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Abstract

We consider the problem of inducing agents who ace concerned with their
careers to reveal their private information about a project which has originated
with one of them. A successful project raises the inventor’s chance of promotion,
at his peer’s expense. Thus, the peer has an incentive to promote the inventor’s
bad project to see him fail, but to denigrate his most promising projects. More-
over, there is an incentive for junior workers to push their own work no matter
what the perceived quality is, but an incentive for senior workers to suppress
their own ideas in order not to have a big failure that ruins their career. In
case of disagrcement. among the agents, the optimal policy is to promote the
agent who is more likely to have been truthful, not necessarily the one most suit-
able for promotion. This policy is not renegotiation proof. Within the class of
renegotiation-proof mechanisms, self assessment (where 1o peer report is submit-
ted) is always optimal. Exaggeration is a less serious problem than denigration
in this model. It is risky strategy to exaggerate, since at best you can convince
the principal to implement an un-promising project which is likely to fail. It is
safer to denigrate, since if a promising project is stopped due to an unfair peer
report, the principal will never learn the project’s true quality.

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, there is an incentive to promote a colleague’s bad project to see him
fail. Sccond, there is an incentive for senior workers to denigrate the work of junior
workers to stop them getting ahead. Third, there is an incentive for junior workers
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 that there is an incentive for more senior

*We are grateful to Bengt Holinstrom, Fric Maskin and seminar participants at Harvard University
for helpful commments.



workers 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, flattery, Not-Invented-IHere
(or NIH), exaggeration, and false modesty effects. We investigatle the problem of
designing optimal contracts in the presence of these effects.

There are two agents in our model. One of them (the inventor) has developed a
blueprint for a project. Both agents (but not the principal) obscrve 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
agenls’ carcers 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: the inventor makes an assessment
of the project. (ii) Peer review: 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, she cannot lose anything by collecting
multiple reports. As the principal only wants to implement good projects, an optimal
mechanism with multiple reports will have the property that if both agents agree
that the project is good, it is implemented, and if they agree it is bad, it is not
implemented. If the project is implemented its quality is observed by the principal,
and this reveals information about the talent of the agent who produced the project. If
a project is not implemented, the principal will never learn its true quality. Therefore,
she should commit to implementing the project whenever the agents disagree, as this
gives her information that helps relax the truthtelling constraints, and is costless
because in equilibrium the agents will not disagree. However, as the wrong agent
may be deliberately promoted in order to relax the ex ante truth-telling constraints,
this mechanism is not renegotiation-proof. Reporting processes within the firm may
be difficult to commit to for the principal because, although the success or failure of
a project may in some cases be verifiable by an outside party, the messages sent. by
the agents may not be. Thus, renegotiation may be hard to avoid.

Self assessment is optimal in the class of renegotiation-proof mechanisms.! The
policy of self-assessment is credible: when the inventor reports his project is good,
the principal does want to go ahead with it; when he reports it is bad, she does
want to scrap it (the inventor tells the truth in eqquilibrium), and the promotion
decision agrees with the principal’s beliefs. One intuition for why self assessment
works well is the following. If the inventor convinces the principal to implement
the project by exaggerating the quality, and the project is unsticeessful, the agent’s
career is damaged. This mitigates his incentives to exaggerate. 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 qualily. Therefore, denigration is a more difficult problem

than exaggeration.

'If the principal cannot commit, it is well-known that having more information is not always
advantageous. Sece Dewatripont and Maskin [4].



Coleman [3], page 443, characterizes the NIIl-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 scems 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 “T'he 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 problem of exaggeration.
However, while the literature generally considers NIH a serious difficulty, it does not
appear that the incentive to exaggerate the quality of one’s own ideas is a big issue.
Our main result is consistent with this. The optimal renegotiation-proof contract is
very simple: let the agent who developed the project evaluate it, but do not ask his
colleagues for their opinion.

An important point of our paper is that the situation is diflerent depending on
who developed the project. If the agent who developed the project is a “senior
worker” who is far ahead in his career and has a good chance of being promoted even
if his new project is not implemented, the situation is different from the case where
he is a junior worker whose only hope of promotion is a successful project. This is
illustrated by the following quote:

“{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 organiza-
tion....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 tak-
ing 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.” [5]

A junior worker who has a long way to promotion has nothing to lose and every-
thing to gain from being enthusiastic about all projects, both his own (exaggeration)
and his senior colleagues (Nattery). The senior worker who is close to being pro-
moted has nothing to gain and everything to lose from a risky project, and so will
have a reason to denigrate both his own work (false modesty) and others (NIH). In
our model, this is revealed by the fact that which truth-telling constraints are bind-



ing depend on the seniority of the inventor. It turns out that if the principal can
commit, he will ask a junior worker to evaluate a senior worker (but it is not useful
to let a senior worker evaluate a junior worker). Without commitment, both junior
and senior workers should assess their own work.

In the economics literature, a number of papers consider a supervisor’s evaluation
of a subordinate (Prendergast and Topel [11] and Tirole [13]). They focus on rather
different issues than our paper such as collusion and the effect of favoritisin on optimal
performance evaluation. Baker, Gibbons and Murphy {1] present several models
on the use of subjective performance measures in optimal incentive schemes and
present results on the substitutability and complementarity of (objective) explicit
and (subjective) implicit incentive schemes. The fact that incentive schemes and
promotion policies can cause agents to behave destructively to further their own
careers at the expense of others is of course well known (Lazear [7], Milgrom [9] and
Itoh [6]), although in this literature there is no adverse selection and consequently no
predictions about optimal information systems. Rotemberg and Saloner [12] analyze
a model of 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. Somewhat closer to our setup is Carmichael (2],
who shows the optimality of tenure contracts. An interesting analysis of incentives to
be aggressive and conservative in self-assessment is Prendergast and Stole [10]. None
of these papers analyze the principal’s choice between self- assessment, peer review

and multiple reports, which is the focus of our paper.

2 The Model

2.1 The Time Line

There are two agents and a principal. Iach agent 7 can be Good or Bad type, denoted
T € {G,B}. An agent’s type is not observable to anyone, including himsell. The
agents’ types are uncorrelated random variables. Let A; be the prior probability that
agent 2 is a good type.

One of the agents, say (without loss of generality) agent 1, has developed a blue-
print (or “project”). There is no moral hazard: the existence of a project, as well as
the quality of the project, is exogenously given and cannot be changed by any action
taken by the agents. A project can be Good or Bad quality, denoted v € {G, B}. Good
projects are successful if implemented, and bad projects unsuccessful. The quality of
the project is perfectly correlated with the agent’s type: good agents produce good
projects, bad agents produce bad projects.? To persons with specialized knowledge,
such as the agents, it is clear 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 o which is (imperfectly) correlated with the quality of the project.

2This is assumed for convenience. Imperfect but positive correlation between types and projects
would not change our basic results.



The signal is either good (o = g) or bad (¢ = b). Both agents observe the same sig-
nal. Thus, if the project looks promising to one agent, it looks promising to the other
agenl 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). Iowever, 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.

After the project has been generated and the signal observed, the game goes as
follows.

Time ¢t = 1. Each agent i sends a message m; € M;, where M; is agent, i’s message
space.

Time t = 2. The principal receives the instruction “implement the project” or
the instruction “don’t implement the project” from the mechanism. The instruction
“ymplement the project” is received with probability h(m) where m = (mj,my). The
principal does not observe the messages,3 only the instruction whether or not to
implement.

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

Y = {G, B, 1)

where 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. If Y = G then the principal makes a profit G > 0
from the project, if Y = B she makes B < 0. The principal immediately finds out a
project’s true quality if she implements it. If she does not implement it, she never
learns the true quality.

Time ¢ = 4. The principal receives the instruction “promote agent 1” or the in-
struction “promote agent 2” from the mechanism, together with an instruction about
what wages to pay. The instruction “promote agent 1” is received with probability
0Y(m) if m = (my,my) were the messages and y € Y the outcome. 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 that the principal
cannot unilaterally renege on the contract. In Scction 3 we make the additional
assumption that the principal can commit never to propose a new contract to the
agents even if it would be a Pareto-improvement. This assumption is relaxed in

3We can suppose that the mechanism destroys the messages after it has received them. Nothing
would be gained by allowing the principal to observe the actual messages (or some noisy signal

thereof).



Scction 4. Notice thatl as we allow the mechanism to give randomized instructions to
the principal, there is no loss of generality in restricting the agents to pure strategies
(and, in particular, to truthful ones).

The agents are risk neutral, but there is limited liability: all wages must be non-
negative,

At time t = 4, the principal must assign one of the agents to a difficult task
which requires skilled labor. We call this a promotion. The value to the principal
of promoting a good type is A > 0, the value of promoting a bad type is zero.
The quality of the project is valuable information for the promotion decision: if
the project has been implemented, the inventor’s type has been revealed for sure
(good if successful, bad otherwise). Ilowever, we shall assume that a failed project
is sufliciently costly (I3 < 0) so that the principal does not want to implement
unpromising projects only to get more information about the agents. The agents’
incentives to misrepresent information are driven by the desire to be promoted. Let
the non-pecuniary value of being promoted be R > 0. Thus, il the agent is promoted
and gets paid w his total payoff is w + R.

Many theories can be used to explain why it is desirable to be promoted. Rather
than assuming a non-pecuniary benefit, we can suppose promotions are publicly
observed and are a good signal to the labor market (other firms are also concerned
with the quality of workers). The promotion decision is the only aspect of the firm
observable to outsiders (they cannot observe, for example, the quality of the project
or reports about it). et B > 0 denote the market wage of a promoted agent, i.e.
the wage other firms are willing to pay for an agent they know have been promoted.
Then, the agent who gets the promotion must receive a wage of at least R, or else he
will go to some other {irm. Suppose also that each agent is so valuable to his present
firm that the firm always wants to match any outside offer. The outside market thus
serves only to bid up reservation wages. The promoted agent must be paid at least 1
and the other agent at least zero (the normalized minimum wage). This is the same
as our model, except for the trivial modification that the firm would always pay R
to the promoted agent so the constant R would be subtracted from the firmm’s profit.

2.2 Conditional probabilities

‘The signal ¢ is accurate with probability ¢, % < 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,
Argq
plg) = > A
@) = ST —9)
Al —q)

M) = Sa—gra-mg <

“This does not necessarily mean that he becomes a “supervisor” or that he performs an admin-

istrative task rather than a technical one.



If
p(b) > /\2

we call the inventor the senior worker and the peer the junior worker. In this case,
the inventor is ahead in his career and is a better candidate for promotion even after
a bad signal about his project. The inventor is well ahead if in addition

R
-2
p(b) — % 2 X2
If
p(b) < Ag

then the inventor is called the junior worker and the peer the senior worker. In this
case, the inventor is a worse candidate for promotion after a bad signal.
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, 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 in order to obtain information about agent 1’s type. The problem
is uninteresting if the optimal policy is always to implement the project regardless
of the signal, so we assume that expected losses, conditional on a bad signal, are big
compared to the value of promoting the right agent:

p(0)G + (1 —p(h))B < —Amax {p(b)(1 — Ag), (1 —p(b)) A2} (2)

This assumption guarantees (Lemma 1) that the optimal decision of whether to imple-
ment a project or not depends on the signal. Finally, in order to avoid a multiplication
of diflerent cases and to simplify the exposition, we make the reasonable assuinption
that R, the value to the agent of being promoted, is small compared to the cost to
the principal of promoting the wrong agent;:

R < Amin{Aq, 1 — A} (3)

This assumption guarantees (Lemma 1) that the principal will not deliberately
promote the wrong agent in order to relax the truthtelling constraints. Thus, our
maintained assumption throughout the paper is:

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



3 The Optimal Contract

‘There are two truthtelling or IC constraints for agent 2, one for each signal o € {g, b}.
(Recall that both agents sec the same signal o). Denote by 1C;(0) the constraint that
agent ¢ should tell the truth after seeing 0. Following messages m = (mimy), the
project is implemented with probability h(m). Let w!(m) denote agent i’s expected
wage and uY(m) his expected payoff il the messages are m and the oulcome of the
project is y € {G, B,0}. The payofT is the sum of the wage and the value of being
promoted times the probability that a promotion occurs. Lor agent 1:

uj(m) = wi(m) + 0¥(m)R

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

non-negative,
Supposc agent 2 always tells the truth. Agent 1’s expected payolT when he sees

o = g and truthfully announces m; = g is:

h(99) (n(9)uf (99) + (1 = plg))u? (99)) + (1 = h(g9))u(gg) (4)
His expected payofl when he sees o = g and untruthfully announces m; = b is
h(bg) (p(9)f (b9) + (1 = p(0))uf (bg)) + (1 = h(bg) ) (5)

Using (4), (5) and the definition of conditional probabilitics, the ICy(g) constraint
can be written as

i(a9) (Mau (99) + (1 = )1 = ) (99) + (1 = h(99)) g+ (1 = A)(1 = @) u(gg)
> h(bg) (Mquf (bg) + (1 = Ap)(1 - a)uf’(bg)) + (1 = h(bg)) (Mg + (1 = A)(1 = g))ul(by)
Similarly, the IC;(b) constraint is
h(bb) (/\1(1 — Quf () + (1 — /\l)quf(bb)) + (1= (b)) (M(1—q) +(1 - A)q)ud (bb)
> h(9h) (ML= guf(98) + (1 = Mdguf (90)) + (1 = () Mi(1 = g) + (1 ~ Ar)gh(ad)

Similarly, we obtain two IC constraints for agent 2. What happens in case of
disagreement does not influence the principal’s expected payofl directly (because dis-
agreement only happens out of equilibrium). What happens in case of disagreement,
matters only through the right hand side of the IC constraints.

The following Lemma is proved in the appendix.

Lemma 1 (i) It is optinal to pay a zero wage to both agents whenever they dis-
agree (my # my). (i) It is optimal to pay a zero wage to both agents whenever the
project fails. (iii) It is optimal to implement the project whenever the agents dis-
agree: h(gb) = h(bg) = 1. (iv) It is optimal for the principal to set 08(gg) = 0 and
0%(g9) = 1. (v) It is optumal for the principal to set h(gg) =1 and h(bb) = 0.

8



Using I.emma 1 we can simplify the problem. Consider the principal’s payofl.
With probability Ayq 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 payofl is

G + A —wf(99) — wi (99)
The principal’s payofl for other cases is similarly computed from Lemma 1. Overall,
the principal’s expected payofl is
Mg (G + A —wf (99) - w§(99)) + (1= M)(1 = q) (B + 2D)
+A1(1 = q) (0°(00) + (1 - 0%(Bh))A2) A + (1= M)a(1 = 0°(00)Aaa (6)
— (Al =q) + (1= A)g) (w?(bb) + wg‘(bb))

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

IC:(g) :
Mg (wf(99) + ) > Mg0®(bg) R+ (1= X)(1 — )0 (bg) R (7)
IC(h) :
(L =)+ (1 = 2)a) (wf @) + 07 @) 1) (®)
> A (1= @)0%gb)R+ (1 — \)g0P(gb) 1R
ICy(g) :

Mg (99)+(1=A)(1—q) R > Ag(1=0%(gb)) R+ (1= \)(1-q)(1 =07 (gb)) R (9)
ICQ(b) H

(1 =) + (1 = Ar)g) (wd(d) + (1 - (b)) 1) (10)
> A1 =) (1 =0°0g)) R+ (1 = A)g(l — 0% (bg)) IR

The limited liability constraints are:
(¥ (99), 0§ (99), i (bb), wh(bb) > 0 (11)

To explain the left hand side of IC;(g), for example, use Lemma 1 to set h(gg) = 1,
u§(gg) = w§(gg) + 0% (ga) R = w§ (g9) - R, and uf (gg) = w(gg) - 0" (gg)RR =0 in
the left hand side of the IC;(g) constraint stated before L.emma 1.

The details of the optimal contract depend on which incentive constraints are
binding, and this in turn depends on the whether the inventor is a junior or senior

worker.

SFor my # ma: uf (bg) = 0 ()R, u§ (bg) = (1 — 0° (bg))R, u?(bg) = ()0(1)9)1? ete.




IFirst, suppose the inventor is a senior worker: p(b) > \y. Heis ahead in his career,
but would not remain so after an unsuccessful project, which would be a very negative
signal about talent. Thus, the inventor likes the status quo and has an incentive to
underestimale the quality of his own project (playing it safe rather than suflering a
costly failure, a.k.a. false modesty). © The pecr on the other hand thinks he can only
get promoted if the senior worker suflers 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 flatter, i.e. to overestimate the project’s quality. The binding
truth-telling constraints are ICy(g) (no false modesty), and ICy(b) (no flattery). We
primarily have to worry about the promotion decision when the senior worker says
his own project is bad while the peer report is good. If messages conllict in this way,
the principal should relax the truth telling constraints by rewarding (promoting) the
agent who is more likely to have told the truth. Thus, she promotes the inventor with
a higher probability if the project is unsuccessful than if it is successful. Iowever,
this is the opposite of what she would like to do ex post, so as we will see in the
next section renegotiation causes this policy to unravel. Together with Lemma 1,
the following propositions summarize the salient features of the optimal contracts.
Proofs are in the appendix.

Proposition 2 Suppose the invenlor is a senior worker who is well ahead. Then,
the following policy is optimal. Set 0°(bb) = 1. If m = (bg) and the project fails,
promole the inventor (07(bg) = 1). If m = (bg) and the project succeeds, promole
the inventor with probability

(b — 0 if ﬁ——l(—ﬂ‘“*;lq“ > |
(bg) = 1— I%I)-S]—_Q otherwise

Proposition 3 Suppose the inventor is a senior worker but not well ahead. Then,
the following policy is optimal. If m = (bg) and the project fuils, promote the inventor
with probability

2 e (1=A1)(1- 1-q }
08(bg) = | T L > 1 and p(h) — 2y — 152K <0
1 otherwise

If m = (bg) and the project succeeds, promole the inventor with probability

o) — 0 7;/'(1—_’\’\';)_((]1__12 > 1
()g) N 1-— U_—’\/\‘])-gl—'—ﬂ otherwise

Set 0%(bb) = 1 — p(b)(1 — 0 (bg)).

®I'he generation of projects is treated as an exogenous process. It may be objected that if the
inventor likes the status quo, he may refuse to develop a project in the first place. However, suppose
there are three kinds of projects: Bad, Good, and Brilliant. Brilliant projects succeed for sure, and
everyone can recognize them. If the payofl from completing a Brilliant project is very high, the senior
worker will be willing to develop blueprints. The present analysis applies to the case where he just
failed to develop a Brilliant one, and it is commonly known that the blueprint is either Good or Bad.

10



Now suppose the inventor is a junior worker: p(b) < Ag. Then he will be tempted
to ezaggerate the quality of the project. This is intuitive, because the principal thinks
the peer is the best candidate for promotion conditional on a bad signal. For the same
reason, the peer has every reason to try to denigrate the project (the NI effect). The
binding truth telling constraints are IC; (b) (no exaggeration) and 1Cy(g) (avoiding the
NIH effect). We particularly have to worry about the principal’s decision when the
inventor says his project is good and the peer says it is bad. If the messages conflict
in this way, the principal should relax the truth telling constraints by implementing
the project and rewarding (promoting) the agent who is more likely to have told
the truth. Thus, she promotes the inventor if and only il the project succeeds. The
principal has to compensate the inventor enough so he has no incentive to exaggerate,
in effect by giving him a high salary even if he is not promoted. On the other hand,
denigration does not increase the peer’s probability of promotion with this policy,
so the NI effect is completely absent. This optimal policy is equivalent to a policy
of self-assessment, and it is renegotiation proof because the right agent is always
promoted. Proofs of the following propositions can be found in the appendix.

Proposition 4 Suppose the inventor is a junior worker and p(b) < Ag < p(b) + —g—
Then, the following policy is optimal. Set 0°(bb) = p(b). Set 0%(m) =1 and 0B(m) =
0 if mn is such that my # ma.

Proposition 5 Suppose the inventor is a junior worker and Ay > p(b) + —Z—. Then,
the following policy is optimal. Set 0P(bb) = 0. Set 0°(m) =1 and 0°%(m) =0 if m
is such that my # ms.

Notice that il the inventor is a senior worker and R < A(p(b) — A2), or if the
inventor is a junior worker and R < A(A\y — p(b)), then the “right” worker is always
promoted in equilibrium, even when no project was implemented (0“(1)1)) = 1 in the
first case, 0(bb) = 0 in the second case). This agrees with intuition. In these cases
R is relatively small, and it is relatively cheap to pay sufficient wages so that the
worker becomes indifferent towards promotion. The principal then prefers to induce
truth-telling this way, rather than by distorting the promotion decision. If R is
relatively high, however, the principal prefers to distort the promotion decision by

setting 0 < 69(bb) < 1.

4 Renegotiation

Suppose at any stage of the game the principal can propose a new contract to the
agents. I the new contract is aceepted by both agents, the new contract supersedes
the old one. We now consider optimal durable or renegotiation proof contracts, where
the principal never has an incentive to propose a new contract.

The only times where the principal can have any incentive Lo propose a new
contract are times ¢ = 2 and ¢ = 4. Consider time ¢ = 2. According to Lemma 1
part (v), in equilibrium the project is implemented iff the signal is good. Then, if the

11



principal gets the instruction “don’t implement the project” she thinks the signal is
bad and, under our assumptions, she has no reason to try to implement the project.
Similarly, if the instruction is “implement the project” she thinks the signal was good
and has no reason not to implement. Therefore, no renegotiation takes place at time
t=2.7

At time ¢ = 4 the issue of the principal’s beliefs arises. lere, the analysis is
simplified by two assuinptions: (a) the principal always belicves agent 2 is good with
probability Mg, independently of what has happened, because nothing that happens
reveals any information about agent 2’s type; (b) if the project is implemented, the
principal learns agent 1's type for sure. The only remaining case is the principal’s
beliefs about agent 1 after she has received the instruction “don’t implement”. As
long as the principal’s observations are consistent with the equilibrium, beliefs are
assigned by Bayes’ rule. If the principal’s observations are inconsistent with equi-
librium, Bayes’ rule is not applicable. Fortunately, the only thing we need to know
about this case is that the principal thinks agent 1 is good with at least probability
p(b). This is a lower bound on this probability, because the worst possibility for agent
1 is that the signal was bad. None of our results will depend on a more sophisticated
analysis ol out-of-equilibrium beliefs. Using the terminology of Maskin and Tirole
[8], the concepts of weak and strong renegotiation-proofuess coincide in this model.

Proposition 6 The oplimal contracts characterized by Lemma | and Propositions
2-5 are renegotiation proof if and only if the inventor is a junior worker.

Proof. It suflices 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 Proposi-
tions 2-5, if the inventor is the senior worker and R < A(p(b) — Ag), or if the inventor
is a junior worker and R < A(\y —p(b)), then the “right” worker is always promoted,
so there can be no renegotiation. In the remaining cases (when R is relatively big)
the principal sometimes promotes the wrong agent: 0 < Hm(bb) < 1. If, for example,
the inventor is a senior worker then the principal prefers to promote him even after
the bad signal, yet 67(bb) < 1. llowever, as long as R > A(p(b) — Ng), it is still
credible to promote the peer after the bad signal. Indeed, the peer will insist on a
bribe of at least R to give up the promotion, while the benefit from promoting the
inventor instead of the peer is only A(p(b) —A2) < R. Similadly, the promotion policy
is renegotiation proof if the inventor is a junior worker and R > A(Ay — p(b)), even
though the wrong agent (the inventor) may be promoted after the bad signal. Thus,
the contracts arc always rencgotiation proof along the equilibrivm path.

Next, supposc the principal’s observations are inconsistent with an equilibrium.
There are two cases where it may happen. (i) After a disagrecinent among the agents

The conclusion might be different if the principal could see the actual messages, for then we would
have to worry about her response when my 7 ma. Unobservable messages help fight renegotiation.
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the principal may receive the instruction to promote the inventor even though his
project fails: 88(gb) # 0 or 08(bg) # 0. This situation is not renegotiation proof,
because the principal knows the inventor is low quality after the unsuccessful project.
The principal can convince agent 1 to decline the promotion by oflering a bribe R.
By (3) the principal gains at least

MA-R>0

(i) The principal may receive the instruction not to promote the inventor even though
his project succeeds: 6%(gb) # 1 or 0%(bg) # } Analogously with the previous case,
the principal gains at least

(I=X)A-R>0

by renegotiating and promoting the inventor.

Thus, the contract is rencgotiation proof off the equilibrium path if and only if
98 (gb) = 08(bg) = 0 and 60%(gb) = 0¢(bg) = 1. By inspection of Propositions 2-5, we
find that renegotiation proofness is violated when the inventor is senior worker but
satisfied if lie is not. W

4.1 Optimal Renegotiation Proof Contracts

The proof of Proposition 6 shows that renegotiation proofness fails oul of equilibrium
when the inventor is a senior worker because, 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. In these cases, the principal prefers to rencgotiate the contract
rather than promoting the wrong agent. We now consider the optimal renegotiation
proof contract when the inventor is the senior worker. In this case the possibility of
renegotiation strictly lowers the principal’s expected payolfl.

The proof of Proposition 6 established that renegotiation proofness imposes the
constraint: for all m (cven out-of- equilibrium m),

0%m)y=1 , 08@m)=0 (12)

Thus, if the project succeeds, the inventor must be promoted as he is known for
sure Lo be good; if the project fails, the inventor must not be promoted as he is
known to be bad. Now we can no longer argue, as in Lemma 1 parts (iii) and (v),
that it is optimal for the principal to implement the project whenever the agents
disagree or when both report it is good, because the proof of Lemma 1 parts (iii)
and the first half of (v) does not go through if (12) is imposed. Because the principal
cannot credibly use the promotion policy to reward the agent who was “more likely
to have been right,” it may be optimal not to implement the project when the agents
disagree or even if both report it is of good quality. Howevcr, even when renegotiation
proofness is imposcd, it is optimal to impose h(bb) = 0 an:l indeed Lemma 1 part (v)
concerned with h(bb) goes through unchanged. Because lowering the probability of

13



implementing the project also reduces the probability that we discover the inventor’s
type, the principal’s incentive to reduce the probability of implementation is actually
reinforced by renegotiation.

When the project is not implemented, the principal 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)AA

and the cost is never greater than a bribe R paid to agent 2 (the principal can offer
2 the same salary as he would have received according to the original contract, plus
the bribe to compensate for not being promoted). If the inventor is well ahead,
(p(b) ~ A2)A > R and the contract is not renegotiation proof. In this case we must
impose the constraint

%(m)=1 for all m (13)

That is, agent 1 is promoted whenever the project is not implemented. If the inventor
Is a senior worker but not well ahead, the same argument does not go through and

(13) can be violated.

To find the optimal renegotiation proof contract when the inventor is the senior
worker, we first modily the program of Section 3 by not imposing h(gg) = h(gh) =
h(bg) = 1, but instead imposing (12) and, if the inventor is well ahead, also (13).
But to avoid a further multiplication of possible cases, we make an assumption which
guarantees that at least i(gg) = 1. This assumption states that R is small compared
to the expected gain from implementing a project with a good signal.

Assumption 2 p(g)G + (1 — p(9))(B + XA) > Rmax{p(g), (1 - p(9))}.

Lemma 7 Suppose Assumption 2 holds and the inventor is the senior worker but
not well ahead. The following is the solution if the program of Section 8 is modified
by not imposing h(gg) = h(gb) = h(bg) = 1, but instead imposing (12). Set h(gg) =
h(gb) =1 and h(bg) = 0. All wages except w§(gg) are zero. If

(4)+ (1= 0) (e = pO)p(a) 5 <0 (14)

then 6%(bb) = 0%(bg) = 1 and

K _1-p(g)
Wy (gg) - p(g) R
1/
ar(B) + (1= ) (Yo = pO) plg) ' > 0 (15)
then
0°(bb) = 0" (bg) = p(g) (16)

and w§(gg) = 0.



Lemma 8 Suppose Asswmplion 2 holds and the inventor is well ahead. When the
program of Section 8 is modified by not imposing h(gb) = h(bg) = 1, but instead
imposing (12) and (18), the solution is h(gg) = h(gb) = 1, h(bg) = 0. All wages are
zero, excepl

Y =
wy (gg) p(g)

Proof. In the appendix.

Proposition 9 The contracts characterized in Lemmas 7 and 8 are optimal within
the set of renegotiation-proof contructs (for the cases where the invenlor is senior
worker but not well ahead, or well ahead, respectively).

Proof. Any renegotiation-proof contract must satisfy the constraints of the programs
analyzed in Lemmas 7 and 8. Thus, it suflices to show that the contracts found in
Lemmas 7 and 8 are rencgotiation proof. This is certainly true in the case of Lemma
8 beceause 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 7 the only problematic aspect is (16). When the principal
receives the instruction “don’t implement”, the only belief consistent with Bayes’ rule
is: 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 senior worker). According to
(16), agent 2 is nevertheless promoted with some probability. Notice that this hap-
pens in equilibrium because 0 < 00(1)1)) < 1, so Bayes’ rule applies. By renegotiating
and promoting agent 1 instead of agent 2, the principal would gain

A(p(b) = A2) >0

Iowever, the principal would have to pay a bribe of R dollars to agent 2 to make
him willing to give up the promotion. This does not pay, because

A(p(d) —Ag) £ R

when the inventor is not well ahead. Therefore, the mechanism is renegotiation
proof. &

Thus, when the inventor is a senior worker the optimal renegotiation-proof con-
tract involves not implementing the project when only the peer supports it. This in
effect gives the inventor veto power over the implementation of the project, so as we
show in the next section this policy can be replicated by a self assessment mechanism
where only one agent, the inventor, reports the quality of his project.

5 Self Assessment and Peer Review

We now show that the optimal renegotiation-proof contract can be replicated by a
self assessment mechanism where only the inventor is asked for an opinion about his



project. The peer, of course, always gets a zero wage. Implement the project if and
only if the inventor says is good. Promote the inventor if it is successful, the peer if
it is a failure. In addition:

(1) Suppose the inventor is a junior worker. If he says his project is bad, then if
Ay > p(b) + R/A, promote agent 2 and pay agent 1 p(b) 2, otherwise promote agent
1 with probability p(b) but pay him zero.

(2) Suppose the inventor is a senior worker. (a) Suppose he is not well ahead
and (15) holds. If he says his project is bad, promote him with probability p(g). (b)
Otherwise: if he says his project is bad, promote him for sure. Pay him zero, except
if the project is successfully implemented, then pay l—;gjﬂll.

Eixcepl 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 for a junior
worker is that he should not say his project is good when he receives a bad signal:
the exaggeration eflect must be compensated for. The binding constraint for a senior
workers is that he should not say his project is bad when he receives a good signal: the
false modesty ellect must be compensated for when the inventor is a senior worker.

Finally, the self-assessment procedure is renegotiation-proof. A project is imple-
mented if and only if the inventor reports a good signal, and the principal does in fact
want to go ahead with the project if and only if a good signal was received. When
the project succeeds or fails, 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 for a
junior inventor are the same as under the optimal full commitment contract (from
Propositions 4 and 5), and for a senior inventor the same as under the optimal
renegotiation proof contract (from Proposition 9), means that the self assessment
mechanism is always optimal under renegotiation constraints.

The other obvious candidate for a mechanism to elicit opinions is peer review:
asking the agent who does not have a project to report on it. In fact, self assessment
strictly dominates peer review. First, consider the case where the inventor is a junior
worker. Consider the optimal contracts displayed in propositions 4 and 5. Suppose
that only agent 2 reports his signal. If we were to replicate the optimal contract, the
project must be implemented if and only if the peer supports it. Then by announcing
b the peer can guarantee himself a payofl of at least (1 — p(b))R. By announcing g
when he actually receives the signal g, he gets a lower payofl of (1—p(g))R. Therefore,
the not invented here syndrome arises (i.e. the ICy(g) constraint is violated), so the
optimal contract cannot be replicated by peer review. Second, suppose the inventor
is a senior worker. Consider the renegotiation-proof contract displayed above and
suppose agent 2 reports his signal. If he announces b when he actually receives the
signal b in that contract, then agent 1 gets promoted for certain and agent 2 gets
a payoll of at most (1 — p(g))R. If he announces g, he can get a higher payoff
of (1 — p(b))R as he gets promoted when agent 1’s project fails. Therefore, the
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flattery effect arises (i.c. the ICy(b) constraint is violated) and again the optimal
renegotiation-proof contract cannot be replicated by peer review.

6 Appendix

6.1 Optimal Contracts

. Proof of Lemma 1

(i) T'his follows from the fact that the disagreement payolls uf’(bg), uf (bg) elc.
ouly enter on the right hand side of the IC constraints.

(ii) The wages w{*(gg) and w{(gg) enter in the principal’s payofl and the ICi(9)
constraints through the term

plo)wi (99) + (1 - p(g))wh (gg)

which is the expected wage to agent 1 when o = g 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 wP(gg) as low as possible. A similar argument holds for
wi(g9).

(i) From (i) we can suppose all the disagrecment, wages are zero. Notice that
h(bg) only appears on the right-hand side of ICy(g) and ICy(b). 1t is intuitively clear
that implementing the project after disagrecment 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))0°(b)

(where h(bg), 689 (bg), 0%(bg) are as specified in the original contract). If the project
is bad, he promotes agent 1 with probability

h(bg)0® (bg) + (1 — h(bg))0%(bg).

This leaves the right-hand sides of IC;(g) and 1Cy(b) unchanged and does not affect
the principal’s welfare. llence, we can assume without loss of generality that h(bg) = 1
and by a similar argument, h(gb) = 1.

(iv) Suppose 65(gg) > 0. Consider changing the contract by reducing 05(gg)
by e. Maintain the same expected payolls (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 HB(gg)
is reduced). Clearly, though, it will not be necessary to increase uf(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
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while the principal gains
Pr(o = g)(1 —p(g)) h(gg)er2d

because under the new contract he promotes agent 2 (who is good with probability
Ag) 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 payofl. The argument for 0%(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 (cf. 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 G'p(g)+B(1-p(g)) > 0 by assumption. Therefore,
h(gg) = 1 is optimal.

Consider h(bb). Suppose a contract has h(bb) = h* > 0. By an argument similar
to part (iv), we can sct 68(bb) = 0 and 0(bb) = 1. Consider a new contract where
the project is never implemented following the message (bb). Now the principal im-
plements fewer unsuccessful projects and her expected income increases by

— Pr(o = b)h* (Gp(b) + B(1 —p(b))) >0 (17)

In the old contract agent 1 got promoted with probability Oﬂ(bb) when the project
was not implemented and messages were bb. In the new contract replace OQ(bb) by
0%(bb), where 0%(bb) is chosen so that after m = (bb) agent 1 has the same chance of
being promoted as in the old contract (that is, go(bb) = h*p(b) + (1 — h*)0%(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
payolls 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 = 0)1* (p(0)(1 = 0°(W0))(1 = Aa) + (1 - p)I°()2) & (18)

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 —
g%(bb))(1 — Ay) 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 Ay. In the new contract, the principal will promote the bad agent
1 instead with probability 6%(bb), thus reducing the probability of promoting a good
agent by 0%(bb)Ag. Now (2) makes sure that the sum of (18) and (17) is positive, so
the new contract dominates. B
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We shall use the results from Lemma 1 in the following propositions.

Proof of Proposition 2.
Suppose the inventor is well ahead, that is,

(19)

Dl

Ay < p(b) —

Then, we claim the following is optimal:

62(bb) = 0°(gb) = 0B(bg) =1

07(gb) = 0
3 (I=-A)(1—q)
0% (bg) = max {0, 1-— N }

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

Iul("(gg) = (g%)((llal) -~ 1) I

To show this, first consider increasing 6%(bb) by € > 0 and wi(bb) by Re, thus
compensating agent 2 for the reduced probability of promotion (recall that h(bb) = 0).
By (19), this changes the principal’s payofl by

(/\1(1—q)(l—/\z)—(l—/\l)(j/\Q)EA —(/\1(1—(])—*—(1—-/\1)(1)]26
= ML =@)+ 1 =21)q) [(p(d) = X2)eA —Re] >0

without violating any of the other constraints. Thus, set 0”(1)()) = 1 from now on.

The bg - variables only appear on the right hand side of IC; (9) and ICy(b) con-
straints. ICy(b) will hold with equality, otherwise wf(bb) can be reduced (wl(bb) > 0
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 1Cy(b)
as it is the only binding constraint involving the bg-variables. This implies:

1—0%0bg) = 1-0"(bg) =0 (20)

But, now IC(g) is
/\1(] R 2 /\1(]12 + (1 - /\1)(1 — (])R

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 IC;(g) and ICy(b) constraints, with the restriction that the right hand side of
ICy(g) must exceed A1gR? for otherwise equality in IC; (9) is incompatible with (11).
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We claim 08(bg) = 1 is optimal. In other words, promote agent 1 when he is
“more likely to have told the truth”. For if 85(bg) < 1 then raising 02(bg) lowers the
sum of expected wage payments as the right hand side of IC 1(g) increases more slowly
than the right hand side of 1Cy(b) falls by ¢ > 1 ~ q. Also, by a similar argument,
the principal should set §%(bg) as low as possible. [lowever, the right hand side of
ICi(g) must exceed ArgR . This yields two cases: (a) if (1—A;)(1—q) > Aiq then set
0%(bg) = 0; (b)if (1—A;)(1—q) < Aiq, then set 0%(bg) =1— LL_—’\T‘I%I—_—Q In case (a),
w§(gg) + R = U*—/\;I)-qltﬂ[ﬂ > R and in case (b) w{(gg) = 0, as there is equality in

ICy(g). Finally, w9 (bb) = W%%ﬁgﬁ(l —0%(bg)) R, as there is equality in ICy(b).
Finally, by setting 09 (gb) = 1, 08(gb) = 0, IC;(b) and 1Cy(g) are satisfied with
w?(bb) = w§ (g9g) = 0, and this is clearly optimal. W
Proof of Proposition 3
Suppose the inventor is the senior worker but not well ahead, that is,

p(b) — 7’; < Ao < p(b) 1)

Then, we claim the following is optimal:

0°(bb) = 1 — p(b)(1 — 0°(bg))

0%(gb) = 1
0%(gb) = 0
0% (bg) = l_k’\T‘])q'tq) otherwise

219 ie (1=21)(1-q) . _1-gR
08(1)9):{ (Err i B v 21all<lz)(f)) Ay — AL <0
1 otherwise
wg(bb) =0
w(bb) = 0
w§(gg) = 0

(1-21)(1-¢) o (1-M(1=q) -
wlc(gg):{ (“AEEL 1) i O > 3 and ) - 3y 228 > 0

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

Proof : Suppose w!(bb) > 0. Then if 0°(bb) < 1 the principal can increase 0% (bb)
by € > 0, reduce w?(bb) by ¢R and increase wg(bb) by el?. By (21), this increases her
payofl by

0 otherwise

A=) + (1 =X1)q) (p(b) — Ag) e >0 (22)
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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: ICy(b) binds at the optimum.

Proof : Suppose not. Then wg(bb) = 0 (or else the principal can lower wg(bb)
without violating any constraints) and if ICy(b) is not binding then 0°(bb) < 1. But
we can raise 00(bb) by € > 0 which raises the principal’s welfare by (22), which is
positive by (21).

Claim 4: 1C((g) binds at the optimum.

Proof: Suppose not. Then w{(gg) =0 (or else profit can be increased by reducing
w{(99)) and 0S(bg) < 1. Hence, 0F(bg) can be increased without violating 1C;(g)
while relaxing ICy(D). But when ICy(b) is relaxed the principal can be made better
off as shown in claim 2.

Assume from now on that 1C,(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§ (gg) = 'w?(bb) =0

Claim 4: 1t is optimal to set wi(bh) = 0.

Proof : Suppose wh(bb) > 0. As IC,(b) binds from Claim 2, wd(bb) + (1 —
o) R < R, lence 0%(bb) > 0. Now 0%(bb) can be decreased by € and wi(bb)
decresed by €R. (Recall we are neglecting ICy(b) and ICy(g)). This increases the
principal’s payoll by

A ({1 =a) + (1= M) (%a = p(0) + )

which is positive by (21).

Claim 5: Either §%(bg) = 0 or 08(bg) = 1.

Proof : Increasing 08(bg) and decreasing 0%(bg) in such a way that the right
hand side of IC|(g) is constant, relaxes 1C,(b) while leaving all other constraints
unchanged. This proves the claim.

Now we know that

w (9g) = w{(bb) = wi(bb) = 0 (23)
and
(1 = 6°00) 7 = p(B)( — O (ba) R+ (1~ p(8)) (1 05 b)) (24)
from ICy(b) and
w(g9) + R = 0%(bg) R -+ -(—1——/\;)(?1_—@03((){])12 (25)
1

from ICy(g). Using thesc expressions we can write the principal’s payofl as a function
of only 88(bg) and 0C(bg). Changing 0%(bg) by € changes profits by

R
A/\](l - (]) ([)(l)) - /\2 - IT(I(]Z) €
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and the expression in parenthesis is negative by (21). Hence, it is optimal to lower

6%(bg) as much as possible subject to (25) and w{(gg) > 0. There are two cases,
Case a: ﬁl_—'}'lﬁql;q) < L. Then claim 3 together with w{(gg) > 0 implies 0€(bg) > 0

and hence 05(bg) = 1 from claim 5. The lowest 0%(bg) we can set is 05 (bg) =

"’iﬁt&)ﬂ-_@, and then w{’(gg) = 0.

Alg
Case b: ﬁ‘"_’\/\l%)i;q} 2 L. Then we can lower 8%(bg) to zero without violating

wi(gg) > 0, so 0%(bg) = 0 is optimal. For 08(bg) there are two possibilities. If
p(b) — Ay — ]—(;ﬂg- 2 0 then an increase in 07(bg) by € > 0 increases the principal’s
profit by

l1—-qR
(1=A)gA [p(b) g —Tq—} ’
50 88(bg) = 1 is optimal, with

w(gg) = ((—IW — 1) I

from (25). If p(b) — Ay — l_;_qg < 0 then the principal’s profit is decreasing in 08 (bg)
and the optimal 0(bg) is the lowest possible, subject to w{’(gg) > 0. Using (25) this
gives 08(bg) = (1_—/\’?1)—21@ and wf(gg) =0 .

Finally, it can be checked that by setting 0G(gb) =1and OB(gb) = 0, the omitted
constraints are automatically satisfied. In fact, 1Cy(g) is trivial and ICy(b) becomes
6%(bb) > p(b). Using (24), this requires

0P (8h) = p(b)0° (b) + (1 — p(b)) 0P (by) > p(b) (26)

and it is easy to check that ¢ > 1 — q implies that (26) is satisfied in both case a and
case b above. W

Proof of Proposition 4

Suppose

R
p(b) < Ay < p(b) + X (27)
We claim the following is optimal: set all wages equal to zero and

0%(gh) = 0%(bg) = 1
0%(gb) = 0"(bg) =0
o) = p(b)

We prove the proposition via a series of claims.,

Claim 1: At the optimum, it must be the case that wd(bb) = 0.

Proof: Suppose w§(bb) > 0. If 0%(bb) = 0 then ICy(b) is not binding and w(bb)
should be reduced to zero. If 6°(bb) > 0, then the principal can reduce wd(bb) by
eR, increase w!(bb) by ek and reduce 0°(bb) by €. This increases her payofl (by (27))
without violating any incentive constraints.
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Claim 2: 1Cy(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, 0%(bb) > 0 if IC(b) does not bind. But
lowering 0“(()()) raises the principal’s profit by (27) without violating any incentive
constraints.

Claim 8: 1C,(g) binds at the optimum.

Proof: Suppose not. Then we must have w§(gg) = 0, and either 1 — 0% (gb) or
1 —08(gb) is strictly less than one. Hence, one of these variables can be increased
without altering the principal’s payoff and not violate ICy(g). This relaxes IC; (b),
but then profit can be increased as in Lhe proof of claim 2.

Claim 4: 9%(gb) = 0, 0%(gb) = 1 and w§ (99) = 0.

Proof: By claims 2 and 3, IC;(b) and I1Cy(9) bind at the optimum. Therefore, at
the optimum, the principal minimizes the sum of the right hand sides of IC, (b) and
ICy(g) subject to the constraint that the right hand side of ICy(g) must be at least
(1 =A1)(1 - q)R. Then, as q>1-q,1-0%¢gb)=0and 1 - 0P(gb) = 1. Finally,
w§ (gg) = 0 from ICy(g).

Assume IC; (g) and 1Cy(b) are not binding (we will verify this later). Then, clearly
w§(gg) = wd(bb) = 0 is optimal.

Claim 5: w)(bb) = 0.

Suppose zufj(b()) > 0. ICy(b) binding means 0°(bb) < 1. Lower wl(bb) by el and
increase 0@(1)1)) by €. This raises the principal’s profit by

Pr(o =b)e (R — A(xg — p(b))) > 0

by (27) without violating any constraints. This proves the claim.

Claims 2 and 5 imply 62(bb) = p(0).

Finally, we can make sure 1C, (9) and IC,(b) are satisficd by setting 08(bg) = 0
and 6%(bg) =1. M

Proof of Proposition 5

Suppose

R
Ag > p([)) + Z (28)
We claim it is optimal to set all wages equal to zero except w?(bb) = p(b)RR, and

Wb) = 08(bg) = 07(gb) = 0
0%(gh) = 0%(bg) =1

Suppose 87(bb) > 0. Then lower 0(bb) by € and raise wf(bb) by Re. This changes
the principal’s payofl by

Pr(o =b) (A2 — p(b))A - R)e>0 (29)
using (28), without violating any incentive constraints. Therefore, we must have

0%(bb) = 0 s0 agent 2 is always promoted if m = (bb).
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The gb-variables only appear in the ICy(g) and IC; (L) constraints. Notice that
IC;(b) must hold with equality: otherwise just lower w?(bb). Therefore, as ¢ > 1 — g,
it is optimal to set 68 (gb) = 0 as it reduces total expected wage payments. Then
ICy(g) binds at the optimum: otherwise it must be the case that w§(gg) > 0 but
then w§ (gg) can be reduced. Therefore, as g > 1 — g, it is optimal to set 0%(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 w(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 ICy(b) and 1Cy(g). This

constraints are satisfied at minimum cost if w(bb) = w{'(gg) = 0, 08(bg) = 0 and
68C(bg) = 1. W
6.2  Optimal Renegotiation-Proof Contracts

First, even when contracts are required to be renegotiation proof, an argument along
the lines of Lemma 1 shows that h(bb) = 0. Suppose the program in Section 3 is
modified by not imposing h(gg) = h(gb) = h(bg) = 1, but instead imposing (12).

Wag) (19 (G +2 ~wf(09) = uf (99)) + (1= A)(1 = ) (B + 1)) (30)
H(1=1(99)) (Mg (°(99) 5 + (1 0°(gg))Aa A — w(gg) — w}(99)))
(1= 1(99)) ( (1 = M)(1 = 9) (1 = 0"(9g))A2A — wf(gg) w)(g9)))
+ (M1 - q) (0°®B)A + (1 = 0P (b)) A0 A — w(t) — wh(00)))
+ (1= A)q ((1 = 0°(08) 20 — wli(t) — w)(vh)))
subject to
IC;(g) :
h(99) Mq (wf (99) + R) (31)
L= h99)) Qg + (1= 2)(1 = 0)) (w(g9) + 0%(ag) )
2 h(bg)Aiql + (1 = h(bg)) (Mg + (1 = A )(1 = q)) 0 (bg)R
IC;(b) :
(=) + (1= 2)q) (uf(wb) +0°(ob) )
2 hgh)a(1 = q)R+ (1 = h(gb)) (A1 (1 = q) + (1 — Ay)q) 0%(gb) R (32)
ICy(g) :
h(9g) (Mau§ (99) + (1= A)(1 - 9)R)
= 1(99) Qa1 = A)(1 = 0)) (wg9) -+ (1 - 0°(g9))) (33)
2 Mgb)(L=X)(1 = )R+ (1 = h(gb)) (Mg + (1 = Ai)(1 — q)) R(1 — 0%(q0))
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ICy(b) :
(=) 4 (1= X)a) (wf(ob) + (1 = 0°(bb) ) (34)
2 hbg)(L = A)gR + (1~ h(bg)) (M1 = g) + q(1 = A1) (1 — 0P (bg)) R
and the limited liability constraints:
w(99), w§ (99), wf(0), wd(vb) > 0 (35)

Proof of Lemma 7
We need to show that if the inventor is senior worker but not well ahead, then

maximizing (30) subject to the IC constraints (31)-(34) and limited liability results
in: h(bg) =0, h(gg) = h(gb) = 1. If (14) holds then 6°(bb) = 0°(bg) = 1 and

G _1-p(g)
wy (gg) - p(g) R

Otherwise, 0%(bb) = 0%(bg) = p(g) and w(gg) = 0. All other wages are zero.

Claim 1. h(gg) = 1.

Proof. Increase h(gg) by € and, if needed, increase w{’(gg) and w§(gg) to keep
the left hand sides of IC;(g) and ICy(g) constant. If cither w{(gg) or w§ (gg) is
equal to zero and the limited liability constraint binds, then this change in h(gg)
increases either the left hand side of IC;(g) by at most e\1gR or the left hand side
of ICy(g) by at most ¢(1 — A1)(1 = g)R. Notice though that it cannot be the case
that both increase. Therefore, using the fact that the inventor is a senior worker so
p(g) > p(b) > Xy, the principal’s payolf changes by at least

cMg(G+A)+ (1= =¢q)(B+ A24)) — eA1gA —emax{A;q, (1 = A)(1—q)} R

which is strictly positive by Assumption 2. Ience, it is optimal to set h(gg) =1 as
claimed.

Claim 2. 1C(g) and ICy(b) binds. Either 0%(bb) =1 or w(bb) = 0,

Proof. Suppose 1Cy(b) does not bind. Then wi(bb) = 0 or else wd(bb) could be
lowered, and hence (1 — 6°(bb)) 2 > 0. Now raise 0(bb) by € > 0. This respects all
constraints and increases the principal’s payofl by

AN =a) (1= ) = (1=A)ada) = (M1 =) + (1 — A)q) eA (p(b) — /\(2) )> 0
36
as the inventor is a senior worker. Therefore, ICy(b) must bind.

Suppose IC(g) does not bind and recall from Claim 1 that h(gg) = 1. Then,
w(gg) = 0. Except for the slack constraint ICy(g), h(bg) and 0°(bg) only enter
ICy(b) which binds. Reducing the right hand side of ICy(b) is advantageous because
the principal can either lower wg (bD) or raise 0@(111)) (the latter is strictly advantageous
from (36)). Therefore, if IC)(g) is slack the right hand side of ICy(b) must be zero,
which implies 0%(bg) = 1 and h(bg) = 0. However, together with w§(g9g) = 0 this
violates IC)(g). Therecfore IC1(g) must bind.



Finally, suppose 0"(bb) < 1 and w?(bb) > 0. Then, by raising O(bb) by ¢, reducing
wi(bb) by eR and increasing wd(bb) by €lt, the sum of the wages is constant, all
constraints are respected, and the principal payoff goes up by (36). This proves the
claim.

We shall temporarily omit IC, (b) and ICy(g) from the program and show later
thal they are satisfied. In (his case wl(bb) = w§ (99) = 1115'(9_(]) =0.

Claim 3. At the optimum, 6°(bb) > 0 and wi(bb) = 0.

Proof: 11 0%(bb) = 0, then as ICy(b) binds we must have h(bg) = 0%bg) = o,
Then the right hand side of ICy(g) is zero, but this contradicts the fact that ICy(g)
is binding and hgg) = 1. Thus, 89(bb) > 0.

Now suppose wl(bb) > 0. As 0% (bb) > 0 we can lower 0°(bb) by € and wi(b) by er?
without violating any constraints (recall we are omitting IC;(b) from the program),
The principal’s expected payoll goes up by

A\ (1-q) +(1 - A1)q) (—p(b) + Ag + %) >0

by not well aheadness. This proves the claim.
From ICy(b) we now have

1= 0%(0b) = h(bg)(1 ~ p(8)) + (1 - h(bg))(1 - 0" (bg)) (37)

and from IC)(g) as h(gg) =1

0 )
wi(99) = (1 h(bg)) [o—p(%]) - 1} >0 (38)

Omitting constants in the principal’s maximization problem, setting w?(bb) = wZG(gg) =
wg(bb) = 0 and adding the constant term =A1(1 = g)A we obtain

—Mgui(gg) + A\ (1= q)(1 - W) (A2 = 1A + (1 - A)g(1 = 0°(bb)) A
= ~Mqui(gg) + (1 - 0°(bb))A M=) = 1) + (1= A))gy)

Next, using (37), the maximization problem is

—Aqut (99) + (h(bg)(1 — p(b))
= 1(b9))(1 - 0%(b9))) (M (1 = g)(Ag — 1) +(1-A1gr) A

and up to constants and using (38) this the same as

n I
—=A19(1 — h(bg)) [0?(% - 1} R
1= (g))(p(t) ~ 0%(bg)) (Ay(1 - )(2g 1) +(1=X1)ghy) A

- 0°(bg) 0°(bg)
= ~(1- Mg, [q [W - 1} Rt-(1= g) ( Ag = (1) [ﬁ - 1} A}
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The derivative w.r.t. 0°(bg) is positive if (14) holds, so in this case 0%(bg) = 1.
Then, the derivative with respect to h(bg) is omitling constants equal to

o[- 1] 14 (1) (e - o) FoRtl |

p(9)
_Lo_p® _ _ R
Hp(g) p@)] B =) (2~ () [pa)) J )
= (1=p(1) {%)R +(1=q) (Yo —p(t)) N%)A]

which is negative by (14), so h(bg) = 0.

If (14) does not hold then 0°(bg) = p(g) (the minimum 0%(bg), from (38)) and
again h(bg) = 0.

As h(bg) = 0, (37) implies 0%(bg) = 0°(bb).

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

Proof of Lemma 8

Suppose the inventor is well ahead. We need to show that the program given by
(30)-(35) and with the extra constraint %(m) = 1 for all m, is solved by h(gb) = 1,
h(bg) = 0. All wages are zero, except that

v 1=p(g)
1Uf(gg)~———p(g) R

We shall omit IC,(b) and ICy(g) from the program, and later show they are
satisfied. As in the proof of Lemma 7 one can show that ICy(g) and ICy(b) must

bind. Then w(bb) = w§ (99) = 0 and

uf(os) = (1= 19 =20 e

w§(bb) = h(bg) (1 — p(b)) R (39)

As Oﬂ(m) =1 for all m, the principal’s payofT is, omitting constants;

= Mquii(99) = (M1 = q) + (1 = Ay)g) wl(0b)
= = (=2 (1= o)1 = ) + h(og)o) R (10)

so that h(bg) = 0 is optimal. Moreover, by setting h(gh) = 1 we guarantee that
IC1(b) and ICy(g) hold. m
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