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Abstract
A Principal hires an Agent to experiment with a technology of unknown quality. The Principal
invests funds and the Agent supplies costly, hidden effort. Higher investment by the Principal
raises the probability of success when the Agent works and the project is good, but increases the
Agent’s dynamic information rent from shirking. I show that the Principal may over-invest relative
to the first best. This commits the Principal to sufficiently pessimistic beliefs upon initial failure
that she discontinues the project, denying the Agent rents from the repeated interaction. When the
Principal can write a long-term contract, over-investment persists and inefficiency may increase,
relative to a setting in which only short-term contracts can be written.
Keywords— strategic experimentation, learning, agency
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1. Introduction
A fundamental problem of experimentation is knowing when to quit. I explore how this decision
is affected by the presence of an Agent to whom a Principal must delegate a role in the experiment.
Previous work highlights under-investment and early abandonment of productive projects (Bergemann and Hege (2005) or Hörner and Samuelson (2013)) as a consequence of experimentation in
a Principal-Agent setting. This paper provides a rationale for why over-investment might occur
relative to the efficient benchmark, whilst still inducing early project abandonment.
In my model, the Principal invests funds in a project which is either good, with probability
v0 , or bad, with probability 1 − v0 . At each date, she chooses investment and offers the Agent a
share of the one-off surplus that may be generated from the project. The role of the Agent is to
exert costly, hidden effort. If the project is good and the Agent works, the probability of success
is proportional to the funds invested by the Principal at that date; otherwise, it fails for sure.
This technology induces the following agency problem: suppose that the Principal observes an
initial failure and believes that the Agent worked on the project. Then, her posterior belief about
its quality falls to v̂ < v0 , and the difference v0 − v̂ strictly increases in the initial investment. If
the Principal wishes to continue for another period she will offer a contract that holds the Agenttype who shares her belief to her participation constraint. But suppose that, in reality, the Agent
shirked, so that initial failure was inevitable. Then, the Agent’s belief about the project is in
fact v0 . But the compensation package designed for the Agent-type v̂ gives rent to an Agent-type
v0 > v̂. This creates a moral hazard problem which stems from the private information about the
project quality created by the Agent’s deviation.
The Principal faces a trade-off: choosing higher initial levels of investment at the outset of
the project increases the probability of success, conditional on the project being good and the
Agent working hard. But higher initial levels of investment also increase the divergence between
the Principal’s prior and posterior beliefs after observing failure, since failure is more informative
when initial investment is larger. This, in turn, raises the continuation value to the Agent from
shirking, since her information rent is increasing in the divergence of v0 and v̂.
Relative to the first-best, I show that the Principal may choose an inefficiently high level of
initial investment. Given her belief that the Agent worked, the informativeness of failure under such
a large initial investment leads her to discontinue the project, eliminating the Agent’s opportunity
to acquire dynamic information rent. When the Principal can only write a short-term contract
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(i.e., within-period commitment) this choice of investment partly serves as a belief commitment
device for the Principal to ensure that she prefers to quit after early failure. Nonetheless, overinvestment also occurs when the Principal can commit to a long-term contract (i.e. between-period
commitment); in fact, there may be instances in which the Principal invests more under long-term
commitment than either the first-best contract or short-term commitment. Moreover, the longterm contract may increase inefficiency since it allows the Principal to credibly destroy even more
of the surplus associated with the two-date investment solution in order to deny rents to the Agent.
The agency problem that I study builds on Bhaskar (2012).2 In his model, an Agent chooses
privately observed effort, and the Principal’s problem is solely to provide pecuniary incentives to
induce effort. Bhaskar (2012) characterizes the Principal’s optimal contract when the Agent can
create private information in the same way as the present model, in a setting where the project is
always profitable for any belief. I show that when there are beliefs about project quality for which
the Principal prefers to abandon the project, and she is able to manipulate the distribution of the
public signal - and thus the evolution of her posterior belief upon observing failure - she may do
so as a means to soften the Agent’s incentive constraint. The interpretation of this manipulation
as a decision about how much to invest connects the model to a large literature on strategic
experimentation in which the Principal chooses a level of funding and delegates the funds to
the Agent (Bergemann and Hege (2005) or Hörner and Samuelson (2013)). These papers also
characterize investment distortions as a consequence of the Agency problem, however the funding
inefficiency in these models manifests as under-investment, or a delay in the release of funds.
Inefficient over-investment is ruled out in Bergemann and Hege (2005) because the Principal’s cost
of funds is linear; in Hörner and Samuelson (2013) it is ruled out because the Principal’s investment
decision has binary support. As a result, early quitting in existing models arises despite the fact
that it would be socially optimal to continue experimenting for additional periods. In my model, by
contrast, the Principal’s decision not to experiment in the second period is socially optimal given
her investment decision in the first period : the initial choice of investment effectively destroys
tomorrow’s surplus in order to allow the Principal to withhold rents from the Agent, today.
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work discussed explicitly, recent contributions include Halac, Kartik and Liu (2013), who study a model with adverse
selection and moral hazard, and Manso (2011).

2

2. The Model
I consider a two-date economy, with dates 0 and 1. There is a Principal and an Agent. The
timing unfolds as follows. At the start of date zero, Nature selects a project quality ω ∈ {0, 1},
according to Pr(ω = 1) = v0 ∈ (0, 1) which persists across both dates. This choice is not observed
by the players. Next, the Principal chooses λt ∈ [0, 1] at cost τ (λt ) which is strictly increasing,
strictly convex, twice differentiable and satisfies τ (0) = 0. This investment choice is observed by
both players. She then offers the Agent a contract, described in greater detail, below. The Agent
subsequently chooses a distribution over effort levels et ∈ {0, 1} at cost c(et ) satisfying c(0) = 0
H
and c(1) = c > 0. Only the Agent observes this choice. A public signal st ∈ {sL
t , st } is then

realized according to the distribution:
Pr(sH
t |λt , et , ω) = λt et ω.

(1)

L
The public signal sH
t is interpreted as a ‘success’ and st a ‘failure’ at date t. If a success is realized,

a one-off surplus of W is generated and the game ends at date zero.3 Otherwise, no surplus is
generated and, at date zero, the game proceeds to date one. The timing of the game at date
one is the same as at date zero, beginning with the Principal’s investment decision. The common
discount factor is β ∈ (0, 1).
Contracts and Histories
A date one history is h1 = (λ0 , s0 , e0 ). A date one public history is hp1 = (λ0 , s0 ). The set of all
date one public histories is H1p , and the set of all date one histories is H1 . The date zero history is
the null history. Let v1p denote the belief of the Principal at the start of date one that the project
is good. The Agent’s belief that the project is good at the start of date one is v1 . The strategy of
the Agent at date t is σt ∈ [0, 1], a distribution over effort choices, et ∈ {0, 1}.
The Principal’s contract with the Agent specifies a bonus to be paid after a success at each
date.4 I initially assume that the Principal has short-term (intra-period) commitment. I assume
that all transfers from the Principal must be weakly positive, and the Agent’s outside option is zero
3
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at each date. The static surplus at date t when the Agent chooses high effort and the Principal
invests λt is:
f (λt ; vtp ) ≡ vtp λt W − τ (λt ) − c.

(2)

I let λ∗t (vtp ) denote the maximizer of f (λt ; vtp ) and S(v1p ) = max {0, f (λ∗1 (v1p ); v1p )} denote the surplus
in the continuation game beginning at date one, after failure at date zero, in the first-best. I impose
restrictions on primitives which imply (a) λ∗t (1) < 1 and (b) f (λ∗t (1); 1) > 0.5 The first restriction
ensures that there is no prior belief for which the Principal’s optimal one-shot investment decision
would render failure a probability zero event, conditional on the Agent choosing high effort with
probability one. The second restriction rules out a trivial setting in which the Principal would never
wish to make positive investment at either date, in the first-best, for even the most optimistic belief
about project quality.
I do not restrict either the Principal or the Agent to employ pure strategies. In fact, in the
setting with unobserved effort, equilibrium requires that the Agent randomize over effort levels at
date zero, at the very least off the equilibrium path, and possibly also on the path.6 Moreover,
the setting with unobserved effort may yield a multiplicity of mixed strategy equilibria in the
continuation game after the Principal has announced an investment choice and bonus at date
zero. So, my focus is on establishing properties of the most efficient equilibrium in the setting
with unobserved effort (the “second best”). Over-investment also arises in the equilibrium which
maximizes the welfare of the Principal, where these equilibria do not coincide.
The assumption that the probability of success increases in funds seems natural, in practice. So
long as the project is of high quality, projects which are better-funded are more likely to succeed
than those which are starved of resources. That higher initial funds make failure more informative
is a consequence of this assumption, but is also natural in its own right. For example, one could
interpret λ as the scale of the experiment: conducting a pilot on a larger sample or running more
trials provides more opportunities to learn about its quality.7
5

The conditions are (a) τλ (1) > W and (b) W τλ−1 (W ) − τ (τλ−1 (W )) − c > 0, where τλ (·) is the derivative of τ

with respect to λ.
6
This issue also arises in Hörner and Samuelson (2013).
7
Another model in which the Principal can manipulate the scale of the project is Biais et al. (2010).

4

3. First-Best Experimentation
I begin with an efficient benchmark in which the Principal observes the Agent’s effort choice
at each date. In this case, the public history and the history coincide. I start by characterizing
properties of the Principal’s investment at date one, as a function of her date zero investment
decision. Since the results of Lemma 1 will be relevant to the setting in which the Agent’s effort
is unobserved, I characterize properties of the first-best with reference to the public history, even
though this coincides with the (true) history when effort is observed. So, let v1p (λ0 , σ0 ) denote the
Principal’s belief that the project is high quality, given that a failure occurred at date zero after
investment choice λ0 and the Agent is conjectured to choose high effort with probability σ0 . That
is:
v1p (λ0 , σ0 ) =

v0 (1 − λ0 σ0 )
.
1 − v0 λ 0 σ 0

(3)

My first Lemma characterizes properties of the first-best at date one.
Lemma 1. In the first-best, the Principal’s date one investment satisfies the following properties:
i. after any two date one public histories with respective date zero investment decisions λ0 < 1
and λ̄0 < 1, and in which failure occurred at date zero, λ̄0 > λ0 implies λ∗1 (v1p (λ̄0 , 1)) ≤
λ∗1 (v1p (λ0 , 1)); and,
ii. there exists a unique threshold belief v ∈ (0, 1) such that if v1p ≤ v, f (λ∗1 (v1p ), v1p ) ≤ 0 and for
all v1p > v, f (λ∗1 (v1p ), v1p ) > 0.
If and only if v1p ≤ v, the Principal chooses λ1 (v1p ) = 0. If v1p > v the Principal chooses λ∗1 (v1p ), and
offer the Agent a bonus b1 (v1p , λ1 ) =

c
λ1 v1p

in the event of success.

Point (i) states that the more the Principal invested at date zero, so long as the Agent is believed to
have exerted effort, initial failure becomes increasingly bad news about project quality. And more
pessimism induces a lower flow of funds at date one. Point (ii) states that if the Principal becomes
sufficiently pessimistic after initial failure, she may choose to make no subsequent investment at
date one, and instead abandon the project. For the rest of the paper, I restrict attention to v0 > v,
so that there is a rationale for strictly positive investment in at least one of the two dates. This
implies that the Agent chooses high effort in the first-best at date zero, i.e., σ0 = 1.
In the first-best, the Principal observes the Agent’s date zero effort. This has two implications.
First, the Principal’s date one beliefs about project quality coincide with the Agent’s beliefs.
5

Second, the Principal’s beliefs about the Agent’s beliefs are correct. This allows the Principal to
hold the Agent to her participation constraint, and extract all of the date one surplus. This will
also be a feature of the second-best, so long as the Agent plays a pure strategy at date zero.
We have obtained a threshold value of the posterior (v) below which no further investment
occurs at date one. It is useful to characterize for each date zero prior belief v0 the level of
investment at date zero which will induce a posterior v upon initial failure. This level of investment
is:
λ̂0 (v0 ) =

v0 − v
.
v0 (1 − v)

(4)

A consequence of Lemma 1 is that if the Principal invests below this threshold at date zero, she will
wish to continue with positive investment at date one. If, instead, she invests above this threshold
at date zero, early failure will lead her to abandon the project and make no further investment at
date one.
I briefly provide some intuition for the shape of λ̂0 (v0 ). First, λ̂0 (v0 ) is increasing and strictly
concave in v0 . Second, λ̂0 (v) = 0 and λ̂0 (1) = 1. That is: at the prior belief which makes the
one-off investment solution break-even (v), any strictly positive investment choice at date zero will
induce strictly greater pessimism, conditional on initial failure. This will induce the Principal to
quit after date zero. As initial optimism about the project rises (i.e., v0 rises), the degree of initial
investment which is needed in order induce sufficient pessimism for the Principal to quit after
failure increases.
Next, I give some intuition for the relationship between λ̂0 (v0 ), and the one-shot investment
solution, λ∗0 (v0 ). Recall λ̂0 (v) = 0 and λ̂0 (1) = 1. By construction, f (λ∗0 (v); 0) = 0, so λ∗0 (v) > 0.
Finally, I have imposed restrictions such that λ∗0 (1) < 1. Continuity implies that there is at least
one prior belief, v0 ∈ (v, 1), at which λ∗0 (v0 ) and λ̂0 (v0 ) intersect.8 Moreover, on the first occasion
where they intersect, λ∗0 (v0 ) intersects λ̂0 (v0 ) from above.
The crux of the subsequent analysis will be to understand how the Principal’s choice of investment above or below the threshold λ̂0 (v0 ) is distorted under unobservable effort, relative to the
benchmark of complete information.
I now turn to the Principal’s date zero investment decision. Since we have assumed that
the Principal’s prior belief is not so unfavorable as to merit no experimentation (i.e., v0 > v),
8
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the first-best implies a strictly positive investment at date zero.9 The Principal’s optimal date
zero investment may take two forms: either she invests above the threshold λ̂0 (v0 ) and makes no
subsequent investment upon initial failure, or she invests below the threshold λ̂0 (v0 ) and makes a
positive investment at date one upon initial failure.
Lemma 2. In the first-best, the Principal’s investment decision solves:
S(v0 ) = max (f (λ0 ; v0 ) + (1 − v0 λ0 )βS(v1p (λ0 , 1))
λ0 ∈[0,1]

(5)

For specific functional forms of the investment cost, τ (λ), a stronger characterization can be obtained. I adopt the following parameterized example throughout the paper.10
q
2
1
Example 1. Set τ (λ) = 12 λ2 , β = 43 , W = 1 and c = 15
. Then, v = 15
. In the first-best, the
Principal invests at date zero only, if and only if v0 ≤ .524. Otherwise, she invests both at date
zero and also at date one in the event of initial failure.
In this example, when the prior belief about project quality (v0 ) is low, it is relatively cheap to
invest at or above the rate such that failure is sufficiently informative to induce discontinuation of
the project. As the Principal’s initial optimism rises, so does the threshold λ̂0 (v0 ). This implies
that the cost of investing in sufficiently informative failure is also rising. Since the cost of investing
is convex, the Principal faces a trade-off between the cost of investing more, and acquiring more
information from the initial experiment. There exists a critical belief v ∗ at which point it is too
costly to invest in a sufficiently informative experiment to induce quitting after initial failure. At
that point, the Principal spreads the cost of investing over both dates.

4. Second-Best Experimentation
I now characterize properties of the most efficient equilibrium in the setting where the Agent’s
effort is unobserved. I begin with date one. At that date, v1p (λ0 , σ0 ) denotes the Principal’s belief
that the project is good after a date zero failure, as a function of the investment at date zero
and the Principal’s conjecture that the Agent chose high effort with probability σ0 ∈ [0, 1]. The
9
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10
In this, and all other examples, all approximations are to three decimal places. Note that a closed-form solutions
cannot be obtained, even for the simplest case of quadratic costs and two dates.

7

Agent’s belief that the project is good is v1 (λ0 , e0 ), which is a function of both the investment at
date zero and the Agent’s realized choice of effort, e0 ∈ {0, 1}. Notice that v1p (λ0 , σ0 ) identifies
both the Principal’s belief about project quality, as well as her distribution over the Agent’s belief:
she believes that the Agent’s belief (i.e., type) is either v1 (λ0 , 1) or v1 (λ0 , 0).
Suppose that the Principal’s date zero contract induces the Agent to choose high effort with
probability 1 (i.e., σ0 = 1). Then, the Principal’s posterior belief about both the project is v1p (λ0 , 1),
and her belief distribution over the Agent’s belief places probability one on the Agent sharing her
own belief, i.e., she believes that the Agent’s belief is v1 = v1 (λ0 , 1) with probability one. Since
the Principal’s beliefs (on the equilibrium path) must be correct, her investment and compensation
strategies satisfy the properties in Lemma 1. That is, the Principal’s strategy at date one replicates
her strategy in the first-best.
Recall that λ̂0 (v0 ) is a threshold such that if the Principal invests more than λ̂0 (v0 ) at date zero
and believes that the Agent worked with probability one, she prefers to quit at date one. Suppose,
then, that the Principal initially chooses λ0 ≥ λ̂0 (v0 ) and offers a bonus conditioned on success,
b0 ≥ 0. In that case, if she believes that the Agent will work hard, it is indeed a best response for
the Agent to work if:

v0 λ0 b0 − c ≥ 0,

(6)

since, if the Agent deviates, the Principal will observe only the failure and terminate the project.
This implies that the Agent can be induced to work hard while being held to her participation
constraint. More generally, we have the following result.
Lemma 3. If the Principal’s payoff in the first-best is f (λ∗0 (v0 ); v0 ), there exists an equilibrium
of the continuation game after the Principal offers a contract λ0 = λ∗0 (v0 ) and b0 =

c
v0 λ∗0 (v0 )

which

yields the Principal the same payoff, when she cannot observe the Agent’s effort.
The crucial observation is that when the first-best investment calls on the Principal to quit
after initial failure, she can achieve the associated payoff under the second-best, even when she
does not directly observe the Agent’s effort. The reason is that by investing above the threshold
λ̂0 (v0 ) and believing that the Agent worked hard, the Principal commits her posterior belief about
project quality to be sufficiently unfavorable that she strictly prefers to quit after failure. So, if
the Agent had shirked, the Principal would observe only that the project failed; believing that
8

the Agent worked hard, the Principal simply quits the project and the Agent receives no further
compensation. This implies that the Agent can be induced to choose full effort at date zero without
the provision of any rent: the Principal fully appropriates the surplus from her investment.
Suppose, by contrast, that the Principal chooses an investment which—if she believed that the
Agent worked hard at date one—would yield a positive continuation payoff from experimenting
again at date one after an initial failure. That is, suppose that the Principal chooses λ0 < λ̂0 (v0 ).
At date one, the Principal believes that the Agent shares her own belief about project quality—
v1p (λ0 , 1)—with probability one. She therefore satisfies the Agent’s participation constraint at date
one. The Agent’s date one continuation payoff can be written V (v1 (λ0 , e0 ), v1p (λ0 , 1)), as a function
of the Agent’s true belief, v1 (λ0 , e0 ), and the Principal’s belief v1p (λ0 , σ0 ), where σ0 = 1:
 
 
v1 (λ0 , e0 )
p
− 1 ,0 .
V (v1 (λ0 , e0 ), v1 (λ0 , 1)) = max c
v1p (λ0 , 1)

(7)

Under the presumption that the Agent worked at date zero, beliefs coincide and the Agent’s continuation payoff at date one is zero. Suppose, however, that the Agent initially deviated from choosing
high effort with probability one to instead choosing no effort, unbeknownst to the Principal. Then,
the Agent’s true belief is v1 (λ0 , 0) = v0 , and:
V (v0 , v1p (λ0 , 1)) = c

λ0
(1 − v0 ),
1 − λ0

(8)

which is strictly increasing in λ0 : more initial investment by the Principal induces ever greater
pessimism in the light of initial failure. Therefore, so long as the Principal wishes to continue
experimenting at date one (i.e., v1p > v) greater pessimism induces a larger bonus in order to satisfy
the (presumed) v1p -type Agent’s participation constraint. This generates a powerful temptation on
the part of the Agent to shirk at date zero. If, on the other hand, λ ≥ λ̂0 (v0 ), the Agent’s
continuation payoff from shirking is zero, since the Principal quits. Thus, the Agent’s value from
shirking is non-monotonic in the initial investment.
I now turn to the initial date. Suppose that the Principal’s choice of investment satisfies
λ0 < λ̂0 (v0 ), so that if she believes the Agent worked and observed a failure, she would not be
too pessimistic and therefore choose positive experimentation at date one. In order to induce the
Agent to choose high effort with probability one, her bonus offer must satisfy:


v0 (1 − λ0 )
v0 λ0 b0 − c ≥ βV v0 ,
.
1 − v0 λ 0

(9)

The Principal must compensate the Agent for her instantaneous effort. But she must also induce the
Agent not to shirk in order to manipulate the Principal’s beliefs, and thereby capture information
9

rent at date one. Substituting from (8) yields the constraint:



c
1
1
1
b0 ≥
+β
−
≡ bH (v0 , λ0 ).
λ 0 v0
v1p (λ0 , 1) v0

(10)

The bonus contains a convex combination of the inverse of two beliefs: the prior (v0 ) and the
posterior conditioned on the public history in the event of failure (v1p ). The convex weight is the
discount factor, β: as the Agent cares more about the future, the value of holding out for the more
favorable contract by shirking today increases. An alternative form in which bH (v0 , λ0 ) can be
written is:

where the likelihood ratio



1 − v1p (λ0 , 1)
1
+β
bH (v0 , λ0 ) = c
v0 λ0
v1p (λ0 , 1)
1−v1p
v1p

(11)

increases in the Principal’s initial investment, since on the equilib-

rium path higher initial investment makes failure more informative.
The key observation is that the Principal’s implied commitment to continue experimentation in
the future raises her cost of providing incentives to the Agent. If she chooses the contract described
above, then her equilibrium value is:


p
p
∗ p
max
f (λ0 ; v0 ) + (1 − v0 λ0 )βf (λ1 (v1 (λ0 , 1), v1 (λ0 , 1)) − βV (v0 , v1 (λ0 , 1)) .

(12)

λ0 ∈[0,λ̂0 (v0 )]

Comparison of this payoff with the corresponding first best payoff shows that there is a wedge
induced by the need to hand the Agent the discounted information rent she would obtain from
shirking. This also induces a distortion in the Principal’s investment strategy, since she claims less
of the surplus.
We must also consider the possibility that, the Principal chooses a contract which induces
the Agent to play a mixed strategy at date zero. In fact, these contracts are a necessity of every
equilibrium, although they may possibly appear only off the equilibrium path. To see why, suppose
that the Principal chooses an initial investment level λ0 ∈ (0, λ̂0 (v0 )) and a bonus:


c
c
1 − v p (λ0 , 1)
b0 ∈
,
+ βc p 1
.
v0 λ0 v0 λ0
v1 (λ0 , 1)

(13)

If the Principal conjectures that the Agent works at date zero with probability one, then the Agent
strictly prefers to shirk. If, instead, the Principal conjectures that the Agent works at date zero
with probability zero, the Agent strictly prefers to work.
After an offer (13) has been made, at least one mixed strategy equilibrium exists. In every
mixed strategy equilibrium of the continuation game, the Agent randomizes over effort levels at
10

date zero (σ0 ∈ (0, 1)). At date one, the Principal believes that the Agent is either an optimistic
type who shirked at date zero and thus retains the prior belief v0 , or a pessimistic type who worked
at date zero and holds the belief v1 (λ1 , 1). The Principal subsequently randomizes over two kinds
of contract at date one. One contract—an inclusive contract—satisfies the participation constraint
of the pessimistic Agent and gives rent to the optimistic Agent. The other contract—an exclusive
contract—satisfies the participation constraint of the optimistic Agent and induces the pessimistic
Agent to shirk with probability one.
For a general cost of investing function τ (λ0 ), there is no guarantee that contracts which induce
the Agent to mix are solely an out-of-equilibrium phenomenon. However, all that is needed for
my result is that the Principal’s value from such a contract is strictly less than the value that she
would attain from making the same investment when the Agent’s effort is observed and she were
able to hold the Agent to her participation constraint at each date. This simple observation is
formally stated in the following Lemma.
Lemma 4. In the setting with unobserved effort, if the Principal chooses an investment level
λ0 < λ̂0 (v0 ) and offers any bonus b0 ≥ 0, an equilibrium of the continuation game exists, and the
Principal’s value is strictly less than:


p
∗ p
max
f (λ0 ; v0 ) + (1 − v0 λ0 )βf (λ1 (v1 (λ0 , 1); v1 (λ0 , 1)) .

(14)

λ0 ∈[0,λ̂0 (v0 )]

Mixed strategy equilibria—potentially multiple—may also exist in the continuation game after
the Principal invests λ0 ≥ λ̂0 (v0 ). The reason is that the threshold λ̂0 (v0 ) is itself calculated under
the presumption that the Agent chooses σ0 = 1. If, instead, the Principal believes that the Agent is
employing a non-degenerate distribution over effort choices at date zero, she may strictly prefer to
invest again at date one, so long as the date zero investment choice is not too large relative to the
induced mixture of the Agent. However, whenever such an equilibrium of the continuation game
exists, there also exists an equilibrium of the continuation game in which the Principal holds the
Agent to her participation constraint and the Agent chooses σ0 = 1: i.e., the Agent chooses high
effort with probability one at date zero. In particular, if λ0 = λ∗0 (v0 ), this equilibrium generates
the surplus f (λ∗0 (v0 ); v0 ), which strictly dominates the surplus generated by a mixed strategy
equilibrium. Since this surplus coincides with the Principal’s payoff, this continuation equilibrium
also yields a strictly higher payoff for the Principal. It can be shown that if β is sufficiently close
to one, then in an equilibrium, the Principal’s contract at date zero induces the Agent to play a
pure strategy.
11
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Inefficient over-investment arises

for v0 ∈ Φ = (.524, .659]. For v0 ≤ .524, the solutions coincide.

I now state my main result. Let λSB
0 (v0 ) denote the Principal’s optimal date zero investment
in the second-best equilibrium.
FB
Proposition 1. Whenever λF0 B (v0 ) ≥ λ̂0 (v0 ), λSB
0 (v0 ) = λ0 (v0 ). Moreover, there exists a non-

empty set of prior beliefs about project quality, Φ ⊂ [0, 1], such that v0 ∈ Φ implies:
FB
λSB
0 (v0 ) ≥ λ̂0 (v0 ) > λ0 (v0 ).

(15)

If the Principal’s first-best level of investment induces her to quit after initial failure, so will her
second-best investment choice. However, there exists a set of prior beliefs about project quality, Φ,
such that the Principal would initially invest to induce a positive value from future experimentation
under the first-best, but under the second-best she over-invests so that after initial failure, no
further investment occurs.
For v0 ∈ Φ, the Principal invests too much relative the first-best, and destroys surplus by doing
so. Nonetheless, such over-investment is superior for the Principal since her subsequent decision to
discontinue the experiment after initial failure denies the Agent rents from the repeated interaction.
In effect, she destroys surplus at date one in order to capture a larger share at date zero.
Figure 1 continues my earlier example; it shows optimal experimentation at date zero under
the first-best (blue) and moral hazard (red). The dashed black ray is λ̂0 (v0 ). In the first-best, the
12

Principal’s optimal plan depends on her initial optimism. When v0 is relatively low, it is sufficiently
‘cheap’ for her to experiment above the threshold which would induce her to quit, in the event
of failure. When v0 is sufficiently large, however, the Principal is better off spreading the cost of
investment over both dates: it is too expensive to initially invest the funds required to generate a
sufficiently informative failure that would lead her to quit after the initial round.
In the second-best, the Principal chooses an inefficiently high level of investment when v0 ∈
[.524, .659], which can be further classified into two relevant regions. When v0 ∈ [.524, .575],
the Principal in the second-best chooses the solution λ∗0 (v0 ), which is the one-shot unconstrained
optimal investment, and which satisfies λ∗0 (v0 ) ≥ λ̂0 (v0 ). However, when v0 ≥ .575, this solution
is no longer consistent with the threat to end the experiment after initial failure, since the oneoff investment solution has the property λ∗0 (v0 ) < λ̂0 (v0 ), and thus the Principal would wish to
experiment again at date one. In that case, the Principal invests at date zero just enough to
reduce the date one surplus to zero, i.e., at the constraint λSB
0 (v0 ) = λ̂0 (v0 ). This commits her to
prefer discontinuing the experiment after a date zero failure. Though this destroys future surplus,
it allows the Principal to retain a larger share of the date zero surplus. Finally, when investing
at the constraint λ̂0 (v0 ) becomes sufficiently expensive, i.e., v0 > .659, the Principal reverts to
experimenting over both dates, inducing high effort at date zero and date one and paying the
Agent the requisite information rent.
Notice that in the second-best, when the Principal experiments at date zero in such a way as
to induce a positive continuation pay-off from further experimentation, she nonetheless chooses an
initial investment that is too low, relative to the first-best. In this case, she trades off the benefits
of early discovery with the incentive cost that arises from giving the Agent a higher continuation
pay-off from shirking - both of which are increasing in her initial investment. This inefficient
under-investment is similar to Bergemann and Hege (2005).
This model is the first to propose over-investment relative to the efficient benchmark as a way to
soften the Agent’s incentive constraint - by contrast, existing work emphasizes under-investment
as the second-best solution. The latter prescription is a necessity of a framework in which the
Principal’s investment costs are linear, such as Bergemann and Hege (2005). But Proposition
1 offers a second important contrast with existing work. In Bergemann and Hege (2005) and
Hörner and Samuelson (2013), the Principal stops funding the experiment too soon, despite the
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fact that there is a positive surplus from continued investment.11 In this model, by contrast, when
the Principal’s initial investment departs from the first-best, a decision not to provide additional
funds is socially optimal at that date, conditional on her choice of investment at date zero. The
inefficiency arises from the fact that this initial choice of investment destroys future surplus in
order to avoid making transfers to the Agent at date zero.
5. Over-investing with Commitment
For v0 ∈ Φ, the Principal’s investment induces sufficiently pessimistic beliefs upon initial failure
that she can credibly commit to undertake no further experimentation. This allows her to extract all
of the surplus from the one-shot investment, despite the inefficiency of such a contract. It is natural
to conjecture that investing above the threshold λ̂0 (v0 ) is solely a means of belief commitment, since
it allows the Principal to credibly threaten to quit the project after initial failure. It is also natural
to conjecture that if the Principal could commit to writing a long-term contract at date zero which
commits her to investment and bonus decisions at both dates—and in particular, allows her to
pre-commit to quitting at the end of date zero—the inefficiency would disappear.
Both of these conjecture are false: when the Principal can write long-term contracts, overinvestment still arises - possibly in situations where it would not under short-term contracts - and
inefficiency may increase relative to the setting in which only short-term contracts can be written.
I now assume that the Principal can write a two-date contract specifying both investment and
bonus decisions at both dates, at the start of date zero (“long-term commitment”). I let λCO
t
denote her optimal choice of investment under the contract with long-term commitment. I begin
with three preliminary observations which provide the intuition for my next result.
First, if the Principal’s first-best investment calls on her to quite after initial failure—i.e.,
λF B (v0 ) = λ∗0 (v0 ) ≥ λ̂0 (v0 )—then her optimal contract both with and without inter-period commitment replicates the first-best. The reason is simple: by offering this contract she maximizes
and fully appropriates the surplus from the relationship.
Second, even with commitment, a contract which induces positive experimentation at both
dates must continue to satisfy the Agent’s incentive constraints at each date. For example, if she
11

Hörner and Samuelson (2013) also study non-Markov equilibria of their model, in which the Principal front-loads

the Agent’s effort in early periods until some threshold belief is attained, then switches to the worst equilibrium
which is either funding with delay, or stopping experimentation. However, in the initial period in which front-loading
takes place, it is the same investment that would arise in the first-best.
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wishes to induce high effort at both dates, her promised bonuses at each date must replicate those
made under the short-term contracts. More generally, for any equilibrium of the continuation
beginning after the Principal offers a contract in which λ0 < λ̂0 (v0 ), she will obtain a smaller
fraction of the induced surplus than she would from the continuation equilibrium after offering a
contract in which she invests positively only at date zero, holds the Agent to her participation
constraint in that period, and commits to no further investment at date one.
Third, when the Principal has long-term commitment, she no longer needs to invest above the
threshold λ̂0 (v0 ) in order to commit herself to quit upon failure. Together, these observations yield
the following conclusion:
FB
Proposition 2. Whenever, λ̂F0 B (v0 ) ≥ λ̂0 (v0 ), λCO
0 (v0 ) = λ0 (v0 ). Moreover, there exists a

non-empty set of prior beliefs about project quality Ψ ⊂ [0, 1], such that v0 ∈ Ψ implies:
FB
λCO
0 (v0 ) > λ0 (v0 ).

(16)

That is: when v0 ∈ Ψ, the Principal’s investment in a long-term contract is strictly higher than
the first-best, at date zero.
Note that the existence of a set of prior beliefs for which over-investment occurs does not rely
on any equilibrium selection: in that sense, the result for a long-term contract is even stronger
than in the case with short-term contracts.
Over-investment under long-term commitment need not imply that the Principal’s value from
investing again at date one be zero, in contrast with the setting with only short-term commitment.
To see this, suppose that in the setting with unobserved effort, the Principal’s payoff from investing
the static optimum λ∗0 (v0 ) at date zero and then quitting gives her a higher payoff than any contract
which induces positive investment at date one. Suppose, moreover, that the static optimum λ∗0 (v0 )
lies below the threshold λ̂0 (v0 ), so that the Principal’s value from experimentation at date one is
strictly positive, conditional on investing λ∗0 (v0 ) and believing that the Agent worked hard at date
zero.
Under short-term commitment, offering λ∗0 (v0 ) requires the Principal to compensate the Agent
with the information rent βV (v0 , v1p (λ0 , 1)) in order to induce high effort, since the Principal cannot
commit to quit through this choice of investment: the Agent knows that the Principal will wish to
invest again at date one, and so the Principal must provide the Agent with costly upfront incentives
to work hard. The only way for the Principal to make this commitment while still inducing full
15
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effort from the Agent at date zero is to invest precisely at the threshold λ̂0 (v0 ), in order to reduce
her own continuation payoff at date one to zero. If this strategy becomes too costly, the Principal
reverts to experimenting over both dates and pay the Agent the requisite incentives at date zero.
Under long-term commitment, however, the Principal can pre-commit to investing at λ∗0 (v0 ) <
λ̂0 (v0 ) and quitting upon failure. This allows her to induce high effort solely by satisfying the
Agent’s date zero participation constraint, and appropriating all of the rent. Since the Principal’s
value from this contract is strictly greater than that associated with investing λ̂0 (v0 ), there may be
prior beliefs for which she is prepared to make the one-off investment in the long-term commitment
setting, when she would instead revert to experimenting over both dates in the absence of commitment. Figure 2 continues my earlier example, in which I have added the Principal’s solution when
she has long-term commitment.
Under long-term commitment, when v0 ∈ [.524, .575], the Principal’s one-off investment solution
is the same as in the setting where only short-term contracts are available. Likewise, when v0 >
.667, the two-date investment solution coincides across both short-term and long-term contracts.
However, when the prior belief takes on an intermediate value, i.e., v0 ∈ (.575, .667], the Principal faces different trade-offs across each commitment setting. With only short-term commitment,
the Principal cannot invest at the static optimum λ∗0 (v0 ) and commit to quit. She must either
choose a contract which induces the Agent to work at both dates but requires her to hand her the
16

associated information rent at date zero, or instead invest at just the amount necessary to reduce
her continuation from further experimentation to zero (i.e., invest λ̂0 (v0 )). When v0 ∈ (.575, .659],
the Principal opts for the latter. When v0 > .659, the cost of investing at an amount sufficient to
make quitting credible is too large, and she instead reverts to a contract which induces full effort
and positive investment at both dates.
Under long-term commitment, by contrast, the Principal can freely commit to quitting after
a single date of positive investment; so, she invests λ∗0 (v0 ) and commits to making no further
investment.
So, on the interval v0 ∈ (.575, .659], the Principal over-invests under both short- and long-term
contracts, although the over-investment is more severe in the former setting. However, when v0 ∈
(.659, .667], the Principal over-invests under the long-term contract and under-invests with shortterm contracts—despite generating a positive continuation payoff from further experimentation at
date one in both cases!
Commitment Power Can Increase Inefficiency
The question arises as to the welfare consequences of moving from short- to long-term contracts.
Clearly, the Principal must be better off under long- than short-term commitment. Moreover,
whenever λ∗0 (v0 ) < λ̂0 (v0 ) but the Principal chooses a corner solution λSB
0 (v0 ) = λ̂0 (v0 ), the
surplus must also increase under the long-term contract, since the difference in surplus between
the long- and short-term contracts is f (λ∗ (v0 ); v0 ) − f (λ̂0 (v0 ); v0 ) > 0. This is the case in my
running example when v0 ∈ (.575, .659].
Suppose, however, that under short-term contracts, at some prior belief, the Principal’s date
zero investment generates a positive continuation payoff at date one, and that she chooses a contract
which induces the Agent to work hard with probability one at date zero. Then, her investment
decision is:
λSB
0 (v0 ) = arg

max (f (λ0 ; v0 ) + (1 − v0 λ0 )βS(v1p (λ0 , 1)) − βV (v0 , v1p (λ0 , 1))),

(17)

λ0 ≤λ̂0 (v0 )

and the surplus is:
p SB
SB
f (λSB
0 (v0 ); v0 ) + (1 − v0 λ0 )βS(v1 (λ0 , 1)),

(18)

since βV (v0 , v1p (λSB
0 , 1)) is a transfer from the Principal to the Agent. If, under long-term commitment, the Principal chooses to invest λCO
= λ∗0 (v0 ) < λ̂0 (v0 ) and λCO
= 0, the surplus is
0
1
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instead:
f (λ∗0 (v0 ); v0 ).

(19)

It is possible that (18) exceeds (19), but that the difference is strictly less than βV (v0 , v1p (λSB
0 , 1)),
the Principal’s transfer to the Agent. In that case, the Principal makes a one-off investment in
the setting with commitment, but invests over both periods without commitment; so, commitment
power raises the inefficiency induced by the Principal’s desire to retain as much of the date one
surplus as possible.
Example 1 (continued). Maintaining the running parameterization, consider v0 =

33
50 ;

in the

second-best with short-term commitment the Principal invests λSB
0 (v0 ) = .511, and the surplus is:
p SB
SB
f (λSB
0 (v0 ); v0 ) + (1 − v0 λ0 )βS(v1 (λ0 , 1)) = .164.

(20)

However, in order to induce effort at date zero, the Principal must hand the Agent the rent
βV (v0 , v1p (λSB
0 , 1)) = .014 and so appropriates only the value .150, for herself. With long-term
commitment, the Principal invests λ∗0 (v0 ) =

33
50 ,

holds the Agent to her participation constraint,

and generates the surplus:
f (λ∗0 (v0 ); v0 ) = .151,

(21)

which the Principal keeps for herself. So, giving the Principal long-term commitment power
worsens the inefficiency arising from the agency problem. This efficiency ordering holds for all
v0 ∈ (.659, .667].
Intuitively: the Principal is able to appropriate the full share of instantaneous surplus created
by her one-off investment decision under long-term commitment—that is: she fully appropriates
(19). But this solution now leaves a positive continuation payoff on the table which is claimed by
neither player. If, instead, the Principal invests over both dates, she hands a portion of the date
zero surplus to the Agent, but appropriates all of the date one surplus. If the difference of (18) and
(19) is positive, but less than βV (v0 , v1p (λSB
0 , 1)), long-term commitment power for the Principal
worsens the inefficiency associated with the agency problem. This is because formal commitment
power allows the Principal to credibly destroy even more of the surplus associated with the twodate investment solution in order to deny rents to the Agent at date zero, without forcing her to
partly internalize this by holding her initial investment to the corner solution, λ̂0 (v0 ).
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6. Discussion
Incentives to over-invest arise from two features of the model. First, there exist beliefs about
project quality for which the Principal would prefer to abandon the project. This gives her the
ability to make initial investments which imply no further experimentation upon early failure.
Second, the Agent’s rents are inter-temporal: even when effort is unobserved, the Principal can
hold the Agent to her participation constraint when she invests at date zero and quits after initial
failure. This gives the Principal a motive to distort investments in order to capture the surplus.12
The results have application to project evaluation: observing that a project was initially given
a large budget but that it was discontinued at an early stage without success may constitute
evidence that the project was poorly conceived or badly managed. However, this analysis suggests
another interpretation: the early release of large volume of funds followed by early abandonment
may represent the solution of an incentive problem arising from the Agent’s desire to prolong the
life of the contract, in order to capture information rents.
Although two periods are sufficient to illustrate the main argument, I argue that the addition
of more periods aggravates the Agency cost and is likely to increase incentives to over-invest at the
outset. Suppose that there are three dates; 0, 1 and 2, and that the first-best calls on the Principal
to invest positively at each of the three dates, and that the Principal wishes to induce full effort
by the Agent at all three dates. On the equilibrium path, the Principal’s belief coincides with
the Agent’s at each date. At date two, the Principal holds the Agent with belief v2p =

v1p (1−λ1 )
1−v1p λ1

to

her participation constraint. At date one, the Principal offers the Agent her reservation payoff, in
12

Over-investment can also arise when the Principal’s investment is not observed by the Agent, so that there is

scope for the former to manipulate the latter’s beliefs. Here is a partial intuition. At date one, suppose that the
Agent believes that the Principal invests λ1 = 0, and subsequently randomizes with positive probability over all
bonus offers on [0, W ]. Then, for any realized bonus announcement, the Agent believes the Principal invested zero,
and optimally exerts zero effort at date one. If the Principal deviates to positive investment, the Agent will not
observe this, and the costly investment is wasted. So, zero investment by the Principal at date one is optimal, and
the Principal’s is indeed indifferent over all bonus offers since she never has to pay out. This implies that both players
receive a payoff of zero in the continuation equilibrium at date one. Then, we can construct strategies and beliefs at
date zero which support a one-off investment by the Principal, and the Agent is held to her participation constraint
at that date. However, the initial investment may not coincide with the case where the Principal’s investment is
observed.
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addition to her discounted benefit from manipulating the Principal’s beliefs by secretly shirking:
c
1 − v2p
b1 = p + βc p .
v1 λ1
v2

(22)

Now consider the bonus that she offers the Agent at date zero. If the Agent secretly shirks, she
creates a wedge between her beliefs and the Principal’s beginning at date one. The wedge in these
beliefs also persists at date two, and so the value of the deviation at date zero rises since the Agent
now obtains a stream of information rents, since each subsequent bonus is too generous relative
to the Agent’s true beliefs. Using a similar procedure as in the two-date example, we obtain the
requisite bonus at date one:
b0 =

1 − vp
1 − vp
c
+ βc p 1 + β 2 c p 2 .
v0 λ 0
v1
v2

(23)

If, instead, the Principal invests only over the first two dates, the date zero bonus is only the
first term in this expression, and the date one bonus need only satisfy the Agent’s participation
constraint. Thus, adding more periods of experimentation generates a discrete increase in Agency
costs at each date in which experimentation takes place prior to the final date. This suggests that
incentives to over-invest early on in order to trade-off the inefficiency of the short horizon with the
associated agency costs of experimenting over the longer horizon may appear even more strongly.

7. Appendix
Proof of Lemma 1
To prove (i), I show λ∗1 (v1p ) increases in v1p and v1p decreases in λ0 . Fix v1p = v ∈ (0, 1) and
λ∗1 (v), which I shorthand λ. Take v 0 > v and associated solution λ∗1 (v 0 ) = λ0 . Since λ0 is optimal
for v 0 and λ is optimal for v:
v 0 (λ0 − λ)W + τ (λ) − τ (λ0 ) ≥ 0

(24)

v(λ − λ0 )W + τ (λ0 ) − τ (λ) ≥ 0

(25)

and combining yields:
(v − v 0 )(λ − λ0 ) ≥ 0
so v < v 0 implies λ ≤ λ0 . Next, λ0 > 0 if and only if e0 = 1, in the first-best, so v1p (λ0 , 1) =
which strictly decreases in λ0 . This completes the proof of (i).
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v0 (1−λ0 )
1−v0 λ0

I now prove (ii). Recall S(v1p ) = max{0, f (λ∗1 (v1p ); v1p )}. It is easy to show f (λ∗1 (v1p ); v1p ) is
strictly increasing in v1p . Thus, S(v1p ) ≥ 0 implies S(v̂1p ) > S(v1p ) for v̂1p > v1p . Next, f (λ∗1 (0); 0) < 0
and f (λ∗1 (1); 1) > 0. So, there is a unique v1p ∈ (0, 1) such that (a) S(v1p ) = f (λ∗1 (v1p ); v1p ) = 0 and
(b) for any (v1p )0 > v1p , S((v1p )0 ) > 0, which I call v.
Proof of Lemma 3
I first show that if the Principal announces an investment λ0 ≥ λ̂0 (v0 ), then for any date zero
bonus that she offers, an equilibrium of the continuation game beginning with the Agent’s date
zero effort choice exists. Recall that σt denotes the Agent’s distribution over effort levels at date t.
Claim 1. If the Principal chooses λ0 ≥ λ̂0 (v0 ) and b0 <

c
v0 λ0 ,

continuation game in which σ0 = 0, λ1 = λ∗1 (v1 (λ0 , 0)), b1 =

there exists an equilibrium of the

c
,
v1p (λ0 ,0)λ1

σ1 = 1 if v1p (λ0 , e0 )λ1 b1 ≥ c

and σ1 = 0 otherwise.
Proof. The Agent’s date one strategy is trivially optimal. The Principal’s belief at date one about
project quality is v1p (λ0 , 0) = v0 , and she believes that the Agent’s belief is v1 (λ0 , 0) = v0 with
probability one, so her investment strategy and bonus offer at that date is optimal, given the
Agent’s strategy. Since the Agent’s date one continuation payoff is zero regardless of her action at
date zero, she weakly prefers to exert no effort at date zero if v0 λ0 b0 − c ≤ 0, which is satisfied.
Claim 2. If the Principal chooses λ0 ≥ λ̂0 (v0 ) and b0 ≥

c
v0 λ0 ,

there exists an equilibrium of the

continuation game in which σ0 = 1, λ1 = 0, b1 = 0, σ1 = 1 if v1p (λ0 , e0 )λ1 b1 ≥ c and σ1 = 0
otherwise.
Proof. The Agent’s date one strategy is trivially optimal. At date one, the Principal’s belief is
v1p (λ0 , 1) ≤ v, so her investment strategy and bonus offer is optimal. At date one, the Agent’s rent
is zero regardless of her action at date zero, so at date zero she weakly prefers to exert full effort
if v0 λ0 b0 − c ≥ 0, which is satisfied.
This establishes existence of an equilibrium of the continuation game after any offer by the
Principal λ0 ≥ λ̂0 (v0 ) and b0 ≥ 0. Moreover, if the Principal invests λ∗0 (v0 ) and offers b0 =
c
v0 λ∗0 (v0 ) at date zero, an equilibrium of the continuation game
f (λ∗0 (v0 ); v0 ), which is fully appropriated by the Principal.
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exists which generates the surplus

Proof of Lemma 4
The proof proceeds by a sequence of claims, in which I show that an equilibrium of the continuation
game exists after any contract offered by the Principal satisfying 0 ≤ λ0 < λ̂0 (v0 ) and b0 ≥ 0.
Claim 3. There exists an equilibrium of the continuation game beginning with the Agent’s date
zero effort decision, after the Principal announces any date zero investment λ0 ∈ (0, λ̂0 (v0 )] and
date zero bonus b0 ≤

c
v0 λ0 .

Proof. I claim that an equilibrium exists in which the Agent chooses σ0 = 0 at date zero and at
date one the Principal invests λ1 = λ∗1 (v0 ), offers b1 =

c
,
v1p (λ0 ,0)λ1

and the Agent chooses σ1 = 1 if

v1 (λ0 , e0 )λ1 b1 − c ≥ 0, and σ1 = 0 otherwise. The proof is similar to the previous Lemma.
Claim 4. There exists an equilibrium of the continuation game beginning with the Agent’s date
zero effort decision, after the Principal announces any date zero investment λ0 ∈ (0, λ̂0 (v0 )] and



date zero bonus b0 ≥ λc0 v10 + β vp (λ1 ,1) − v10 .
1

0

Proof. By arguments in the text, an equilibrium exists in which σ0 = 1, b1 =

c
v1 (λ0 ,1)λ1 ,

λ1 =

λ∗1 (v1p (λ0 , 1)) and σ1 = 1 if v1 (λ0 , e0 )λ1 b1 − c ≥ 0, and σ1 = 0 otherwise.
Claim 5. After the Principal chooses λ0 ∈ (0, λ̂0 (v0 )) and




c
c
1
1
1
b0 ∈
,
+β
,
−
v0 λ0 λ0 v0
v1p (λ0 , 1) v0

(26)

there exists no equilibrium of the continuation game in which the Agent chooses σ0 ∈ {0, 1}.
Proof. Suppose an equilibrium exists in which σ0 = 1. At date one, the Principal’s belief is
v1p (λ0 , 1), and she believes that the Agent’s belief is v1 (λ0 , 1) with probability one. Then, there is
unique equilibrium of the continuation game beginning at date one, in which the Principal offers
b1 =

c
v1p (λ0 ,1)λ1

and invests λ1 = λ∗1 (v1 (λ0 , 1)), and the Agent chooses σ1 = 1 if v1 (λ0 , e0 )λ1 b1 −c ≥ 0,

and σ1 = 0 otherwise. This implies that the Agent prefers to work at date zero only if:


v1 (λ0 , 0)
v0 λ0 b0 − c ≥ βc
−1 ,
v1p (λ1 , 1)

(27)

which is violated by (26), where I have substituted v1 (λ0 , 0) = v0 .
Next, suppose that an equilibrium exists in which σ0 = 0. At date one, the Principal’s belief is
v1p (λ0 , 0), and she believes that the Agent’s belief is v1 (λ0 , 0) with probability one. Then, there is
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a unique equilibrium of the continuation game beginning at date on, in which the Principal offers
b1 =

c
v1 (λ0 ,0)λ1

and λ1 = λ∗1 (v1 (λ0 , 0)), and the Agent chooses σ1 = 1 if v1 (λ0 , e0 )λ1 b1 − c ≥ 0, and

σ1 = 0 otherwise. The Agent therefore prefers to exert zero effort at date zero only if:
v0 λ0 b0 − c ≤ 0,

(28)

which is violated by (26).
Claim 6. After the Principal chooses λ0 ∈ (0, λ̂0 (v0 )] and




c
1
1
c
1
,
+β
,
b0 ∈
−
v0 λ0 λ0 v0
v1p (λ0 , 1) v0

(29)

there exists an equilibrium of the continuation game in which the Agent chooses σ0 ∈ (0, 1).
Proof. At date one, the Principal’s belief about project quality is v1p (λ0 , σ0 ). The Agent’s belief is
v1 (λ0 , e0 ). I call the Agent with belief v1 (λ0 , 1) a pessimistic Agent-type and the Agent with belief
v1 (λ0 , 0) an optimistic Agent-type.
If the Principal chooses λ1 > 0, I specify that the Principal randomizes over the following two
contracts:
(i) with probability η ∈ [0, 1], she chooses an inclusive contract, which satisfies the participation
constraint of the pessimistic Agent, and gives positive rent to the optimistic Agent: bI1 (λ1 ) ≡
c
v1 (λ0 ,1)λ1 .

The Principal’s investment solves:

max

λ1 ∈[0,1]


v0 (1 − σ0 λ0 )
I
λ1 (W − b1 (λ1 )) − τ (λ1 ) ,
1 − v0 λ0 σ0

(30)

and I specify that both Agent-types select high effort with probability one.
(ii) with probability 1 − η, she chooses an exclusive contract, which satisfies the participation
constraint of the optimistic Agent: bE
1 (λ1 ) ≡

c
v1 (λ0 ,0)λ1 .

This gives the pessimistic Agent an

negative expected payoff from exerting high effort, so that she strictly prefers low effort at
date one. The Principal’s investment solves:


v0 (1 − σ0 )
E
max
λ1 (W − b1 (λ1 )) − τ (λ1 ) ,
1 − v0 λ 0 σ 0
λ1 ∈[0,1]

(31)

and I specify that the optimistic Agent selects high effort with probability one, while the
pessimistic Agent selects low effort with probability one.
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The strategy of each Agent-type after the Principal’s realized date one contract is trivially optimal.
Let η denote the probability that the Principal at date one offers an inclusive contract. Then, the
Agent at date zero is indifferent between high effort and low effort only if:


v0
v0 λ0 b0 − c = βηc
−1
v1 (λ0 , 1)


1
c
1
c
If b0 = bL
0 (v0 , λ0 ) ≡ v0 λ0 , we must therefore have η = 0. If b0 = λ0 v0 + β v p (λ
1

0 ,1)

(32)
−

1
v0



≡

bH
0 (v0 , λ0 ), we must have η = 1. It follows that for any interior bonus, there exists a unique mixture
(η) which satisfies (32).
Next, I show that there exists at least one mixture, σ0 , which makes the Principal indifferent
between each of the inclusive and exclusive contract at date one. Suppose σ0 = 0. Then, we have:



1 − λ 0 v0
− τ (λ1 ) < max v0 λ1 W − c − τ (λ1 )
(33)
max
v0 λ 1 W − c
1 − λ0
λ1 ∈[0,1]
λ1 ∈[0,1]
where the LHS is the Principal’s value from an inclusive contract, and the RHS is the Principal’s
value from an exclusive contract, since the Agent is always optimistic at date one. Suppose σ0 = 1.
Then, we have:

max
λ1


v0 (1 − λ0 )
λ1 W − c − τ (λ1 ) ≥ 0,
1 − v0 λ 0

(34)

where the LHS is the Principal’s value from an inclusive contract, and the RHS is the Principal’s
value from an exclusive contract, since when σ1 = 0, the Agent is always pessimistic at date
one. The LHS is weakly positive by supposition of λ0 ≤ λ̂0 (v0 ). So, there exists at least one
σ0 ∈ (0, 1] which creates indifference, and thus a mixed strategy equilibrium of the continuation
game exists.
Claim 7. After the Principal chooses λ0 = 0 and any bonus offer b0 ≥ 0, an equilibrium of the
continuation game exists.
Proof. It is easy to show that the following is an equilibrium of the continuation game: the Agent
chooses σ0 = 0, the Principal offers λ1 = λ∗1 (v1p (0, 0)) and b1 =

c
,
v1p (0,0)λ∗1 (v1p (0,0))

and the Agent

chooses σ1 = 1 if v1 (0, e0 )λ1 b1 − c ≥ 0, and σ1 = 0, otherwise.
We conclude that for any contract satisfying λ0 < λ̂0 (v0 )) and b0 ≥ 0, an equilibrium of the
continuation game exists.
For a general cost function τ (·), I cannot rule out the possibility that there is more than
one σ0 which generates indifference between each of the two contracts, in the continuation game
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beginning after an offer λ0 < λ̂0 (v0 ) and a bonus which is drawn from the interval (26). However, it
is sufficient to note the surplus generated in any such continuation equilibrium is strictly less than
the surplus generated when the Principal can directly observe the Agent’s effort, holds the Agent
to her participation constraint at each date, and the Agent chooses high effort at both dates:


p
∗ p
max
f (λ0 ; v0 ) + (1 − v0 λ0 )βf (λ1 (v1 (λ0 , 1); v1 (λ0 , 1)) .
(35)
λ0 ∈[0,λ̂0 (v0 )]

Proof of Proposition 1
When the Agent’s effort choice is not observed by the Principal, for a given prior belief v0 , let
S SB (v0 ) denote the supremum of the surplus that can be attained in a continuation equilibrium
when the prior is v0 , beginning with the Agent’s date zero effort choice where the supremum is
taken over all pairs (λ0 , b0 ) satisfying λ0 ∈ [0, λ̂0 (v0 )) and b0 ≥ 0. We have:


p
SB
∗ p
S (v0 ) <
max
f (λ0 ; v0 ) + (1 − v0 λ0 )βf (λ1 (v1 (λ0 , 1); v1 (λ0 , 1)) .

(36)

λ0 ∈[0,λ̂0 (v0 )]

Similarly, let S

SB

(v0 ) denote the supremum of the surplus that can be achieved in any continuation

equilibrium beginning with the Agent’s date zero effort choice, where the supremum is taken over
all pairs (λ0 , b0 ) satisfying λ0 ∈ [λ̂0 (v0 ), 1] and b0 ≥ 0.
Claim 8. If λ∗0 (v0 ) ≥ λ̂0 (v0 ):
S

SB

(v0 ) =

max (v0 λ0 W − τ (λ0 ) − c) = f (λ∗0 (v0 ); v0 ).

(37)

λ0 ≥λ̂0 (v0 )

Moreover, S

SB

(v0 ) is generated in an equilibrium of the continuation game after the Principal

chooses λ0 and b0 only if λ0 = λ∗0 (v0 ) and b0 =

c
v0 λ∗0 (v0 ) .

Proof. That the surplus f (λ∗0 (v0 ); v0 ) can be generated in a continuation equilibrium after λ0 =
λ∗0 (v0 ) and b0 =

c
v0 λ∗0 (v0 )

is established in Lemma 3. That it can only be generated after this

investment and bonus offer is trivial. Finally, since λ∗0 (v0 ) ≥ λ̂0 (v0 ), we have:
f (λ∗0 (v0 ); v0 ) =

max
λ0 ∈[λ̂0 (v0 ),1],σ0 ∈[0,1]

so that f (λ∗0 (v0 ); v0 ) = S

SB

(v0 λ0 σ0 W − τ (λ0 ) − c + β(1 − v0 λ0 σ0 )S(v1p (λ0 , σ0 )) ,

(38)

(v0 ).

Recall that λSB
0 (v0 ) denotes the Principal’s investment at date zero in the equilibrium with
unobserved effort which maximizes the surplus.
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Claim 9. Θ = {v0 : λF0 B (v0 ) ≥ λ̂0 (v0 )} is non-empty, and v0 ∈ Θ implies λSB (v0 ) = λF0 B (v0 ) =
λ∗0 (v0 ).
Proof. f (λ∗0 (v0 ); v0 ) is continuous and strictly increasing in v0 . By construction, f (λ∗0 (v); v) = 0,
λ̂0 (v) = 0 and for all λ0 ≥ 0:
f (λ0 ; v) + β(1 − vλ0 )f (λ∗1 (v1p ); v1p ) < 0.

(39)

Finally, λ∗0 (v) > 0 = λ̂0 (v). Continuity and strict monotonicity of λ∗0 (v0 ) > λ̂0 (v0 ) implies that
δ (v ) ≡ {v 0 : 0 < v 0 −v < δ} such that v 0 ∈ B δ (v ) implies f (λ∗ (v 0 ); v 0 ) >
there exists δ > 0 and B+
0
0
+ 0
0
0
0
0 0
0

0, λ∗0 (v00 ) > λ̂0 (v00 ) and maxλ0 ∈[0,1] (f (λ0 ; v00 ) + β(1 − v00 λ0 )f (λ∗1 (v1p ); v1p )) < f (λ∗0 (v00 ); v00 ). Thus, Θ
is non-empty. Next, v0 ∈ Θ implies:
f (λ∗0 (v0 ); v0 ) ≥

max
λ0 ∈[0,λ̂0 (v0 )]



f (λ0 ; v0A ) + (1 − v0A λ0 )βf (λ∗1 (v1p ); v1p ) > S SB (v0 ).

By Lemma 3, v0 ∈ Θ implies λ∗0 (v0 ) ≥ λ̂0 (v0 ); Claim 7 implies f (λ∗0 (v0 ); v0 ) = S
the Principal fully appropriates the surplus S

SB

(v0 ) and S

SB

(v0 ) > S

SB

SB

(40)

(v0 ). Since

(v0 ), we conclude that

FB
∗
λSB
0 (v0 ) = λ0 (v0 ) = λ0 (v0 ).
FB
Claim 10. Φ ≡ {v0 : λSB
0 (v0 ) ≥ λ̂0 (v0 ) > λ0 (v0 )} is non-empty.

Proof. Recall λ̂0 (v0 ) is strictly concave, λ̂0 (v) = 0 and λ̂0 (1) = 1; moreover, λ∗0 (v0 ) is continuous,
strictly increasing, λ0 (v) > 0 and λ∗0 (1) < 1. Thus, there exists a largest v0 such that λ∗0 (v0 ) implies
f (λ∗1 (v1p ); v1p ) ≤ 0. This implies there exists a largest v0 such that λ∗0 (v0 ) ≥ λ̂0 (v0 ) and:


p
∗
A
A
∗ p
f (λ0 (v0 ); v0 ) =
max
f (λ0 ; v0 ) + (1 − v0 λ0 )βf (λ1 (v1 ); v1 ) ,

(41)

which I denote v0A . For all v0 > v0A , λF0 B (v0 ) < λ̂0 (v0 ). Define:


p
A
A
∗ p
1 (v0 ) =
max
f (λ0 ; v0 ) + (1 − v0 λ0 )βf (λ1 (v1 ); v1 ) − S SB (v0 ),

(42)

λ0 ∈[0,λ̂0 (v0 )]

λ0 ∈[0,λ̂0 (v0A )]

where 1 (v0 ) > 0 for any v0 . Thus, f (λ∗0 (v0A ); v0A ) > S SB (v0A ).
1. Suppose, first, λ∗0 (v0A ) > λ̂0 (v0A ). Define:


2 (v0 ) =
max
f (λ0 ; v0A ) + (1 − v0A λ0 )βf (λ∗1 (v1p ); v1p ) − f (λ∗0 (v0 ); v0 ),
λ0 ∈[0,λ̂0 (v0A )]
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(43)

and note 2 (v0A ) = 0, 2 (v0 ) > 0 if v0 > v0A , and 2 (v0 ) is continuous. Moreover, f (λ∗0 (v0A ); v0A )
is continuous and strictly increasing, λ∗0 (v0 ) is continuous and strictly increasing, and 1 (v0 ) >
δ (v A ) implies λ∗ (v 0 ) > λ̂ (v ), and
0 for all v0 . So, there exists δ > 0 such that v00 ∈ B+
0 0
0
0 0

2 (v00 ) < 1 (v00 ). By Claim 7:
f (λ∗0 (v00 ); v00 ) − S SB (v00 ) = S

SB

(v00 ) − S SB (v00 ) = −2 (v0 )0 + 1 (v00 ) > 0.

(44)

0
∗ 0
0
FB 0
0
This implies λSB
0 (v0 ) = λ0 (v0 ) > λ̂0 (v0 ) and λ0 (v0 ) < λ̂0 (v0 ).

2. Suppose, second, λ∗0 (v0A ) = λ̂0 (v0A ). Define 3 (v0 ) ≡ f (λ̂0 (v0 ); v0 )−βf (λ∗0 (v0 ); v0 ) and 4 (v0 ) ≡
f (λ∗0 (v0 ); v0 ) − f (λ̂0 (v0 ); v0 ) and note that 3 (v0A ) > 0 for β < 1, 4 (v0A ) = 0, 2 (v0A ) = 0
and 3 (·) and 4 (·) are continuous at v0A . This implies that there exists δ > 0 such that
δ (v A ) ≡ {v 0 : 0 < v 0 − v < δ} implies  (v 0 ) > 0 and  (v 0 ) >  (v 0 ) +  (v 0 ). This
v00 ∈ B+
0
3 0
1 0
2 0
4 0
0
0
0

implies:
f (λ̂0 (v00 )) − S SB (v00 ) = f (λ̂0 (v00 )) − f (λ∗0 (v00 )) + f (λ∗0 (v00 )) − S SB (v00 )

(45)

= −4 (v00 ) + 1 (v00 ) − 2 (v00 )

(46)

>0

(47)

0
0
and since 3 (v00 ) > 0, f (λ̂0 (v00 ); v00 ) − βf (λ∗0 (v00 ); v00 ) > 0. This implies λSB
0 (v0 ) ≥ λ̂0 (v0 ) >

λF0 B (v00 ).
FB
We conclude that Φ ≡ {v0 : λSB
0 (v0 ) ≥ λ̂0 (v0 ) > λ0 (v0 )} is non-empty.

Proof of Proposition 2
Claim 11. If, at date zero, the Principal offers the long-term contract λ0 = λ∗0 (v0 ), b0 =

c
v 0 λ0 ,

λ1 = 0 and b1 ≥ 0, there exists an equilibrium of the continuation game in which the Agent chooses
σ0 = 1 and σ1 = 0.
The proof is similar to the proof for short-term contracts, and omitted.
Claim 12. In the continuation game after the Principal offers any contract (λ0 , λ1 , b0 , b1 ) satisfying
λ0 > 0, λ1 > 0, b0 ≥ 0 and b1 ≥ 0, an equilibrium exists.
Proof. I specify the following strategy for the Agent: at date one, choose e1 = 1 if v1 (λ0 , e0 )λ1 b1 −
c ≥ 0 and e1 = 0, otherwise; at date zero, choose e0 = 1 if:
v0 λ0 b0 − c + (1 − v0 λ0 )β max{0, v1 (λ0 , 1)λ1 b1 − c} ≥ β max{0, v1 (λ0 , 0)λ1 b1 − c}
and e0 = 0, otherwise.
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(48)

Claim 13. In any equilibrium of the continuation game after the Principal offers a long-term
contract satisfying λ0 ≤ λ̂0 (v0 ) and λ1 > 0, the Principal’s payoff is strictly less than:


p
∗ p
max
f (λ0 ; v0 ) + (1 − v0 λ0 )βf (λ1 (v1 (λ0 , 1); v1 (λ0 , 1)) .

(49)

λ0 ∈[0,λ̂0 (v0 )]

Proof. Notice that (49) is the surplus that is generated from the Principal’s optimal investment
which induces a positive value to experimentation at date two, when she holds the Agent to her
participation constraint at both dates. Suppose, to the contrary, that the Principal attains this
payoff. Then, her contract is: λ1 = λ∗1 (v1p (λ0 , 1)), b1 =
λ0 ∈ arg

max
λ0 ∈[0,λ̂0 (v0 )]

c
,
v1p (λ1 ,1)λ1

b0 =

c
v0 λ0 ,

and:



p
∗ p
f (λ0 ; v0 ) + (1 − v0 λ0 )βf (λ1 (v1 (λ0 , 1); v1 (λ0 , 1)) .

(50)

and, the Agent must choose high effort at both dates in some equilibrium of the continuation game.
However, in any continuation equilibrium after this contract is offered, the Agent weakly prefers
to exert high effort at date zero if and only if:
v0 λ0 b0 − c + (1 − v0 λ0 )β max{0, v1 (λ0 , 1)λ1 b1 − c} ≥ β max{0, v1 (λ0 , 0)λ1 b1 − c}.

(51)

or:
c
b0 ≥
λ0



1
+
v0



1
1
+
p
v1 (λ0 , 1) v0


>

c
.
v0 λ 0

(52)

Thus, there does not exist a continuation equilibrium after the Principal offers this contract in
which the Agent exerts high effort at both dates with probability one. Thus, the Principal cannot
attain (49).
Let S CO (v0 ) denote the supremum of the Principal’s payoffs over all continuation equilibria for
any long-term contract (λ0 , λ1 , b0 , b1 ) satisfying λ0 ≤ λ̂0 (v0 ) and λ1 > 0.
Claim 14. If:
f (λ∗0 (v0 ); v0 ) > S CO (v0 ),

(53)

then there exists a unique equilibrium (up to the specification of b1 ≥ 0) in which the Principal
offers the Agent a contract satisfying λ0 = λ∗0 (v0 ), λ1 = 0, b0 =
Proof. Consider a contract λ0 = λ∗0 (v0 ), b0 =

c
v0 λ0

c
v 0 λ0

and b1 ≥ 0.

+ ∆(b0 ), where ∆(b0 ) is chosen to satisfy:

0 < v0 λ∗0 (v0 )∆(b0 ) < f (λ∗0 (v0 ); v0 ) − S CO (v0 ),
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(54)

and λ1 = 0 and b1 = 0. There exists a unique equilibrium of the continuation game after this
contract is offered in which the Agent choose σ0 = 1 and σ1 = 0, and the Principal’s payoff is
f (λ∗0 (v0 ); v0 ) − v0 λ∗0 (v0 )∆(b0 ) > S CO (v0 ). So, any contract satisfying λ0 ≤ λ̂0 (v0 ) and λ1 > 0 is
strictly dominated.
Next, consider a contract satisfying λ0 > λ̂0 (v0 ) and λ1 > 0. This contract gives the Principal
a payoff which is strictly less than:


p
∗ p
max
f (λ0 ; v0 ) + (1 − v0 λ0 )βf (λ1 (v1 ); v1 ) ≤
λ0 ≥λ̂0 (v0 )

max
λ0 ≥λ̂0 (v0 )

f (λ0 ; v0 ) ≤ f (λ∗0 (v0 ); v0 ).

(55)

By a similar argument to the previous paragraph, the Principal can therefore construct another
contract λ∗0 (v0 ), λ1 = 0, b0 =

c
v 0 λ0

+ ∆(b0 ) for ∆(b0 ) arbitrarily small which yields a unique

continuation equilibrium payoff for the Principal that is arbitrarily close to f (λ∗0 (v0 ); v0 ), and
strictly larger than her payoff from a continuation equilibrium after λ0 > λ̂0 (v0 ) and λ1 > 0.
Finally, it is straightforward to show that a contract satisfying λ0 = 0 is never optimal for the
Principal.
Thus, f (λ∗0 (v0 ); v0 ) > S CO (v0 ) implies the Principal’s optimal contract has the property λ0 > 0,
λ1 = 0. I finally show that the unique equilibrium (up to the specification of b1 ≥ 0) is as stated
in the Claim. If the Principal offers a contract λ0 = λ∗0 (v0 ), b0 >

c
v0 λ0

and λ1 = 0, b1 ≥ 0, the

Agent strictly prefers σ0 = 1 and σ1 = 0. Call ∆(b1 ) = b1 − v0cλ0 . Suppose that, after the Principal
chooses a contract satisfying λ0 = λ∗0 (v0 ), ∆(b1 ) = 0, λ1 = 0 and b1 ≥ 0, the Agent chooses σ0 < 1.
Then, the Principal’s payoff is:
σ0 f (λ∗0 (v0 ); v0 ) < f (λ∗0 (v0 ); v0 ) − v0 λ∗0 (v0 )∆(b00 )

(56)

where the RHS is the Principal’s payoff if she replicates the contract but instead chooses some b00 >
c
v0 λ0

and where ∆(b00 ) is sufficiently small to satisfy the above inequality. But this contract is itself

strictly dominated by another contract which replicates it but instead satisfies ∆(b000 ) = 12 ∆(b00 ).
Thus, there is a unique equilibrium (up to the specification of b1 ≥ 0) in which λ0 = λ∗0 (v0 ), λ1 = 0,
b0 =

c
v 0 λ0

and b1 ≥ 0, and after which the Agent chooses high effort with probability one at date

zero, and low effort with probability one at date one.
The rest of the result follows a similar structure to the proof of Proposition 1.
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