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Abstract

This paper considers a model of moral hazard where the principal has private information. For
instance, in an organizational setting, the firm may be better informed about the profitability of a
sales area for which it seeks to employ a new sales representative. We show how this information
asymmetry may lead to a game of signaling which can mute incentives. © 2001 Elsevier Science
B.V. All rights reserved.
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1. Introduction

In recent years, numerous contributions have been made to solve the puzzle of why firms’
managerial or labor contracts provide rather low incentives compared to the predictions of
standard models of moral hazard (see Gibbons, 1990 for a summary). In this paper, we
show how the introduction of private information of the principal allows us to derive a new
rationale for flat (or low-powered) incentives.

To fix ideas, consider a setting where the principal (e.g. the owner of a firm) has superior
information about the profitability of a specific sales area. This is a realistic assumption as
he has access to usually unverifiable long-term sales records. As the effort of an employed
sales representative is typically not observable, the principal should propose a contract in
which the agent participates in the realized sales. Indeed, if both parties are risk neutral
and if the profitability of the sales area, i.e. the principal’s type, is known to the agent, the
inherent problem of moral hazard can be perfectly resolved. The optimal contract basically
‘sells’ the sales area to the agent in order to elicit first-best effort. The agent’s wage thus
fully reflects the fortunes of his sales area, while the principal adjusts the base wage (i.e.
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the wage paid in the worst case) to make the agent just indifferent between accepting and
rejecting.

If the principal has, however, private information about his type, the employee’s evalua-
tion of a proposed incentive scheme depends crucially on his beliefs about the profitability
of the sales area. This dependency is strongest if the contract provides high incentives, while
it is mitigated if the agent’s income is less linked to sales revenues. As a consequence, the
first-best contracts signed under complete information are no longer feasible as they do not
satisfy incentive compatibility for less profitable principals. Loosely speaking, since an agent
who fully participates in the fortunes of the firm is prepared to work for a more profitable
principal at a lower base wage, principals with less profitable areas would strictly prefer to
mimic this offer. We show how incentive compatibility can be restored at the cost of reduc-
ing incentives. In technical terms, the steepness (or power) of the incentive scheme plays
the role of a sorting variable. As games of signaling are typically plagued by a multiplicity
of equilibria, we impose refinement criteria. We find that the contract proposed by a more
profitable principal provides less than first-best incentives to credibly signal the firm’s type.

To our knowledge, the explanation of flat or low-powered incentive schemes by private
information of the principal is new to the literature. In fact, as noted by Sappington (1991),
contract design by an informed principal has altogether received little attention. Among the
few contributions are Lutz (1989), Spier (1992), and Jost (1996), who all study different
questions such as the use of warranties. Moreover, Maskin and Tirole (1992) have offered
a general framework for analyzing mechanism design by an informed principal.

The rest of the paper is organized as follows. Section 2 introduces a simple model of
a one-shot signaling game, which is analyzed in Section 3. In Section 4, we allow for
renegotiations to discuss the robustness of our results. Section 5 concludes with possible
extensions.

2. The model

2.1. Players, payoffs, and the problem of moral hazard

A principal can employ an agent for a single period to produce a real-valued outputy.
Output depends stochastically on the principal’s typet ∈ T = {l, h}, which is his private
information, and the agent’s choice of efforte ∈ [0, ē], which is not contractible. Each type
t ∈ T is associated with a profitability indexst with sh > sl = 0. The agent has prior beliefs
v = Pr(t = h) with 0 < v < 1. We specify next a simple stochastic production function.
Output may have two realizationsy ∈ {0, ȳ} with 0 < ȳ, and the production function is
additive in effort and profitability with

Pr(y = ȳ|e, t) = p0 + p1(e + st ), (1)

wherep1 > 0. To ensure that no choice of(e, t) leads to a degenerate probability distri-
bution, we requirep0 > 0 andp0 + p1(ē + sh) < 1. In what follows, we always obtain
an interior choice of effort by assuming additionallyē > ȳp1. As only the output is con-
tractible, a (deterministic) contract is fully described by a transfer (or wage)α if y = 0
and a transferα + β if y = ȳ. We refer toα as the base (wage) and toβ as the premium,
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which determines the steepness of the wage functionw(y) = α + βy/ȳ. We abbreviate
a contract byc = (α, β) and restrict attention toc ∈ C = R × R+

0 , i.e. to nonnegative
premia. Reservation values are normalized to zero. Given a wage paymentw, an efforte,
and an output realizationy, the principal realizes the utilityV (w, y) = y −w and the agent
the utility U(e, w) = w − 1

2e2. Note that both parties are (income) risk neutral.
Below we focus on the contracting stage where the principal makes a take-it-or-leave-it

offer. We therefore consider already at this point the inherent problem of moral hazard.
Given an accepted contractc, the agent must choosee ∈ [0, ē] to maximizeβ(p0 +p1(e +
st )) − 1

2e2. By the additivity in (1), this choice is unique and independent of the principal’s
type. It is denoted by the function̂e(β), whereê(β) = βp1 for 0 ≤ β ≤ p1/ē andê(β) = ē

for β > p1/ē. Given some contractc, we can now derive the principal’s ‘indirect utility
function’. This is given by

Vt (c) = −α + (ȳ − β)(p0 + p1ê(β) + p1st ).

Similarly, the agent realizes

Ut(c) = α + β(p0 + p1st + p1ê(β)) − 1
2 ê(β)2.

2.2. The game of signaling

We now formalize a two-stage game of signaling where the principal makes a take-it-or-
leave-it offer. We represent a behavior strategy for the principal byγ ; for eacht , γ (·|t) is a
probability distribution overC. We restrict consideration to distributionsγ (·|t) with a finite
support.2 We represent a behavior strategy for the agent byρ(·); for eachc, ρ(·|c) is a
probability distribution over the setR = {0, 1}, where 1 denotes acceptance and 0 rejection.
After observing a proposalc, the agent updates his prior beliefsv to µ(t |c), whereµ maps
C into the simplex∆T . Using the derived indirect utility functions from Section 2.1, the
principal’s expected payoff from proposingc equals

V̄t (c, ρ) = ρ(1|c)Vt (c),

while the agent’s payoff equals

Ū (c, ρ, µ) = ρ(1|c)
∑
t∈T

µ(t |c)Ut (c).

An equilibrium is now summarized by the vector of strategies and beliefsσ = (γ, ρ, µ)

with γ = {γt }t∈T . We require that in equilibrium strategies are sequentially optimal and
beliefs are consistently updated. The set of equilibria is denoted byΣ . 3

2 In fact, this comes without loss of generality as it would hold in any equilibrium, sinceVt (c) satisfies a standard
sorting condition inβ.

3 Formally, an equilibrium is required to be perfect Bayesian, i.e.σ ∈ Σ iff

1. ∀t ∈ T : γ (c|t) > 0 impliesc ∈ arg maxc∈CV̄t (c, ρ(c)),

2. ∀c ∈ C : ρ(c) ∈ arg maxr∈[0,1]r
∑

t∈T µ(t |c)Ut (c),

3. ∀c ∈ {c′ ∈ C|∃t ∈ T s.t. γ (c|t) > 0}: µ(h|c) = vγ (c|h)/[vγ (c|h) + (1 − v)γ (c|l)].
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For further reference, note that by optimality an agent holding the beliefsµ(·|c) after
observingc will only accept if the following condition of individual rationality holds:

∑
t∈T

µ(t |c)Ut (c) = α + β

[
p0 + p1

(∑
t∈T

µ(t |c)st + ê(β)

)]
− 1

2
ê(β)2 ≥ 0. (IR)

Finally, in an abuse of notation, we writēVt (σ ) for typet ’s payoff andŪ (σ ) for the agent’s
payoff underσ ∈ Σ .

3. Analysis of the signaling game

As a benchmark, suppose first that there is complete information about the principal’s
type. In the unique subgame perfect equilibrium the principal of typet proposes the contract
c∗
t , whereβ∗ = ȳ basically ‘sells the firm’ and implements first-best efforte∗ = p1ȳ, while

α∗
t = −ȳ(p0 +p1st )+ 1

2(ȳp1)
2 is chosen to make the agent indifferent between accepting

and rejecting.
By α∗

l < α∗
h these contracts are not incentive compatible if the principal’s type is his

private information. To restore incentive compatibility, we can now use the premium as a
sorting variable. This is possible as the principal’s utility satisfies a standard sorting (or
single-crossing) condition with respect to the contractual variables. This is expressed in the
following lemma.

Lemma 1. For anyc = (α, β) andĉ = (α̂, β̂) with β̂ < β andVl(ĉ) ≥ Vl(c), it holds that
Vh(ĉ) > Vh(c).

Proof. SubstitutingVl(ĉ) ≥ Vl(c) we obtain

Vh(ĉ) − Vh(c) = −α̂ + (ȳ − β̂)(p0 + p1(sh + ê(β̂)) + α − (ȳ − β)(p0 + p1(sh

+ê(β))) ≥ sh(β − β̂) > 0. �

Lemma 1 is intuitive. Under a flatter scheme, the principal participates more in the fortunes
of the sales area, which is more attractive for the high-type principal. The single-crossing
property of Lemma 1 gives rise to the following proposition, which follows immediately
from incentive compatibility.

Proposition 1. In anyσ ∈ Σ and for anyc ∈ C, γ (c|l) > 0 impliesγ (ĉ|h) = 0 for all
ĉ ∈ C with β̂ > β.

In words, a high-type principal will not offer a steeper incentive scheme than a less
profitable principal. To make more accurate predictions, we must refineΣ as signaling
games are typically plagued by a plethora of equilibria.

We first derive the least-cost separating (LCS) allocation. In an equilibrium supporting
the LCS allocation, the low type offers his first-best contractc∗

l , while the high type’s offer
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cS
h is chosen to maximize his utilityVh(·) subject to the agent’s participation constraint IR

and the low type’s incentive compatibility constraint

Vl(c
S
h) ≤ Vl(c

∗
l ). (IC)

The LCS offercS
h can be easily calculated.

Lemma 2. There exists a unique LCS contractcS
h. The premium and the induced efforteS

h
are characterized by

eS
h = p1β

S
h = e∗ + sh −

√
s2
h + 2e∗sh,

where0 < βS
h < β∗

h = ȳ. Moreover, there exists an equilibriumσ ∈ Σ implementing the
LCS allocation, i.e. whereγ (c∗

l |l) = 1 andγ (cS
h|h) = 1.

Proof. Recall thatcS
h maximizesVh(c) subject toVl(c

S
h) ≤ Vl(c

∗
l ) (IC) andUh(c) ≥ 0 (IR).

We show first that IC and IR must bind. IfcS
h specifiesβS

h = ȳ, optimality impliesαS
h =

α∗
l < α∗

h, such that IC indeed binds. In caseβS
h 6= ȳ, we can use a slack in the IC constraint

to move along the agent’s indifference curve in order to elicit more or less effort and reap
the additional surplus.4 As IC must therefore bind and asVl(c) < Vl(c

∗
l ) holds strictly for

anyc with β = 0 satisfying IR,βS
h > 0 follows immediately. Substitution of the binding IC

into the payoff function for the high type yieldsVh(c
S
h) = Vl(c

∗
l ) + (ȳ − βS

h )(sh − sl), such
thatβS

h ≤ ȳ follows from optimality. Consider next IR. If the constraint was not binding at
a contract specifyingβS

h > 0, we could use the slack and move marginally along the low
type’s indifference curve to construct a contractc with a lower premiumβ < βS

h , where
IR is still satisfied and whereVl(c) = Vl(c

S
h). By Lemma 1 it holds thatVh(c) > Vh(c

S
h),

which contradicts the optimality of leaving IR slack. Having proved 0< βS
h ≤ ȳ and

that both constraints (IR) and (IC) are binding, the construction ofcS
h follows simply from

solving the respective equalities. Finally, we can support an equilibrium withγ (c∗
l |l) = 1

andγ (cS
h|h) = 1 by specifying that the agent holds pessimistic out-of-equilibrium beliefs

(µ(c|l) = 1 for c /∈ {c∗
l , c

S
h}). �

By applying a result of Kreps and Sobel (1994), it can be shown that the well-known
Intuitive Criterion uniquely selects the LCS allocation. Applied to our two-stage game,
where we use the derived ‘indirect utility functions’ to suppress the inherent problem of
moral hazard, the Intuitive Criterion basically implies for any equilibriumσ ∈ Σ the
following test: there must not exist a contractc with γ (c|t) = 0 for t ∈ T such that
V̄l(c, ρ̂) < V̄l(σ ) holds for all possible best responsesρ̂ to c, while V̄h(c, ρ̌) > V̄h(σ ) holds
for all best responsešρ where the agent’s beliefšµ(·|c) satisfyµ̌(h|c) = 1. According to
Cho and Kreps (1987), such a contractc constitutes a credible deviation for the high type.

4 This can be made formal by constructing a functionα̂(β) with Uh(α̂(β), β) = Uh(c
S
h), which exists from the

implicit function theorem given the additivity inα.
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Proposition 2. Any equilibriumσ ∈ Σ satisfying the Intuitive Criterion implements the
LCS allocation withγ (c∗

l |l) = 1 andγ (cS
h|h) = 1.

While the Intuitive Criterion has the advantage of making a clear-cut prediction, it suffers
from well-known shortcomings. In particular, it is unsatisfying that the selection is not
sensitive to the prior distribution of types. As an extreme implication, observe that forv

close to 1 the contract of the high type is much distorted, while forv = 1 the game with
complete information has a unique equilibrium where the agent chooses first-best effort.

This will be different under the following selection procedure, which will also be useful
to obtain more intuition regarding the role of private information (below we have more to
say on the choice of refinements). Given a compact subsetΣ̂ of Σ , denote byMt(Σ̂) the set
of equilibria maximizing the payoff of typet , i.e.σ ∈ Mt(Σ̂) iff there exists nôσ ∈ Σ̂ with
V̄t (σ ) < V̄t (σ̂ ). Define next the setM∗ = Ml(Mh(Σ)). We will show by construction that
this set is non-empty. We callM∗ the set of ‘lexicographically maximum’ equilibria. The
following proposition shows that for given prior beliefsv all equilibria inM∗ implement a
unique allocation. Precisely, there exists a boundary valuevb ∈ (0, 1) such that all equilibria
in M∗ implement the LCS allocation if the prior distribution satisfiesv < vb, while for
v ≥ vb all equilibria inM∗ implement a unique pooling allocation. In the latter case, both
types offer the contractcP(v), which depends on the prior distributionv. The baseαP(v) is
chosen to reduce the agent’s expected payoff to zero, while the premiumβP(v) implements
the effort leveleP(v) with

eP(v) = p1β
P(v) = p1[e∗ − sh(1 − v)]. (2)

The selection of a unique equilibrium allocation allows us to define a functionβh(v) which
denotes the high type’s premium.

Proposition 3. There exists a unique valuevb ∈ (0, 1) such that all equilibriaσ ∈ M∗
specifyγ (c∗

l |l) = 1andγ (cS
h|h) = 1 for v < vb, while forv ≥ vb it holds thatγ (cP(v)|l) =

γ (cP(v)|h) = 1.The premiumβh(v) offered by the high type is therefore constant forv < vb
and strictly increasing forv ≥ vb, while limv↑vbβh(v) < βh(vb).

Proof. Consider first the restriction to equilibriaσ ∈ Mh(Σ). If σ ∈ Mh(Σ) is separating
(i.e. there is noc with γ (c|h) > 0, γ (c|l) > 0), the uniqueness ofc∗

l andcS
h imply that it must

be in pure strategies and implement the LCS allocation. Suppose next that an equilibrium
is pooling, i.e. there existsc with γ (c|h) > 0 andγ (c|l) > 0. We argue thatσ ∈ Mh(Σ)

implies that both types choosec with probability 1. Note first that by the single-crossing
property in Lemma 1 there exists no other contractc′ 6= c such thatγ (c′|h) > 0 and
γ (c′|l) > 0. Hence, 0< γ (c|l) < 1 impliesVl(c) = Vl(c

∗
l ). In this case, the contractc

would also satisfy the constraints of the LCS program, whileVh(c) < Vh(c
S
h) follows from

the agent’s IR constraint givenγ (c|l) > 0. This contradictsσ ∈ Mh(Σ). If the high type
randomizes with 0< γ (c|h) < 1, we can fromµ(h|c) < v construct another equilibrium
where both types choose with probability 1 a contractc′ yielding Vh(c

′) > Vh(c). To see
this, chooseβ ′ = β and adjustα′ upwards until IR is binding for the consistent beliefs
µ(h|c′) = v. In summary,σ ∈ Mh(Σ) implements either the LCS allocation or it holds
that both types offer the same (pooling) contract with probability 1.
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Consider next a candidate for a pooling equilibriumσ ∈ Mh(Σ). An upper boundary
for the high type’s utility is obtained if IR binds. This allows to derive a unique contract
cP(v), for which the premium is defined in (2). Note thatVh(c

P(v)) is continuous and
strictly increasing inv. As the utility strictly exceedsVh(c

S
h) at v = 1, while it is strictly

lower atv = 0,5 there exists a unique valuevb whereVh(c
P(0)) = Vh(c

S
h). We show

next that forv ≥ vb there existsσ ∈ Σ which supports the pooling contractcP(v). If
we choose pessimistic out-of-equilibrium beliefs, this holds ifVl(c

P(v)) ≥ Vl(c
∗
l ). To see

that this inequality holds even strictly forv ≥ vb, note that otherwisecP(v) 6= cS
h would

satisfy the constraints of the LCS program, which contradicts the uniqueness ofcS
h. We have

thus shown thatσ ∈ Mh(Σ) is non-empty and that anyσ ∈ Mh(Σ) implements the LCS
allocation forv < vb, the pooling contractcP(v) for v > vb, and either of these allocations
for v = vb. As we have also shown thatVl(c

P(vb)) > Vl(c
∗
l ), M∗ = Ml(Mh(Σ)) removes

the ambiguity atv = vb by selecting the pooling equilibria.
Finally, the assertion regardingβh(v) follows from direct calculations (the jump atv =

vb is intuitive as the high type’s gain from separation must be ‘compensated’ by a higher
distortion, i.e. a flatter incentive scheme implying a lower effort). �

The restriction to equilibria inM∗ provides a useful tool to illustrate the relation between
the problem of adverse selection and the steepness of the high type’s incentive scheme. As
the problem of adverse selection becomes more severe with a decrease in the high type’s
probabilityv, the more profitable principal proposes a flatter incentive scheme.

At this point, we should add some more comments regarding the less well-known selec-
tion criterion in Proposition 3. We have previously criticized the Intuitive Criterion, which
was applied for Proposition 2, as contracts are not sensitive regarding the prior distribution of
types. Additionally, the logic of the selection process is highly questionable. More precisely,
the ‘intuitive’ argument underlying this criterion lacks some form of consistency in the fol-
lowing sense. Starting from a given equilibrium, it basically adjusts (out-of-equilibrium)
beliefs at a single previously unreached information set. However, if this is supposed to
simulate some kind of introspection or forward induction by both the informed and the
uninformed party, this cannot be reasonably done without simultaneously adjusting beliefs
at other information sets, including some sets on the equilibrium path. This reasoning has
induced Mailath et al. (1993) to develop a new criterion, that of ‘undefeated equilibria’.6

While the LCS allocation fails this criterion forv > vb, the selection in Proposition 3
passes this refinement for all values ofv. 7 As a final support for the choice in Proposition
3, observe that in contrast to the application of the Intuitive Criterion, the selected allocation
is constrained efficient.8

5 The last result follows asVl(c
P(0)) < Vl(c

∗
l ), such thatcP(0) would also satisfy the constraints of the LCS

program.
6 This criterion has recently gained more prominence. For an application, see for instance Taylor (1999).
7 More precisely, forv < vb, only the characterized allocation can be supported by undefeated equilibria, while

for v ≥ vb, the selection is not unique. In fact, forv > vb, any pooling equilibrium is undefeated if the high type
realizes not less than that in the LCS allocation and if the agent’s expected payoff equals zero.

8 More formally, it satisfies the criterion of interim efficiency proposed by Holmstroem and Myerson (1983).
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4. Renegotiations

Observe that the effort implemented by the more profitable principal in the equilibria
selected for Propositions 2 and 3 is strictly less than first-best forv < 1. It may be argued that
contracts where the choice of effort is not efficient will not survive possible renegotiations
taking place before the agent actually selects his effort level.

To address this issue, we consider next a model which explicitly allows for renegotiations.
However, we still restrict attention to a game of signaling where all offers are made by the
informed party, whereas the uninformed side is confined to the passive role of accepting or
rejecting. Precisely, we follow Beaudry and Poitevin (1993) and allow (re-)negotiations to
proceed over a possibly infinite number of periods. In the periodn = 1, the principal makes
a first proposal. If the agent accepts the offer, the game proceeds into the next round. In
n = 2, the principal has the possibility to confirm and implement the accepted contract, or
to offer a renegotiated proposal. If this is rejected, the game ends and the previous contract
is implemented without further renegotiations. If the agent accepts the new offer, the game
proceeds into the next round of renegotiations.

Formally, letωn
1 denote the history of the game until some periodn. Recall that inn

the principal may make a (new) proposal. Denote byωn
2 the history of the game including

any such new proposal. We denote the respective sets of histories byΩn
i for i = 1, 2 and

n ≥ 0. As the game starts inn = 0, we specifyΩ1
1 = ∅. We now extend the principal’s

strategy space to simplify the exposition of equilibrium strategies. A principal may offer
the null-contract∅, which ends bargaining and implements the last accepted offer. Denote
C0 = C ∪ {∅}. As in Beaudry and Poitevin (1993) we restrict attention to pure strategies.
The principal’s strategy is then a sequence of functions{γ n}∞n=1 with γ n(·|t) : Ωn

1 → C0.
Similarly, the strategy of the agent is a sequence{ρn}∞n=1 with ρn : Ωn

2 × C0 → R and
R = {0, 1}. The agent holds the beliefsµn : Ωn

2 → ∆T for i ∈ {1, 2}. We aggregateγ =
{γ n}∞n=1, ρ = {ρn}∞n=1, µ = {µn}∞n=1, andσ = (γ, ρ, µ). Again we require that strategies
are sequentially optimal and that beliefs are consistently updated in an equilibrium.9 Denote
the set of equilibria under renegotiation byΣR.

Beaudry and Poitevin introduce a new refinement which they call the ‘extended divinity
criterion’. It follows straightforward from their analysis that this criterion selects a unique
allocation in our game. Interestingly, we arrive at the same outcome if we apply the criterion
of the ‘lexicographically maximum’ (M∗) introduced in Section 3. In the selected allocation,
a principal of typet ∈ T implements with probability 1 a unique contractcR

t . 10 The set
of contracts(cR

l , cR
h ) is derived as follows. The high type’s contractcR

h maximizesVh(c)

subject to the constraintvUh(c)+ (1−v)Ul(c) ≥ 0. Given this choice ofcR
h , the low type’s

contractcR
l maximizesVl(c) subject toUl(c) ≥ Ul(c

R
h ).

It is straightforward to verify that by optimality(1− v)Ul(c
R
l )+ vUh(c

R
h ) = 0, implying

Ul(c
R
h ) < 0 andUh(c

R
h ) > 0. Hence, the low type is subsidized under this pair of contracts.

If we assume thatsh < e∗, the premia under the two contracts are given by

βR
l = ȳ, p1β

R
h = e∗ − sh(1 − v).

9 For an explicit statement of the equilibrium requirements we refer the reader to Beaudry and Poitevin (1993).
10 As players are patient as in Beaudry and Poitevin (1993), it is irrelevant when these contracts are implemented.
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Hence, the low type’s contract implements first-best effort, while the choice of effort is
again distorted downwards in the high type’s contract. Observe that 0< βR

h < ȳ and that
βR

h is strictly increasing inv. In analogy to the selection in Proposition 2, the distortion in
βR

h gets more pronounced the higher the prior probability of the low type 1− v.

Proposition 4. The set of equilibriaMh(Σ
R) is non-empty, and in anyσ ∈ Mh(Σ

R) type
t ∈ T implementscR

t .

Proof. We first construct an equilibrium wheret implementscR
t . Suppose that both types

offer cR
h in n = 1, which is accepted by the agent. Inn = 2, the high type offers the

null-contract and thus ends the bargaining game. The low type offerscR
l , which is accepted

and implemented inn = 3. Note first that the agent’s expected utility from accepting in
n = 1 is just equal to his reservation value. Inn = 2, the agent is indifferent betweencR

h
andcR

l as he knows that he faces the low type. Finally, the strategies for both types of the
principal are optimal if we specify that the agent has pessimistic out-of-equilibrium beliefs.

Consider next the set of equilibriaMh(Σ
R). Any equilibrium path can be split up into

a pooling sequence of offers ending with the acceptance of a contractcP, and a sequence
of (separating) renegotiations resulting in two possibly different implemented contracts
ct for t ∈ T . Consider first an equilibrium path wherech = cP. Optimality for the low
type requires that he finally implements a contractcl which maximizesVl(c) subject to
Ul(c) ≥ Ul(c

P). By optimality, this impliesUl(cl) = Ul(c
P). Hence,cP 6= ∅ only satisfies

the agent’s participation constraint ifvUh(c
P) + (1 − v)Ul(c

P) ≥ 0. By construction of
cR

h , any contractcP 6= cR
h must therefore realizeVh(c

P) < Vh(c
R
h ). Hence, any equilibrium

σ ∈ Mh(Σ
R) where the high type does not renegotiatecP (ch = cP) must specifycP = cR

h .
Suppose next that the high type renegotiates to a contractch 6= cP. 11 We show first that

σ ∈ Mh(Σ
R) holds iff ch = cR

h . Consider again the problem to maximizeVl(c) subject to
Ul(c) ≥ Ul(c

P). Denote the realized value as a function ofcP by V R(cP). By the agent’s
participation constraint (where we can use from a previous argument thatUl(cl) = Ul(c

P))
and the low type’s incentive compatibility constraint, the triple(cP, cl, ch) must satisfy:
(i) Uh(ch) ≥ Uh(c

P); (ii) vUh(ch) + (1 − v)Ul(c
P) ≥ 0; (iii) V R(cP) ≥ V R

l (ch). By
construction ofV R(·), (iii) transforms toUl(ch) ≥ Ul(c

P). By (i) and (ii), ch must satisfy
Uh(ch) ≥ Uh(c

P) andUl(ch) ≥ Ul(c
P), given the initial pooling offercP. Hence,ch satisfies

vUh(ch) + (1 − v)Ul(ch) ≥ 0 such thatσ ∈ Mh(Σ
R) iff ch = cR

h . It remains to show that
ch = cR

h impliescl = cR
l . To see this, note first thatvUh(c

R
h ) + (1 − v)Ul(c

R
h ) = 0 and (ii)

impliesUl(c
P) ≥ Ul(c

R
h ). As Ul(c

R
h ) ≥ Ul(c

P) follows from (iii), this impliesUl(c
R
h ) =

Ul(c
P). As by previous argumentscl maximizesVl(c) subject toUl(c) ≥ Ul(c

P) = Ul(c
R
h ),

this impliescl = cR
l by the construction ofcR

l . �

Observe that we only apply the one-step selection procedure where we choose the set of
equilibria maximizing the high type’s utility. This step already yields a unique allocation
(recall that this was not the case in Proposition 2 forv = vb).

11 Note that this does not imply thatch implements first-best effort. With a switch of support in the agent’s beliefs
such a proposal may be unprofitable. For more on this issue, see Beaudry and Poitevin (1993).
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5. Conclusion

We consider a standard problem of moral hazard with the additional feature that the
principal has private information at the time of contracting. This gives rise to a game
of signaling. Under various selection criteria we find that more profitable principals (or
firms) should offer contracts which provide less than first-best incentives for the agent.
By participating more in the fortunes of the firm, this allows more profitable principals to
credibly signal their types. Moreover, incentives should be lower if the problem of adverse
selection gets more severe as e.g. the prior probability of less profitable types increases.
We also discuss the issue of renegotiation and propose a particular game form where these
results continue to hold.

In this paper, we only consider two types of principals and restrict consideration to
a very simple production function. The extension to a richer set of types is immediate,
while we can show that results do not change qualitatively under more general production
technologies.12 A possible extension would be to allow for long-term relationships where
production takes place in more than one period. In a long-term relationship, the principal’s
type is also endogenously revealed over time as output is realized. It would be interesting
to know how this is taken into account by equilibrium contracts.
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