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Abstract

A principal must decide whether or not to implement a project which origi-
nated with one of her employees. The employees have private information about
the quality of the project. A successfully implemented project raises the inven-
tor’s chance of promotion, at his peer’s expense, but a failed project may ruin
the inventor’s career. If the inventor is already ahead in his career, then he may
be tempted to suppress his own ideas in order not to risk a big failure. If he
is not ahead, then he is instead tempted to exaggerate the quality of his ideas
in order to get ahead. The peer may either try to promote the inventor’s bad
ideas to see him fail, or to denigrate promising ideas to stop the inventor from
getting ahead. Within the class of incentive compatible and renegotiation-proof
mechanisms, self-assessment (without any peer reports) is optimal. Truthtelling
can be guaranteed in different ways. For example, to avoid the exaggeration ef-
fect, the inventor can be promised some chance of promotion even if his project
is cancelled, or he can be paid a relatively high wage when he is not promoted.
We show how the optimal method depends on the parameters.

1 Introduction

Career concerns create incentives for agents to misrepresent the quality of the work of
their colleagues as well as their own work. In this paper, we identify four such effects.
First, the incentive to promote a colleague’s bad projects to see him fail. Second, the
incentive to denigrate a colleague’s good projects to prevent him from getting ahead.
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the paper. We also thank Bengt Holmstrém, Eric Maskin, and seminar participants at Chicago,
Columbia, Harvard-MIT, Wisconsin (Madison), Maryland, Northwestern, Pennsylvania, Penn State,
Pittsburgh, Stanford, SITE and the 1999 Decentralization Conference at NYU. Any errors are our
responsibility.



Third, the incentive for workers who are not close to a promotion to take risks and
promote their own work no matter what the perceived quality is, as they have little
to lose. A fourth effect is the incentive for workers who are close to a promotion to
suppress their own ideas in order not to have a big failure that ruins their reputation.
We refer to these four effects as, respectively, false praise, denigration, exaggeration,
and false modesty. We investigate the problem of designing optimal contracts in the
presence of these effects. The relative importance of these effects depends on how far
ahead in their careers the agents are. An agent who is close to being promoted will be
tempted to denigrate the work of others and to be falsely modest about his own work.
But an agent who has a long way to promotion is tempted to be enthusiastic about
all projects, both his own (exaggeration) and those of his colleagues (false praise).
Formally, this difference shows up in the fact that different truth telling constraints
bind in the different cases.!

In our model there are two agents. One of them (the inventor) has developed a
blueprint for a project. Both agents (but not the principal) observe the same signal
about the quality of the blueprint, and the principal has to decide whether or not
to implement the project. The quality of the project is correlated with the talent
of the inventor and becomes known if and only if the project is implemented. The
agents’ careers are at stake: at the end of the game the principal must promote
one of the agents, and she would prefer to promote the most talented one. Career
concerns give the agents a reason to misrepresent their information. We compare
different information gathering systems: (i) Self-assessment: only the inventor makes
an assessment of the project. (ii) Peer review: only the agent who did not develop
the project (the peer) makes an assessment of it. (iii) Multiple reports: both agents
make assessments.

If the principal can commit to a mechanism, then it is optimal to ask for multiple
reports. If both agents agree that the project is good, it is implemented. If they
agree it is bad, it is not implemented. If the project is implemented its quality is
observed by the principal, but if a project is not implemented she will never learn
its true quality. Therefore, to encourage the agents to tell the truth, the principal
should commit to implementing the project whenever the agents disagree. This gives
her information that helps relax the truthtelling constraints, and is costless because
in equilibrium the agents will not disagree. Since the principal’s policy following a
disagreement is designed solely to relax the truth-telling constraints, out of equilib-
rium the wrong agent may be promoted even when doing so is very costly. Such a

!This point is illustrated by Gamache and Kuhn’s [7] empirical investigation of creativity and
innovation in organizations. They claim that “{A} reason creativity dies is peer pressure. Individuals
begin to think, If he fails he’ll look bad and I'll get ahead. The message then is, Don’t make a mistake
your peers could exploit. Interestingly, years ago an executive with General Mills showed us...research
on risk taking in the organization....The researchers found that ..high risk taking described entry level
employees. They had little .. personal stakes in the organization and, consequently, felt they had
little or nothing to lose. [T]he lowest risk taking was an arena peopled by middle management.
These folks had a large career investment in the organization, essentially no security, lots of peer
group pressure and competition and a lot to lose.”



mechanism is not renegotiation-proof. Since it is hard to see how renegotiation of bad
outcomes can be ruled out, we will impose a renegotiation-proofness constraint. A
renegotiation-proof mechanism is robust in the sense that very costly policies will not
be imposed if the agents “tremble” and disagree due to, for example, observational
mistakes. This requirement seems to make the mechanism more realistic. Also, since
the renegotiation-proofness constraint restricts the principal’s ability to freely choose
her response when reports disagree, one expects that renegotiation will reduce the
value of collecting multiple reports. This is indeed what happens.

We show that self-assessment is optimal in the class of incentive compatible and
renegotiation-proof mechanisms. In the optimal self-assessment contract, the project
is implemented if and only if the inventor sends a positive report. If the project is
implemented, the principal discovers the inventor’s talent, and promotes the inventor
if and only if he is revealed to be a good type. This part of the contract agrees with the
first best? outcome. However, other aspects of the contract are distorted (compared
to the first best). We say the inventor is behind in his career if in the first best he is not
promoted when his project is cancelled, and he is ahead in his career if in the first best
he is promoted even when his project is cancelled. If the principal tried to implement
the first best outcome, then an inventor who is behind in his career would exaggerate
to make sure his project is implemented, but an inventor who is ahead in his career
(and so expects a promotion unless he suffers a big failure) would indulge in “false
modesty”. Therefore, to make sure the inventor reports his signal honestly, the self-
assessment mechanism introduces certain distortions. If, conditional on the project
being cancelled, the agents have approximately the same qualifications, the cheapest
way to guarantee truthtelling is to distort the promotion policy. An inventor who is
behind is promoted with strictly positive probability when the project is cancelled to
avoid exaggeration. An inventor who is ahead is promoted with probability strictly
less than one when the project is cancelled to avoid false modesty. Thus, along the
equilibrium path the “wrong” agent is sometimes deliberatively promoted. But this
outcome will not be renegotiated, as the principal would have to compensate the
agent who gives up his promotion, and this would cost more than promoting the
wrong agent as long as the agents’ qualifications are fairly similar. However, suppose
instead that after the project is cancelled one agent is much more qualified than the
other: if the inventor is much more qualified than the peer then we say the inventor is
well ahead, if the inventor is much less qualified than the peer then the inventor is well
behind. In these cases, the cost of promoting the wrong agent would be significant,
and the principal will not distort his promotion policy. Instead, the wage policy is
distorted: an inventor who is well behind will be paid an extra high wage when he is
not promoted in order to avoid exaggeration; an inventor who is well ahead and who
has a successful project implemented is paid an extra high wage in order to avoid false
modesty. Since the “right” agent is always promoted in these cases, this contract is

2The first best is what the principal would choose if she could observe the same signals as the
agents.



certainly renegotiation proof.3

What we call denigration is in the sociology literature sometimes referred to as
the Not Invented Here (NIH) syndrome. Coleman [5], page 443, characterizes the
NIH-syndrome as “a lack of motivation, interest, and effort concerning ideas that
originated outside a group, either elsewhere in the firm or in another firm. The
group’s investigation into an idea that originated elsewhere seems often to result in
only a catalogue of reasons why the idea will not be useful.” Coleman conjectures
that the incentive to denigrate other people’s work arises because “If an idea is
clearly another’s, an actor appears to have an interest in seeing the idea fail. This
interest appears to arise because the success or failure of others’ ideas provides a
benchmark for evaluating one’s own performance. By demonstrating the defects in
another’s idea, one justifies not having had the idea oneself; by allowing the idea’s
potential to be realized, one would be relatively worse off, because that would raise the
standard for evaluation of one’s own work.”* Coleman adds that “The NIH syndrome
is the opposite of what generally occurs when an innovator is given control of the
development of his innovation. With that control he has a strong interest in seeing
the idea successfully carried through to implementation.” The last sentence seems to
suggest a potential problem of exaggeration. However, while the literature generally
worries about denigration by peers, exaggeration by inventors does not seem to be
a big issue. Our results are consistent with this. Intuitively, exaggeration should
be a less serious problem than denigration in our model. It is a risky strategy to
exaggerate the quality of your own work, since at best you can convince the principal
to implement a less promising project which is likely to fail. It is safer to denigrate the
work of others, since if a promising project is stopped due to an unfair peer report,
the principal will never learn the project’s true quality. Thus, denigration may be
harder for the principal to detect than exaggeration. The optimal renegotiation-proof
contract in our model is in fact a policy of self-assessment. A policy of peer review
is not optimal.

In the economics literature, Holmstrom [8] presented the first analysis of relative
performance evaluation in a team (see also Levitt [12]). Holmstrom [9] analyses the
impact of career concerns on incentives to work. Our focus is instead on adverse
selection and on the optimal methods of gathering information. A number of papers
consider a supervisor’s evaluation of a subordinate (Prendergast and Topel [18] and
Tirole [20]). They focus on rather different issues than our paper such as collusion
and the effect of favoritism on optimal performance evaluation. Baker, Gibbons and
Murphy [2] present several models on the use of subjective performance measures
in optimal incentive schemes and present results on the substitutability and comple-
mentarity of (objective) explicit and (subjective) implicit incentive schemes. The fact
that incentive schemes and promotion policies can cause agents to behave destruc-

3Wages will not be renegotiated even when they differ from first best, since monetary payments
amount to a zero-sum game.

4In the sciences, it is often claimed that senior scientists block the ideas of younger colleagues.
“A new scientific truth does not triumph by convincing its opponents and making them see the light,
but rather because its opponents eventually die” (Max Planck [16]).



tively to further their own careers at the expense of others has been pointed out by
Lazear [11], Milgrom [15], and Itoh [10], although in this literature there is no adverse
selection and no predictions about optimal information systems. Rotemberg and Sa-
loner [19] analyze a different kind of conflict within the firm: the production and
sales departments disagree about business strategy, and try to present arguments
that damage the other side’s position. Two interesting papers that are somewhat
closer to our setup are Carmichael [4], who shows the optimality of tenure contracts,
and Levitt and Snyder [13], who analyze a principal-agent model where the agent
is protected by limited liability and receives a signal as well as exerts effort. In the
latter model the agent is tempted to exaggerate in order to get the high wage he
earns if the project is successful, so he has to be compensated for honestly reporting
bad signals. An interesting analysis of incentives to be aggressive and conservative
in self-assessment is Prendergast and Stole [17]. None of these papers analyze the
principal’s choice between self-assessment, peer review and multiple reports, which is
the focus of our paper.

The rest of the paper is organized as follows. In Section 2 we present the model
and discuss the concept of renegotiation-proofness. In Section 3 we derive the optimal
contract. It is useful to start by assuming the principal can commit not to renegotiate
(the commitment case). In Section 3.2 we derive the optimal commitment contract
when the inventor is behind, and we show that this contract is in fact renegotiation-
proof. In Section 3.3 we derive the optimal commitment contract when the inventor is
ahead. However, this contract is not renegotiation proof. The optimal renegotiation-
proof contract for the case when the inventor is ahead is derived in Section 3.3.2.
In Section 4.1, we show that, whether the inventor is behind or ahead, the optimal
renegotiation-proof contract can always be replicated by a policy of self-assessment,
where only the inventor sends a message. Section 4.2 discusses why self-assessment
is better than peer reporting, and how the optimal self-assessment contract differs
from the first best. Section 5 contains some extensions.

2 The Model

2.1 The time line

There are two agents and a principal. All are risk neutral, but there is limited liability
for the agents: all wages must be non-negative. Each agent can be a Good or Bad
type, denoted T' € {G,B}. An agent’s type is not observable to anyone, including
himself. The agents’ types are uncorrelated random variables. Let \; be the prior
probability that agent i is a good type. °

Agent 1 has developed a blueprint (or “project”). He is therefore called the
tnventor and agent 2 is called the peer. There is no moral hazard: the existence
and quality of a project cannot be changed by any action taken by the agents (see

SPerhaps the agents looked identical at the time they were hired. After the hiring the principal
has revised her estimates to A1 and A2 respectively.



Section 5 for a discussion of this assumption). A project can be of Good or Bad
quality, denoted v € {G, B}. Good projects are successful if implemented, and bad
projects unsuccessful. A successful project is worth G > 0 to the principal, while an
unsuccessful project is worth B < 0. The quality of the project is perfectly correlated
with the inventor’s type: good agents produce good projects, bad agents produce
bad projects. The important point here is that the quality of the project is valuable
information for the promotion decision; it is only for convenience that we assume
the project outcome reveals the inventor’s type perfectly (good if successful, bad
otherwise). Imperfect but positive correlation between types and projects would not
change our basic results. ©

Persons with specialized knowledge, such as the agents, can decide if the project
is promising or not, but the principal lacks the knowledge to make this judgement.
Formally, each agent (but not the principal) observes a signal ¢ which is imperfectly
correlated with the quality of the project. The signal is either good (0 = g) or bad
(0 = b)." Both agents observe the same signal: if the project looks promising to
one agent, it looks promising to the other agent too. The case where the agents
might honestly disagree in their evaluations is more complicated and we postpone
this to future work. Under our assumption, two truthful reports do not contain
more information than one truthful report. However, by collecting two reports the
principal can relax the truth telling constraints. In particular, she knows that some
agent is lying if they disagree (although she does not know which one). However, we
will show that when renegotiation is possible, the principal prefers to collect only one
report. Moreover, this should always be the inventor’s own evaluation.

Incentives to misrepresent signals arise because of career concerns. The agents are
competing for a desirable promotion.® One and only one agent must be promoted.”
Thus, we rule out the possibility of promoting both agents (it would be too expensive
to create a second managerial position), as well as the possibility of promoting no

6Suppose the project outcome is an imperfect signal of the inventor’s type, but still provides
information that can change the promotion decision. If agent 1 is behind in his career, he has a
reason to exaggerate the quality of his idea in order to get a boost from a successful project, just as
discussed in this paper (and his peer has a reason to deprecate it). Similarly, an inventor who is ahead
has a reason to indulge in false modesty (and his peer is tempted to give false praise). Of course,
if the project quality is such an imperfect signal that the outcome of the project cannot actually
change the promotion decision, then there are no strategic incentives for anybody to misrepresent
any information. This trivial situation is ruled out in our model.

"The “bad signal” may simply be the absence of any information which supports the project,
while the “good signal” might be the existence of such supporting material.

8If the agents did not care about being promoted, the mechanism could specify a constant (zero)
wage for all messages and, as payoffs would be independent of messages, agents would tell the truth.
To avoid this trivial case, we assume the promotion is desirable to the agents.

9One can allow for the possibility of not promoting any agent in the following way. Suppose not
promoting any agent is so costly for the principal that she always promotes one agent in equilibrium.
However, she can threaten to promote neither agent out of equilibrium. With this possibility, the
full commitment contracts will be trivial and stipulate no promotion for either agent if messages
disagree. If believed, this threat will certainly enforce a truthful Nash equilibrium. However, such
a threat may not be credible if it is very costly not to promote anybody. Therefore, as long as we
impose the constraint of renegotiation proofness, the results in this paper go through.



agent (the managerial position must be filled). The value to the principal of promoting
a bad type is normalized to zero, the value of promoting a good type is A > 0.

The non-pecuniary value an agent derives from a promotion is denoted R > 0.19
Thus, if the agent is promoted and gets paid w his total payoff is w + R. Limited
liability requires that w > 0. If limited liability were not imposed, the incentive to
misrepresent information could be negated entirely by having a promoted agent pay
the principal R. Since we assume limited liability, and since R is non-pecuniary,
charging a fee from the promoted agent in this way is impossible. Limited liability
also rules out punishing agents with fines when they disagree with each other, or
when their predictions about the project turn out to be wrong.

The principal wants to elicit the agents’ signals in order to inform the project
implementation and promotion decisions. Since the agents observe the same signal,
it is possible to use one agent’s announcement to cross-check the other’s. A version
of the revelation principle implies that we can study direct revelation mechanisms
where the agents are given the incentive to announce their information honestly.

After the project has been generated and signals observed by the agents, the game
goes as follows:

Time ¢t = 1. Each agent ¢ sends a message m; € {g,b}, interpreted as a report
on the project’s quality.

Time ¢t = 2. The principal receives the instruction “implement the project” or
the instruction “don’t implement the project” from the mechanism. The instruction
“implement the project” is received with probability h(m) where m = (myms) is the
pair of messages sent at time ¢ = 1. The principal does not observe the messages,
only the instruction whether or not to implement.

Time t = 3. The outcome of the project is realized and becomes public knowledge.
The set of possible outcomes of a project is

Y ={G,B,0}

with generic element y. Here G (resp. B) denotes the outcome: the inventor’s project
was implemented at time 2 and successful (resp. unsuccessful), and () denotes the
outcome: the inventor’s project was not implemented. The principal immediately
observes the project’s true quality if she implements it. If she does not implement it,
she never observes the true quality.

Time t = 4. The principal receives the instruction “promote agent 1”7 or the in-
struction “promote agent 2” from the mechanism, together with an instruction about

Thus, R is an “intrinsic reward” from the higher position. An alternative monetary interpretation
of R can be given. Calvo and Wellisz [3] and others have argued that at low levels of a hierarchical
firm, employees can be supervised by managers to make sure that they work. The (optimal) degree
of supervision of high-level employees is smaller, but instead they receive (efficiency) wages which
significantly exceed their reservation wages. In this case, R > 0 may represent the discounted
expected value of a future increase in monetary (extrinsic) rewards. Now the firm could conceivably
make the agent “pay for his promotion” using some part of the future efficiency wage. However, if
the manager does not get to keep his efficiency wage he will shirk, so even though R represents a
monetary value the firm will in fact never ask the manager to pay for his promotion in this way. In
this sense, it does not matter if R is monetary or non-monetary.



what wages to pay. The instruction “promote agent 1” is received with probability
0Y(m) if messages m = (myma) were sent at t = 1 and y € Y was the outcome
at t = 3. The wages can depend on the messages, the outcome of the project, and
whether or not the agent is promoted.

The outcome of the project, the output (instructions) of the mechanism and the
principal’s actions are all verifiable to an outside party (a court), so the principal
cannot unilaterally renege on the contract. However, we will consider the possibility
of Pareto-improving renegotiation.

2.2 Conditional probabilities

The signal o is accurate with probability ¢, where % < g < 1. Let p(o) denote the

probability that the project of is of good quality, conditional on the signal o € {g, b}.
By Bayes’ rule,

B A1q
S R e R

_ Al —q)
e = A1<1—$>+<1—A1>q<Al

Conditional on a good signal, the project is assumed to be profitable:

p(9)G + (1 —p(g))B >0 (1)

Bad projects make losses (since B < 0), but they have an informational value as
they reveal the agent’s type. Thus, if the value of promoting the right agent is high
compared to the cost of implementing a bad project, implementing projects with bad
signals might be desirable just to obtain more information about agent 1’s type. The
optimal contract in this case would not be very interesting (see Section 2.3). Thus,
we assume that expected losses conditional on a bad signal are big compared to the
value of promoting the right agent:

PO)(G +A) + (1 —p(b))(B + AA) < Amax{p(b), A2} (2)

This inequality, which holds if p(b) is small and B highly negative, guarantees that
the principal does not want to implement projects with bad signals (Lemma 1 part
v). Finally, we assume:

R < Amin{)\g, 1-— /\2} (3)

On the right hand side of (3), Ay is the principal’s gain from promoting agent 2
instead of agent 1 if agent 1 is known to be bad, and A(1 — A\g) is the gain from
promoting agent 1 instead of agent 2 if agent 1 is known to be good. Thus, (3) says
that the value to an agent of being promoted, R, is small compared to the cost to
the principal of promoting the wrong agent in those cases where agent 1’s type is
known. This guarantees that at the optimum, the promotion decision is sensitive to
the outcome of the project (Lemma 1 part iv). If (3) is violated, then the principal is



better off removing the competition among the agents by always promoting the same
agent, and paying zero wages (see Section 5.2).
Thus, our maintained assumption throughout the paper is:

Assumption 1 (1), (2) and (3) hold.

2.3 First best

Suppose the principal can costlessly observe the same signal as the agents. Then
there is no need to pay any wages above the minimum of zero. Assuming (1) holds,
the project should certainly be implemented when the signal is good. The inventor
is promoted if the project succeeds, and the peer is promoted if it fails.

Now suppose the signal is bad. First, suppose the project is cancelled. Following
the cancellation, the inventor is a better candidate for a promotion if and only if
p(b) > A2. The principal will promote the agent who is the better candidate, and
make an expected profit conditional on the bad signal of A max{p(b), A\2}. Suppose
instead the project is implemented despite the bad signal. If the project is successful,
the principal learns that the inventor is good and promotes him, while if it fails she
promotes the peer who is good with probability \o; the expected profit conditional
on a bad signal is therefore

PO)(G +A) + (1 =p(b)(B + AA)

Thus, (2) implies that the first best policy is to implement the project if and
only if the signal is good. However, this gives rise to high-powered incentives for the
agents to manipulate the principal’s information. If the principal cannot observe the
signal, the first best is not incentive compatible. In Section 3 we find the optimal
contract subject to incentive compatibility constraints.

If (2) is violated, then always implementing the project is first best. In this case
the first best outcome is incentive compatible: there is no need for the principal to
observe the signal, or even for the agents to send messages, since the principal would
just disregard the signal anyway. We rule this out by assuming that (2) holds.

2.4 Renegotiation

Since the agents have the same information, in equilibrium they will send the same
report. If agents disagree, then the best way to encourage truth-telling is to promote
the agent whose report coincides with the realized project quality. This policy mini-
mizes the gain from lying, since lying is less likely to lead to a promotion. It may lead
to the less talented agent getting promoted, but this does not cost the principal any-
thing as long as disagreements only happen out of equilibrium. Realistically, however,
there may be some probability that reports differ because agents honestly disagree
about the project (or make mistakes). If this happens with positive probability, it
will impose more discipline on the principal’s policy: promoting the wrong agent in
case of disagreement will no longer have zero cost. An alternative way of imposing



such discipline, which we follow in this paper, is to insist on renegotiation-proofness.
The contract is renegotiation-proof if at no stage of the game would the principal
and both agents prefer to replace the old contract with a new one. The constraint of
renegotiation-proofness ensures that the outcome is Pareto-efficient off as well as on
the equilibrium path. Therefore, the principal cannot use promotion policies that it
would be very costly for her to actually carry out.

In our model, the only times when the principal can have any incentive to propose
a new contract are at ¢t = 2 and at t = 4. Consider first time ¢ = 2. Under our
assumptions, the principal prefers a contract where in equilibrium the project is
implemented if and only if the signal is good. With such a contract, if the principal
gets the instruction “don’t implement the project” she infers that the signal is bad and
then she has no reason to try to implement the project. Similarly, if the instruction
is “implement the project” she infers that the signal was good, so she has no reason
not to implement. Therefore, no matter what the principal hears there will be no
temptation to renegotiate at ¢ = 2. Notice that at time ¢ = 2 the principal only
receives the instruction on whether or not to implement, while the actual messages
are kept secret from her.!! This simplifies the analysis, for if she could see the actual
messages at time ¢t = 2, we would have to worry about renegotiation when mq # mo.
It turns out that in the optimal self-assessment mechanism we will identify in Section
4, there is no need for secret messages. Thus, ruling out secret messages would in
fact not change our main results, but it would make the analysis of general message
games more tedious.

Now consider time ¢ = 4. Here the situation is different. As argued above, if the
principal can commit not to renegotiate, then the optimal contract may specify that
after some histories the principal promotes an agent who she knows is not the best
person for the job. Such contracts are not renegotiation-proof if at ¢ = 4 there exists
a contract with a different promotion policy, which the agents would accept if offered
to them, and which would make the principal better off. In order to introduce the
constraint of renegotiation-proofness at time ¢ = 4 we need to consider the principal’s
beliefs at the time of the renegotiation, since she may infer something about the
agents’ types from the history of play. The analysis is simplified by the assumption
that if the project was implemented, the principal knows agent 1’s type for sure.
We also assume that the principal always believes agent 2 is good with probability
A2, independently of what has happened before time ¢ = 4, because nothing that
happens reveals any information about agent 2’s type. It only remains to discuss the
principal’s beliefs about agent 1 when the project was not implemented. As long as
the principal’s observations are consistent with equilibrium play, beliefs are assigned
by Bayes’ rule. If the principal’s observations are inconsistent with equilibrium,
Bayes’ rule is not applicable. Fortunately, it turns out that the only thing we need to
assume in this case is that the principal thinks agent 1 is good with at least probability

HSuppose the two agents secretly type in their messages into a computer, which then makes public
recommendations to the principal about project implementation, wages and promotions, as we have
described. Any attempt by the principal to hack into the computer program in order to discover the
agents’ messages causes the program to delete itself and all the messages.

10



p(b). This is a reasonable lower bound, because the worst possibility for agent 1 is
that the signal was bad. None of our results need a more sophisticated analysis of
out-of-equilibrium beliefs. In particular, using the terminology of Maskin and Tirole
[14], the concepts of weak and strong renegotiation-proofness coincide in this model.

It may appear that if renegotiation is possible, then the principal must always
promote the agent who is the best candidate for the job. But this is not so. Suppose
the contract is such that along the equilibrium path, the reports suggest that the
project is bad, so the principal cancels it. She now believes the inventor is good with
probability p(b), and the peer with probability Ae. There are two cases. (a) Suppose
the inventor is behind: A2 > p(b). Then the peer is the best choice for a promotion. If
the mechanism recommends that both agents get a zero wage, and that the inventor is
promoted, will the principal renegotiate and promote the peer instead ? The inventor
will not accept the new contract unless he is compensated for losing the promotion;
this compensation costs the principal R dollars. The peer would be willing to pay
R dollars to get promoted, but limited liability rules this out. Thus, renegotiation
increases the principal’s wage cost by R. The expected gain from promoting the peer
instead of the inventor is (A2 —p(b))A, so if (Aa —p(b))A < R the contract will not be
renegotiated. However, if (A2 —p(b))A > R, renegotiation pays off; in this case we say
the inventor is well behind. (b) Now suppose the inventor is ahead: p(b) > Ay. Then
the inventor is the best choice for a promotion. Suppose the mechanism recommends
that both agents get a zero wage, and that the peer is promoted. Will the principal
renegotiate and promote the inventor instead ? She would have to compensate the
peer with R dollars, and she can take no money from the inventor by limited liability.
Therefore, symmetrically to the previous case, if (p(b) — A2)A < R no renegotiation
occurs. However, if (p(b) — A2)A > R, renegotiation pays off; in this case we say the
inventor is well ahead.

3 The Optimal Contract

3.1 Incentive constraints

It is useful to start out by describing the optimal commitment contract, i.e., the
optimal contract if the principal can commit not to renegotiate. By the revelation
principle, we may assume the agents play a Nash equilibrium where both tell the
truth.!?> There are two truthtelling or IC constraints for each agent i, one for each
signal o € {g,b}. (Recall that both agents see the same signal ). Denote by IC;(0)
the constraint that agent ¢ should tell the truth after seeing o. Following messages
m = (mymg), the project is implemented with probability h(m). Let w}(m) denote
agent i’s expected wage and uY(m) his expected payoff if the messages are m and the
outcome of the project is y € {G, B,0}. The payoff is the sum of the expected wage

12Just as in other multi-agent revelation games, in addition to the truthtelling equilibrium there
may be other non-truthtelling ones. However, when we consider optimal renegotiation-proof mecha-
nisms, only one agent (the inventor) needs to send a message. This eliminates the problem of multiple
equilibria.

11



and the value of being promoted times the probability that a promotion occurs. For
agent 1:
uf(m) = wi(m) + 6”(m)R

and similarly for agent 2. The limited liability constraints specify that all wages are
non-negative.

Suppose agent 2 always tells the truth. Agent 1’s expected payoff when he sees
0 = g and truthfully announces m; = g is:

h(99) (p(9)uf (99) + (1 = plg))uf (99)) + (1= h(gg))ul(99) (4)

If he instead untruthfully announces m; = b, he expects to get
h(bg) (p(g)us(bg) + (1 — plg))uf (bg)) + (1 - h(bg))ul(bg) (5)

Using (4), (5) and the definition of conditional probabilities, the IC;(g) constraint
can be written as

h99) (Mauf (99) + (1 = M)(1 = @uf (gg)) + (1 = h(gg)) (g + (1 = A)(1 = 9)) ud (99)
> h(bg) (Mquf (bg) + (1 = M)(1 = Q)uf (bg) ) + (1 = h(bg)) (Mg + (1 = A)(1 = 9))ul (bg)

Similarly, the IC;(b) constraint is

(bb) (M (1 = q)uf (86) + (1 = M)quf (b)) + (1 = h(BB)) (A (1 — ) + (1 = Ar)q)uf (bD)
> h(gb) (M1 = q)uf (gh) + (1 = M)quf (g8)) + (1 = A(gh)) M (1 — q) + (1 = A)q)u]

Similarly, we obtain two IC constraints for agent 2. The following Lemma is
proved in the Appendix.

Lemma 1 If the principal can commit not to renegotiate, then the following is opti-
mal: (i) Pay a zero wage to both agents whenever they disagree (my # ms). (i) Pay a
zero wage to both agents whenever the project fails. (iii) Implement the project when-
ever the agents disagree: h(gb) = h(bg) = 1. (iv) Set 05 (gg) = 0 and 6%(gg) = 1. (v)
Set h(gg) =1 and h(bb) = 0.

What happens in case of disagreement matters only through the right hand side of
the IC constraints. Therefore, the principal will want to minimize wage payments (set
them to zero) when there is disagreement, in order to reduce the wage payments that
are made in equilibrium when agents tell the truth (part (i) of the lemma). Agents
and the principal are risk-neutral and care only about expected wages. Therefore,
it suffices to pay the inventor when his project succeeds (part (ii) of the lemma).
What happens in case of disagreement does not influence the principal’s expected
payoff directly, because disagreement only happens out of equilibrium. Therefore,
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implementing the project when agents disagree is costless, but helps relax incen-
tive constraints by allowing the principal to cross-check agents’ messages against the
realization of the project quality. Part (iii) follows from this observation.

The inequality (3) is used to prove part (iv) of the lemma. Suppose the inventor
is promoted with positive probability when the project is bad. Then, if the prin-
cipal reduces this probability by ¢ and compensates the inventor by increasing the
expected wage by R, she gains e \s/A by more often promoting a potentially good
agent rather than one known to be bad, and she does not violate any IC constraints.
The inequality (3) guarantees that the gain exceeds the increase in wages, so the
inventor should never be promoted when the project is bad. Similarly, the principal
would rather promote an inventor known for sure to be good over a peer who is good
with probability A2 < 1. Finally, the inequalities (1) and (2) imply that projects with
good signals make expected profits, and projects with bad signals are too costly to
be worth implementing: this explains part (v).

Using Lemma 1 we can simplify the problem. Consider the principal’s payoff.
With probability A\;q both the project and the signal is good. In this case, assuming
the agents tell the truth, the project is successfully implemented (by Lemma 1 part
(v)), agent 1 is promoted (by Lemma 1 part (iv)), and the principal’s payoff is

G+ A —wi(gg) — w§(gg)
The principal’s payoff for other cases is similarly computed using Lemma 1. Overall,
the principal’s expected payoff is
Mg (G + A = wf(gg) —w§(99)) + (1= M)(1 — ) (B+ Ao
+M(1—9q) (9@(bb) +(1- Hw(bb))/\g) A+ (1= A)g(1 = 6°(bb)) oA (6)
— (M1 = q) + (1= An)g) (w(vh) + wh(en))

She maximizes this expression subject to the IC constraints, which using Lemma
1 we can simplify as follows:

IC1(g) :
Mg (wi'(99) + R) > Mgb<(bg) R+ (1 — A)(1— q)0” (bg) R (7)
1Cy(b) -
(Ma(1 =)+ (1= 1)) (wf(Bb) + 6° (bb) R) (8)
> A1 —q)0%(gb)R+ (1 — \)g8” (gb)R
ICq(g) :

Mqu§ (99)+(1—=M)(1—g)R > Mq(1—0%(g) R+ (1= A1) (1-q)(1 0" (b)) R (9)
ICo(b) :
(M(1=q) + (1 = A)q) (wh(BD) + (1 — 6°(4)) R) (10)
> M(1—q)(1—6(bg) R+ (1= \)a(1— 67 (bg))R
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The limited liability constraints are:
wi(g9), w§ (99), w (bb), wh(bb) > 0 (11)

To explain the left hand side of IC(g), for example, use Lemma 1 to set h(gg) = 1,
uf(99) = wf(9g) +6%(99) R = wf (g9) + R, and uf (99) = wf (99) + 67 (99)R = 0 in
the left hand side of the IC;(g) constraint stated before Lemma 1. For my # mg, we
get uf (bg) = 09(bg) R, u§ (bg) = (1 — 0 (bg)) R, uf (bg) = 0°(bg)R etc.

The details of the solution to the principal’s problem depend on which incentive
constraints are binding. We will split the discussion into two cases: p(b) < A2 and

p(b) > Ao.

3.2 The case where the inventor is behind
3.2.1 Optimal commitment contract

The inventor is behind if p(b) < A2. Then the peer is the best candidate for promotion
conditional on a bad signal, so the inventor will be tempted to exaggerate the quality
of the project. The peer is tempted to denigrate the project. The binding truth
telling constraints therefore are IC;(b), avoiding exaggeration, and 1Cz(g), avoiding
denigration (this is proved in the appendix).

Obviously, the principal particularly has to worry about what to do when the
inventor says his project is good and the peer says it is bad. If the messages conflict
in this way, the contract should minimize the incentive to lie by giving the promotion
to the agent whose report agrees with the actual project quality. Thus, the inventor
is promoted if and only if the project succeeds. With such a policy, denigration does
not increase the peer’s probability of promotion. However, the inventor can expect
p(b)R > 0 by saying he has a good signal when in fact he has a bad one. To prevent
exaggeration from occurring, in equilibrium the contract must give the inventor at
least that much when he admits that his project is bad. This can potentially be done
by promoting the inventor with positive probability when reports are bad. This does
not raise the principal’s wage cost, but it does mean that the wrong agent is promoted
in equilibrium. If the reputation of the inventor given a bad signal, p(b), is not much
worse than the reputation of the peer, Ao, then this policy is optimal. However, if
p(b) is much smaller than A2, then it is too costly for the principal to distort the
promotion policy in order to reduce wage payments. Promoting the inventor instead
of the peer has an expected cost of (A —p(b))A, and the promotion is worth R to the
inventor. If the inventor is well behind, so that R < (A2 — p(b))A, then it is cheaper
for the principal to simply pay R dollars to the inventor and promote the peer with
probability one when reports are bad. Thus, the optimal policy depends on whether
the inventor is well behind or not. The proof of the following proposition can be
found in the Appendix.

Proposition 2 If the principal can commit not to renegotiate and the inventor is
behind, then the following is optimal. When the agents’ reports contradict each other,
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promote the inventor if and only if his project is good (0% (m) =1 and 6% (m) = 0 if
my # mg). If the inventor is not well behind, promote him with positive probability
when both agents report the project is bad (H?(bb) = p(b) > 0), and all wages are
zero. If the inventor is well behind, never promote him when both reports are bad
(6 (bb) = 0), and all wages should be zero except w?(bb).

The salient features of the optimal contract when the inventor is behind are
that (1) the inventor should be compensated (either via a monetary payment or a
probability of promotion) for admitting that his own project is bad, and (2) when the
project is implemented, the inventor is promoted if and only if his project is good,
whatever the message profile.

3.2.2 Renegotiation

We now show that the contract described in Proposition 2, which is optimal when
the principal can commit, is actually renegotiation-proof.

Proposition 3 Suppose the inventor is behind. The optimal contract from Proposi-
tion 2 is renegotiation-proof.

Proof. It suffices to consider time ¢t = 4. First, suppose the events the principal has
observed are consistent with the equilibrium. From Lemma 1 part (iv), if the project
is implemented, the inventor is promoted if and only if his project succeeds. Thus,
the right person is promoted and no renegotiation takes place.

Now suppose the project is cancelled along the equilibrium path. From Propo-
sition 2, if the inventor is behind and R < A(A\2 — p(b)), then the “right” worker is
always promoted, so there is no reason to renegotiate. If instead R > A(A2 — p(b)),
the principal sometimes promotes the inventor (6°(bb) > 0) even though he prefers
to promote the peer (as p(b) < A2). Nevertheless, the contract is renegotiation-proof.
Suppose the inventor is about to be promoted at ¢t = 4, and the principal proposes a
new contract where the peer is promoted instead. The inventor will insist on a com-
pensation of at least R to give up the promotion, while the benefit from promoting
the inventor instead of the peer is only A(A2 — p(b)) < R. Thus, renegotiation is too
expensive to the principal. Therefore, the optimal contract is always renegotiation-
proof along the equilibrium path.

There are two out-of-equilibrium message profiles, m = bg and m = gb. Following
these messages the project is implemented (Lemma 1, part (iii)), and as shown in
the proof of Proposition 2, the inventor is promoted if and only if his project is good.
Clearly there is no incentive to renegotiate this outcome. l

It may be remarked that the condition of being well behind plays two roles. First,
as explained in Section 2.4, it is not renegotiation proof to promote the inventor when
he is well behind and the project is bad. The reason is that the principal would
prefer to make a monetary payment of R dollars to the inventor and promote the
peer instead, since promoting the inventor would carry a loss of A(Ay — p(b)) > R.
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But secondly, Proposition 2 shows that even when the principal can commit not to
renegotiate, he will not promote the inventor when he is well behind and the project
is bad. The intuition is given before Proposition 2. In other words, the principal does
not want to promote the inventor precisely when it would not be renegotiation proof
to do so.

3.3 The case where the inventor is ahead
3.3.1 Optimal commitment contract

The inventor is ahead if p(b) > Aa. In this case he is preferred for promotion even
after a bad signal, but would not remain so after an unsuccessful project (recall
that a bad signal does not necessarily mean that the inventor’s type is bad, but a
failed project does). Thus, the inventor likes the status quo and has an incentive to
underestimate the quality of his own project (playing it safe rather than suffering a
costly failure, which we call false modesty). The peer on the other hand thinks he can
only get promoted if the inventor suffers an unsuccessful project (a bad signal is not
enough), and a necessary condition for this is that a project is implemented. Thus,
the peer is tempted to overestimate the project’s quality. The binding truth-telling
constraints are IC;(g) (no false modesty), and IC2(b) (no false praise). Here, the
principal particularly has to worry about the promotion decision when the inventor
says his project is bad while the peer report is good, i.e. m = bg. If messages
conflict in this way, the principal minimizes the incentive to lie by promoting the
agent whose message best corresponds to the project quality. Thus, she promotes the
inventor with a higher probability if the project is unsuccessful than if it is successful.

With this policy, the peer gets a positive expected payoff from falsely praising
the inventor when the signal is bad, as he gets promoted with some probability
when the inventor’s project fails. To prevent false praise, in equilibrium the peer
must be compensated when he sends a negative report. This can potentially be
done by promoting the peer with positive probability when reports are bad. If the
reputation of the inventor following a bad signal, p(b), is not much better than the
prior reputation of the peer, Ao, this method of inducing truth-telling is optimal.
However, if p(b) is much bigger than A2, then it is very costly to promote the peer
following the bad signal. Recall that the inventor is well ahead if A (p(b) — A2) > R.
By a familiar argument, if the inventor is well ahead, then he should be promoted
with probability one when reports are bad. False praise must be prevented, but when
the inventor is well ahead it is cheaper to do this by a monetary payment to the peer
rather than a promotion. The proof of the following proposition is in the Appendix.

Proposition 4 Suppose the principal can commit not to renegotiate and the inventor
is ahead. Then, the following policy is optimal. If m = bg and the project fails,
promote the inventor with positive probability (6P (bg) > 0). If m = bg and the
project succeeds, promote the peer with positive probability (0%(bg) < 1). If the
inventor is well ahead, then promote him when m = bb (i.e., 9®(bb) = 1), and all
wages are zero except wg (bb) and possibly w§(gg). If the inventor is not well ahead,
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then promote the peer with positive probability when both agents report bad signals
(0°(bb) = 1 — p(b)(1 — 8%(bg))), and all wages are zero except possibly w (gg).

The salient features of the optimal contract when the inventor is ahead are that (1)
the inventor is sometimes given a monetary bonus w{(gg) > 0 beyond the benefit of
promotion when the project is implemented and is successful, (2) the peer is rewarded
(either through a monetary payment or some probability of promotion) when both
agents report the project is bad, and (3) for some message profiles, the inventor can
get promoted even when his project is a failure, but he is sometimes not promoted
when it is successful. Notice that point (1) is due to the need to prevent false modesty,
and point (2) is due to the need to prevent false praise.

3.3.2 Renegotiation

We showed in Section 3.2.2 that renegotiation does not compromise the optimal
commitment contract when the inventor is behind. We now show that when the
inventor is ahead, the situation is different and the optimal commitment contract is
not renegotiation-proof.

It suffices to consider time t = 4. First, suppose the events the principal has
observed are consistent with the equilibrium. If both agents report good signals, the
project is implemented, and the inventor is promoted if and only if his project succeeds
so no renegotiation takes place. But suppose both agents report bad signals so the
project is cancelled. From Proposition 4, if the inventor is well ahead then the “right”
worker is always promoted, so there is no reason to renegotiate. In the remaining
case, where 0 < A(p(b) — \3) < R, the peer is sometimes promoted (8%(bb) < 1)
even though the inventor is a better candidate. We claim there is still no incentive
to renegotiate. Indeed, the peer will insist on a monetary compensation of R to give
up the promotion, while the benefit from promoting the inventor instead of the peer
is only A(p(b) — A2) < R. Thus, renegotiation is too expensive for the principal and
the optimal contract is renegotiation proof along the equilibrium path. Notice that
the role played by the well ahead inequality in this argument is symmetric to the role
played by well behind inequality when the inventor is behind.

Next, suppose the principal’s observations are inconsistent with equilibrium. There
are two cases where it may happen. (i) After a disagreement among the agents the
principal may receive the instruction to promote the inventor even though his project
fails: 68 (gb) # 0 or 8P (bg) # 0. Now, the principal knows the inventor is low qual-
ity after the unsuccessful project, and she can convince the inventor to decline the
promotion by paying him R. By (3) the principal gains at least AsA — R > 0. There-
fore, the principal has an incentive to renegotiate the contract in this way. (ii) The
principal may receive the instruction not to promote the inventor even though his
project succeeds: #%(gb) # 1 or #%(bg) # 1. Analogously with the previous case,
the principal gains at least (1 — A2)A — R > 0 by renegotiating and promoting the
inventor.

17



Renegotiation-proofness fails out of equilibrium when the inventor is ahead be-
cause, in order to provide incentives to tell the truth, the peer is promoted if he was
the only one who supported a successful project, and the inventor is promoted if he
was the one who did not support an unsuccessful project. However, at time ¢t = 4 the
principal prefers to renegotiate the contract rather than promote the “wrong” agent.
Renegotiation-proofness implies that the inventor must be promoted whenever the
project succeeds, but if the project fails he must not be promoted. This constraint
strictly lowers the principal’s expected payoff.

We now consider the optimal renegotiation-proof contract for the case where the
inventor is ahead. Renegotiation-proofness imposes the constraint: for all m (even
out-of-equilibrium m)

0%(m)=1 and 6P(m) =0 (12)

Now, we can no longer argue as we did in Lemma 1 parts (iii) and (v), that it
is optimal for the principal to implement the project whenever the agents disagree
because, when (12) is imposed, the principal is forced to promote the inventor if
and only if his project is good. This will increase wage payments compared to the
optimal commitment contract. In fact, it turns out that the principal prefers not
to implement the project following messages m = bg. She still wants to implement
when both reports are good (h(gg) = 1) since she cares sufficiently about having a
successful project and promoting the “right” agent (see the Appendix). Moreover, it
is clearly optimal to set h(bb) = 0, since the principal’s incentive to cancel the project
is reinforced by renegotiation.

Turning now to the principal’s policy when the project is not implemented, recall
that she always thinks agent 1 is good with probability at least p(b). If the principal
has been asked to promote agent 2, the gain from promoting 1 instead of 2 is at least
(p(b) —A2)A, and the cost is never greater than an extra payment of R to agent 2 (the
principal can pay off agent 2 with the same salary as he would get according to the
original contract, plus a compensation of R for not being promoted). If the inventor
is well ahead, then (p(b) — A2)A > R and the contract is not renegotiation-proof. In
this case we must impose the constraint

0°(m) =1 for all m (13)

That is, agent 1 is promoted whenever the project is not implemented. If the inventor
is ahead but not well ahead, then (13) can be violated.

To find the optimal renegotiation-proof contract when the inventor is ahead, we
modify the first program of Section 3 by not imposing

h(gg) = h(gb) = h(bg) =1 (14)
Instead we impose (12) and, if the inventor is well ahead, also (13).

Lemma 5 Suppose the inventor is ahead but not well ahead. The following is the
solution if the program of Section 3.1 is modified by not imposing (14), but instead
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imposing (12). Set h(gg) = h(gb) = 1 and h(bg) = 0. All wages except possibly
w§(gg) are zero. If

qp(b) B
—(1 — q)p(g)R +(A—p(b)A <O (15)
then 0°(bb) = 6% (bg) = 1 and
wflog) = LR
! (0)
qp
mR—F( A2 —p(b))A >0 (16)
then
6 (bb) = 6°(bg) = p(9) (17)

and w$(gg) = 0.

Lemma 6 Suppose the inventor is well ahead. When the program of Section 3 is
modified by not imposing (14), but instead imposing (12) and (13), the solution is as
follows. Set h(gg) = h(gb) =1, h(bg) = 0. All wages are zero, except

a1 =p(g)

Proofs of these lemmas are in the appendix.

Proposition 7 The contracts characterized in Lemmas 5 and 6 are optimal within
the set of renegotiation-proof contracts (for the cases where the inventor is ahead but
not well ahead, or well ahead, respectively).

Proof. We have already argued that a renegotiation-proof contract must satisfy the
constraints of the programs analyzed in Lemmas 5 and 6. Thus, it suffices to show
that the contracts found in Lemmas 5 and 6 are in fact renegotiation-proof. This is
certainly true in the case of Lemma 6 because the right agent is always promoted
by construction. That is, agent 1 (who is well ahead) is promoted except when his
project has failed.

In the case of Lemma 5 the only problematic aspect is equation (17). In equi-
librium the project is implemented if and only if the signal is good. Thus, if the
principal receives the instruction “don’t implement”, he thinks the signal was bad,
and the inventor is good with probability p(b). In this case, the principal prefers to
promote agent 1 (by definition of being ahead). According to (17), agent 2 is nev-
ertheless promoted with probability 1 — p(g) > 0. By renegotiating and promoting
agent 1 instead of agent 2, the principal would gain (p(b) — A2) A > 0. However, the
principal would have to pay R to agent 2 to make him willing to give up the pro-
motion. Since R > (p(b) — A2) A when the inventor is not well ahead, renegotiation
does not pay. Therefore, the contract is renegotiation-proof. B
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When the inventor is ahead the optimal renegotiation-proof contract involves not
implementing the project when only the peer supports it: h(bg) = 0. The point is
that if the project is implemented, the principal discovers the inventor’s true type,
but this is not necessarily advantageous for a principal who cannot commit, and who
is forced to obey (12).(Dewatripont and Maskin [6] discuss the fact that having more
information is not always advantageous for the principal if she cannot commit.) By
cancelling the project when the inventor says it is bad and the peer disagrees, the
principal gains flexibility in using promotions as a reward. However, this policy in
effect gives the inventor veto power over the implementation of the project. Therefore,
as we show in the next section, this policy can be replicated by a self-assessment
mechanism where only the inventor reports the quality of the project.

4 Self-Assessment

4.1 Self-assessment is optimal

The optimal renegotiation-proof contracts we identified above involve multiple re-
ports. It turns out however that the outcomes can be replicated by a simpler self-
assessment mechanism. It works as follows. Let the inventor announce his signal,
but ask for no message from the peer. If the inventor supports his own project,
then implement it, and promote the inventor if and only if the project is successful.
If the project is successfully implemented and the inventor is ahead, then pay him
R(1—-p(g))/p(g), except when he is not well ahead and (16) holds, in which case pay
him zero. If the inventor does not support his own project, then don’t implement it,
and use the following promotion policy:

Case 1. Suppose agent 1 is behind. If agent 1 is well behind then promote agent
2 and pay agent 1 the salary p(b)R; but if agent 1 is not well behind then promote
agent 1 with probability p(b) and pay him zero.

Case 2. Suppose agent 1 is ahead. Then, if agent 1 is not well ahead and (16)
holds, promote him with probability p(g). Otherwise, promote him for sure.

Except as mentioned, all wages are zero.

It is easy to check that the inventor will tell the truth, and the outcome mimics
the optimal renegotiation-proof contract. Moreover, the binding constraint when the
inventor is behind is that he should not say his project is good when he receives a
bad signal, i.e., exaggeration must be prevented. The binding constraint when the
inventor is ahead is that he should not say his project is bad when he receives a
good signal, i.e., false modesty must be prevented (cf. the low risk-taking of middle
management and high risk-taking of entry level employees identified in Gamache and
Kuhn [7]). Notice that the outcome of the self-assessment mechanism replicates the
optimal commitment contract when the inventor is behind, but not when he is ahead.
Another way to express this is that if the principal can commit, then multiple reports
are useful if the inventor is ahead, but unnecessary if the inventor is behind.

This self-assessment procedure is renegotiation-proof. A project is implemented if
and only if the inventor reports a good signal, and the principal does in fact want to
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go ahead with the project if and only if a good signal was received. When the project
is implemented, the correct agent is promoted. When the project is not implemented,
the promotion policy is the same as the optimal renegotiation-proof contracts derived
above, so by the same reasoning the self-assessment mechanism is renegotiation-proof.
Finally, the fact that the promotion policies and wages when the inventor is behind
are the same as under the optimal full commitment contract (from Proposition 2),
and when the inventor is ahead the same as under the optimal renegotiation-proof
contract (from Proposition 7), means that the self-assessment mechanism is always
optimal subject to renegotiation constraints.

Self-assessment strictly dominates peer review. Consider any mechanism where
only the peer evaluates the project, and the project is implemented if and only if the
peer report is good. Suppose, moreover, that in equilibrium the promotion policy
replicates the policy from the optimal contracts of Proposition 2. First, consider
the case where the inventor is a behind. Suppose the peer receives a good signal.
If he sends a truthful report, then he is promoted only with probability 1 — p(g).
But by announcing the project is bad, the peer will be promoted with probability
one or 1 — p(b), depending on parameters. Therefore, the NIH syndrome arises, and
the ICy(g) constraint is violated unless the peer receives a monetary compensation
for sending a good report. However, this compensation will be more expensive than
the optimal contract (this is obvious when the inventor is not well behind, since in
this case the optimal contract pays no wages, and when he is well behind it can be
easily checked). Thus, the optimal contract cannot be replicated using peer review.
Now suppose the inventor is ahead. Suppose the peer receives a bad signal. Then,
following a bad report, the peer will be promoted with probability zero or 1 — p(g),
depending on the parameters. By instead sending a good report, he is promoted with
probability 1—p(b). Therefore, the false praise effect arises, and the IC5(b) constraint
is violated unless the peer receives a monetary compensation for sending a bad report.
Again, it is readily checked that this is more expensive than the optimal contract so
the optimal renegotiation-proof contract cannot be replicated by peer review.

One can gain some insight into why self-assessment dominates peer review by
considering the agents’ incentives to manipulate the first best outcome (described in
Section 2.3). With self-assessment, an inventor who is behind will pretend the signal
is good when it is bad. But this benefits the inventor only in the rather unlikely event
that the project is successful even though the signal was bad, so the expected gain
from manipulation is only A;(1—g)R. With peer reporting the peer will say the signal
is bad when it is good. This unfair report causes a promising project to be stopped,
and the peer is promoted. If the peer truthfully reports that the project is promising,
the project is implemented and the peer is only promoted when the project fails, so
the expected gain to the peer from this manipulation is \jgR > A;(1 — ¢)R. The
fact that the peer has more to gain from manipulating the first best suggests why
denigration by a peer is a more difficult problem than exaggeration by an inventor.
If the inventor convinces the principal to implement the project by exaggerating its
quality, then it is very likely that the project is unsuccessful, so the inventor’s expected

21



gain is small. On the other hand, if a promising project is stopped due to an unfair
peer report, the principal will never learn the project’s true quality. Therefore, the
incentives for the peer to manipulate are much greater. Consequently, guaranteeing

truthtelling in a peer reporting mechanism will be more expensive for the principal.
13

4.2 Discussion

The optimal self-assessment mechanism has many nice properties. First, it is standard
in mechanism design to ask if a simple indirect mechanism is optimal (for example,
simple nonlinear tariffs implement the optimal contract in the principal-agent model
with adverse selection). In our model, self-assessment is a simple, optimal mech-
anism. Second, message games of the “Maskin type”, where agents report all the
information they have about each other to a social planner, are often criticized as
being unnatural and not respecting the agents’ privacy. A self-assessment mechanism
where an agent only reports information pertaining to himself avoids this criticism.
Third, while multi-agent revelation games often are plagued by multiple Nash equilib-
ria, a mechanism where only one agents sends a report avoids this problem. Fourth,
there is no need for “secret messages”: the principal may just as well observe the
inventor’s message directly.

Since the first best is not incentive compatible, the optimal self-assessment mecha-
nism (as described in Section 4.1) introduces certain distortions. If after the project is
cancelled the agents have approximately the same qualifications, then the promotion
policy is made less high-powered than it would be in the first best. This is relatively
cheap as long as the principal does not care to much about which agent is promoted.
Thus, an inventor who is behind but not well behind is promoted with probability
p(b) > 0 even when the project is cancelled, in order to prevent exaggeration. (He
would have had no chance of promotion under the first best policy.) If the inventor
is ahead but not well ahead and (16) holds, then in order to prevent false modesty
he is promoted only with probability p(g) < 1 when the project is cancelled. (He
would have been promoted for sure under the first best policy.) But if one agent is a
much better candidate for promotion than the other one after the project is cancelled,
then distorting the promotion policy is very costly. Instead, the principal prefers to
distort the wage policy. Namely, if the inventor is well ahead,'* then to prevent false
modesty he is given an extra high wage if his projects succeeds. But if the inventor
is well behind, then to prevent exaggeration he is given an extra high wage when his
project is cancelled.

13When the inventor is ahead, his temptation is not to exaggerate but to suppress his own project,
while the peer wants them all implemented. In this case, a simple calculation shows that the inventor’s
gain from manipulating the first best contract is (1—\;)(1—¢) R, while the peer’s gain is (1—A;)gR >
(1-A)A-qR

140r not well-ahead, but (16) holds.
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5 Extensions

5.1 Manipulation of project quality

In this paper the generation of projects has been treated as an exogenous process. It
may be objected that if the inventor expects to be promoted even without a successful
project, then he may simply refuse to develop a project. Actually, many explanations
could be given to justify the existence of a project. For example, suppose there are
three kinds of projects: Bad, Good, and Brilliant. Brilliant projects succeed for sure,
and everyone can recognize them. If the payoff from completing a Brilliant project is
very high, an inventor who is ahead will be willing to develop a project. Our model
applies whenever he failed to develop a Brilliant one, and it is commonly known
that the blueprint is either Good or Bad. However, it would seem possible for the
inventor to manipulate (degrade) a promising project in such a way that it emits
a less promising signal.!® The principal will be persuaded to cancel the degraded
project and the inventor who is ahead can avoid the risk of a failure which ruins his
career. It turns out, however, that the optimal self-assessment mechanism discussed in
Section 4 is immune to such manipulation. Therefore, the self-assessment mechanism
1s optimal even when the inventor can degrade the quality of the blueprint.

To see this, first suppose the manipulation of the blueprint is such that it only
changes the signal from ¢ to b but does not change the probability that the project
actually succeeds if it is implemented. Then, deliberately creating a bad signal and
announcing it truthfully is equivalent to observing a good signal but lying about it,
and we know that this is not advantageous for the inventor. Now suppose the manip-
ulation is such that the actual probability of success changes. That is, the inventor
can manipulate a promising project in such a way that not only does it emit a bad
signal, but the probability of success conditional on implementation falls, say from
p(g) to p(b). But it can be checked that in the optimal self-assessment mechanism the
inventor never gains from having a failure rather than a success. Therefore, for any
message, the inventor wants the probability of success to be as high as possible. So,
if he cannot gain from manipulation that leaves the probability of success unchanged,
then he cannot gain from manipulation which lowers the probability of success either.
Therefore, the inventor cannot gain by degrading the quality of the blueprint.

5.2  On the role of inequality (3)

Consider the self-assessment mechanism of Section 4.1. If the inventor is well ahead,
the principal induces truth telling by paying R(1 — p(g))/p(g) when the project is
implemented and succeeds, which happens with probability Pr(c = g) xp(g). If we use
the first best outcome as described in Section 2.3 as a benchmark, the self-assessment

151f a “bad signal” is simply the absence of any information that supports the project, then the
inventor may be able to suppress any supporting information.
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mechanism implies a loss of

L=p@p _ - a\)(1-g)R (18)

for the principal.

Inequality (3) implies Ay > R/A. If this inequality is reversed, then the self-
assessment mechanism of Section 4.1 is dominated by a policy where the inventor
is always promoted, either one of the two agents is asked for a report, the project
is implemented if and only if the report is good, and all wages are set equal to
the minimum (zero). This new policy is certainly incentive compatible, and it is
renegotiation-proof since the gain of Ay from promoting agent 2 when agent 1
has failed is smaller than the R which must be paid to agent 1 if he deprived of
his promotion. The project is implemented and fails with probability Pr(c = g) x
(1 —p(g)), in which case the principal loses A2A by not promoting agent 2. The
expected loss from this policy, compared to the first best, is

Pr(o=g) (1 =p(g)) oA = (1= A1) (1 —q)AA

This cost is smaller than the cost given in (18) if and only if Ao < R/A. Thus,
A2 > R/A implies that the principal does not want to solve the problem of misrep-
resentation of information simply by always promoting agent 1. This inequality also
implies that the second employee adds value to the firm: the principal prefers having
two candidates for promotion to choose from instead of just one, even though wages
can be zero when there is only one candidate.

The inequality (3) also implies 1 — Ay > R/A. By an argument similar to the one
just given, it can be shown that this inequality implies that always promoting the
peer does not dominates the self-assessment mechanism of Section 4.1.

6 Appendix

6.1 Optimal contracts with commitment

Proof of Lemma 1

(i) This follows from the fact that the disagreement payoffs u?(bg),u§ (bg) etc.
only enter on the right hand side of the IC constraints.

(ii) The wages w{(gg) and w?(gg) enter in the principal’s payoff and the IC1(g)
constraints through the term

p(g)wf (gg) + (1 — p(g))wr (99)

which is the expected wage to agent 1 when 0 = ¢ and the project is implemented.
Since both the principal and the agent only care about this expectation, it is without
loss of generality to set w¥(gg) as low as possible. A similar argument holds for

w3 (99).-
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(iii) From (i) we can suppose all the disagreement wages are zero. Notice that
h(bg) only appears on the right-hand side of IC;(g) and IC2(b). It is intuitively clear
that implementing the project after disagreement is optimal, as it conveys information
about who was lying for free. Indeed, suppose a proposed contract has h(bg) <
1. Suppose the principal changes the contract in the following way: following the
message bg, the project is implemented with probability one, and if the project turns
out good, agent 1 is promoted with probability

h(bg)0< (bg) + (1 — h(bg))6" (bg)

(where h(bg), 0% (bg), 6°(bg) are as specified in the original contract). If the project
is bad, he promotes agent 1 with probability

h(bg)8” (bg) + (1 — h(bg))6" (bg)

This leaves the right-hand sides of IC;(g) and IC2(b) unchanged. The principal’s
welfare is unchanged since disagreements never happen in equilibrium. Hence, we
can assume without loss of generality that h(bg) = 1 and by a similar argument,
h(gb) = 1.

(iv) Suppose 07(gg) > 0. Consider changing the contract by reducing 67 (gg)
by €. Maintain the same expected payoffs (conditional on messages, outcomes and
promotion decisions) for both agents, except that uf’(gg) may have to be increased
to respect the limited liability constraints (agent 2 is more often promoted if 62 (gg)
is reduced). Clearly, though, it will not be necessary to increase u%(gg) by more than
€R. In the new contract the IC constraints are obviously still satisfied. The increase
in expected wages is no greater than

Pr(o = g)(1 —p(g)) h(gg)eR

while the principal gains

Pr(c = g)(1 — p(g)) h(gg)eA2A

because under the new contract he promotes agent 2 (who is good with probability
A2) more often when agent 1 is known to be bad (after the outcome of the project
was B). By (3), this improves the principal’s payoff. The argument for 6%(gg) = 1
is similar.

(v) Consider h(gg). By implementing the project when the signal is good, the
principal gets more information because she can observe the outcome of the project.
Since she can always disregard this information if she wants (as in part (iii) of this
Lemma), she can design a policy with h(gg) = 1 which implies no greater wage
payments than a policy with h(gg) < 1. As messages (gg) are received in equilibrium
whenever o = g, there is also a direct effect on the principal’s revenue from increasing
h(gg). But this is positive, because Gp(g)+B(1—p(g)) > 0 by assumption. Therefore,
h(gg) = 1 is optimal.
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Consider h(bb). Suppose a contract has h(bb) = h* > 0. By the same argument
as in part (iv), we can set 0(bb) = 0 and 6%(bb) = 1. Consider a new contract
where the project is never implemented following the message (bb). Now the principal
implements fewer unsuccessful projects and her expected income increases by

—Pr(o = b)h* (Gp(b) + B(1 — p(b))) > 0 (19)

In the old contract agent 1 got promoted with probability 6% (bb) when the project
was not implemented and messages were bb. In the new contract replace HQ(bb) by
6%(bb), where °(bb) is chosen so that after m = (bb) agent 1 has the same chance of
being promoted as in the old contract (that is, 8%(bb) = h*p(b) + (1 — h*)6%(bb)). Pay
the agents the same (conditional on promotion or no promotion) as under the old
contract. As the probability of promotion and the wages are the same, the expected
payoffs are the same as under the old contract, so the IC constraints still hold, and
so do the limited liability constraints. The principal does lose something from not
being able to find out the true quality of the agent when o = b: this loss is

— Pr(o=b)h" (p(B)(1 = 0°(0b))(1 — Ao) + (1 = p(0)A°(BD)A2) A (20)

To see this, consider what happens under the old contract when o = b, m = (bb)
and the principal implements the project. With probability p(b) the inventor is a
good type, and the principal finds it out and promotes him. On the other hand,
in the new contract, the principal will promote a bad agent 2 with probability (1 —
0°(bb))(1 — Ag) instead. With probability 1 — p(b), the inventor is a bad type, and
under the old contract the principal finds it out and promotes agent 2 who is good
with probability As. In the new contract, the principal will promote the bad agent
1 instead with probability §° (bb), thus reducing the probability of promoting a good
agent by 0°(bb)A;. Now (2) makes sure that the sum of (20) and (19) is positive, so
the new contract dominates. W

We shall use the results from Lemma 1 in the following propositions.

Proof of Proposition 2

Suppose the inventor is behind. There are two cases, (1) when the inventor is not
well behind and (2) when the inventor is well behind.

Case 1: The inventor is not well behind:

p(b) < A2 < p(b) + % (21)

We claim the following is optimal: set all wages equal to zero and

0%(gb) = 0(bg) =1
05 (gb) = 0%(bg) =0
") = p(b)

We prove the proposition via a series of claims.
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Claim 1: At the optimum, it must be the case that w(bb) = 0.

Proof: Suppose w3 (bb) > 0. If #%(bb) = 0 then ICy(b) is not binding and w3 (bb)
should be reduced to zero. If #?(bb) > 0, then the principal can reduce wg (bb) by
€R, increase w? (bb) by eR and reduce 6°(bb) by €. This increases her payoff (by (21))
without violating any incentive constraints.

Claim 2: 1C1(b) binds at the optimum.

Proof: Suppose not. Then w?(bb) = 0, or else the principal can lower w?(bb)
without violating any constraints. Thus, 6°(bb) > 0 if IC;(b) does not bind. But
lowering Hw(bb) raises the principal’s profit by (21) without violating any incentive
constraints.

Claim 3: 1Cy(g) binds at the optimum.

Proof: Suppose not. Then we must have w$(gg) = 0, and either 1 — #%(gb) or
1 — 6B(gb) is strictly less than one. Hence, one of these variables can be increased
without altering the principal’s payoff and not violate IC3(g). This relaxes IC;(b),
but then profit can be increased as in the proof of claim 2.

Claim 4: 68 (gb) = 0, 0%(gb) = 1 and wS (gg) = 0.

Proof: By claims 2 and 3, IC;(b) and ICy(g) bind at the optimum. Therefore, at
the optimum, the principal minimizes the sum of the right hand sides of IC;(b) and
ICs(g) subject to the constraint that the right hand side of IC3(g) must be at least
(1 =X1)(1 —q)R. Then, as ¢ >1—g¢q, 1 —8%(gb) = 0 and 1 — #B(gb) = 1. Finally,
w§ (gg) = 0 from 1Cy(g).

Assume IC;(g) and ICy(b) are not binding (we will verify this later). Then, clearly
wS (gg) = w(bb) = 0 is optimal.

Claim 5: w?(bb) = 0.

Suppose w?(bb) > 0. IC;(b) binding means 6°(bb) < 1. Lower w?(bb) by eR and
increase 6 (bb) by e. This raises the principal’s profit by

Pr(c = b)e (R — Ao — p(b)) > 0

by (21) without violating any constraints. This proves the claim.

Claims 2 and 5 imply 6°(bb) = p(b).

Finally, we can make sure 1C1(g) and ICy(b) are satisfied by setting 8% (bg) = 0
and 0% (bg) = 1. This completes the proof for case 1.

Case 2: The inventor is well behind:

Ao > p(b) + g (22)

We claim it is optimal to set all wages equal to zero except w? (bb) = p(b)R, and

0'(bb) = 07 (bg) = 0" (gb) =0
0%(gb) = 6%(bg) =1

Suppose 6%(bb) > 0. Then lower #?(bb) by € and raise w? (bb) by Re. This changes
the principal’s payoff by

Pr(c =b) (A2 = p(b))A—R)e >0 (23)
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using (22), without violating any incentive constraints. Therefore, we must have
0% (bb) = 0 so agent 2 is always promoted if m = (bb).

The gb-variables only appear in the ICy(g) and IC;(b) constraints. Notice that
IC; (b) must hold with equality: otherwise just lower w?(bb). Therefore, as ¢ > 1 — g,
it is optimal to set #P(gb) = 0 as it reduces total expected wage payments. Then
ICs(g) binds at the optimum: otherwise it must be the case that w§(gg) > 0 but
then w§(gg) can be reduced. Therefore, as ¢ > 1 — g, it is optimal to set 6% (gb) = 1
as it minimizes expected wage payments (the principal cares about the sum of the
right hand sides of IC;(b) and IC2(g)). But then, ICy(g) is satisfied with wS (gg) = 0
so this is optimal. From IC;(b) we obtain w?(bb) = p(b)R.

The bg-variables only appear on the right hand side of IC3(b) and IC;(g). This
constraints are satisfied at minimum cost if w9(bb) = w%(gg) = 0, 68 (bg) = 0 and
6% (bg) = 1. This completes the proof for case 2. M

Proof of Proposition 4.

Suppose the inventor is ahead. We split the proof into two cases: (1) the inventor
is well ahead, and (2) the inventor is not well ahead.

Case 1: Suppose the inventor is well ahead:

R
A2 < p(b) —

A (24)

Then, we claim the following is optimal:
6°(bb) = 69 (gb) = 6" (bg) = 1
08 (gb) =0
6% (bg) = max {0, 1-— —(1 — )= Q)}

A1q

Each agent is paid a zero wage, except that wl(bb) = p(b)(1 — 0% (bg))R, and if
(1 =X1)(1 —q) = Aiq then

ufilgn) = (L2020 ) g

To show this, first consider increasing 8%(bb) by € > 0 and recall that h(bb) = 0.
This reduces the payoff of agent 2 by Re as he is promoted now only with probability
(1 — 0%(bb) — €). Raise wl(bb) by Re, thus compensating agent 2 for the reduced
probability of promotion. By (24), this changes the principal’s payoff by

(M1 =q) (1 =X2) = (T =A)gra) eA — (A(1 —q) + (1 = A1)q) Re
= (M1 =9+ 1 —=M)qg)[(p(b) —A2)eA — Re| >0

without violating any of the other constraints. Thus, set 6(bb) = 1 from now on.
The bg - variables only appear on the right hand side of IC;(g) and IC3(b) con-
straints. ICy(b) will hold with equality, otherwise w3 (bb) can be reduced (wf(bb) > 0
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as 0°(bb) = 1). We claim also IC;(g) holds with equality. If not, then w%(gg) = 0,
and the principal will set the bg— variables to minimize the right hand side of IC3(b)
as it is the only binding constraint involving the bg-variables. This implies:

1—60%0bg) =1—-6%(bg) =0 (25)

But, now IC;(g) is
Mg R>XMgR+(1-M)(1-qR

which is violated. Thus, IC;(g) holds with equality. By inspection of the principal’s
expected wage payments, we see that she cares about the sum of the left hand side
of the IC;(g) and ICy(b) constraints. As both these constraints are satisfied with
equality, she should set the bg- variables to minimize the sum of the right hand side
of the IC1(g) and ICz(b) constraints, with the restriction that the right hand side of
IC1(g) must exceed A\1gR for otherwise equality in IC;(g) is incompatible with (11).

We claim #5(bg) = 1 is optimal. In other words, promote agent 1 when he is
“more likely to have told the truth”. For if 68 (bg) < 1 then raising 07 (bg) lowers the
sum of expected wage payments as the right hand side of IC; (g) increases more slowly
than the right hand side of ICy(b) falls by ¢ > 1 — ¢. Also, by a similar argument,
the principal should set % (bg) as low as possible. However, the right hand side of
IC1(g) must exceed AjgR . This yields two cases: (a) if (1—A;)(1—¢q) > A1q then set
6% (bg) = 0; (b) if (1—\1)(1—¢q) < A1, then set 6% (bg) = 1— (17)‘/\171);17'1). In case (a),
w§(gg) + R = g—x—ll_’\ilql_q R > R and in case (b) w{(gg) = 0, as there is equality in

IC; (g). Finally, w)(bb) = ﬁ%(l —0%(bg)) R, as there is equality in ICa(b).

Finally, by setting 6% (gb) = 1, 68 (gb) = 0, IC1(b) and ICy(g) are satisfied with
w?(bb) = w§ (gg) = 0, and this is clearly optimal. This completes the proof for Case
1.

Case 2: The inventor is not well ahead:

p(B) ~ 1 <X < pl0). (26)

Then, we claim the following is optimal:

6% (bb) = 1 — p(b)(1 — 8 (bg))

0% (gh) = 1
6% (gb) = 0
e (1=A1)(1—
6 (bg) = ’ if St > 1
1 - (17/\,\171)217(1) otherwise
A o (1=X21)(1— 1
QB(bg) — (1413((117(1) if )\11)((] ) > 1 and p(b) — A2 — _qq% <0
1 otherwise
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wd(bb) = wi (bb) = w§ (gg) =0

1-\)(1— (1 N
w?(gg):{ (U2 — 1) R it B2U050 > 1 and p(b) - dp — 152 > 0

0 otherwise

Claim 1: Tt is optimal to set w?(bb) = 0.

Proof : Suppose w?(bb) > 0. Then if 6°(bb) < 1 the principal can increase 6°(bb)
by € > 0, reduce w?(bb) by eR and increase wg (bb) by €R. By (26), this increases her
payoff by

A1 —q)+(1=M)g) (p(b) — X2)e>0 (27)

without violating any incentive or limited liability constraints. Thus we can set
6%(bb) = 1. But then IC,(b) is also slack, and w?(bb) can be lowered without violating
any constraint.

Claim 2: 1Cy(b) binds at the optimum.

Proof : Suppose not. Then wd(bb) = 0 (or else the principal can lower w(bb)
without violating any constraints) and if ICq(b) is not binding then 6?(bb) < 1. But
we can raise 6°(bb) by € > 0 which raises the principal’s welfare by (27), which is
positive by (26).

Claim 3: 1C;(g) binds at the optimum.

Proof: Suppose not. Then w{(gg) = 0 (or else profit can be increased by reducing
w{(gg)) and 6%(bg) < 1. Hence, 8%(bg) can be increased without violating IC;(g)
while relaxing ICy(b). But when ICy(b) is relaxed the principal can be made better
off as shown in claim 2.

Assume from now on that ICy(b) and ICy(g) do not bind. (We will show later
that this is indeed the case.) Under this assumption, it is clearly optimal to set
w§ (g99) = w(bb) =0

Claim 4: Tt is optimal to set wg(bb) =0.

Proof : Suppose w(bb) > 0. As ICy(b) binds from Claim 2, w(bb) + (1 —
0°(bb))R < R, hence °(bb) > 0. Now 6°(bb) can be decreased by e and w9 (bb)
decreased by €R. (Recall we are neglecting IC;(b) and ICz(g)). This increases the
principal’s payoff by

A (1= a)+ (1= M) (e =)+ 3 )

which is positive by (26).

Claim 5: Either §%(bg) = 0 or 68 (bg) = 1.

Proof : Increasing 07 (bg) and decreasing §%(bg) in such a way that the right
hand side of IC;(g) is constant, relaxes ICy(b) while leaving all other constraints
unchanged. This proves the claim.

Now we know that

w§(gg) = wi(bb) = wh(bb) = 0 (28)

and
(1= 6°(bb)) R = p(b)(1 — 0 (bg)) R + (1 — p(b)) (1 — 6 (bg)) R (29)
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from ICy(b) and

(1-A)(A-q)

wi’(g9) + R = 0°(bg)R + W

6% (bg) R (30)
from IC;(g). Using these expressions we can write the principal’s payoff as a function
of only #2(bg) and % (bg). Changing 6% (bg) by € changes profits by

AM(1—g) (p(b) - %q@ ;

and the expression in parenthesis is negative by (26). Hence, it is optimal to lower
0% (bg) as much as possible subject to (30) and w{*(gg) > 0. There are two cases.
Case a: %ql;ql < 1. Then claim 3 together with w{(gg) > 0 implies §(bg) > 0

and hence #%(bg) = 1 from claim 5. The lowest 8%(bg) we can set is 6% (bg) =

A1g—(1-A1)(1—q)
Aq

Case b: ﬁ%lﬂqﬂl > 1. Then we can lower #%(bg) to zero without violating

wf(gg) > 0, so 8% (bg) = 0 is optimal. For §P(bg) there are two possibilities. If
p(b) — A2 — %% > 0 then an increase in 2 (bg) by € > 0 increases the principal’s

profit by

, and then w{(gg) = 0.

(1—=A1)gA [p(b) — A2 — T— €

so 0P(bg) = 1 is optimal, with

ufilgg) = (L2020 ) g

from (30). If p(b) — A2 — l—gq% < 0 then the principal’s profit is decreasing in 67 (bg)
and the optimal #7 (bg) is the lowest possible, subject to w$(gg) > 0. Using (30) this
gives 65 (bg) = ﬁ‘(ﬂfq) and w§(gg) =0 .

Finally, it can be checked that by setting % (gb) = 1 and 67 (gb) = 0, the omitted

constraints are automatically satisfied. In fact, ICy(g) is trivial and IC;(b) becomes
0% (bb) > p(b). Using (29), this requires

6°(bb) = p(b)6° (bg) + (1 — p(b)) 6% (bg) > p(b) (31)
and it is easy to check that ¢ > 1 — ¢ implies that (31) is satisfied in both case a and
case b above. W

6.2 Optimal renegotiation-proof contracts

FEven when contracts are required to be renegotiation proof, an argument along the
lines of Lemma 1 shows that ~(bb) = 0. Suppose the program in Section 3 is modified
by not imposing h(gg) = h(gb) = h(bg) = 1, but instead imposing (12). We can
assume without loss of generality that w? (99) = 0. Otherwise, if h(gg) > 0, increase

31



w{(gg) to keep expected wage payments to agent 1 when m = gg constant. This
leaves the principal’s payoff and the left hand side of IC(g) unchanged. If h(gg) = 0,
the principal is simply not implementing any projects and can set all wages equal to
zero. A similar argument also establishes that we can set wg (99) = 0 without loss of
generality.

Therefore, the program becomes: maximize the principal’s expected payoff

h(99) (Ma (G + A —wf(gg) —w§(99)) + (1= M)(1 =) (B+ X))

+(1 = hg9)) (Ma (0(99)A + (1= 6%(99) ol + (1 = A)(1 = @)1 — 6 (gg)) N A)
+M(1-9q) (9@(bb)A + (1= 6°(bb)) A A — w? (bb) — wg(bb))
+ (1= A)g (1= 0" (b)) oA — o (b) — w (b))

subject to
IC1(g) :
h(99) Mg (wf(g9) + R) (32)
+(1 = n(g9)) Mg+ (1= M)(1—q)) 0 (99) R
> h(bg) R + (1 = h(bg)) (Mg + (1= A1)(1 — ) 6" (bg) R
1C(b) :

(Ma(1 =) + (1= M)g) (wh(bb) + 6°(bb) R)
> h(gh)M(1 —q)R+ (1 —h(gh)) M1 —q) + (1 = M)g) °(gD) R (33)

ICQ(g) :

h(99) (Maws (99) + (1= M)(1 - @)R)

+(1 = R(g9)) Mg+ (1 = A1) (1 —q)) R(1 - 6°(g9)) (34)
> h(gh)(1—M)(1—q)R+ (1 —h(g)) Mg+ (1 —M)(1—q)) R(1—6°(gb))

ICo(b) :

(M(1=q) + (1= A)g) (wh(Bh) + (1 — 6° (b)) R) (35)
> h(bg)(1 = M)gR+ (1 — h(bg)) (M (1 —q) +q(1 = A1) (1 = 6°(bg))R

and the limited liability constraints:
wi(g9), w§ (99), w) (0b), wh (bb) > 0 (36)

Proof of Lemma 5

32



We claim that if the inventor is ahead but not well ahead, then maximizing the
principal’s expected payoff subject to the IC constraints (32)-(35) and limited liability
results in: h(bg) = 0, h(gg) = h(gb) = 1. If (15) holds then 6?(bd) = 6°(bg) = 1 and

1 —p(g)
p(g)

w(g9) = R

Otherwise, 6°(bb) = 6°(bg) = p(g) and w{*(gg) = 0. All other wages are zero.

We shall temporarily omit IC;(b) and ICz(g) from the program and show later
that they are satisfied. Without these constraints w?(bb) = w§(gg) = 0 is certainly
optimal.

Claim 1. It is optimal to set h(gg) = 1.

Proof. If h(gg) < 1 then increase h(gg) by € and, if possible, alter w{(gg) to
keep the left hand side of IC}(g) constant. This will change the expected wage
payments, which contains the component A\;1qh(gg)w$(gg). Let ¢ denote the change
in this component due to the changes in h(gg) and w{(gg). There are two cases:

Case 1: If (i) 8°(gg) > p(g) or (i) if 6°(gg) < p(g) and w§ (gg) > 0, the change in
expected wages A\1qh(gg)w{ (gg) needed to keep the left hand side of I1C;(g) constant
is

¢ = e(g+(1-A)(1-9)0(99)R — eAigR (37)
= e(1=M)(1 - )8 (99)R — ehrq(1 — 6 (g9) R
In case (i), this expression is non-negative. In case (ii), it is negative, so w{(gg) may

have to be reduced, but this is possible since w{(gg) > 0. In any case, the principal’s
expected payoff changes by

e(Mq(G+A)+ (1-M)(1—q)(B+XA) —ehgt(gg)A  (38)
—e(Mg+ (1= M)(1—q) (1—6"(g9)) oA — ¢

Substituting from (37), (38) becomes

e(Mg(G+A)+ (1=)(1—q) (B+XA)) —ehgh’ (99)A
—e (Mg + (1= 2)(1—q)) (1 —6(gg) oA
—e(1=M)(1 - 9)8"(gg) R + eig(1 — 6°(gg)) R
= e(MgG+ (1—-X1)(1—¢q)B)
+(1 = M)(1 = 9)0"(99) (M2 — R) + eha(1 - 6°(99)) R
+ehq (1-6%(99)) AL = o)
which is strictly positive by Assumption 1. Hence, it is optimal to raise h(gg).

Case 2: If #%gg) < p(g) and w$(gg) = 0, the left hand side of IC;(g) will
increase when h(gg) is increased by €. As w{(gg) = 0, this perturbation changes the
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maximand by

cMq(G+A)+ (1=A)(1—q) (B+X24) —ehgt(g9)d  (39)
—e(Mg+ (1= M)(1—q)) (1 —6"(gg)) \oAr
= c(gG+ (1= 2)(1=9)B) +ehig (1-6%(99)) A1 = o)
+H(1 = A)(1 = )8 (gg) XA (40)

which is positive by Assumption 1. Hence, it is also optimal to increase h(gg) in Case
2 too, and the claim is proved.

Claim 2. 1C1(g) and ICo(b) bind, and either 6%(bb) = 1 or w!(bb) = 0.

Proof. Suppose ICy(b) does not bind. Then w3 (bb) = 0 or else w(bb) could be
lowered, and hence (1 — 6%(bb))R > 0. Now raise ?(bb) by ¢ > 0. This respects all
constraints and increases the principal’s payoff by

eAM(1—¢) — (M1 —¢q) +(1—XM)g) A2) (41)
= (M(1—=q) +1—=X)qg) eA(pb) — X2) >0

since the inventor is ahead. Therefore, IC2(b) must bind.

Suppose IC1(g) does not bind and recall from Claim 1 that h(gg) = 1. Then,
w$(gg) = 0. Except for the slack constraint IC;(g), h(bg) and 6°(bg) only enter
IC(b) which binds. Reducing the right hand side of ICy(b) is advantageous because
the principal can either lower w9 (bb) or raise §%(bb) (the latter is strictly advantageous
from (41)). Therefore, if IC;(g) is slack the right hand side of ICy(b) must be zero,
which implies #?(bg) = 1 and h(bg) = 0. However, together with w{(gg) = 0 this
violates IC;(g). Therefore IC;(g) must bind.

Finally, suppose 6°(bb) < 1 and w?(bb) > 0. Then, by raising 6(bb) by &, reducing
w?(bb) by eR and increasing wg (bb) by €eR, the sum of the wages is constant, all
constraints are respected, and the principal payoff goes up by (41). This proves the
claim.

Claim 3. At the optimum, 6?(bb) > 0 and wd(bb) = 0.

Proof: Tf §%(bb) = 0, then as ICq(b) binds we must have h(bg) = 6°(bg) = 0.
Then the right hand side of IC;(g) is zero, but this contradicts the fact that IC;(g)
is binding and h(gg) = 1. Thus, 8%(bb) > 0.

Now suppose w)(bb) > 0. As 6?(bb) > 0 we can lower 8%(bb) by e and w(bb) by eR
without violating any constraints (recall we are omitting IC;(b) from the program).
The principal’s expected payoff goes up by

A=)+ (1= Ag) (=p(b)+da+ ) >0

since the inventor is not well ahead. This proves the claim.
JFrom ICy(b) we now have

L= 0°(bb) = h(bg)(L — p(b)) + (1 — h(bg))(1 — 6°(bg)) (42)
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and from IC;(g) as h(gg) =1

6% (bg)
p(g)

wi(9g) = (1 - h(bg)) l —-1R>0 (43)

Omitting all constants from the principal’s expected payoff, setting w? (bb) = wS (gg) =
wY(bb) = 0, and adding the constant term —A;(1 — ¢)A we obtain

Mg (gg) + M1 —q)(1 = 6°(bb)) (A2 — A+ (1 — A1)q(1 — 6°(bb)) Ao
= —Mquf(gg) + (1 — 6" (00)A (M (1—q) (A2 — 1)+ (1 —Ai)gha)

Next, using (42), the principal’s maximand becomes

—Miqui(gg) + (h(bg)(1 - p(b))
+(1 = h(bg))(1 = 6°(bg))) (M (L —q) (N2 — 1) + (1 —A)gha) A

and (up to constants) and using (43) this the same as

p(9)
+(1 = h(bg))(p(d) — 0°(bg)) (M (L — @)X — 1) + (1 —A)gho) A

N 6% (bg) 6° (bg)
= —(1—="h(bg))\ [q l o) 1| R+ (1—-q)( A2 —p(D)) [ FORE 1] A]

The derivative with respect to 6°(bg) is positive if (15) holds, so in this case
6°(bg) = 1. Then, the derivative with respect to h(bg) is

~Mg(1 = h(bg)) [ew(bg) - 1] R

M [ = 1] Rt d(1 =) (o = p(8) |75 = 1] &

p(g)
R0 (e
< huals p(gJR“l(l 0 (e plt) [p<> 2

which is negative by (15). Thus h(bg) = 0.

If (15) does not hold then instead it is optimal to set 6%(bg) = p(g) (the minimum
6°(bg), from (43)). Again it can be checked that h(bg) = 0 is optimal.

Since we have shown that h(bg) = 0, (42) implies 8%(bg) = 6°(bb).

Finally, IC;(b) and IC2(g) are satisfied at zero cost by setting h(gb) =1. W

Proof of Lemma 6

Suppose the inventor is well ahead. We need to show that the problem of maximiz-
ing the principal’s expected payoff subject to (32)-(36), and with the extra constraint
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6%(m) = 1 for all m, is solved by h(gb) = 1 and h(bg) = 0. All wages are zero, except

that
1—p(g)
p(9)

We shall omit IC;(b) and ICy(g) from the program, and later show they are
satisfied. As in the proof of Lemma 5 one can show that IC;(g) and ICy(b) must
bind. Then w?(bb) = w§ (gg) = 0 and

R

wi’(g9) =

Gloa) = (1 — 1-pl9)
wy'(9g) = (1 — h(bg)) ) R
wd(bb) = h(bg) (1 — p(b)) R (44)

As 6° (m) =1 for all m, the principal’s expected payoff is, omitting constants:

— Mqui(gg) — (M(1—q) + (1 — A1)q) wd(bd)
= — (1 =X)((1—"n(bg)(1—q)+h(bg)qg) R (45)

so that h(bg) = 0 is optimal. Moreover, by setting h(gb) = 1 we guarantee that
IC;(b) and ICa(g) hold. W
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