leaks to an exerting

misreporting exploiter.

In summary, to attract and motivate explorers the principal must of-

fer a contract that departs sharply from standard pay–for–performance.

Because exploration is risky and produces long stretches of early failure,

the optimal scheme back–loads rewards onto histories that signal persis-

tent experimentation rather than only early wins. Failure–branch wages

sit at the floor whenever they would encourage shirking, but when like-

lihood–ratio comparisons make first–period failure more informative of

exploration than success, the surplus–delivery step can even tilt pay to-

ward F , rewarding short–term failure relative to success. This tolerance

31



w̃S = 0

w̃SS

0

2

4

0.80.5 1.5

UE

w̃SF = 0

w̃F

0

2

4

0.80.5 1.5

UE

w̃FS

0

2

4

0.80.5 1.5

UE

w̃FF = 0

Figure 2. The optimal explorer contract for the target plan aE = 〈2 2 0〉 under limited
liability (wmin = 1) and parameter values p0 = 0.35, E[p2] = 0.45, E[p2 | S, 2] = 0.67,
p1 = 0.60, and c1 = c2 = 0.5. The baseline contract sets w̃ 0

SS
= 4.05, yielding a

baseline utility of U
E

base ≈ 2.5. Because rSS > rF , the failure outcome is the more
informative signal of exploration: initially, both w̃F and w̃SS rise together along the
explorer’s IC–preserving ray until the exploiter’s constraint binds at U

∗

E ≈ 3.1. Beyond
this point, only w̃SS increases. The kink in the bonus paths marks this shift from the
explorer’s to the exploiter’s binding constraint.

for early failure, combined with high continuation bonuses (wFS, wSS),

makes the contract attractive to explorers—who expect many setbacks

on the way to success—while leaving exploiters relatively worse off, since

for them the same pattern of payoffs provides weak incentives for steady,

predictable performance. In equilibrium, the exploration contract both

sustains experimenting effort and helps select agents inclined toward in-

novation rather than routine execution, complementing the exploitation

contract analyzed above.
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V Lack of Commitment

In this section we assume that the principal cannot commit to a long–term

contract and is restricted to a sequence of one–period contracts. This lack

of commitment has different implications for the contracts derived in Sec-

tion IV. We will consider both the exploiter and explorer contracts.

A Exploitation without commitment

Recall that the baseline contract that implements exploitation relies

only on short–term incentives: the principal rewards the agent for cur-

rent success and pays nothing after a failure. As shown in Manso (2011), a

sequence of short–term contracts implements this contract exactly. Con-

sequently, the baseline exploiter contract derived in Proposition 1 does

not require commitment.

When the outside option of the exploiter is high, however, the principal

must provide additional surplus to satisfy the agent’s participation con-

straint. Proposition 1 describes three ways to provide this surplus. One is

to raise the wage after first–period success, w̃S. Because this payment is

made contemporaneously, the resulting contract can still be implemented

by a sequence of short–term contracts. The alternatives, which are only

used when the misreporting explorer shirks in the second period under

the baseline contract, involve increasing the second–period payments af-

ter success in the second period following success in the first period or

following a failure in the first period, via w̃SS or w̃FS. Such back–loaded

bonuses must be promised at time 0 and are not renegotiation–proof:

without commitment, the principal would wish to remove them ex post,

and anticipating this, the agent would refuse the contract. We summarise

this discussion in the following result.
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PROPOSITION 3 (Exploitation without commitment): Suppose the prin-

cipal cannot commit to a long–term contract and wishes to implement

exploitation. The baseline contract described in Proposition 1 can be im-

plemented via a sequence of short–term contracts. If the participation

constraint requires additional surplus, the principal will raise the payment

for a first–period success, w̃S > 0, and this modification continues to

be implementable via short–term contracts. In contrast, providing extra

surplus through the second–period payments w̃SS or w̃FS is not renegotia-

tion–proof and therefore cannot be implemented without commitment.

In summary, commitment is irrelevant for the baseline exploitation

contract and matters only when the optimal committed contract would

back–load surplus onto w̃FS or w̃SS. In those cases, a principal without

commitment must deliver the same surplus through w̃S instead, slightly

increasing the contract’s attractiveness to a misreporting explorer. In the

benchmark calibration, surplus is already delivered through w̃S, so lack

of commitment has no bite for exploitation—unlike in the exploration

problem, where deferred rewards will be essential to motivate experimen-

tation.

B Exploration without commitment

We now examine how the lack of commitment affects the contract that

selects an explorer when the target is 〈2 22〉 (explore in periods 1 and 2). Un-

der commitment, the baseline exploration contract defers compensation

to the second period: the agent receives no pay after first success and

is rewarded only for second–period success, and obtains a back–loaded

surplus wSS to compensate for the high exploration cost. The agent also

receives compensation w̃FS to induce exertion after failure in the first

period.
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When commitment is not possible, the principal cannot credibly promise

back–loaded rents after the first period. As a result, wSS can no longer

deliver deferred surplus; it must be set at the minimal level that still

induces second–period exploration after a first–period success. The prin-

cipal must therefore use a first–period success bonus w̃S > 0 to induce

period 1 experimentation. This restores incentives to experiment but

makes the contract more attractive to the exploiter, weakening the selec-

tion margin. After a first–period failure the target prescribes exertion, so

wages should be just enough to make exploration optimal at that node.

If the explorer’s outside option UE exceeds her baseline utility 2w, the

principal must deliver surplus ∆ = UE − 2w > 0. Without commitment,

the only instruments available to the principal are first period bonuses

w̃S and w̃F . The optimal delivery strategy depends on the misreporting

exploiter’s best response.

If the misreporting exploiter exerts effort, the principal increases both

w̃F and w̃S at the same rate. Increasing w̃F faster than w̃S would induce

shirking by the explorer, while increasing w̃S faster than w̃F would deliver

more surplus to the misreporting exploiter than to the explorer. Adding

the same increment to both wages keeps the explorer’s first–period in-

centive constraint exactly binding while limiting the rent leakage to the

exerting misreporter.

If the misreporting exploiter shirks, the principal initially raises the

first–period success wage w̃S alone until the exploiter becomes indifferent

between shirking and exerting effort. Once the exploiter reaches indiffer-

ence, additional surplus is delivered by increasing w̃F and w̃S in parallel.

This strategy minimizes leakage to a shirking misreporter and preserves

the explorer’s first–period incentive compatibility.

PROPOSITION 4 (Exploration without commitment): Under no com-

mitment, the optimal baseline contract that implements the explorer’s tar-
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get plan 〈2 2
2〉 pays w̃F = w̃SF = w̃FF = 0, and:

w̃ 0
FS =

c2
E[p2]

, w̃ 0
SS =

c2
E[p2 | S, 2]

, w̃ 0
S =

c2
E[p2]

.

If the explorer’s outside option UE exceeds the baseline utility 2w, the

principal needs to provides the additional surplus ∆ = UE −w as follows:

(A1) If the misreporting exploiter shirks, first increase w̃S alone until the

exploiter is indifferent between shirking and exerting, and then con-

tinue by raising both w̃S and w̃F in parallel.

(A2) If the misreporting exploiter exerts effort, increase both w̃F and w̃S

in parallel.

This two–stage adjustment preserves the explorer’s first–period incentive

constraint while minimizing the cost of surplus delivery under no commit-

ment.

Figure 3 summarizes how losing commitment changes both the struc-

ture and the selection properties of the explorer contract. With commit-

ment, the principal can implement 〈2 2
2〉 by back–loading all rents on sec-

ond–period outcomes (w̃F , w̃SS), keeping first–period bonuses at the floor.

Without commitment, w̃FS and w̃SS must be fixed at their IC–minimal

levels and any additional surplus for the explorer has to be front–loaded on

first–period wages (w̃S, w̃F ). The optimal surplus–delivery policy depends

on whether a misreporting exploiter shirks or exerts: when he shirks, the

principal first raises w̃S alone to keep imitation unprofitable and then

moves w̃S and w̃F in parallel; when he exerts, both bonuses are increased

from the start. This front–loading restores incentives for exploration but

makes the explorer menu more attractive to exploiters, weakening the

selection margin relative to the committed benchmark.
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Figure 3. Explorer contract as a function of the minimal rent UE under the benchmark
parameters, with (solid blue curves) and without (dashed red curves) commitment. With
commitment, extra surplus is back–loaded on second–period bonuses (w̃F , w̃SS), whereas
without commitment it must be front–loaded on first–period wages (wS, wF ), making
the explorer menu more attractive to exploiters.

Figure 4 plots the ride–along payoff of a misreporting exploiter under

commitment (solid) and no commitment (dashed) as a function of UE.

For low values of UE, while the misreporter still shirks, the two sched-

ules overlap. Once the no commitment contract has raised w̃S enough

that the misreporter starts exerting, the curves diverge: commitment

allows the principal to back–load rents onto histories that are informa-

tive of exploration through (w̃F , w̃SS), whereas without commitment the

same surplus must be front–loaded on (w̃S, w̃F ), yielding a strictly higher

ride–along value. The gap between the two ride–along schedules shows

where commitment has bite—precisely when the contract must simulta-

neously motivate exploration and deter imitation by an exerting exploiter.

Taken together, the analysis shows that commitment plays very dif-

ferent roles for exploitation and exploration. For the exploiter contract,

the baseline implementation of 〈1 1
1〉 never needs commitment: as long as
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Figure 4. Explorer ride–along payoff under the explorer contract with (solid blue
curves) and without (dashed red curves) commitment as a function of the minimal
rent UE. Commitment allows the principal to defer rents to informative second–period
histories, keeping the mimicking payoff low; without commitment, surplus is front–loaded
on first–period wages and the exploiter’s ride–along value rises, weakening selection.

only effort provision constraints bind, the principal can replicate the op-

timal scheme period by period. Commitment becomes useful only when

extra surplus must be delivered and the misreporting explorer shirks in

the second period, allowing the principal to defer rents to histories that

are unlikely under shirking and thereby reduce the ride–along payoff. By

contrast, under the explorer contract commitment already improves selec-

tion at the baseline whenever the misreporting exploiter exerts, because

back–loading rents onto informative second–period signals lowers his mim-

icking value relative to the no–commitment benchmark; if the misreporter

shirks at the baseline, commitment starts to matter precisely when the

required surplus is high enough to induce him to exert, at which point

deferred rewards again strictly tighten screening.

VI Termination

In this section the principal is allowed to terminate the agent after a

failure in the first period. Termination can be interpreted as the decision

to fire a manager or discontinue funding for a project following poor in-

terim performance. The possibility of termination affects both motivation
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and selection. On the motivation side, the threat of dismissal disciplines

the agent by increasing the cost of early failure, thereby facilitating effort

provision. On the selection side, termination alters the attractiveness of

the contract across types: while the threat of job loss deters exploratory

individuals who value continuity, it may appeal to exploiters who prefer

high–powered, short–term incentives. Hence, termination can serve as a

screening device, making the contract less attractive to explorers and more

appealing to exploiters. At the same time, termination prevents continu-

ation after an initial setback and may destroy valuable opportunities for

learning and recovery. The optimal termination policy therefore trades

off its disciplinary and screening benefits against the efficiency losses from

premature termination.

A Exploiter Contract with Termination

Allowing the principal to terminate the agent after a first–period failure

adds a new disciplinary and selection margin to the exploitation contract.

On the incentive side, the threat of dismissal strengthens first–period

effort: because failure implies job loss, the agent faces an additional im-

plicit penalty, which allows the principal to reduce monetary rewards. On

the selection side, termination changes the composition of self–selecting

agents: exploiters, who value high–powered short–term incentives, find

such contracts more attractive, while explorers, who value continuation

after early setbacks, are discouraged from applying. Termination thus

disciplines behavior and helps screen out exploratory types, but it also

sacrifices efficient continuation after failure.

The structure of the contract is otherwise similar to the baseline ex-

ploitation contract. Since the agent works in the second period only after

a first–period success, the “success–after–failure” branch disappears. The

continuation bonus w̃SS remains at its baseline level α1 = c1/p1, while

the first–period success bonus w̃S falls below its previous value, as the
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prospect of termination already deters shirking. The overall cost of pro-

viding incentives is therefore lower than without termination: the princi-

pal rewards success less because poor performance now carries a stronger

implicit penalty.

If the exploiter’s participation constraint binds, additional surplus ∆ =

U
mis
X − (1+p1)w must be provided at minimum cost. The optimal adjust-

ment follows the likelihood–ratio rule and depends on the misreporting

explorer’s behavior at the baseline contract. When the explorer shirks,

the principal first raises w̃S until the explorer is just willing to exert in

the first period, then shifts to w̃SS if needed. When the explorer exerts

at baseline, separation relies directly on the relative likelihood ratios of S

and SS. Since Λ〈1 1t 〉,〈2
2
t 〉
(S) dominates, the principal raises wS alone.

PROPOSITION 5 (Exploiter contract with termination): When the prin-

cipal can terminate the agent after a first–period failure, the threat of dis-

missal acts as an additional disciplinary device. The least–cost contract

that implements exploitation aX = 〈1 1t 〉 under limited liability satisfies

w̃SS =
c1
p1
, w̃S = max

{
c1
p1

− w, 0

}

, w̃F = w̃FS = w̃SF = w̃FF = 0.

If the explorer’s outside option U own
E exceeds the misreport payoff, no

adjustment is required. Otherwise, adjustment must be made in the ex-

plorer contract.

If the exploiter’s participation constraint binds and his outside utility

U
mis
X exceeds the baseline rent (1 + p1)w, the principal must deliver ad-

ditional surplus ∆ = U
mis
X − (1 + p1)w at minimal cost. The optimal

adjustment follows two steps:

(i) Explorer shirks. The principal first raises w̃S and then w̃SS if needed

until the explorer is indifferent between exerting and shirking in pe-

riods 1 and 2.
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Figure 5. The optimal contracts that implement exploitation without termination (blue
solid curves) and with termination (red dashed curves) as a function of the minimal
rent UX under the benchmark parameters. With termination, the failure branch is
shut down, wFS is set to zero, and incentives are concentrated on the surviving success
branch: the first–period success wage wS falls, while the continuation bonus wSS remains
at α1 = c1/p1. The threat of dismissal thus substitutes for part of the monetary reward
needed to implement exploitation.

(ii) Explorer exerts. At that point the relevant comparison switches to

〈1 1t 〉 versus 〈2 2t 〉, for which Λ〈1 1
t 〉,〈2

2
t 〉
(S) > Λ〈1 1

t 〉,〈2
2
t 〉
(SS). The remain-

ing surplus is then delivered by increasing w̃S, leaving w̃SS unchanged.

Figure 5 displays the optimal exploiter contract as a function of the

minimal rent UX that must be delivered. Relative to the no–termination

benchmark, allowing dismissal after failure lowers the kink at which the

exploiter’s participation binds, reduces the first–period success bonus wS

for any given rent, keeps the continuation bonus wSS at its baseline level

α1 = c1/p1, and shuts down wFS. The firing threat thus substitutes for

part of the monetary carrot on the {S, SS} branch.

Figure 6 plots the expected wage cost of implementing exploitation on

the surviving success branch {S, SS}, with and without termination, as a

function of UX . Termination shuts down continuation after failure, so the

only relevant wage nodes are S and SS. For any given rent requirement,

the firing threat allows the principal to lower the first–period success

bonus, shifting the entire cost schedule on {S, SS} downward relative

to the no–termination benchmark. Beyond the kink where participation
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Figure 6. The expected wage cost of implementing exploitation on the success branch
{S, SS} without termination (blue solid line) and with termination (red dashed line) as a
function of the minimal rent UX . Termination removes continuation pay after failure and
strengthens first–period discipline, shifting the entire cost schedule on {S, SS} downward
at the baseline. For higher rent requirements, additional surplus is delivered one–for–one
through success pay, so the two cost schedules are the same beyond the second kink.

binds, additional surplus is delivered one–for–one through success pay, so

the two schedules are parallel: termination keeps implementation cheaper

on this branch whenever the threat of dismissal remains operative.

Allowing dismissal after an early failure lets the principal substitute the

threat of job loss for part of the monetary carrot. With termination, the

period–2 branch disappears following F , so only the S– and SS/SF–nodes

matter for implementation. The firing threat tightens the period–1 mar-

gin and lowers the bonus that must be paid upon first–period success;

at the baseline, the present value reduction in expected wages paid over

{S, F, SS, SF} equals p1min{α1, w}, where α1 = c1/p1. For higher partic-

ipation levels, extra surplus can be delivered such that termination never

raises implementation cost on these nodes and weakly lowers it whenever

the first–period stick still substitutes for the carrot.

Termination is also selection–enhancing. Removing the failure branch

eliminates the continuation value that both types could secure after F , but

this loss is typically larger for the explorer: the explorer reaches F more

often and, absent termination, can insure that branch by shirking in pe-

riod 2 to collect (at least) the floor. Consequently, termination depresses

the misreporting explorer’s value more than the exploiter’s, tightening
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ride–along on the explorer side. Finally, if the exploiter’s participation

binds under termination, surplus can be restored at least cost and with

minimal leakage by raising wS only: each dollar delivered at S accrues

with probability p1 to the exploiter, while the misreporter’s success prob-

ability is strictly lower (either p0 or E[p2]), so the same transfer raises

the explorer’s payoff by strictly less. The following corollary states these

three points.

COROLLARY 1 (Termination and selection on the exploiter contract):

Termination after early failure affect the implementation and selection of

exploitation in three ways:

(i) The threat of termination disciplines the agent after early failure and

substitutes for monetary incentives, allowing the principal to reduce

first–period bonus pay relative to the no–termination baseline.

(ii) Because explorers fail more frequently in early periods, termination

typically reduces their continuation value by more than that of ex-

ploiters, making the exploiter contract less attractive to exploratory

types.

(iii) If the exploiter’s participation constraint binds, the principal can re-

store the required surplus while increasing the explorer’s expected util-

ity by strictly less, preserving screening against explorers.

Taken together, Proposition 5 and Corollary 1 show that early termi-

nation is a powerful tool for implementing and selecting exploiters. On

the incentive side, the threat of dismissal allows the principal to cut back

on monetary rewards while preserving effort, lowering the baseline cost

of exploitation and keeping the termination contract uniformly cheaper

whenever the firing margin binds. On the selection side, removing con-

tinuation pay after failure typically hurts explorers more than exploiters

and, when additional surplus must be delivered, raising w̃S alone restores
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the exploiter’s rent while leaking strictly less to the misreporting explorer.

Termination thus simultaneously strengthens discipline, sharpens separa-

tion, and tilts self–selection in favor of exploiters.

B Explorer Contract with Termination

Allowing the principal to terminate the agent after a first–period fail-

ure affects exploration in two ways. On the incentive side, the threat

of dismissal strengthens effort in period 1: because early failure leads to

job loss and the forfeiture of the second–period wage floor, the prospect

of continuation becomes valuable, allowing the principal to motivate ex-

ploration at a lower monetary cost. On the selection side, termination

discourages explorers who expect frequent failures, making the contract

relatively more attractive to exploiters. Termination therefore serves as a

disciplinary device but may be detrimental to screening.

The structure of the contract is similar to the baseline explorer con-

tract, except that the “failure” branch is truncated: the agent works in the

second period only after a first–period success. As in the baseline model,

the first–period deviations determine the required bonus. For moderate

floors the relevant constraints are those against shirking in one or both pe-

riods, yielding a minimal double–success bonus w̃0
SS that declines with w.

When w is high, the first–period constraints relax, and the second–period

incentive constraint binds instead.

As before, the ride–along constraint cannot be relaxed by lowering w̃SS

and compensating with w̃S, since increasing w̃S leaks strictly more rent

to a misreporting exploiter. The baseline contract already minimizes the

exploiter’s payoff, so any binding RAC must be enforced on the exploiter’s

side of the menu.

When the explorer’s participation constraint binds, the principal pro-

vides additional surplus ∆ = ŪE − (1 + E[p2])w through the most diag-
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nostic outcome according to the likelihood–ratio rule. Comparing

Λ〈1 11 〉,〈2
2
t 〉
(SS) =

p21
E[p2]E[p2 | S, 2]

and Λ〈1 11 〉,〈2
2
t 〉
(F ) =

1− p1
1− E[p2]

,

the principal raises w̃SS alone when the double–success event is more di-

agnostic of exploration, or uses a combination of w̃SS and a small failure

bonus w̃F when failure is relatively more informative. The adjustment

proceeds along incentive–indifference arcs that keep the explorer’s and

exploiter’s constraints binding, ensuring that any required surplus is de-

livered at minimal cost while maintaining separation between types.

PROPOSITION 6 (Optimal explorer contract with termination): Con-

sider an explorer with target plan 〈2 2t 〉 (termination after a first–period

failure). The optimal baseline contract sets

wF = wSF = wFF = wS = w, wSS = w + w̃ 0
SS,

with a single success–contingent bonus

w̃ 0
SS = max

{
c2

E[p2 | S, 2]
,

(1 + E[p2]) c2 − E[p2] w

E[p2] E[p2 | S, 2]

}

.

If the participation constraint binds, the deliver surplus ∆ = UE− (1+

E[p2])w > 0 as follows.

Step A If the misreporting exploiter shirks on any margin, raise w̃SS

until he exerts in both periods.

Step B Once the misreporting exploiter exerts on all margins, compare

the likelihood ratios of exploitation vs. exploration:

ΛSS = Λ〈1 1
t 〉,〈2

2
t 〉
(SS) =

p21
E[p2] E[p2 | S, 2]

, ΛF = Λ〈1 1
t 〉,〈2

2
t 〉
(F ) =

1− p1
1− E[p2]

.
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• If ΛSS ≤ ΛF (double success more diagnostic of exploration), raise

w̃SS only.

• If ΛSS > ΛF (failure more diagnostic), share surplus between F and

SS along IC indifference arcs: first, while misreporting exploiter

strictly prefers shirking in period 1, move along the explorer IC,

E[p2]E[p2 | S, 2] dw̃SS = E[p2] dw̃F ⇐⇒ E[p2 | S, 2] dw̃SS = dw̃F ,

then, once misreporting exploiter is indifferent between shirking and

exerting in period 1, move along the exploiter IC under termination,

p21 dw̃SS = p1 dw̃F ⇐⇒ p1 dw̃SS = dw̃F .

Termination after a first–period failure truncates the F -branch and

removes the second–period wage floor on that branch. This creates an

additional implicit penalty for early failure and therefore relaxes the ex-

plorer’s incentive constraints: the principal can substitute the firing threat

for part of the monetary reward (e.g., a lower wSS suffices at the base-

line). However, termination also destroys insurance after failure. When

the explorer’s participation constraint binds, the principal must compen-

sate the explorer for the lost continuation value, and that restoration must

be done through the remaining nodes in an incentive–feasible way. As a

result, although termination lowers incentive costs at the baseline, it can

increase the overall cost of implementing exploration once participation

is binding.

The selection effect works through exposure to the failure branch to-

gether with the continuation surplus that is lost there. Under exploration,

first–period failure occurs with probability 1−E[p2], whereas a misreport-

ing exploiter reaches failure with probability 1−p1 if he exerts in period 1

(and 1− p0 if he shirks). In the typical region in which the misreporting

exploiter’s continuation surplus after failure is pinned down at the floor

46



(e.g., he shirks after F or his post–failure incentive constraint binds),

the per–failure loss from termination is essentially the same across types,

so the explorer’s higher failure exposure implies a larger expected loss.

More generally, the comparison depends on both failure probabilities and

the continuation surplus that each type enjoys after F , which is why the

corollary states the selection effect as typical rather than universal.

Finally, when the explorer’s participation constraint binds under termi-

nation, the principal must restore the explorer’s lost utility while limiting

rent leakage to a misreporting exploiter. The least–leaky restoration uses

the most diagnostic outcomes, as identified by likelihood ratios. If failure

is the more informative history (ΛF < ΛSS), incentive feasibility forces

restoration to rely on a combination of wF and wSS rather than on wF

alone. In that region, full restoration of the explorer’s pre–termination

utility necessarily raises the misreporting exploiter’s expected utility above

his own pre–termination level, weakening selection against exploiters.

COROLLARY 2 (Termination and selection on the explorer contract):

Termination after early failure can distort the implementation and selec-

tion of exploration in three ways.

(i) Although termination relaxes incentive constraints, it can increase

the cost of implementing exploration once the explorer’s participation

constraint binds, because the principal must compensate for the loss

of continuation value.

(ii) Termination typically reduces the continuation value of exploratory

agents more than that of exploitative agents, since explorers face early

failure more frequently and therefore lose more insurance from con-

tinuation.

(iii) In some environments, restoring the explorer’s lost utility after termi-

nation cannot be done without raising the exploiter’s expected utility

above his pre-termination level.
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Figures 7 and 8 depict how termination modifies the structure and

the cost of the contract that implements exploration. When termination

is available, a first–period failure ends employment and the agent for-

feits the second–period floor w. This loss of continuation value relaxes

the first–period incentive constraint in the baseline: the principal can in-

duce initial exploration with a smaller double–success bonus wSS, so the

baseline implementation cost is lower under termination. Once the par-

ticipation constraint binds, however, part of the surplus the agent would

have received through the guaranteed floor after failure must be delivered

explicitly. In line with Proposition ??, the principal allocates this extra

rent between wSS and the failure payment wF so as to minimize leakage to

a misreporting exploiter, using the likelihood–ratio rule. Because the floor

is lost when the agent is fired, rewarding failure becomes useful sooner

under termination and wF must rise to offset the missing continuation

floor.

The cost comparison mirrors this logic. For small participation re-

quirements, termination lowers the cost of implementation because the

threat of losing w after failure substitutes for part of the monetary in-

centive. As the required surplus U
mis
E increases, however, the need to

compensate the agent for the lost floor through wF makes the marginal

cost under termination steeper. Consequently, the termination sched-

ule starts below the no–termination schedule but eventually overtakes it

as U
mis
E grows, reflecting that termination is discipline–enhancing at the

baseline yet rent–intensive when substantial surplus must be delivered.

Taken together, the results highlight an important asymmetry in how

termination operates under exploitation and exploration. In both cases,

the threat of dismissal after early failure substitutes job loss for part of the

monetary carrot, lowering the baseline cost of implementation. However,

termination is a more powerful instrument on the exploiter side. Under

the exploiter contract, it cuts more into the misreporting explorer’s contin-

uation value than into the exploiter’s own payoffs and, when participation
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Figure 7. The optimal explorer contracts that implement exploration without ter-
mination (blue solid curves) and with termination after a first–period failure (red
dashed curves), as a function of the required rent UE under the benchmark parame-
ters. With termination, a first–period failure ends employment and the agent loses the
second–period floor on the failure branch, so the double–success bonus wSS can be re-
duced at the baseline. When participation binds, the principal delivers extra surplus by
adjusting wSS and, when failure is informative, wF along the likelihood–ratio frontier.

binds, the principal can restore the exploiter’s rent at least cost while leav-

ing the explorer no better off than before. Under the explorer contract,

by contrast, termination also reduces the explorer’s continuation value

but its selection benefits are weaker: when the misreporting exploiter ex-

erts and failure is the most diagnostic outcome, any full restoration of

the explorer’s rent necessarily makes the exploiter strictly better off as

well. Thus, dismissal after failure is effective for motivating and selecting

exploiters, while it can even work against separation under exploration.

VII Feedback

In this section the principal privately observes interim performance at

the end of the first period but can choose whether to reveal it to the

agent. The decision to provide feedback affects the agent’s ability to

condition future actions on past outcomes and, therefore, the structure

and cost of the optimal contract. When feedback is withheld, the agent

cannot distinguish between success and failure and must choose a single
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Figure 8. Expected wage cost of implementing exploration on the nodes {S, F, SS, SF}
without termination (blue solid line) and with termination (red dashed line), as a func-
tion of the required rent UE. By removing the second–period floor after early failure,
termination sharpens first–period discipline and lowers the baseline implementation cost
when rent requirements are low. For higher rent requirements, additional surplus is de-
livered one–for–one through success and failure pay, so the two cost schedules are parallel
and the termination schedule remains above the no–termination benchmark.

continuation strategy for both histories. Providing feedback, in contrast,

allows the principal to tailor incentives to each realized outcome and the

agent to condition his second-period action on first-period output.

A Exploiter contract without feedback

When the principal observes interim performance but withholds it from

the agent, the agent cannot distinguish whether the first period resulted

in success or failure. Second–period actions must therefore be chosen

without regard to past outcomes. This restriction removes all interim

conditioning from the contract and effectively reduces the environment to

one of repeated effort with hidden outcomes. From the agent’s perspec-

tive, the employment relationship proceeds “in the dark”: he receives no

signal about his early performance and thus faces the same continuation

value after both success and failure. When withholding feedback, the

principal must choose wS = wF .

In Manso (2011), withholding feedback helps to economize on incen-

tives: when effort is costly and p0 > 0, concealing interim outcomes

prevents the agent from gaming second–period behavior and allows the
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principal to reuse the same reward across histories, lowering implemen-

tation cost.3 In the present framework, however, there is no such moti-

vational gain. Because shirking never produces success when p0 = 0, the

principal can already implement repeated effort at minimal rent 2w to the

agent. Therefore, hiding the interim signal does not reduce the cost of

implementing exploitation. The no–feedback contract simply replicates

a pay–for–performance scheme that pays a constant bonus per success,

yielding the same total expected wage as under full feedback.

The value of withholding feedback instead comes from selection. By

keeping the agent uninformed about early results, the principal prevents

a misreporting explorer from adjusting actions after a first–period fail-

ure. An explorer who accepts the exploitation contract under no feedback

must choose the same second–period action after both success and fail-

ure and is therefore stuck with a low expected return after failure, since

E[p2 | F, 2] < E[p2]. This loss of flexibility makes the contract strictly

less attractive to explorers while leaving exploiters indifferent. Hence

withholding feedback “poisons” the exploitation contract as a screening

device. The principal will therefore always choose not to provide feedback

when implementing exploitation.

PROPOSITION 7 (Optimal exploiter contract without feedback): (i)

Baseline. The least–cost contract that implements exploitation under lim-

ited liability satisfies

w̃S = w̃F = w̃FF = 0, w̃SF = w̃FS =
c1
p1
, w̃SS =

2c1
p1

.

(ii) Ride–along and selection. The ride–along constraint is therefore strictly

easier to satisfy under no feedback: the explorer’s expected utility falls

while the exploiter’s incentives and cost remain unchanged. In this sense,

3A similar result appears in Lizzeri, Meyer, and Persico (2002), who show that suppressing perfor-
mance evaluations can reduce incentive costs in repeated moral–hazard settings.
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withholding feedback strictly poisons the exploitation contract for the ex-

plorer, making misreporting unattractive without affecting implementation

costs for the target type.

(iii) Surplus delivery. If the exploiter’s participation constraint binds,

additional surplus can be delivered through the mixed–success outcomes

{SF, FS}, which are less informative of misreporting than double suc-

cess SS. Along the exploiter’s incentive–compatible arc,

p21 dw̃SS + p1(1− 2p1) dw̃SF = 0,

so increases in w̃SF = w̃FS must be accompanied by offsetting increases (or

decreases) in w̃SS to preserve incentives. This adjustment raises expected

utility at minimum cost and leaks the least rent to a misreporting explorer.

Figures 9 and 10 illustrate how withholding feedback affects the ex-

ploiter contract and the explorer’s ride–along payoff. In Figure 9, the blue

solid curves show the full–feedback contract from Section IV, while the

red dashed curves plot the optimal no–feedback contract from Proposi-

tion 7, as functions of the minimal rent UX required for the exploiter. Un-

der no feedback, the agent cannot condition on the first–period outcome,

so wS = wF and the principal replicates a simple pay–for–performance

scheme that pays a constant bonus per success. The overall slope of the

schedules is the same in both regimes: each additional unit of rent is

delivered one–for–one through success–contingent pay, so the expected

implementation cost is unchanged.

Figure 10 focuses on selection by plotting the explorer’s ride–along pay-

off when he misreports and accepts the exploiter contract, with feedback

(blue solid) and without feedback (red dashed), as a function of UE. With

feedback, the explorer can react to a first–period failure by switching to

exploration in period 2 and enjoys a high continuation value on the fail-

ure branch. Without feedback, he receives no information about interim
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Figure 9. The optimal contracts that implement exploitation with feedback (blue solid
curves) and without feedback (red dashed curves), as a function of the minimal rent
UX under the benchmark parameters. Under no feedback the agent cannot distinguish
success from failure, so wS = wF and the principal uses a simple pay–for–performance
scheme that pays the same bonus per success across histories. The pattern of wages
across nodes changes, but the total expected payment per unit of rent is the same as
under full feedback.

performance and must choose the same second–period action after both

success and failure; he is therefore stuck with the lower expected return

E[p2 | F, 2] < E[p2] after failure. This loss of flexibility shifts the en-

tire ride–along schedule downward for the explorer, while the exploiter’s

expected payoff and incentive costs remain the same.

In sum, when p0 = 0 the role of feedback in the exploiter contract is

purely about selection, not motivation. With or without feedback, the

principal can implement repeated exploitation at the same minimal ex-

pected cost by paying a constant bonus per success. What changes is

the value of misreporting: suppressing the interim signal forces an ex-

plorer who rides along on the exploiter contract to choose the same sec-
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Figure 10. Explorer ride–along payoff under the exploiter contract with feedback (blue
solid line) and without feedback (red dashed line), as a function of the required ex-
ploiter rent UX. When feedback is provided, a misreporting explorer can respond to a
first–period failure by tilting second–period effort toward exploration and enjoys a high
continuation value. Without feedback, he must choose the same second–period action
after both success and failure and is stuck with a low expected return after failure, so his
ride–along payoff is strictly lower at all rent levels. The exploiter’s incentives and im-
plementation cost are unaffected, so withholding feedback strictly poisons the exploiter
contract for explorers.

ond–period action after success and failure and thus forgo the option value

of switching to exploration after an early setback. Withholding feedback

therefore leaves the exploiter indifferent while strictly reducing the ex-

plorer’s ride–along payoff, making the exploitation menu less attractive

to explorers without altering implementation costs for the target type.

B Explorer contract without feedback

When feedback is withheld, the agent cannot distinguish whether the

first-period experiment succeeded or failed. As a result, he must commit

to a fixed second-period action regardless of the realized outcome. In

particular, if the agent explores again after failure, he continues with the

same instance of action 2 and faces a lower success probability E[p2 |

F, 2] < E[p2].

By contrast, if feedback is provided, the agent learns whether the orig-

inal approach was successful and can adapt after failure. In that case,
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he reoptimizes and selects a new instance of action 2, restoring the con-

tinuation success probability to E[p2]. An incentive contract with the

same implementation cost can support this adaptive plan, and the agent

remains indifferent across regimes. However, the expected project value

is strictly higher when feedback is available.

PROPOSITION 8 (Feedback strictly preferred for exploration): Suppose

the principal implements exploration using either: (i) a no-feedback con-

tract that induces plan 〈2 2
2〉, or (ii) the feedback contract derived in Propo-

sition 1 that implements adaptive continuation via 〈2 22〉. In both cases,

the agent’s expected utility and the principal’s incentive cost are identical.

However, with feedback the agent resets action 2 after failure and restores

the success probability to E[p2], whereas without feedback he is locked into

a fixed continuation probability E[p2 | F, 2] < E[p2]. Feedback therefore

increases expected project value. The principal strictly prefers to provide

feedback when implementing exploration.

Proposition 8 shows that, unlike in the exploiter case, withholding

feedback is never attractive when the principal wishes to implement ex-

ploration. Because the agent cannot update his beliefs about the success

of the initial experiment, he is forced to continue with the same instance

of action 2 after failure and is stuck with the lower continuation success

probability E[p2 | F, 2]. The principal can still induce 〈2 22〉 at the same

expected cost as under feedback, but the value of the project falls: the

contract induces exploration in both periods but destroys the agent’s op-

tion to abandon unsuccessful trajectories and restart the search.

Taken together, the analysis of feedback reveals a sharp asymmetry

between exploitation and exploration. For the exploiter contract, with-

holding feedback leaves implementation costs unchanged but strictly poi-

sons the menu for explorers, since it prevents a misreporting explorer

from conditioning second–period behavior on early failure. The princi-
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pal therefore prefers no feedback when implementing exploitation. For

the explorer contract, by contrast, feedback does not change incentives

or rents but raises expected project value by allowing the agent to adapt

after a failed experiment. The principal strictly prefers to provide feed-

back when implementing exploration. In equilibrium, feedback is used to

preserve option value in exploration and withheld to harden screening on

the exploitation side.

VIII Empirical implications

The model yields empirical predictions about how different incentive

practices shape the composition of the workforce engaged in exploration

versus exploitation. The central mechanism is selection: contracts that

tolerate early failure and reward long-term success attract individuals

with a comparative advantage in exploration, whereas standard pay–for–

performance schemes appeal more to exploiters. As a result, changes

in incentive regimes should be reflected not only in innovative output,

but also in who chooses to work under those regimes. These predictions

are relevant in a variety of settings, including executive compensation

and corporate governance, bankruptcy codes and creditor rights, social

insurance and unemployment benefits, venture capital and entrepreneurial

finance, and academic funding and evaluation systems. In addition, the

analysis has implications for organizational design, shedding light on when

firms should integrate exploration and exploitation within the same units

and when they should separate them into distinct structures.

A Empirical Tests of the Model

The selection model suggests two complementary empirical tests. First,

one can examine whether incentive practices used in settings where in-

novation is more (less) important resemble the exploration (exploitation)
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contracts derived in the theory, and whether adopting such practices is

associated with higher (lower) innovation. Second, one can study whether

the adoption of exploration–type incentive schemes attracts and retains

more exploratory workers, that is, whether these contracts act as selec-

tion devices for creative talent. The first test is inherently a joint test of

motivation and selection, since higher innovation under exploration con-

tracts may arise either because incumbent workers experiment more, or

because more innovative workers self–select into these environments. The

second test isolates the selection margin by focusing on who joins, leaves,

or relocates when incentive practices change.

This distinction is closely related to the decomposition in Lazear (2000),

who studies a change from fixed wages to piece rates at Safelite Glass. He

shows that the resulting 44% increase in productivity can be decomposed

into roughly one–third coming from increased effort by incumbent workers

(a pure motivational effect) and about two–thirds from the selection of

more productive workers into the firm. In the present context, a similar

decomposition is needed: exploration–friendly contracts may raise inno-

vation because they motivate given agents to explore, but also because

they attract agents with a comparative advantage in exploration. Empiri-

cal designs that track both performance and worker flows around changes

in contract form are therefore informative about the relative importance

of these two components.

A growing empirical literature examines the motivational effect of exploration-

type contracts across diverse institutional settings. Stock options and

long-term executive compensation (Laux, 2012; Baranchuk, Kieschnick,

and Moussawi, 2014; Chang et al., 2015; Gonzalez-Uribe and Groen-Xu,

2017; Ladika and Sautner, 2020), takeover defenses and board indepen-

dence (Atanassov, 2013; Chemmanur and Tian, 2018; Bhojraj, Sengupta,

and Zhang, 2017; Balsmeier, Fleming, and Manso, 2017), analyst cov-

erage and short-term market pressure (He and Tian, 2013; Guo, Perez-

Castrillo, and Toldra-Simats, 2019), shareholder litigation risk (Lin, Liu,
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and Manso, 2019; Hassan, Houston, and Karim, 2021; Mbanyele and

Muchenje, 2022), bankruptcy codes and creditor rights (Acharya and

Subramanian, 2009; Mann, 2018; Fare, Dejardin, and Toulemonde, 2024),

unemployment insurance and social insurance (Hombert et al., 2020; Got-

tlieb, Townsend, and Xu, 2022), venture capital and investor tolerance for

failure (Tian and Wang, 2014; Chemmanur, Loutskina, and Tian, 2014;

Barrot, 2017), public listing status (Bernstein, 2015; Cong and Howell,

2021; Zhang, Wang, and Gao, 2023), labor laws and job security (Acharya,

Baghai, and Subramanian, 2013, 2014; Bradley, Kim, and Tian, 2017;

Bena, Ortiz-Molina, and Simintzi, 2021), tenure and academic employ-

ment (Azoulay, Graff Zivin, and Manso, 2011; Brogaard, Engelberg, and

Van Wesep, 2018; Tripodi et al., 2025), performance evaluation and feed-

back systems (Gross, 2017; Chu, Tian, and Wang, 2019; Howell, 2021),

and financial development or wealth shocks (Hsu, Tian, and Xu, 2014;

?) all provide settings in which the predictions of the model have been

tested.

A particularly informative example is Azoulay, Graff Zivin, and Manso

(2011), who study the Howard Hughes Medical Institute (HHMI) in-

vestigator program in the life sciences. The HHMI offers long–term,

flexible funding that tolerates early failure and emphasizes high–impact,

long–horizon research, thus closely resembling the exploration contract de-

veloped in the theory. Comparing HHMI investigators to carefully chosen

control scientists funded by standard NIH grants, they find that HHMI

investigators produce more highly cited and more “radical” work, sug-

gesting that long–term, failure–tolerant incentives stimulate exploration.

However, at the same time, according to the predictions of the current

paper, the HHMI grant attracts scientists based on exploratory promise,

making it natural to ask whether the observed differences are due to mo-

tivation, selection, or both. By exploiting pre– and post–appointment

trajectories and narrow selection margins, their analysis attempts to fo-

cus on motivation but cannot rule out the presence of selection.
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Randomised experiments provide perhaps cleaner evidence on the mo-

tivational channel, holding selection fixed by design. Ederer and Manso

(2013) conduct a laboratory experiment in which subjects manage a stylised

“lemonade stand” and must choose between fine–tuning an existing strat-

egy (exploitation) and experimenting with new product–mix and location

combinations (exploration). Participants are randomly assigned to a fixed

wage, a standard pay–for–performance contract, or an exploration con-

tract that rewards profits only in later periods and is tolerant of early

low performance. Consistent with the model, subjects under the ex-

ploration contract experiment more and achieve higher long–run perfor-

mance, whereas standard pay–for–performance contracts bias behaviour

towards exploitation. Because contracts are randomly assigned, these dif-

ferences identify a pure motivational effect of exploration–type incentives.

An interesting direction for future work is to extend such experimental

designs to study selection by allowing subjects to choose among contracts.

Observing which individuals opt into exploration–friendly versus exploita-

tion–friendly schemes would provide direct evidence on whether the most

creative, risk–tolerant workers self–select into contracts that display tol-

erance for early failure and reward for long–term success.

B Ambidexterity and Organizational Design

The model developed in this paper also sheds light on a classic chal-

lenge in organizational theory: how to balance the demands of exploration

and exploitation. This tension, famously articulated by March (1991),

has led to the concept of organizational ambidexterity—the ability of a

firm to pursue both incremental improvements and radical innovation si-

multaneously. While exploitation relies on refining existing capabilities

to maximize efficiency, exploration involves risk-taking, experimentation,

and a tolerance for failure. Managing both effectively is difficult because

the structures, incentives, and cultures that support each tend to con-
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flict. O’Reilly and Tushman (2004) define ambidextrous organizations

as those that “host multiple contradictory structures, processes, and cul-

tures within the same firm” and show that such firms are more likely to

outperform their peers in dynamic environments.

Firms typically adopt one of two broad approaches to achieve am-

bidexterity. Under “structural ambidexterity,” exploration and exploita-

tion are housed in separate organizational units. These units differ not

only in function but also in personnel, processes, and culture. Exam-

ples include Lockheed Martin’s Skunk Works, Alphabet’s Google X lab,

and IBM’s Emerging Business Organization—all dedicated structures de-

signed to shield innovative efforts from the short-term pressures of the

core business. In contrast, “contextual ambidexterity” enables individu-

als within the same unit to engage in both activities, supported by sys-

tems and norms that balance alignment and adaptability (Gibson and

Birkinshaw, 2004). Google’s 20% time and 3M’s 15% time exemplify this

approach: employees remain embedded in their day-to-day roles but are

granted freedom and encouragement to pursue new ideas on a fraction of

their time. This enables firms to incorporate innovation into the fabric of

daily operations, without formal structural separation.

The appropriate organizational form depends on the nature of the con-

straint. If the main challenge is motivation—encouraging existing em-

ployees to take exploratory action—then contextual ambidexterity can

be effective. Granting autonomy, ensuring tolerance for early failure, and

rewarding long-term success, as in the policies of 3M and Google, can

activate exploration even within operational units (Manso, 2011). How-

ever, if the constraint is selection—if individuals differ fundamentally in

their aptitude for exploration versus exploitation—then structural sep-

aration is more appropriate. This allows firms to attract, retain, and

manage explorers under systems tailored to their preferences, while keep-

ing exploiters focused on operational efficiency. The theory of selection for

innovation thus provides a microfoundation for understanding when firms
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should integrate exploration and exploitation within a unified structure

and when they should separate them into distinct units with differentiated

incentives and norms.

IX Conclusion

This paper develops a framework to study the selection of exploratory

versus exploitative workers. The analysis shows that the optimal incentive

scheme designed to attract an explorer-type employee is fundamentally

different from the standard high-powered contract that would attract an

exploiter. Tolerance (or even reward) for early failure, backloaded re-

wards for long-term success, strong job security, commitment to a long-

term horizon, and timely feedback on performance are all critical features

of a contract that screens for innovative, exploratory talent. By contrast,

the contract that attracts exploitative workers closely resembles a tradi-

tional pay-for-performance plan: it ties pay tightly to immediate output,

penalizes early failures (through low current wages and the threat of ter-

mination), and places little weight on long-term commitment or feedback.

These findings have implications for organizational design and the

classic trade-off between exploration and exploitation. They highlight

an ambidexterity choice between integrating exploration into the core

business versus separating it into distinct units or spin-offs. The model

accordingly draws a sharp distinction between motivation and selection

constraints in innovation, each calling for a different organizational ap-

proach. When the primary challenge is motivation, integrated schemes

can be effective: organization-wide innovation contests and slack-time

policies (e.g., Google’s “20% time” or 3M’s “15% time”) spur experi-

mentation within the core business without requiring formal structural

separation. Conversely, when the obstacle is selection (i.e. when effective

exploration demands individuals with distinct aptitudes) structural sep-
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aration is preferable, allowing the firm to attract and cultivate dedicated

“explorers” under tailored incentives while keeping exploiters focused on

operational efficiency. Thus, the model offers a micro-foundational ex-

planation for when firms should weave exploratory initiatives into their

existing operations and when they should isolate them in dedicated units,

tightly linking the choice of ambidexterity strategy to the nature of the

underlying constraint.

There are several possible extensions of the model. For instance,

one could analyze a setting in which workers endogenously select among

projects that differ in their level of exploratory potential. This scenario

adds a new layer of complexity to the selection problem: the principal

must design incentives not only to distinguish explorers from exploiters,

but also to guide an explorer’s project choice—ensuring that inherently

innovative employees undertake sufficiently exploratory ventures rather

than gravitating toward safer projects. Another interesting extension

would be to study competition in the labor market for exploratory talent.

If multiple firms compete to attract explorers, equilibrium contracts and

the allocation of innovative workers across organizations might change,

raising new questions about efficiency and the design of optimal incen-

tives. I leave these issues for future research.

Finally, the model’s implications suggest new avenues for empirical

work. Many empirical studies of innovation incentives focus on moti-

vation while treating the workforce as fixed, potentially overlooking im-

portant selection effects. Future research could examine how changes in

incentive schemes, regulation, or organizational form influence which in-

dividuals enter or exit firms, industries, or occupations. In the spirit of

Lazear (2000), one could ask whether individuals with more exploratory

tendencies disproportionately join (or remain in) organizations that adopt

long-horizon, failure-tolerant, feedback-rich incentives, and whether they

are more likely to leave when such practices are rolled back. Investigating

who self-selects into (or out of) innovative environments would help dis-
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entangle motivation versus selection and provide a more complete picture

of how incentives affect innovation.
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A Online Appendix

Proof of Lemma 1. We establish the equivalence between the single–principal

and two–principal formulations by showing each direction separately.

(i) Single–Principal ⇒ Two–Principal. Let (w̃E, w̃X) be an optimal sepa-

rating menu in the single–principal problem (??), with associated action

plans (aE, aX). Define:

U
own
E := UE(w̃

E, aE), U
mis
E := sup

a′∈A(E)

UE(w̃
X, a′),

U
own
X := UX(w̃

X, aX), U
mis
X := sup

a′∈A(X)

UX(w̃
E, a′).

These four values describe each type’s utility on their own and the other

contract.

We verify that each contract satisfies the constraints of its correspond-

ing auxiliary problem:

• Incentive compatibility: In the original problem, each type prefers its

assigned plan over all alternatives in their feasible action set. This en-

sures that w̃E and w̃X satisfy the IC constraints of the two–principal

problems.

• Ride–along constraints: By construction, the explorer’s utility on w̃X

is at most U
own
E , and similarly the exploiter’s utility on w̃E is at most

U
own
X .

• Participation: From the single–principal solution, each type obtains

at least their participation utility U
com
θ , and also weakly prefers their

own contract to mimicking the other type. Thus,

Uθ(w̃
θ, aθ) ≥ max{U

com
θ , U

mis
θ }, θ ∈ {E,X}.
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Finally, by definition, the values (U
own
E , U

mis
E , U

own
X , U

mis
X ) coincide with

the actual utilities induced by the menu, so consistency holds. Moreover,

if w̃E or w̃X were not cost-minimising given the relevant constraints, then

the original menu would not be optimal—a contradiction.

(ii) Two–Principal ⇒ Single–Principal. Suppose we are given a pair (w̃E, w̃X)

that solves the two auxiliary problems for target plans (aE, aX) at utility

caps (U
own
E , U

mis
E , U

own
X , U

mis
X ) and satisfies the consistency conditions.

We claim that this menu is feasible for the single–principal problem:

• Within-type IC: By the two–principal solution, each type weakly

prefers their designated plan to all alternatives within their own ac-

tion set.

• No-mimicking: The ride–along and participation constraints ensure

that

UE(w̃
E, aE) ≥ sup

a′∈A(E)

UE(w̃
X, a′), UX(w̃

X, aX) ≥ sup
a′∈A(X)

UX(w̃
E, a′).

• Participation: Follows from the participation constraints in the two–principal

formulation.

Lastly, optimality follows by contradiction: if there existed a strictly

better feasible menu, then at least one of the two subproblems could

be solved at strictly lower cost, violating the cost-minimisation in the

auxiliary formulation. Hence the menu is optimal for the single–principal

problem.

Proof of Lemma 2. Fix a type θ ∈ {E,X} and a target plan π ∈ A(θ).

Assume the decoupled subproblem for type θ is feasible at the given utility

caps and participation threshold. We show that the contract produced
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by the three–step procedure—baseline, poison, and deliver—is an optimal

solution to the cost–minimisation problem.

Step 1: Baseline. In the first step, the principal solves the constrained

minimisation problem

min
w̃≥0

W (w̃, π) s.t. Uθ(w̃, π) ≥ Uθ(w̃, π
′) for all π′ ∈ A(θ),

thereby obtaining the least–cost contract that implements π for type θ

alone. Likelihood–ratio analysis ensures that the optimal contract con-

centrates wages on outcomes that are most informative of plan π, i.e.,

those with high likelihood ratios Λπ,π′(h) relative to within–type devi-

ations π′. Any alternative wage schedule either violates some IC con-

straint or increases total expected payments. Thus, the baseline contract

is cost–minimising among all contracts that implement π for type θ.

Step 2: Poison. If the baseline contract violates the ride–along constraint

for the other type θ′, the principal poisons the contract by reallocat-

ing payments toward outcomes h with high Λπ,π′(h), where π′ is the

best–response plan of θ′ when misreporting. This reallocation preserves

incentive compatibility for type θ—since the rewards remain on outcomes

frequent under π—but reduces the misreporter’s utility by shifting weight

to outcomes unlikely under π′. If feasible, this process drives the misre-

porter’s utility down to U
own
θ′ at minimal cost. The resulting contract

satisfies both IC and the cross–type ride–along constraint with weak or

exact equality.

Step 3: Deliver. If the poisoned contract from Step 2 gives type θ less

than their required utility U θ, the principal delivers surplus by increasing

payments at outcomes h with high Λπ,π′(h). These are events that benefit

type θ more than the misreporter, ensuring minimal leakage of surplus.
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By adjusting along IC–preserving directions, the principal reaches Uθ =

U θ while maintaining all other constraints. If the ride–along constraint

was binding, any necessary additional poisoning is combined with surplus

delivery to maintain feasibility.

Each step of the procedure strictly minimises cost conditional on the

prior constraints as well as leakage to the misreporting type. No feasi-

ble contract can achieve a lower expected wage bill while satisfying IC,

RAC, and PC. Therefore, the contract obtained through the three–step

construction is optimal for the decoupled problem.

Proof of Proposition 1. Fix the target action plan 〈1 1
1〉. Under limited

liability, write each wage as wx = w + w̃x with w̃x ≥ 0 for each outcome

x ∈ {S, F, SS, SF, FS, FF}. Incentive compatibility depends only on

these bonus components w̃x. Let Λa,a′(x) := Pr(x | a)/Pr(x | a′) denote

the likelihood ratio of outcome x under plan a versus plan a′. With p0 = 0,

any incentive comparison against a shirking margin yields polar LRs on

that branch. For example,

Λ〈1 1
1 〉,〈0

j
k
〉(S) =

p1
0

= +∞, Λ〈1 1
1 〉,〈0

j
k
〉(F ) =

1− p1
1

= 1− p1.

Similarly, for second-period deviations we have:

Λ〈1 1
1 〉,〈i

0
k 〉
(SS) =

p1
0

= +∞, Λ〈1 1
1 〉,〈i

0
k 〉
(SF ) =

1− p1
1

= 1− p1,

Λ〈1 11 〉,〈i
j
0
〉(FS) =

p1
0

= +∞, Λ〈1 1
1 〉,〈i

j
0
〉(FF ) =

1− p1
1

= 1− p1.

Moreover, between the exploiter’s plan 〈1 11〉 and the explorer’s plan 〈2 22〉

(who exerts on all margins), we have:

Λ〈1 1
1 〉,〈2

2
2 〉
(S) =

p1
E[p2]

, Λ〈1 1
1 〉,〈2

2
2 〉
(SS) =

p21
E[p2] ·E[p2 | S, 2]

,

Λ〈1 11 〉,〈2
2
2 〉
(FS) =

p1(1− p1)

E[p2]
(
1− E[p2]

) .
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Thus, relative to any deviation that involves shirking on a given mar-

gin, the success node on that margin is infinitely more likely under the

intended plan (most diagnostic, likelihood ratio is +∞), while the failure

node is least diagnostic (finite likelihood ratio). By the likelihood–ratio

principle, cost minimization loads the entire incentive differential on the

most diagnostic outcome for each margin. Thus, in the optimal baseline

contract we must have

(p1−0) (w̃SS−w̃SF ) = c1, (p1−0) (w̃FS−w̃FF ) = c1, (p1−0) w̃S = c1.

Solving these gives w̃S = w̃SS = w̃FS = c1
p1

and w̃F = w̃SF = w̃FF = 0.

Equivalently, the principal pays a constant bonus c1/p1 for each success

and nothing after failures—exactly the one-period moral-hazard solution

replicated over the two-period tree.

Notably, while an alternative wage profile could achieve the same im-

plementation cost by shifting part of the first-period success bonus to the

second-period success-after-success node (i.e. reducing w̃S and increasing

w̃SS accordingly), our tie-breaking rule selects the above baseline with

w̃S = w̃SS. Such a shift would only raise the explorer’s rent without

lowering cost, because success in period 1 is more diagnostic than suc-

cess after success. (indeed Λ〈1 1
1 〉,〈2

2
2 〉
(S) > Λ〈1 1

1 〉,〈2
2
2 〉
(SS)). The principal

optimally refrains from this distortion.

The exploiter’s baseline expected utility is 2w. A misreporting ex-

plorer’s payoff on the exploiter’s contract is (weakly) increasing in each

success-contingent bonus (w̃S, w̃SS, w̃FS), since any increase in these bonuses

raises the misreporter’s value. The only feasible way to reduce any of them

while still implementing 〈1 1
1〉 is to lower w̃S and simultaneously raise w̃SS

along the first-period IC indifference arc. However, as discussed above,

this adjustment keeps the misreporting explorer indifferent if he shirks

and makes him strictly better off if he exerts (shifting weight from the

more diagnostic S outcome to the less diagnostic SS outcome increases
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the explorer’s expected payoff). Therefore, if the ride–along constraint

binds, it must be enforced on the explorer’s own menu rather than by

tweaking the exploiter’s wages.

Now suppose the exploiter’s participation constraint binds, and let

∆ := UX − 2w > 0 denote the additional surplus that must be delivered.

**Step A (tighten any shirking margin first).** If the misreporting

explorer shirks on some margin under the current contract, the principal

uses the most diagnostic success node on that branch to eliminate shirking

at least cost. Proceed as follows:

(i) Shirking in period 1. Raise w̃S until the period–1 exploration IC for

the explorer is tight. This uses the first–period success node, which has

infinite likelihood–ratio advantage against shirking when p0 = 0, and

therefore eliminates period–1 shirking with zero leakage.

(ii) Shirking in period 2 after S. Raise w̃SS until the explorer is just

willing to exert in period 2 following a first–period success. Increasing

w̃SS strengthens both the explorer’s and exploiter’s period–1 incentives

and therefore does not endanger any earlier IC.

(iii) Shirking in period 2 after F . Increase w̃FS while holding w̃S fixed

as long as the exploiter’s period–1 IC remains slack. This raises the

explorer’s continuation value after failure just enough to make exertion

optimal in the second period, without affecting the exploiter’s willingness

to exert in period 1. If further increases in w̃FS are needed after the

exploiter’s period–1 IC becomes binding, continue by adjusting (w̃FS, w̃S)

jointly along the exploiter’s period–1 IC indifference arc, so that exerting

in period 1 remains optimal for the exploiter. This preserves all ICs while

using the success–after–failure node—which has infinite likelihood–ratio

against shirking when p0 = 0—to eliminate shirking with minimal leakage.
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After completing the appropriate substeps above, the misreporting ex-

plorer exerts on all margins, and all shirking–related ICs are tight at

minimum cost.

**Step B (once the explorer exerts on all margins).** After Step A, all

relevant deviations for the misreporter involve exertion on every margin;

the polar Λ=,+(∞) advantages disappear. The least-cost way to deliver

any remaining surplus ∆ must keep all of the exploiter’s IC constraints in-

tact while leaking as little as possible to the misreporter. Among all such

IC-preserving directions, increasing w̃S *alone* is optimal. When compar-

ing 〈1 1
1〉 to a misreporter who also exerts on every margin (e.g. 〈2 2

2〉), the

first-period success outcome S has the highest diagnosticity available un-

der the IC manifold. Indeed, Λ〈1 1
1 〉,〈2

2
2 〉
(S) exceeds both Λ〈1 1

1 〉,〈2
2
2 〉
(SS) and

Λ〈1 1
1 〉,〈2

2
2 〉
(FS). Thus, any remaining ∆ is optimally delivered by raising

w̃S only.

Combining the baseline contract construction, the impossibility of re-

laxing the ride–along constraint via the exploiter’s wage schedule, and the

two-step surplus–delivery rule completes the proof.

Proof of Proposition 2. Fix the target plan aE = 〈2 22〉. Under limited lia-

bility write wx = w + w̃x with w̃x ≥ 0 for x ∈ {F, S, SF, SS, FS, FF}, so

incentives depend only on w̃.

Since rewards for failure induce shirking, failure–branch wages do not

help and can be set at the floor: wF = wSF = wFF = w. The sec-

ond–period ICs decouple cleanly:

(i) After F : to induce exploration in period 2,

E[p2] w̃FS ≥ c2 ⇒ w̃ 0
FS =

c2
E[p2]

.
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(ii) After S: to induce exploration in period 2,

E[p2 | S, 2] w̃SS ≥ c2 ⇒ w̃SS ≥
c2

E[p2 | S, 2]
.

Period 1 exploration requires that choosing 2 in period 1 beats the

nearest deviations. Relative to 〈0 2
2〉 (shirk in period 1, then explore), the

only incremental benefit from choosing 2 in period 1 is the option value

of reaching S and then SS:

E[p2] E[p2 | S, 2] w̃SS ≥ c2 ⇒ w̃SS ≥
c2

E[p2] E[p2 | S, 2]
.

Relative to 〈0 02〉 (shirk both periods), the expected bonus under 〈2 2
2〉 is

E[p2]E[p2 | S, 2]w̃SS and must cover costs (1 + E[p2 | S, 2])c2. Therefore,

w̃SS ≥
(1 + E[p2]) c2

E[p2] E[p2 | S, 2]
.

The two lower bounds coincide, yielding the minimal bonuses

w̃ 0
FS =

c2
E[p2]

, w̃ 0
SS =

(1 + E[p2]) c2
E[p2] E[p2 | S, 2]

.

Finally, wS does not tighten any IC at these primitives and can be kept

at the floor: wS = w. This gives the stated baseline and

Ubase
E = 2w.

A misreporting exploiter’s payoff on the explorer contract is (weakly)

increasing in wSS and wFS. Both stand at their IC–minimal levels for

〈2 2
2〉; any attempt to “poison” by lowering wSS and compensating with wS

or wFS either violates the explorer’s ICs or strictly raises the exploiter’s

value by the likelihood–ratio rule. Thus, if the ride–along cap binds, it

must be enforced on the exploiter’s menu, not here.
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If participation binds, set ∆ = U
mis
E − Ubase

E > 0. By the LR principle

comparing 〈1 11〉 to 〈2 22〉, the two informative directions that preserve the

explorer’s IC manifold are SS and (if needed) F . Define

ΛSS = Λ〈1 1
1 〉,〈2

2
0 〉
(SS) =

p21
E[p2] E[p2 | S, 2]

, ΛF = Λ〈1 1
1 〉,〈2

2
0 〉
(F ) =

1− p1
1− E[p2]

.

Step A (if the misreporting exploiter shirks on some margin). Tighten

that margin first using the instrument with the highest LR against shirk-

ing: raise w̃S until the exploiter exerts in the first period; if shirking

remains after S or F , then raise w̃SS and w̃FS until exertion after S and

F is also optimal. This piecewise adjustment minimizes leakage while

preserving 〈2 2
2〉.

Step B (if the misreporting exploiter already exerts 〈1, 1, 1〉). Keep

w̃FS = w̃ 0
FS and deliver any remaining ∆ along the most diagnostic

IC–preserving direction: if ΛSS ≥ ΛF , raise w̃SS alone; otherwise in-

crease (w̃F , w̃SS) along the exploiter’s IC–indifference ray so that the

second–period ICs remain tight (i.e., offset a rise in wF with the exact

increase in wSS that keeps 〈1 11〉 incentive compatible). This minimizes

leakage to the exploiter.

Combining the baseline construction, the impossibility of relaxing the

ride–along on the explorer contract, and the surplus–delivery rule com-

pletes the proof.

Proof of Proposition 3. Fix the target action plan 〈1 1
1〉 and write wx =

w+w̃x with w̃x ≥ 0. Under no commitment, the principal offers a sequence

of one–period contracts and may renegotiate at the beginning of period 2

after observing the period–1 outcome.

By Proposition 1 (with p0 = 0), the least–cost long–term contract

that implements 〈1 1
1〉 pays a constant bonus α1 = c1/p1 for every success:

w̃S = w̃SS = w̃FS = α1 and w̃F = w̃SF = w̃FF = 0. This scheme is a
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repetition of the one–period moral–hazard solution and therefore admits

a short–term implementation: in period t ∈ {1, 2} the principal offers a

one–period contract that pays w + α1 upon success and w upon failure.

Each period’s effort decision depends only on the contemporaneous suc-

cess bonus; the resulting sequence of short–term contracts induces effort

in both periods and replicates the baseline at the same expected cost.

If the participation constraint requires additional surplus, the only

instruments available are w̃S and w̃F since any promise to provide extra

surplus in the second period is not renegotiation-proof. If the misreporting

explorer shirks or exerts in the first period, raising the bonus on S is the

least leaky option.

Proof of Proposition 4. Fix the target plan aE = 〈2 22〉 and write wx = w+

w̃x with w̃x ≥ 0 for x ∈ {F, S, SF, SS, FS, FF}. Without commitment,

the principal offers a sequence of one–period contracts and can renegotiate

at the beginning of period 2 after observing the period–1 history h ∈

{S, F}.

At the period–2 renegotiation, the period–1 action is sunk; the prin-

cipal minimizes the current expected wage bill subject to inducing ex-

ploration in period 2, given h. By the one–period logic, the minimal

continuation contracts are:

after F : E[p2] w̃FS = c2 ⇒ w̃ 0
FS =

c2
E[p2]

, after S : E[p2 | S, 2] w̃SS = c2 ⇒ w̃ 0
S

with all failure–pay outcomes at the floor (w̃F = w̃SF = w̃FF = 0).

Any back–loaded surplus embedded in wFS or wSS above these minima is

strictly dominated at renegotiation by a cheaper contract that delivers the

same (or higher) continuation utility to the agent at lower expected cost;

hence such promises are not renegotiation–proof. Therefore, in equilib-

rium, the period–2 bonuses must equal the minimal values w̃ 0
FS and w̃ 0

SS.
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Given the renegotiation–proof continuation, the explorer’s expected

continuation utility after S or F is zero (the period–2 bonus just cov-

ers c2). Hence the period–1 exploration IC depends only on period–1

wages:

p2(wS − w) + (1− p2)(wF − w)− c2
︸ ︷︷ ︸

choose 2 in period 1

≥ (wF − w)
︸ ︷︷ ︸

choose 0 in period 1

⇐⇒ p2 (wS−wF ) ≥ c2.

Under limited liability the cost–minimizing baseline sets wF = w and

chooses w̃S at equality:

w̃ 0
S =

c2
E[p2]

.

Collecting terms yields the stated baseline schedule:

w̃F = w̃SF = w̃FF = 0, w̃ 0
FS =

c2
E[p2]

, w̃ 0
SS =

c2
E[p2 | S, 2]

, w̃ 0
S =

c2
E[p2]

,

which is implementable via a sequence of one–period contracts: in period 1

pay w + w̃ 0
S upon success and w upon failure; in period 2, conditional on

h ∈ {S, F}, pay the corresponding minimal continuation bonus derived

above.

Suppose the participation constraint binds and set ∆ = U
mis
E −U 0

E > 0.

(a) Misreporting exploiter shirks at the current schedule. To tighten

the exploiter’s period–1 IC at least cost, increase w̃S alone until he is

indifferent between shirking and exerting. This raises (wS − wF ) and, by

the likelihood–ratio rule with p0 = 0, leaks weakly less to a shirker than

rewarding failure. Once the exploiter exerts on the first–period margin,

keep the explorer’s period–1 IC at equality by moving (wS, wF ) in parallel:

p2 (wS − wF ) = c2 ⇒ dwS = dwF .

This parallel move delivers additional surplus while preserving the ex-

plorer’s period–1 IC and the renegotiation–proof period–2 implementa-

tion.
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(b) Misreporting exploiter already exerts. From the outset move (wS, wF )

in parallel, dwS = dwF , so that p2(wS − wF ) = c2 remains tight. Any at-

tempt to deliver surplus via wSS or wFS would be undone by period–2

renegotiation, while any asymmetric change to (wS, wF ) that relaxes the

explorer’s IC would require compensating adjustments in period 2 and is

therefore dominated by the parallel move.

The baseline schedule is implementable by short–term contracts and is

unique among renegotiation–proof implementations. Any additional sur-

plus must be delivered through period–1 nodes. The two–stage rule above

(tighten with wS if needed, then move (wS, wF ) in parallel) preserves the

explorer’s period–1 IC and minimizes cost under no commitment. This

proves the proposition.

Proof of Proposition 5. Fix the target 〈1 1t 〉 (termination after a first–period

failure). Write wx = w + w̃x with w̃x ≥ 0.

With termination, only the S-branch continues to period 2. The pe-

riod–2 IC is the standard one–period effort condition:

(p1 − 0) (w̃SS − w̃SF ) ≥ c1, ⇒ w̃SS = α1 =
c1
p1
, w̃SF = 0.

Hence the continuation value above the floor after S is

Ṽ2 = p1w̃SS − c1 = p1
c1
p1

− c1 = 0.

Under p0 = 0, a shirker fails for sure and is terminated, earning only

the floor in period 1. An exerting exploiter’s above–floor value in period 1

is p1(w̃S + Ṽ2)− c1 = p1w̃S − c1. Adding the floors,

(1 + p1)w + p1w̃S − c1
︸ ︷︷ ︸

exert

≥ w
︸︷︷︸

shirk

⇐⇒ p1w̃S ≥ c1 − p1w.
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Thus the least–cost choice is

w̃S = max

{
c1
p1

− w, 0

}

= max{α1 − w, 0}, w̃F = 0.

Intuitively, terminationmakes early failure costly (loss of the second–period

job and floor), so the principal can substitute some of the monetary carrot

in period 1 with the firing stick. When w ≥ α1, no above–floor first–period

bonus is needed.

A misreporting explorer’s payoff is weakly increasing in success–contingent

bonuses. Here w̃SS and w̃S already sit at their IC–minimal levels for 〈1 1
t 〉;

any reduction violates the target IC, any increase raises the misreporter’s

value. Hence if a ride–along cap binds, it must be enforced on the explorer

side.

If the exploiter’s participation binds, let ∆ > 0 be the extra rent to

deliver.

Step A (if the misreporting explorer shirks anywhere). Tighten the

shirking margin using the success node with the infinite LR against shirk-

ing under p0 = 0:

• If he shirks in period 1, raise w̃S until his period–1 exploration IC

is tight.

• If he then still shirks in period 2 after S, raise w̃SS (keeping the

exploiter’s period–2 IC at equality) until he is indifferent after S.

Step B (once the misreporter exerts 〈2 2
2
〉). With all margins exerting, no

LR is 0 or +∞. Keep the target’s continuation payment (w̃SS) constant

and deliver any remaining ∆ by increasing w̃S only—the first–period suc-

cess node is the most diagnostic remaining direction against exploration

on the IC manifold.
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This establishes w̃SS = α1 and w̃S = max{α1 − w, 0} at baseline, the

impossibility of relaxing ride–along on the exploiter schedule, and the

two–step surplus rule under termination.

Proof of Corollary 1. We prove each item in turn.

Part (i). Under termination after a first–period failure, failure carries an

additional implicit penalty: the agent loses the second–period continua-

tion opportunity and, with limited liability, forgoes at least the second–

period floor w that would otherwise be available. This “firing stick”

substitutes for part of the first–period monetary incentive. In the base-

line exploiter contract, the first–period success wage w̃S can therefore be

reduced by min{α1, w} (where α1 ≡ c1/p1), so the reduction in expected

implementation cost is

p1min{α1, w}.

For higher required participation (the exploiter’s outside option above

the baseline), any additional surplus could be delivered for example as an

unconditional first–period transfer until that transfer reaches min{α1, w};

beyond this point, the termination and no–termination implementations

coincide on the remaining relevant branches. Hence termination weakly

lowers the implementation cost of exploitation over the relevant nodes,

consistent with item (i) of the corollary.

Part (ii). Item (ii) is a selection statement: termination truncates the

failure branch and thereby reduces the value of the exploiter contract for

a misreporting explorer. The magnitude of this selection effect depends

on how much continuation surplus each type obtains on the failure branch

under the no–termination exploiter contract.

Fix any exploiter contract that implements exertion in period 1, and

compare the (no–termination) contract to the same wage schedule with
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termination added after a first–period failure. For a type θ ∈ {E,X} and

an induced action profile πθ, define the continuation surplus after failure as

the type’s expected second–period utility (net of the second–period cost)

conditional on a first–period failure under the no–termination contract:

Sθ(F | πθ) ≡ E
[
u(wF ·)− c(·)

∣
∣F, πθ

]
.

Termination removes this continuation value entirely. Hence the utility

loss from introducing termination for type θ can be written as

∆θ ≡ U 0
θ − U t

θ = Pr(F | πθ)Sθ(F | πθ).

By limited liability and the option to shirk in period 2, we always have

Sθ(F | πθ) ≥ w: conditional on F , any type can guarantee the floor by

shirking.

(A) The baseline / “no rents behind failure” region. In the baseline cost–

minimizing implementation of exploitation (and more generally whenever

the post–failure second–period incentive constraint for the exploiter binds,

or he optimally shirks after F ), the exploiter earns no continuation rent

after failure:

SX(F | πX) = w, ⇒ ∆X = (1− p1)w.

For a misreporting explorer, period–1 exploration succeeds with proba-

bility E[p[]p2] ≡ E[p2], so Pr(F | πE) ≥ 1 − E[p2], and SE(F | πE) ≥ w

(with equality whenever the explorer shirks in period 2 after a first–period

failure, or is just indifferent there). Hence

∆E = Pr(F | πE)SE(F | πE) ≥ (1− E[p2])w.

Under the maintained ordering that exploitation is safer than exploration,

p1 > E[p2], so (1− E[p2]) > (1− p1) and therefore

∆E ≥ (1− E[p2])w > (1− p1)w = ∆X.
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Thus, in this baseline region, termination reduces the misreporting ex-

plorer’s value from accepting the exploiter contract by more than it re-

duces the exploiter’s, making the exploiter contract less attractive to ex-

ploratory types—the selection effect described in item (ii).

(B) When the no–termination contract parks rents on the recovery node

FS. If, instead, the no–termination exploiter contract delivers additional

surplus on the post–failure branch (e.g. through a higher recovery pay-

ment wFS), then the exploiter’s continuation surplus after failure satisfies

SX(F | πX) = p1wFS + (1− p1)wFF − c1 = w + p1(wFS − w)− c1 > w

(using wFF = w under limited liability). In this region the comparison

becomes

∆E > ∆X ⇐⇒ Pr(F | πE)SE(F | πE) > (1− p1)SX(F | πX).

A particularly transparent sufficient condition obtains in the common case

where the misreporting explorer still chooses to shirk in period 2 after a

first–period failure (or is just indifferent there), so that SE(F | πE) = w

and Pr(F | πE) = 1− E[p2]. Then ∆E > ∆X holds whenever the failure–

branch rent on the exploiter contract is not too large:

(p1−E[p2])w > (1− p1)
(
SX(F | πX)−w

)
= (1− p1)

(
p1(wFS −w)− c1

)
.

In particular, if wFS is increased at most up to the point at which a

misreporting explorer is just indifferent between shirking and exerting

after failure (so that his continuation surplus remains w), then wFS−w ≤

c2/E[p2], implying

SX(F | πX) ≤ w + p1
c2

E[p2]
− c1,

and the preceding inequality yields an explicit parameter region under

which the “termination hurts the explorer more” conclusion continues

to hold. When this condition fails (i.e. when sufficiently large rents are
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deliberately placed behind failure in the no–termination contract), the

truncation effect in item (ii) can be weakened or even reversed; this is

why the corollary phrases the claim as “typically.”

Part (iii). Suppose the exploiter’s participation constraint binds under

termination, so the principal must deliver additional surplus ∆ = UX −

U t
X > 0. Consider restoring this surplus by increasing the first–period suc-

cess wage wS only. Increasing wS by ∆/p1 raises the exploiter’s expected

utility by exactly ∆ (since Pr(S | 〈1, 1, t〉) = p1). A misreporting ex-

plorer’s period–1 success probability on the exploiter contract is at most

qE ≤ E[p2], so the same adjustment raises his expected utility by at most

qE ·
∆

p1
≤

E[p2]

p1
∆ < ∆ (since p1 > E[p2]).

Thus the required surplus can be restored while increasing the explorer’s

expected utility by strictly less than ∆. Equivalently, restoring surplus

through wS widens the utility gap between the exploiter and a misreport-

ing explorer on the exploiter contract, preserving (and strengthening)

screening against explorers, as claimed in item (iii).

Proof of Proposition 6. Fix the target plan aE = 〈2 2
t 〉 and write wx =

w + w̃x with w̃x ≥ 0 for x ∈ {F, S, SF, SS, FS, FF}. Under termination,

employment in period 2 occurs only after S in period 1.

Because continuation happens only after S, any payment on the failure

branch cannot help incentives and is set at the floor: wF = wSF = wFF =

w. Likewise, wS = w: the period–1 exploration margin (with p0 = 0) is

driven entirely by the option value of reaching SS; wS does not tighten

the IC and is set to its minimum.

Second period (after S). To induce exploration in period 2,

E[p2 | S, 2] w̃SS ≥ c2 ⇒ w̃SS ≥
c2

E[p2 | S, 2]
. (IC〈2 0t 〉

)
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First period. Compare 〈2 2
t 〉 to the two relevant deviations, both of

which terminate immediately when p0 = 0:

(i) 〈0 2t 〉 (shirk in t = 1, explore in t = 2): with p0 = 0, the deviation

yields no continuation (failure for sure), so

U
〈0 2t 〉
E = w.

Under the target,

U
〈2 2

t 〉
E = w(1 + E[p2]) + E[p2]E[p2 | S, 2] w̃SS − (1 + E[p2])c2.

Thus

E[p2]E[p2 | S, 2] w̃SS ≥ (1 + E[p2])c2 − E[p2]w. (IC〈0 2t 〉
)

(ii) 〈0 0
t 〉 (shirk in both periods): again U

〈0 0t 〉
E = w, so the same inequality

as in (??) is obtained:

E[p2]E[p2 | S, 2] w̃SS ≥ (1 + E[p2])c2 − E[p2]w. (IC〈0 0t 〉
)

Collecting the constraints, the minimal success bonus is

w̃ 0
SS = max

{
c2

E[p2 | S, 2]
,
(1 + E[p2]) c2 − E[p2]w

E[p2] E[p2 | S, 2]

}

,

with wF = wSF = wFF = wS = w and wSS = w + w̃ 0
SS, as stated.

Suppose the explorer’s participation binds and define ∆ = UE−U 0
E > 0.

Step A (eliminate any shirking by the misreporting exploiter). If a mis-

reporting exploiter shirks on any margin at the current schedule, increase

w̃SS until he is just indifferent. With p0 = 0, success nodes have infinite

likelihood–ratio against shirking, so loading SS first minimizes leakage

while preserving 〈2 2t 〉.
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Step B (choose the least–leaky IC–preserving direction). Once the mis-

reporter exerts on all margins, compare the likelihood ratios of exploita-

tion relative to exploration at the two informative nodes:

ΛSS = Λ〈1 1
t 〉,〈2

2
t 〉
(SS) =

p21
E[p2]E[p2 | S, 2]

, ΛF = Λ〈1 1
t 〉,〈2

2
t 〉
(F ) =

1− p1
1− E[p2]

.

If ΛSS ≤ ΛF (double success more diagnostic of exploration), raise w̃SS

alone. If instead ΛSS > ΛF (failure more diagnostic), share surplus be-

tween F and SS along IC–indifference arcs: first move along the explorer

IC (maintain the explorer’s t = 2 and t = 1 ICs),

E[p2]E[p2 | S, 2] dw̃SS = E[p2] dw̃F ⇐⇒ E[p2 | S, 2] dw̃SS = dw̃F ,

until the misreporting exploiter is just indifferent in t = 1; then continue

along the exploiter IC under termination,

p21 dw̃SS = p1 dw̃F ⇐⇒ p1 dw̃SS = dw̃F .

These paths preserve the binding ICs and minimize leakage to the misre-

porter.

Proof of Corollary 2. We establish each item and highlight the parameter

regions in which the claimed effects arise.

Part (i). Item (i) is about the net cost effect of termination once the

explorer’s participation constraint binds: termination relaxes incentive

constraints (a cost saving), but it also destroys continuation value after

early failure (a participation cost).

(A) Incentive effect at the baseline (participation slack). Let WNT
S,F,SS,SF

and WT
S,F,SS,SF denote the explorer’s baseline expected wage costs re-

stricted to the nodes {S, F, SS, SF}, without and with termination, re-

spectively. Under termination, the F →{FS, FF} branch is removed, so
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on {S, F, SS, SF} the only difference is the double–success bonus. Hence

WNT
S,F,SS,SF −WT

S,F,SS,SF = Pr(SS | 〈2 2
·
〉)

︸ ︷︷ ︸

= E[p2]E[p2|S,2]

(
w̃NT

SS − w̃T
SS

)
. (A.1′)

With p0 = 0 and E[p2 | F, 2] = E[p2], the baseline double–success bonuses

are

w̃NT
SS =

(1 + E[p2]) c2
E[p2]E[p2|S, 2]

, w̃T
SS = max

{
c2

E[p2|S, 2]
,
(1 + E[p2]) c2 − E[p2]w

E[p2]E[p2|S, 2]

}

.

The same two–case algebra as in the original proposition then yields

WNT
S,F,SS,SF −WT

S,F,SS,SF = min{E[p2]w, c2}.

Thus, holding participation fixed at the baseline level, termination reduces

the principal’s incentive cost on the surviving implementation nodes, be-

cause the firing threat substitutes for part of the monetary incentive (a

lower w̃SS).

(B) Participation effect when the explorer’s PC binds. Termination also

removes continuation value after a first–period failure. Let

∆E ≡ U 0
E − U t

E

denote the explorer’s utility loss from introducing termination (computed

below in part (ii)); in particular, ∆E ≥ (1 − E[p2])w. If the explorer’s

participation constraint binds at some required utility UE, the principal

must replace this lost continuation value through explicit transfers. Rel-

ative to the no–termination contract, the amount of surplus that must be

delivered is therefore higher by (at least) ∆E.

Crucially, restoring utility under termination is not free from an in-

centive standpoint: because the post–failure continuation branch is trun-

cated, compensation must be loaded onto first–period failure (F ) and/or

double success (SS). Raising wF relaxes the explorer’s incentives, so
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maintaining exploration requires compensating increases in wSS; conse-

quently, the marginal cost of delivering participation utility under ter-

mination can be higher than under no termination. In particular, for

participation requirements in the region where (i) termination forces a

positive restoration UE−U t
E > 0 and (ii) the least–leaky restoration relies

on wF (so incentive feasibility requires simultaneously increasing wSS), the

additional wage cost needed to satisfy the PC can outweigh the baseline

incentive saving min{E[p2]w, c2} computed above. Hence, once the ex-

plorer’s participation constraint binds, termination can increase the cost

of implementing exploration.

This is the sense in which termination, despite relaxing IC at the base-

line, may raise overall implementation cost when participation is binding,

as claimed in item (i).

Part (ii). Item (ii) is a comparative statement about how much termi-

nation reduces continuation value for the explorer versus a misreporting

exploiter who accepts the explorer contract. The key object is again the

value of the failure branch under the no–termination contract.

Let superscript t indicate termination after a first–period failure. Fix

any implementation of exploration on the explorer contract, and compare

it to the same wage schedule with termination added after F .

For a type θ ∈ {E,X} and induced period–1 action profile πθ, define

the continuation surplus after failure as the type’s expected second–period

utility (net of the second–period cost) conditional on a first–period failure

under the no–termination contract:

Sθ(F | πθ) ≡ E
[
u(wF ·)− c(·)

∣
∣F, πθ

]
.
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Termination removes this continuation value entirely. Hence the loss from

introducing termination for type θ can be written as

∆θ ≡ U 0
θ − U t

θ = Pr(F | πθ)Sθ(F | πθ).

By limited liability and the option to shirk in period 2, Sθ(F | πθ) ≥ w

for both types.

Typical region. In the canonical implementations considered in the paper

(and in particular whenever the misreporting exploiter exerts in period 1

and, following a first–period failure, either shirks in period 2 or exerts

with a binding second–period IC), the misreporting exploiter earns no

continuation rent above the floor after failure:

SX(F | πX) = w, ⇒ ∆X = (1− p1)w.

For the explorer, period–1 exploration yields success probability E[p2], so

Pr(F | πE) = 1− E[p2], and SE(F | πE) ≥ w. Thus

∆E = (1− E[p2])SE(F | πE) ≥ (1− E[p2])w.

Under the maintained ordering p1 > E[p2], we have (1−E[p2]) > (1−p1),

and therefore

∆E ≥ (1− E[p2])w > (1− p1)w = ∆X.

So, in this typical region, termination cuts more into the explorer’s con-

tinuation value than into the misreporting exploiter’s.

Why the corollary says “typically.” If instead the explorer contract places

substantial rents behind failure in the no–termination regime (e.g. because

wF and/or post–failure continuation pay must rise to satisfy the explorer’s

participation constraint), then SX(F | πX) need not equal w and can be

larger. In that case the comparison becomes

∆E > ∆X ⇐⇒ (1− E[p2])SE(F | πE) > (1− p1)SX(F | πX),

94



which may fail if the misreporting exploiter’s continuation surplus after

failure is sufficiently high. This is precisely why item (ii) is stated as a

typical (region–dependent) selection effect rather than an unconditional

inequality.

Part (iii). Under termination, the explorer loses the continuation value

on the failure branch. Let

∆E ≡ U 0
E − U t

E

denote this loss. If the explorer’s participation constraint binds under

termination, then restoring the explorer’s pre–termination utility requires

delivering (at least) ∆E in additional expected utility through the remain-

ing wage nodes.

Consider environments in which the misreporting exploiter is active on

the explorer contract, in the sense that he exerts in period 1 and, follow-

ing a first–period failure, either shirks in period 2 or exerts with a binding

second–period incentive constraint. In both cases, his continuation sur-

plus after failure under the no–termination explorer contract is exactly

the floor, so the misreporting exploiter’s own utility loss from introducing

termination is

∆loss
X ≡ U 0

X − U t
X = (1− p1)w.

To restore ∆E while keeping the explorer on the intended exploration

plan, the principal adjusts second–period wages at SS and on the failure

node F . A marginal change (dwSS, dwF ) affects expected utilities as

dUE = E[p2]E[p2|S, 2] dwSS+(1−E[p2]) dwF , dUX = p21 dwSS+(1−p1) dwF .
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Hence the induced change in the misreporting exploiter’s utility per unit

restored to the explorer is

dUX

dUE
=







ΛSS ≡
p21

E[p2]E[p2|S, 2]
, if dwF = 0,

ΛF ≡
1− p1

1− E[p2]
, if dwSS = 0,

and for any nondegenerate mix it is a convex combination

dUX

dUE
= ωΛSS + (1− ω) ΛF , ω ∈ (0, 1).

If restoration could be done purely through the failure node (dwSS =

0), the leakage to the misreporting exploiter would be ΛF ∆E. Using

∆E ≥ (1 − E[p2])w (since the explorer can always guarantee the floor

after F by shirking in period 2 under no termination), this implies

ΛF ∆E ≥ ΛF (1− E[p2])w = (1− p1)w = ∆loss
X .

However, pure–F restoration is not incentive–feasible: increasing only

wF relaxes the explorer’s first–period incentive constraint and undermines

the intended exploration behavior. Thus any incentive–feasible restora-

tion must involve dwSS > 0, i.e. a nondegenerate mix with ω > 0. In the

region where failure is more informative for screening than double success,

ΛF < ΛSS,

we therefore have

dUX

dUE
= ωΛSS + (1− ω) ΛF > ΛF .
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Consequently, restoring the explorer fully by ∆E raises the misreporting

exploiter’s utility by

∆X ≡ U rest
X − U t

X =
[

ωΛSS + (1− ω) ΛF

]

∆E > ΛF ∆E ≥ ∆loss
X .

Equivalently,

U t
X +∆X > U t

X +∆loss
X = U 0

X,

so in these environments any restoration of the explorer’s lost utility after

termination necessarily raises the misreporting exploiter’s expected utility

above his pre–termination level. This proves part (iii).

Proof of Proposition 7. To implement the exploiter’s action plan 〈1 11〉 at

minimum cost, the principal optimally withholds feedback about first-

period performance. Without feedback, the agent cannot condition his

second-period action on the first-period outcome. This eliminates all

second-period contingent incentive constraints and effectively “poisons”

the contract for any misreporting explorer: an explorer-type agent who

deviates under no-feedback cannot adjust after a failure and is stuck with

a lower expected success probability in period 2 (since E[p2 | F, 2] < E[p2]

when p0 = 0). As a result, the no-feedback policy makes deviating less

attractive and reduces the cost of inducing effort in both periods.

Under no feedback, the contract must satisfy wS = wF – otherwise the

agent would learn the period-1 outcome from a differing first-period wage.

We can therefore set wS = wF = 0 without loss of generality: any posi-

tive common first-period pay can be deferred to second-period payments,

which only lowers the principal’s cost while maintaining incentives. Sim-

ilarly, any reward for total failure can be eliminated. Paying wFF > 0

(after two failures) does nothing to encourage effort or truth-telling, so in

a cost-minimizing contract we set wFF = 0. Thus, we restrict attention

to contracts with compensation only in outcomes that include at least

one success. Let w̃SS > 0 denote the bonus for two successes, and let
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w̃SF = w̃FS > 0 denote the bonus for a single success (in either period

order).

With no feedback, any feasible deviation strategy must choose the same

second-period action after success or failure (since the agent is uninformed

about the interim result). Thus we consider incentive compatibility con-

straints IC〈i jj 〉
for i, j ∈ {0, 1}, where (for notation) 0 denotes “no effort”

(shirking) and 1 denotes “exert effort on the conventional action.” It suf-

fices to enforce the following three IC constraints, which cover the most

profitable deviations:

• IC〈0 00 〉
(Shirk in both periods):

p21 w̃SS + 2 p1(1− p1) w̃SF ≥ 2c1.

• IC〈1 00 〉
(Shirk in period 2):

p21 w̃SS + p1(1− 2p1) w̃SF ≥ c1.

• IC〈0 11 〉
(Shirk in period 1):

p21 w̃SS + p1(1− 2p1) w̃SF ≥ c1.

The principal’s goal is to satisfy all IC constraints at the lowest possible

cost. The cost-neutral frontier is characterized by the locus of (w̃SS, w̃SF )

combinations that yield the same total expected wage outlay for the in-

tended plan aX . Setting IC〈0 00 〉
to bind with equality (to minimize slack)

gives one such relationship:

p21 w̃SS + 2 p1(1− p1) w̃SF = 2c1,

which indeed fixes the expected wage E[W ] = 2c1. Along this cost-

neutral line, increasing the single-success reward w̃SF allows the principal

to reduce the double-success bonus w̃SS (and vice versa) while keeping

E[W ] constant. However, raising w̃SF tightens the one-period deviation
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constraints IC〈1 00 〉
and IC〈0 1

1 〉
(which demand a sufficiently large w̃SS in

comparison). We therefore solve for the **maximum** w̃SF that preserves

those ICs. Substituting w̃SS from the cost-neutral equation into IC〈1 00 〉
,

we get a linear condition:

p21

(2c1 − 2p1(1− p1) w̃SF

p21

)

+ p1(1− 2p1) w̃SF ≥ c1,

which simplifies to 2c1 − p1 w̃SF ≥ c1. Rearranging, the single-success

bonus must satisfy w̃SF ≤ c1
p1
. In other words, c1

p1
is the largest bonus

for one success that still keeps IC〈1 0
0 〉
(and IC〈0 1

1 〉
) satisfied. At this point

both one-period IC constraints bind exactly. Thus, the **least-cost no-

feedback contract** is obtained by setting

w̃∗
SF = w̃∗

FS =
c1
p1
, w̃∗

SS =
2c1
p1

,

with w̃S = w̃F = w̃FF = 0 as established earlier. The principal’s expected

payment is

E[W ] = p21 w̃
∗
SS + 2 p1(1− p1) w̃

∗
SF = 2c1,

which indeed equals the total effort cost for two periods.

Notably, this implementation cost 2c1 is the same as under the opti-

mal feedback contract that motivates exploitation. In fact, w̃∗
SF = c1/p1

coincides with the one-period bonus α1 that would induce effort with a

standard pay-for-performance scheme, and w̃∗
SS = 2α1. In essence, the no-

feedback contract replicates a “repeat α1” bonus in each period (paying

α1 per success).

Under no feedback, the baseline exploiter contract pays bonuses w̃SS =

2c1/p1 and w̃SF = w̃FS = c1/p1, with all other payments at the floor.

These values are the minimal ones that satisfy the exploiter’s incentive

constraints, so the ride–along constraint cannot be relaxed by lowering

any of them. Moreover, no feedback already reduces the misreporting ex-
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plorer’s continuation value by preventing action adjustment after failure.

If the ride–along constraint binds, it must therefore be enforced on the

explorer’s side of the menu.

At the baseline contract, one–shot deviations 〈2 0
0〉 and 〈0 2

2〉 are equiv-

alent by the martingale property of beliefs and yield expected utility ex-

actly equal to their cost. Both are thus weakly dominated by full shirking

〈0 0
0〉 or full exertion 〈2 2

2〉. The former gives utility 2w, which is strictly

below the explorer’s contract utility, so the misreporting explorer must

exert.

Let aX = 〈1 1
1〉 and aE = 〈2 2

2〉. The relevant likelihood ratios are:

ΛaX ,aE(SS) =
p21

E[p2]E[p2 | S, 2]
, ΛaX ,aE(SF ) = ΛaX ,aE(FS) =

p1(1− p1)

E[p2](1− E[p2 | S, 2])
.

Since ΛaX ,aE(SF ) > ΛaX ,aE(SS), then SF and FS are less leaky and

should be used for surplus delivery.

Increases in w̃SF = w̃FS will affect IC〈1 0
1 〉
. Hence they must be accom-

panied by increases in w̃SS along the exploiter IC arc:

p21 dw̃SS + p1(1− 2p1) dw̃SF = 0.

This adjustment preserves the exploiter’s incentives while delivering sur-

plus through the least leaky outcomes.

Proof of Proposition 8. With no feedback, the agent cannot distinguish

whether the first-period outcome was a success or failure, so second-period

actions must be the same regardless of history. The principal imposes this

by setting

wS = wF , wSF = wFS,

and the agent must choose the same second-period action after either S

or F.
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To implement the plan 〈2 22〉, the agent must exert effort in both periods

regardless of the hidden interim result. Let w̃SS and w̃SF = w̃FS denote

the bonuses above the floor paid upon observing two successes or a mixed

success, respectively.

Because p0 = 0, the most diagnostic outcome against any deviation

involving shirking is success. This implies that the likelihood ratios satisfy

Λ〈2 22 〉,〈0
0
0 〉
(SS) > Λ〈2 2

2 〉,〈0
0
0 〉
(SF ), Λ〈2 2

2 〉,〈0
2
2 〉
(SS) > Λ〈2 22 〉,〈0

2
2 〉
(SF ),

Λ〈2 22 〉,〈2
0
0 〉
(SS) > Λ〈2 2

2 〉,〈2
0
0 〉
(SF ).

Hence, by the likelihood–ratio rule, the least–cost contract rewards only

the most diagnostic node, SS.

Baseline contract. Let W ≡ w̃SS. Under plan 〈2 22〉, expected utility is

U
〈2 2

2 〉
E = E[p2]E[p2 | S, 2]W − 2c2.

The three IC constraints corresponding to deviations 〈0 0
0〉, 〈2 0

0〉, and 〈0 22〉

require that
(i) E[p2]E[p2 | S, 2]W ≥ 2c2,

(ii) E[p2]E[p2 | S, 2]W ≥ c2,

(iii) E[p2]E[p2 | S, 2]W ≥ c2.

The first inequality is the tightest, so the optimal bonus satisfies

w̃SS =
2c2

E[p2]E[p2 | S, 2]
.

All other bonuses are set to zero:

w̃S = w̃F = w̃SF = w̃FS = w̃FF = 0.

Now we will show that withholding feedback is a dominated strategy

from the principal’s perspective. Without feedback, the agent cannot
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distinguish first-period outcomes, so the principal implements plan 〈2 2
2〉.

The optimal contract rewards only the double–success node:

w̃NF
SS =

2c2
E[p2]E[p2 | S, 2]

, w̃x = 0 for all x 6= SS.

This ensures the agent’s expected reward covers effort costs 2c2:

E[p2]E[p2 | S, 2] · w̃
NF
SS = 2c2.

With feedback, the principal can implement plan 〈2 22〉, resetting proba-

bility of success after failure to E[p2 | F, 2] = E[p2], using the exact same

contract as in Proposition 1.

In both cases, the agent’s utility is 2w and the expected implementation

costs are the same to the principal 2c2. However, the revenues of the

contract with feedback are higher since the agent is able to reset and

obtain probablity of success after failure. The principal strictly prefers to

implement exploration with feedback.
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