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Abstract

We analyze a principal-agent model with moral hazard in which the principal has private information about
the technology. We characterize Perfect Bayesian Equilibria of the contracting game that possess the following
properties: (i) a principal with a more informative technology ends up earning less profits than a principal with a
less informative one does; (ii) compared to the complete information case, the actions implemented by the
privately informed principal can be distorted; (iii) the agent can end up being better off when the principa has
private information. [0 2002 Elsevier Science BV. All rights reserved.
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1. Introduction

A standard paradigm in contract theory is the principal-agent model, where a risk neutral principal
hires a risk averse agent to perform a certain task, but she cannot observe the action taken by the
agent. The contract is based on an observable stochastic outcome that depends on the agent’s action.
The basic problem for the principal in this situation is to design a compensation scheme that
maximizes her expected profits (Holmstrom, 1979; Grossman and Hart, 1983).

Although there are extensions of the principal-agent model where the agent has (or will come to
have) private information (Holmstrom, 1979; Myerson, 1982; Sobel, 1993), so far most of the
literature on moral hazard assumes that the principal does not have private information at the
contracting date. However, it is easy to come up with examples where this assumption is too
restrictive. For instance, a firm hiring a manager may have more information about the market
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conditions than the manager, whose effort is unobservable; in procurement contracts, the government
can be privately informed about some features of the project that are unbeknown to the firm, whose
actions can affect the cost of the project; in insurance, a company may have better information about
the accident praobabilities than the client, whose level of care is unobservable.

In this note, we anayze a principal-agent model with moral hazard in which the principal has
private information about the technology, i.e. the stochastic relationship between the action and the
observable outcome, and the contract that she offers may signa this information to the agent.
Following the terminology introduced by Maskin and Tirole (1992) (see also Myerson, 1983), thisisa
principal-agent model with an informed principal. We characterize Perfect Bayesian Equilibria of the
game that possess the following properties that do not arise in its complete information counterpart:
first, a principal with a more informative technology ends up earning less profits than a principal with
a less informative one does;, second, compared to the complete information case, the actions
implemented by the informed principal can be distorted, and the distortion can even be in an upward
direction (i.e., a higher action is implemented under incomplete information); finaly, in equilibrium
the agent can end up being better off when the principal has private information.*

To be sure, our work is related to the large literature on the principal-agent model with moral
hazard; our results show that allowing the principal to have private information can have nontrivia
consequences. The paper is also related to an important paper by Maskin and Tirole (1992), where an
informed principal contracts with an agent (who can aso be privately informed) and the contract
proposal may reveal part of the principal’s private information. Unlike their work, we allow the agent
to take an unobservable action after accepting the contract but in most of our analysis we do not allow
the principal to use mechanisms as genera as the ones considered by Maskin and Tirole (1992). We
view our results as a first step towards a generalization of their framework to the case in which the
agent takes an unobservable action. Also, our work is related to the literature that analyzes the value
of a more informative technology in the principal-agent model (Grossman and Hart, 1983; Kim, 1995;
Jewitt, 1997); our results imply that this value can be negative when the principa is privately
informed. Another related paper is Sobel (1993), who shows in a two outcome model that when the
agent can have access to private information, a risk neutral principal prefers informed to uninformed
agents; the separating equilibria that we characterize have the property that, from an ex-ante point of
view (i.e. before she knows her type), the principal prefers the agent to know the type of principal he
faces. Finaly, our paper is related to Inderst (2001), who also analyzes an agency model with an
informed principal but under the assumption that both parties are risk neutral; he shows that private
information induces the more profitable principal to provide less than first-best incentives (i.e.,, a
‘flatter’ contract) in the least-cost separating equilibrium.

The next section describes the model. Section 3 contains the main results of the paper. Section 4
casts some light on the robustness of the results. Section 5 concludes. Due to space limitations, the
proofs of the results have been omitted; they can be found in the (downloadable) working paper
version Chade and Silvers (2001).

*In the complete information version of the model, a well-known result of Grossman and Hart (1983) (Proposition 13, p.
35) shows that the value of a more informative technology is always positive for the principal. Moreover, the individual
rationality constraint always holds with equality in the additively separable case.
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2. The model

The principal-agent relationship we analyze can be described as follows. A risk-neutral principal
wants to hire an agent to perform a certain task, but she cannot monitor the agent’s actions. The agent
is risk-averse and his preferences over income and action are summarized by a vonNeumann—
Morgenstern utility function U(l, a) =V(I) — a, where | € (I, ») ishisincomeand a€{a,, a,} CR,
is his action, with a, <a,, V'(1)>0,V"”'(1) <0, and lim, _, V(I) = — o. If he does not work for the
principal, the agent can obtain a reservation utility U. ’

The principal has private information about the technology that relates the action of the agent with
his performance. There are two possible technologies: 8 = (qg,7), where q = (q;, 0,) € R? denotes the
vector of gross profit levels for the principal, with ¢, <q, (f is a mnemonic for ‘failure’ and s for
‘success'), m(a) = (m(a), 7,(a)) is the probability distribution over the outcomes given the action a,
(@) > O for every a, 7 (a,) > m(a,) (monotone likelihood ratio property); and 8’ = (q’, 7'), where
q' =(q;, 9.), 7' (@) = (7{ (@), 7.(a)), and 7'(a) > 0 for every a. The two technologies are related by
a 2 X 2 stochastic matrix (the elements of each column sum to one) R> 0 as follows: (i)
7'(a) = Rw(a) for each a (here 77’ and 7 are column vectors) and (ii) Q'R = g. The elements of R are
denoted by r;;, and it is assumed that r,, >r,,; this ensures that 7((a,) > 7,(a,) and q; <q.. The
agent’s prior belief that the principa’s type is 6 is given by p € (0, 1).

Intuitively, the transformation from 7(a) to 7'(a) described in (i) corresponds to a decrease in
informativeness in Blackwell’s sense (Grossman and Hart, 1983, p. 35, GH hereafter); a principal
whose type is 6 will be referred to as the principa with the more informative technology. The
assumption q'R=q (also used by GH) ensures that the expected revenues of types # and 6’ if they
want to implement action a are equal; formally, B(a) = B’(a), where B(a) = 7(a)qg, + 7,(a)q, and
B'(@) = 7, (@)q; + 7.(@)q.. As we shall see below, this simplification allows us to focus on the
differences in the cost incurred by both types of the principa when each implements a particular
action a.

In this setting, a contract for a principal of type 6 is a compensation scheme 1(0) = (l;, I,) that
specifies the remuneration to be paid if ‘failure’ (f) or ‘success (s) is observed; similarly, a contract
for 0 is given by 1(8") =, ).

Remark. Notice that we have implicitly assumed that contracts are written conditional on ‘success
and ‘failure’ and not on the actual values of g and q'. The reason is that, given our simplifying
assumption 'R = g, we want to avoid the trivial and uninteresting case in which all the information
gets revealed once the agent observes a contract written in terms of salaries paid when the components
of g or q are redized. One way to judtify this assumption formally is to assume that what is
contractible is not q or q’, but a signal or performance measure x € {0, 1} with 1 corresponding to
‘success and 0 to ‘failure’, whose conditional distribution depends on the type of the principal and
the action chosen by the agent. An alternative is to assume that 6’ = (g, #') (with q fixed) and deal
with different expected revenues for the two types of the principal; we present an example in Section
4 that reveadls that similar equilibrium properties emerge in this set up as well.

The timing of the interaction is as follows: first the principal proposes a contract to the agent; after
observing the contract, the agent updates his beliefs about the principal’s type and then accepts or
rejects the offer. If the contract is rejected, the game ends and the agent collects his reservation utility.
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If he accepts, then he chooses an action that is unobservable to the principal; after that, both observe
whether the result is a ‘success or a ‘failure’, and then the payoffs are distributed.

The solution concept we use is Perfect Bayesian Equilibrium (PBE); that is, we look for a profile of
strategies and agent’s beliefs such that, at any stage of the game, strategies are optimal given the
beliefs, and these are derived using Bayes' rule whenever possible. Loosely speaking, we need to
specify a vector (1(6), 1(6")) for the principal, and an acceptance rule, a choice of action, and beliefs
for the agent for each possible contract, in such a way that the aforementioned optimality and
consistency conditions are satisfied.

3. Main results
3.1. Preliminaries

Consider first the complete information case, i.e., the agent knows what type of principa he is
facing. Then the following results are well-known from GH:

1. If the principal wants to implement a,, then no matter what her type is, the optimal contract is to
offer a constant remuneration

I* =h(U +a,), (1)

where h=V ",
2. If the principal’s type is # and she wants to implement a,, then the optimal contract (17, 1%) is the
unique solution to the following system of equations:

7Tf(a'Z)V(If) + 7Ts(a'Z)\/(I s) = U + a'2
(m(a,) — m@)V(y) + (m(a,) — m(@)V(y) = a,—a,

where the first equation is the individua rationality constraint and the second is the incentive
compatibility constraint of the agent. Therefore,

« _nlt (&, —a,)7(a,)
T = “(U T @) - ws(ao) 2
* — (az - a1)77'f(3-2)
s = “(“ Tt ) - ws(a1)>’ 3

and the expected cost for the principal is m(a,)l + m(a,)1%. Similarly, if the principal’s type is
6’', then

(@, —a) 7 (a,) > (4)

* 11 —
T = “(U T ) — @)
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(a, —a,)m(a,) >’ 5)

-

s “(U ot T a) - ml@y)
and her expected cost is 7/ (a,)I* + wl(a)l¥ .

3. The action that principal 6 implements depends on whether B(a,) — (m(a,)lf + 7 (a,)1¥) =
B(a,) — I'*, and similarly for 6'.

4. The cost of implementing a, is greater for 6’ than for ¢ (GH Proposition 13); that is,
ml@)F + wl@)l* > m@,)l* + m(a,)l?. Since B(a,) = B'(a,), it follows that the value of a
more informative technology is positive for the principal if a, is the action that she implements;
i.e., her profits are higher when the technology is 6. A straightforward implication of this result is
that if the principal finds it optimal to implement a, when her technology is 6, then she will aso
implement a, when it is 62

5. Since B(a,) — B(a,) = B'(a,) — B'(a,) = (0, — 0)(m(@,) — m(a,)), it follows that if (q,, @) is
such that

7Tf’(a2)|;k, + 77';(az)l’sk' —1*

m(a,) — m(a,) ’

0~ G = (6)

then both # and ¢’ will find it optimal to implement a, >
3.2. Equilibrium analysis

Let’s turn now to the incomplete information case. Although a complete characterization of the set
of equilibria is possible, we shall focus on PBE of the game that possess some interesting properties
that do not arise under complete information.

The first question we ask is: can ((I¥, 1%), (I¥', 1*")) be part of a separating PBE? The following
result reveals that the answer is negative

Proposition 1. The following inequalities cannot hold simultaneoudly:

77?(3-2)”* + 77'5(3-2)|;c = 77f(a2)|f* + 77's(a-z)l’;

7Tfl(a2)|$' + 77;(8.2)|:, = 7Tfl(a2)|;k + Wé(az)lz'

That is, given (I*, 1¥) and (I*', 1), it is always the case that at least one type of principal wants to
mimic the other. In particular, if 7 (a,) > 7.(a,), then §’ wants to mimic 6°

This proposition implies that, in any separating PBE where both types of the principal implement

2We shall see below that these assertions do not hold under incomplete information.

®Notice that the right side of (6) does not depend on q.

*We also get a negative answer in the case where (g, ¢.) is such that, under complete information, ¢ finds it optimal to
implement a, and 6’ implements a,. In particular, it is easy to show that if 7 (a,) > 7.(a,), then (1}, 1%), 1*) cannot be
part of a separating PBE, for 8’ will want to deviate and mimic 6.

°Given 7' =R, m(a,) > 7.(a,) is equivalent to m(a,) > 1,/ + ).
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a,, at least one of them will make less profits than in the complete information case. As the next
proposition clearly illustrates, one can even construct PBE of this sort where type ' ends up earning
higher profits than 8 does. The proof uses the following lemma:

Lemma 1. Let 7(a,) > 7.(a,) and assume p = O (i.e., the agent believes that the principal’s type is
0’ Wit,h prpbability one). Then the contract that minimizes the expected cost of implementing a, for 0
is(I¥, 1), defined by (4) and (5).

Proposition 2. Suppose m(a,) > 7.(a,). Then there exists a set of (g, q.) such that the following
profile of strategies and beliefs constitute a separating PBE:

(i) The principal offers (i, 1) if her typeis 6 and (I*', 1*) if her typeis 6, where (i, i) is the
unique solution to

7Tf, @)l + 77';(az)ls = 7Tf’(a2)|}k’ + 77';(a-z)l : (7)

N R
V(ly) _m_'_v(lf)! (8

and (1*', 1*') is given by (4) and (5);

(i) The agent accepts (ff, fs) and (If', I:'), and then chooses a,; for any other contract, his
acceptance decision and action choice are determined by the individual rationality and incentive
compatibility constraints given his beliefs; L

(iii) The agent’s beliefs are as follows: w(6|(l;, I.)) =1, and w(6](;, 1.)) = O otherwise’

It is easy to show that in this equilibrium 6 earns less profits than 6’ does. By construction, 8’ is
indifferent between (I*, 1*) and (I, I.); that is, B’(a,) — (7| ()l + 7.(a,)l,) =B'(a,) —
(wf’(az)lf' + w;(az)l’;'). Also, fs> ff (which follows from the incentive compatibility constraint (8))
and 7 (a,) > 7.(a,) yield

7@yl + wl(@,)i, < m(@,)l, + m(@,)l.. (9)

Since B'(a,) = B(a,), (9) implies B'(a,) — (m{(8,)I} + mi(@,)l¥)>B(@a,) — (m(a,)i; + m(@,)I),
and therefore 8’ earns higher profits than # does. The intuition is rather simple: given the agent’s
beliefs, if 6 offers any alternative contract she will be believed to be 6, and any contract that satisfies
individual rationality and incentive compatibility for those beliefs is less profitable than (1, 1.) for 6
(see Lemma 1). But then m(a,) > 7_(a,) makes the use of this contract more costly for her than for
6', who is in turn indifferent between this and herA ogti mal contract under complete information.

The proof of Proposition 2 also shows that (I, |,) satisfies the agent’s individual rationality
constraint with strict inequality. Therefore, ignorance of the technology of the principal can make the
agent better off.

Notice that (7) and (9) imply that the set of (g, g.) that makes the profile of strategies and beliefs a
PBE is contained within the set determined by (6); that is, the action implemented by the principal

°Eq. (8) is the agent’s incentive compatibility constraint when he believes that the principal is of type 6 with probability
one.
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cannot be distorted when compared to the complete information case, no matter what her type is. The
following result shows that this need not be the case in a PBE.

Proposition 3. Suppose 7(a,) > 7.(a,). Then there exists a set of (g, g,) such that the following
profile of strategies and beliefs constitute a separating PBE:

(i) The principal offers |* if her typeis @ and (1*', 1%) if her typeis #’, where these contracts are
defined by (1), and (4) and (5), respectively:

(i) The agent accepts I* and (1, 1*"), and then chooses a, and a,, respectively; for any other
contract, his acceptance decision and action choice are determined by the individual rationality and
incentive compatibility constraints given his beliefs;

(iii) The agent’s beliefs are as follows: w(9|I*) =1, and w(8|(l;, 1,)) = O otherwise.

In this equilibrium, since B(a,) =B’(a,) and ¢’ implements a,, it follows that
B'(a,) = (m{(@,)I7 + 7.(a,)IF)>Bla,) — I*,

and therefore 6’ earns higher profits than § does. Moreover, the action implemented by 6 is evidently
distorted downward when compared with the complete information case (see result 4 in Section 3.1).
A straightforward corollary of Propositions 2 and 3 is that in these PBE the principal, from an
ex-ante point of view (i.e., before nature reveals her type), is better off when she faces an informed
agent than when the agent does not observe nature’'s move.
Let (7(2), 7)) = (pm(@) + (1 — p)7((a), pm,(d) + (1 — p)7,(a)) be the probability distribution
of ‘success and ‘failure’ when the agent’s belief is 0 <p < 1; consider the contract (l;, I,) given by

(az — a1)7_7's(az)

Ut e ) 4o
- — (@, —a,)m(a,)
l,=h(U +a2+m. (11)

This is the contract that satisfies with equality the constraints of the agent when his belief is p. The
next proposition reveals that the negative value of a more informative technology and the distortions
in actions are aso present in PBE of the pooling type.

Proposition 4. Suppose m(a,) > 7.(a,). Then there exists a set of (q,, q,) such that the following
profile of strategies and beliefs constitute a pooling PBE:

(i) Both types of the principal offer (l;, I,);

(i) The agent accepts (l;, 1) and then chooses a,; for any other contract, his acceptance decision
and action choice are determined by the individual rationality and incentive compatibility constraints
given his beliefs; o

(i) The agent’s beliefs are as follows: w(8|(I;, 1)) =p, and (8|, 1)) = O otherwise.

It is immediate from m(a,) > .(a,) and I, >I, that #’ makes more profits than ¢ does. Regarding
the distortion in the actions implemented by the principals, the following result provides the answer:
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Lemma 2. If m(a,)>w7.(@,), then m(@,)l, + m(a,)l,> m(@,)l} +m(@)lF and (@)l +
T @)l < 7 (@)If + m(@)ls .

That is, (I;, I.) is less costly than (I*", 1*") for #’ and it is more costly than (I, I*) for 6. It then
follows that, although the action implemented by 6 cannot be distorted, there exists a (q;, q.) that
satisfies Proposition 4 and such that #” would implement a, under complete information but a, under
private information. Thus, compared to the complete information case, the action implemented by 6’
can be distorted in an upward direction.

4, Discussion

The equilibria described in the previous section illustrate some interesting features that emerge
when the contract proposal can be used to signal the principal’s private information to the agent. For
example, the value of a more informative technology is not necessarily positive for the principal when
she is privately informed about it. As we mentioned before, GH showed that this cannot arise under
complete information. Also, the equilibrium analysis shows that the actions implemented by each type
of principal can be different than the corresponding ones without private information; the kinds of
distortions illustrated by Propositions 3 and 4 have no counterpart in the complete information case.
Finaly, in equilibrium the agent’s individual rationality constraint can hold with strict inequality, a
feature that cannot arise under complete information and additively separable preferences.

One may wonder whether these features are robust to variations in the model or to stronger
equilibrium requirements like the Cho—Kreps intuitive criterion. We now shed some light on these
issues.

(i) Equilibrium Refinements: A standard refinement used in applications is the intuitive criterion of
Cho and Kreps (1987). The following proposition shows that the separating equilibria derived in the
previous section satisfy the requirements imposed by this refinement.

Proposition 5. The PBE of Propositions 2 and 3 pass the Cho—Kreps intuitive criterion, but the PBE
of Proposition 4 fails to pass this refinement.

(ii) Constant g The results were derived under the assumption that 'R = q in order to focus on the
cost of implementing the actions with the two technologies, without worrying about differences in
expected revenues. To avoid a triviality, we also assumed that contracts were written conditional on
‘success and ‘failure’ and not on the actual valuesin g and q’. The following example illustrates that
if we drop these assumptions and keep q constant while 7'(a) = R#(a), then it is easy to construct
PBE where 6 earns less than 0’ does, a result that is driven mainly by the differences in expected
revenues.

Example 1. Let U(l, a)=In | —a, {a,, a,} =1{0, 1}, (q,, q,) = (10, 40), U =1, #(0) = (0.7, 0.3),
7(1) = (0.3, 0.7), #='(0)=(0.4, 0.6), and 7'(1)=(0.2, 0.8). Then it is easy to show that the
following profile of strategies and beliefs congtitute a PBE: (i) the principal offers (17, 1¥) = (1.28,
15.64) if her type is # and 1* =2.72 if her type is 6’; (ii) the agent accepts (If, 1Y) and 1* and
chooses a, and a,, respectively; for any other contract, he chooses in an optimal way given his
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out-of-equilibrium beliefs; (iii) his beliefs are: w(6]1*) =0 and w(8|(l;, 1,)) =1 for any aternative
contract. Since B(1) — (0.3 X 1.28 + 0.7 X 15.7) = 19.67 and B'(0) — 2.72 = 25.28, it follows that 6’
earns higher profits than 6 does. That is, even though 6 implements a, with her complete information
contract and 6’ implements a,, # ends up making less profits than 6’ does.

(iii) More General Contracts: An important limitation of our model is that we restrict attention to a
particular mechanism used by the principal, i.e., she offers one contract if sheis of type 8 and one if
her type is 6'. In the spirit of Maskin and Tirole (1992), one could envision a more general model as
follows: first each type of principa offers a menu of two contracts; the agent observes the menu
offered, updates his beliefs, and then accepts or rejects; if he accepts, then the principal announces her
type and thus her contract offer; after the announcement, the agent updates his beliefs and chooses an
action, nature reveals the outcome, and the contract corresponding to the type announced is executed.
The following result casts some light on this important extension, although a complete characteriza-
tion of the equilibria of this model remains to be done:

Proposition 6. There exists a PBE of the extended model with the same properties as the PBE
described in Proposition 2.

5. Conclusion

In summary, we have analyzed a principal-agent model with moral hazard where the principal is
privately informed about the technology, and have obtained results that do not arise under complete
information. To make the analysis tractable, we have restricted attention to a ssmple model with two
actions, two outcomes, and two types. Although the intuition of the results does not seem to depend
on this restriction, our proofs exploit some of the key aspects of this ‘binary’ model. Extending the
results beyond this simple framework seems like an interesting albeit messy robustness exercise. A
more important limitation of our analysis is the fact that, except for Proposition 6, we do not alow the
principal to use more general mechanisms as in Maskin and Tirole (1992). The incorporation of moral
hazard in their general characterization is, in our opinion, an important and challenging problem that
has not been hitherto analyzed. Our results suggest that this extension can generate nontrivial insights
about the principal-agent relationship.
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