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Abstract

We analyze optimal contracts in a hierarchy consisting of a principal, a su-
pervisor and an agent. The supervisor is either neutral or altruistic towards
the agent, but his preferences are private information. In a model with two
supervisor types, we find that the optimal contract may be very simple, pay-
ing the supervisor a flat wage independent of his type and his evaluation of
the agent’s effort. Such a contract induces the neutral type of supervisor to
report the agent’s performance truthfully, while the altruistic type reports
favorably independent of performance. Accordingly, overstated performance
(leniency bias) may be the outcome of an optimal contract under informa-
tional asymmetries.
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1 Introduction

Many firms use subjective measures to assess and reward their employees’
performance.! This gives discretion to those who are assigned the task of
performance evaluation. Several studies indicate that supervisors seem to
exploit the power given to them. In particular, leniency bias — a practice of
systematically overstating employee performance — is a regular phenomenon
in subjective performance evaluation.? Fortune 200 company Arrow Elec-
tronics, which has introduced a subjective performance evaluation scheme in
1995, serves as an example to illustrate this point.®> Supervisors at Arrow
Electronics had to evaluate their subordinates in seven performance areas
on a scale of 1 to 5 (with 5 as the highest rating). When employees were
evaluated for the first time, not a single employee received a rating of 1 or 2
in any performance area. The average rating was 4.5.

One may argue that the observation of high ratings alone is not evidence of
leniency, but rather of an effective incentive system which induces employees
to work hard and to perform well. Three observations contrast this argu-
ment. First, firms seem to be dissatisfied with the outcome of performance
appraisals and seek ways to lower the ratings. In the case of Arrow Elec-
tronics it seems to have been obvious to the participants that ratings were
lenient. Indeed, former CEO Steve Kaufman decided to have all employees
rated again, while giving the supervisors instructions on what the general
distribution of ratings should be.* Second, field studies show that there are
systematic differences in evaluations when employees are evaluated by dif-
ferent supervisors, with some supervisors constantly giving better ratings
than others.® In combination with the observation of generally good ratings,
this suggests that at least some of the supervisors decide to overstate per-
formance. Third, it is sometimes observed that supervisors give the highest
ratings to those employees that they work closely with. This indicates that
supervisors inflate performance ratings if they have a personal relationship

1Smith et al. (1996) present results from a survey of mid-western US companies. About
92 percent of the respondents state that performance appraisal reviews and feedback ses-
sions are required in their companies. MacLeod and Parent (1999) report that about 20
to 30 percent of all US workers receive some form of subjectively determined reward every
year.

2See e.g. Medoff and Abraham (1980) and the excellent survey by Prendergast (1999).

3For details regarding the performance evaluation scheme at Arrow Electronics see Hall
and Madigan (2000).

4 As reported by Hall and Madigan (2000), Kaufman said: “The board of directors gave
me a 2 on two of my seven rankings, and if I get two 2s, sure as hell someone, somewhere
in the company should get at least one.”

®See, for example, Kane et al. (1995).



with their subordinates.

While there is consensus that leniency in performance evaluation is generally
relevant, there are different views on the consequences of leniency for firms.
Typically, leniency is argued to be detrimental to firms. This is because
leniency reduces the effect of an employee’s performance on his rating and,
therefore, incentives to put forth effort to affect performance. There is, how-
ever, a more positive view of leniency too. Negative ratings are sometimes
argued to lead to demotivation of employees or to fairness concerns. Ob-
viously, these problems are avoided if supervisors are lenient and give only
positive ratings to their subordinates.”

In the current paper, we follow the first view and focus on a situation where
leniency is detrimental to firms, by weakening the link between pay and
performance. Our aim is to analyze whether a supervisor’s compensation
can be structured such as to mitigate the problems caused by leniency. In
particular, we want to answer the following interrelated questions. Can the
compensation of a supervisor be designed such that leniency is eliminated,
i.e., such that the supervisor reports performance truthfully? If so, is it
always in the firm’s interest to eliminate leniency?

In order to answer these questions, we consider a model with a three—tiered
hierarchy consisting of a principal, a supervisor, and an agent. The produc-
tion of output requires the agent’s effort. In order to motivate the agent,
the principal hires a supervisor whose task it is to monitor and report the
agent’s performance. The supervisor is assumed to be either altruistic or
neutral towards the agent and, hence, may be lenient.

We distinguish different settings where the supervisor’s preference for the
agent (his type) might be private or public information and where the par-
ties might be wealth-constrained.® We derive optimal contracts for these
settings and investigate whether leniency prevails if contracts are structured
optimally.

We find that, if the supervisor’s type is public information, the optimal con-
tract eliminates leniency by punishing the supervisor for good ratings of the
agent. The first-best solution can be implemented regardless of wealth con-
straints. Under private information, it is feasible to eliminate leniency by

SHall and Madigan (2000) call this effect the ”Wilson factor”, named after a supervisor
at Arrow Electronics who consistently displayed the kind of behavior just described.

"See e.g. a recent study by Bol (2011) that analyzes compensation data from a Dutch
financial service provider and finds that leniency is positively associated with agents’ future
performance.

8Most of the literature on alternative preferences assumes common knowledge of the
parties’ preferences and so does not consider the problem we address. See, however, von
Siemens (2011a,b) on the screening of inequity—averse agents.



offering an incentive—compatible menu of contracts inducing correct evalu-
ation of the agent. Due to excessive rents, however, it can be optimal to
have very simple contracts, paying the supervisor a flat wage independent of
his type and how he evaluates the agent.” This induces a neutral supervi-
sor to always report the agent’s performance truthfully, while an altruistic
supervisor reports favorably independent of performance. This implies that
leniency is consistent with optimal contractual arrangements under informa-
tional asymmetries. Under unlimited liability, the first-best solution can be
implemented even though leniency occurs.

The paper is organized as follows: In the next section we relate the paper to
the literature. In Section 3 we present the model and the first—best solution.
Section 4 looks at the public information case, while Section 5 deals with
private information. Section 6 gives a discussion and Section 7 concludes.
All proofs are in the Appendix.

2 Related Literature

The paper is closely related to the literature on biases in subjective perfor-
mance evaluation, e.g., Baker et al. (1988), Murphy (1992), Harris (1994),
Prendergast and Topel (1996), Prendergast (2002), MacLeod (2003), or Grund
and Przemeck (2012). Particularly relevant for the present study are the pa-
pers by MacLeod (2003) and Grund and Przemeck (2012). MacLeod (2003)
considers a principal-agent model and assumes that both parties receive sub-
jective estimates of the agent’s performance. If there is no correlation be-
tween the estimates of principal and agent, it is found that the optimal
contract pays the agent a bonus unless the principal observes the lowest
possible level of performance. MacLeod (2003) argues that this finding pro-
vides a possible explanation for the observation of lenient ratings. Similar
to MacLeod (2003), we analyze optimal contracts. However, the main dif-
ferences are that we consider a principal-supervisor-agent hierarchy and that
leniency arises from the supervisor’s preferences. We find that both features
are consistent with the empirical evidence discussed in the Introduction. In
the model of Grund and Przemeck (2012), there is a supervisor who has to
rate two agents who receive pay depending on their own performance rating.
Agents do not like to receive unequal payments (they are inequality-averse)
and the supervisor wants the agents to obtain high utility. This implies that
he has to rate them well, and not too differently. A rationale for leniency

9In our model, the supervisor’s only task is to monitor the agent. The term ”flat wage”
indicates that the supervisor’s wage does not depend on how he rates the agent. Of course,
a supervisor might have other tasks with variable pay.



bias and centrality bias is thus given.!® Grund and Przemeck (2012) and the
present paper have in common that leniency is due to the supervisor’s prefer-
ences. In contrast to our paper, Grund and Przemeck (2012) take contracts
as exogenously given and do not analyze the principal’s decision problem.
Moreover, they assume common knowledge of preferences, while the private
information setting is at the core of our analysis. Summarizing, our paper
differs from MacLeod (2003) and Grund and Przemeck (2012) in that we
combine altruistic preferences with a contract-theoretical analysis, asking if
leniency can be, resp. should be, mitigated through contract design. Thus,
the present paper extends our knowledge of leniency in several ways. It finds
that leniency can always be eliminated by means of incentive contracts if the
supervisor is lenient because he cares for the agent’s well-being (regardless of
whether his preferences are private information). The paper also finds that
it can be optimal not to eliminate leniency.

The paper is also related to the literature on optimal contracts in three-
tiered hierarchies consisting of a principal, a supervisor and an agent, see,
e.g., Tirole (1986), Strausz (1997) or Vafai (2004). These papers differ from
ours in two respects. First, they typically assume hard information, i.e.,
a supervisor may conceal but not misrepresent information. In our model,
information is soft.!! Second, in those models the supervisor has publicly
known standard (selfish) preferences. Our model, in contrast, relaxes the
standard selfish preferences assumption. This makes the principal’s problem
more complicated since she has to take into account the different types’
incentive constraints when designing optimal contracts.

A paper that is similar to ours in that it focuses on non-standard (but publicly
known) preferences in a principal-supervisor-agent relationship is the paper
by Lee and Persson (2010). They assume that supervisor and agent are
altruistic towards each other. The agent chooses some action which affects his
performance for the principal. The supervisor wants the agent to perform well
because he gets some credit for this. In contrast to our paper, the supervisor
does not evaluate the agent, but may monitor and possibly overturn the
agent’s action. The authors find that the equilibrium crucially depends on
how altruistic the players are. If altruism is high, the supervisor will not
monitor the agent. Still, the agent tries to perform well in order to make
sure that the supervisor is credited for good performance. If altruism is low,
these implicit incentives do not work and the supervisor decides to actively
monitor the agent.

10Centrality bias refers to the practice of not sufficiently differentiating between agents’
performance when performance is evaluated subjectively.

See Laffont and Martimort (1997) and Faure-Grimaud et al. (2003) for models with
soft information.



Finally, the paper is related to literature combining adverse selection and
moral hazard, such as Laffont and Tirole (1986), McAfee and McMillan
(1987) or Lewis and Sappington (1997). In those papers, the player who
chooses an unobservable action has superior information. In contrast, our
supervisor has private information (his type) and a hidden action (to report
effort truthfully or not) while the agent’s action is hidden from the principal
but not from the supervisor.

Summarizing, our contribution can be clearly distinguished from the exist-
ing literature. We consider a principal-supervisor-agent hierarchy with soft
performance information. We take the supervisor’s tendency for leniency as
given and analyze its consequences for the design of optimal contracts. We
analyze the model under public and private information about preferences.

3 The model

A principal, P, a supervisor, S, and an agent, A, play the following basic
game. At stage 1, P offers a menu of contracts simultaneously to A and S.
A contract obliges A to exert effort and S’s task is to monitor and report
A’s effort. The contract specifies an effort level requested from A as well as
wages for A and S that (may) depend on reported performance. At stage 2,
either both A and S simultaneously sign the contract(s) or the game ends.
At stage 3, A chooses effort and at stage 4, S observes and reports A’s effort
to P. Then payments are made according to the contract and the game ends.
The cost of A’s effort, e > 0, is c(e). It is twice differentiable and satisfies
c(0)=0,¢(0)=0,c (e) >0fore >0, (e) = oo fore — oo, and ¢’ (e) > 0.
Effort produces an output, f(e), that accrues to P, where f (0) =0, f'(e) > 0
and f” (e) <0.

Effort and output are unobservable for P and not verifiable by third parties.
Moreover, there is no other objective measure of e. Hence, P cannot write an
explicit performance contract to motivate A. Thus, it is S’s task to monitor
A and to observe and report the agent’s effort choice.!?

The contract obliges S to send a report m € {y,n} to P where m = y
indicates that A has chosen (at least) the requested effort while m = n means
underperformance. We assume this report to be in written form.'® This
implies that third parties are able to learn the content of the supervisor’s
report by looking at his written statement so that the content of reports

120f course, S may have other tasks as well.

13In practice, subjective performance evaluations are typically put down in writing.
Supervisors at Arrow Electronics, for instance, had to fill out an evaluation sheet for each
employee they had to rate.



is verifiable. We further assume that S observes A’s effort perfectly and
costlessly.

All parties are risk-neutral and have zero reservation value. A central as-
sumption is that S may care for A’s well-being and thus has an incentive to
distort the effort report. We model S’s preferences as'®

US:ws+5\UA, (1)

where wg denotes the income of S and U, is A’s utility. The parameter
A € [0,1) measures how strongly S cares for A’s well-being. We assume that
S reports honestly if he is indifferent.
A’s utility is given by

UA:”LUA—C<6), (2)

with w4 as A’s income.

Except for Section 4, we assume that S’s preference, or type, is private infor-
mation, i.e., a supervisor of type i, denoted by S;, knows that his preference
parameter is A= A\;, while for P and A, )\ is a random variable.
Throughout the paper we assume that there are two S—types. Supervisor S;
has standard (selfish) preferences, \; = 0. We call him neutral. The other
type, Sa, is altruistic, with Ay € (0,1). Sy (resp. Sg) occurs with probability
q (resp. 1 —q).

We confine analysis to pure strategies and (menus of) incentive-compatible
contracts where S self-selects into the contract designed for his type and
A makes the demanded effort. A contract designed for S; is of the form
{ai, b;, €, wy;, wy; }. It specifies the requested (minimum) effort level, e;, S;’s
wages {wy;, wy,;} conditional on report m € {y,n}. Moreover, A receives a
base wage a;, and, if S reports m = y, a bonus b;.

P offers a menu of contracts and, at stage 2, A and S simultaneously sign this
menu. Then P may choose to conceal from A which particular contract from
the menu is selected by S. In that case, A cannot infer S’s type but he knows
each type’s incentives. For that case, we assume that it is ex-post verifiable,
which particular contract has been selected by S. Note that, in principle, A’s
wage might depend on S’s type also when the true type is concealed from A
but then, obviously, the demanded effort must be equal for both types.

4 As an example, consider a supervisor and an agent who share an office, possibly
working on the same project. Here, S might observe A’s effort without additional effort
or cost.

15See Rotemberg and Saloner (1993), Prendergast and Topel (1996), Prendergast (2002),
Sliwka (2007) or Rotemberg (2009, 2011) for similar specifications.

6Note that this assumption is not needed for the existence of our equilibria but it
ensures uniqueness.



We call S lenient if he reports favorably, m = y, independent of A’s perfor-
mance.

As a benchmark, consider the first-best solution assuming that effort is con-
tractible and no contractual frictions arise. Here, P does not need S.!” She
simply imposes the effort level that solves

max f(e) —wa s.t. wy —c(e) > 0. (3)

€, WA

Hence, the first-best effort, epp, is implicitly given by
f'(erp) = c(erp). (4)

We denote frp := f(epp) and cpp = c(erp).

4 Complete Information

As another benchmark case, suppose S’s type ) is common knowledge.'® The
optimal contracts solve the following program:

max f(e)—a—b—w,
a,b,wy W ,e

st. (ICs) a+b—c(e)>a
) wp+A(a—c(@)>wy+A(la+b—c(é),Vé<e 5)
) wy+A(a+b—c(8)>w,+ANa—c(e), Ve>e

IRs) a+b—c(e)>0
) wy+A(a+b—c(e)) >0

Supposing that it is optimal to induce positive effort, optimality requires
that S reports truthfully.!® The objective of the above program maximizes
P’s profit, i.e., output minus wage payments, given that S reports truthfully
and A prefers positive effort. This implies that S earns the wage w, while A
earns a bonus, receiving a +b. The equilibrium is supported by the following
constraints. The constraint (/C4) induces the requested effort. If the agent
expects the supervisor to report performance truthfully, two effort levels
may be optimal for him, either the requested one or an effort of zero. The

"Note that P cannot do better by leaving a rent r to A and hiring a supervisor at a
negative wage wg = —Ar. This is due to A < 1.

8We drop the subscript i.

YIntuitively, if S lies with positive probability, A’s incentives are weakened and imple-
menting a given effort becomes more expensive or impossible.



constraint ensures that the payoff from exerting the requested effort level and
getting the bonus exceeds the payoff from zero effort. (ICg,) and (ICs,)
make S report A’s effort truthfully. By reporting m = y instead of m = n,
the supervisor changes his wage from w, to w,, while the agent’s payoff is
increased by the bonus payment, which gives S an additional utility of Ab.
The two constraints guarantee that S prefers to choose m = y if the agent
has provided (at least) the requested effort level and m = n otherwise. In
fact, (ICg,) and (ICs,) together imply that S must be indifferent between
reports. Finally (IR4) and (IRg) ensure participation, i.e., a nonnegative
equilibrium utility.

Proposition 1. The optimal contract under complete information is a* = 0,
b* = cpp, €* = epp, w; =0, w} = Acpp. It implements the first-best solution
and eliminates leniency.

The optimal contract extracts all rents from S and A. A is just compensated
for effort cost, while S gets zero wage (and zero payoff, due to A’s zero
utility). If A > 0, the optimal contract has w;, > w, = 0, i.e., it rewards
an altruistic S for giving a truthful negative performance report. This is
necessary since a positive report implies that A gets the bonus b* in which S
participates with utility Ab*. Thus, a truthful negative report requires that
S is compensated for his “loss” due to the unpaid bonus to A. However, in
equilibrium, A exerts effort and S reports truthfully, implying that w} is
not payoff-relevant. Truthful reporting makes effort basically verifiable and,
since rents to A and S can be avoided, this allows P to implement the first—
best solution. Wages are nonnegative which makes the contract feasible even
under wealth constraints.

5 Incomplete Information

Suppose the distribution of S—types is common knowledge while the realiza-
tion \; is S;i’s private information. Following standard contract theory, we
distinguish whether there are restrictions on feasible wages or not.?° We ana-
lyze unlimited liability in 5.1 and limited liability in 5.2. Similar to standard
results, this distinction has important consequences for the design of optimal
contracts in our paper.

Limited liability refers to a situation where wages must be nonnegative. Un-
der unlimited liability, instead, wages are not restricted. A lower wage bound
might have different reasons. S and A could be wealth-constrained and,

208ee, e.g., Laffont and Martimort (2001).



thus, simply unable to make a payment to P. Alternatively, there could be
minimum-wage regulations that rule out negative wages. Under both inter-
pretations it seems that there are jobs, for which the assumption of unlimited
liability is more appropriate. Managerial jobs are less likely to be affected
by wealth-constraints and minimum-wage regulations. Here, it may be rea-
sonable to assume unrestricted wages. In contrast, lower-level employees are
typically subject to limited liability.

5.1 Unlimited liability

Proposition 2. If the players are unlimitedly liable, the optimal contract is
unique, type—independent, and satisfies a* = %CFB <0,b* = CFTB, e* = epp,
w, = wy, = 0. A does not learn S’s type. The contract implements the first-
best solution and the altruistic supervisor is lenient.

As is well-known from contract theory, a contract that leaves rents to other
players than the principal generally leads to an inefficient solution. If positive
rents cannot be avoided, the principal faces a trade-off between efficiency and
rent extraction and deviates from the first-best solution in order to reduce
the ensuing rents.

By this argument, it is easy to understand that a contract is optimal for the
principal if it induces the desired effort level from the agent and extracts all
rents from agent and supervisor.

The contract described in Proposition 2 achieves both of these objectives.
Essentially, it provides incentives only through the neutral supervisor. Since
this type occurs with probability less than one, this requires stronger incen-
tives via a larger bonus for A. Then, A’s rent is extracted via a negative base
wage.

In particular, the contract pays the same flat wage to both S—types. A flat
wage induces S; to report truthfully, since his own wage makes him indifferent
between reports and he does not care about A’s wages. Sy is lenient, i.e.,
reports favorably independent of A’s effort. This is because his wage is not
affected by his report, but the bonus payment to A increases his utility. A
does not know which S—type he is facing. Ss’s leniency does not provide
effort incentives, since if Sy occurs, A gets the bonus anyway. Thus, positive
effort can only be induced via the truthfully reporting S;. Since S; occurs
with probability ¢, the expected bonus, gb, must cover the effort cost. Thus,
efficient effort is achieved by setting ¢b* = crpp. But then, the actual bonus
exceeds effort cost, b* > cpp. Thus, A’s base wage is negative in order to
extract these rents from him. Finally, since A receives his reservation value
of zero, both types of supervisor receive the same payoff. Their flat wage is

10



chosen such that supervisor rents are extracted as well. Limited liability of
S is unproblematic since S’s flat wage is nonnegative.

An implication of Proposition 2 is that leniency is not necessarily detrimen-
tal to performance. In principle, the presence of a lenient supervisor lowers
incentives by weakening the link between pay and performance. As we have
shown, providing stronger incentives through the neutral supervisor com-
bined with a negative base wage for A completely neutralizes the negative
effect of leniency. The negative base wage, however, makes the contract
infeasible if A is wealth-constrained.

5.2 Limited liability
Limited liability is defined as

a; >0, a;+b; > 0,wy; > 0,w,; >0, ©e{l,2}. (6)

Recall that we only consider incentive-compatible (menus of) contracts, i.e.,
supervisors self-select according to their types. While we assume that A
knows the menu of contracts, P may choose to conceal from A which partic-
ular contract was chosen by S. Then A only knows each type’s incentives.
It is easy to see that (/Cs,) and (ICg,) (see (5)) hold simultaneously for S;
it and only if wy; + \ib; = wy,;. Thus, truthful reporting of effort requires that
S; is indifferent between reports m € {y,n}. If S; were not indifferent, he
would prefer one of the reports in which case his report would be independent
of effort. But then A’s optimal effort is zero. Positive equilibrium effort
therefore requires that at least one S-type reports truthfully.

Accordingly, we partition the potential (menus of) contracts into the follow-
ing cases, depending on which S-type reports effort truthfully and whether
the type is revealed to A.?!

truthful report by | A does not learn S’s type | A learns S’s type
S1 only (A) (D)
5, only (B) )
Sy and So (C) (F)

In the following, we look at each of those cases in a separate lemma. For
the moment, we only solve for the optimal contracts as a function of given
requested effort level, ignoring the optimal level of effort. However, the op-
timal requested efforts are strictly positive with the exception of cases (D)

ZIMore precisely, in the cases (D) to (F), the supervisor’s contract choice is revealed to
A. In equilibrium, this implies that A learns the supervisor’s type.

11



and (E). There, A learns S’s type and, by design, one type does not report
effort truthfully. If A faces this type then he will not exert positive effort.
For that S-type, the only feasible effort level is zero.

After each lemma, we compare the results with those under complete in-
formation in order to see how the optimal contracts are constrained by the
combination of asymmetric information and limited liability (again, ignoring
the optimal level of effort). Recall that the limited liability constraint is not
binding under complete information, see Proposition 1.

In order to simplify notation in Lemmas 1 to 6 and their proof, we suppress
A1 = 0 altogether and denote A := X, f = f(e), ¢ := c(e), fi = f(e&),
¢ =cle;), i € {1,2}.

Lemma 1. Consider case (A). For given positive requested effort, the set of
optimal contracts is characterized by

Sit wy =Wy =0,00 =0,b = E,
! e (7
Sg L Wy = Wp2 = O,CLQ 2 O,CLQ + b2 Z O,bg 7é O, as + max{O,bQ} = 5
The contract for S; is similar to the optimal complete-information contract
with one exception: by is larger than b*. In order to see why, recall that
only S; reports effort truthfully, while Sy’s report is effort independent. A
knows that effort does not pay if Sy occurs. Therefore, only b; (not by) can
incentivize A. The ezpected bonus b; must cover the effort cost, ¢b; = ¢ <=
bl = C/ q.
Since S, reports independently of effort, So’s contract does not have to incen-
tivize A. It only has to make sure that neither S; nor S, have an incentive to
choose the other type’s contract. First, Sy gets zero wages (as well) in order
to prevent S; from choosing So’s contract. Second, So must get a rent of Ac/q
in order to make his contract exactly as attractive as S;’s contract. This rent
is paid indirectly via A’s wages which, due to A; = 0, is not attractive for
Si. Since Sy’s contract can ignore A’s incentives, there is some freedom in
choosing as and by, as long as limited liability is observed.

Lemma 2. Consider case (B). For given positive requested effort, the set of

12



optimal contracts is characterized by

Ac
Sl : (al Z O7b1 = =01, Wy1 = qawnl € [O7wy1> y Wni + )\0,1 S wyla)

1 —

A
or (a1 = 0,01 > 0,wy1 € [0,wn1) , wy1 + Aby < wpy, wyy = 1 —CCI) 7
Ac c

SQZ wygzo,wngzrq,a2:07b2:1_q.

(8)

We compare the truth-telling supervisor’s contract (here Sy) with the optimal
complete-information contract from Proposition 1 (again, ignoring the level
of effort). Similar to case (A), the only difference is the size of the bonus
(by as compared to b*) which has to be adjusted in the same way. Note that
Wye is structurally the same as under complete information: w,s = Aby as
compared to w; = Ab*.

Similar to case (A), there is some freedom in choosing the contract for the
other supervisor (S;) who reports independently of effort. Again, this con-
tract must provide the same rent as Sy’s contract, it can ignore A’s incentives,
and it must not be attractive for Sy. In addition, limited liability has to be
observed. The difference to case (A) is that, here, the rents for S; must be
provided directly through wage payments since S; does not participate in A’s
wages, i.e., either w,; or w,; must be equal to w,s = A¢/(1 — ¢) (while the
other wage must be lower, respectively, as dictated by case (B)).

Lemma 3. Consider case (C). For given positive requested effort, the set of
optimal contracts is characterized by

Wyl = Wp1 = Wpa = Abg,wys = 0,a1 = 0,a2 = by,

(0.55) pe(E)
(b1, by) = ( ) ifA> ( qq;

(n5)ee os]. wa= ()

So’s wages are similar to those of the complete information case. As a con-
sequence of incomplete information, S; will only choose the right contract if
one offers him the same income, wy; = wy,1 = Aby, while his wages would be
zero under complete information.

Since both types report effort truthfully, both contracts can be used to in-
centivize A. As it turns out, however, depending on the parameters A and ¢,

13



one of the types is generally more efficient in providing incentives and one
would set the other type’s bonus equal to zero, as we explain in the following.
Under incomplete information, each supervisor type must be prevented from
choosing the other type’s contract. This is complicated because offering type
i a rent (directly through wages or indirectly through A’s bonus) makes his
contract generally more attractive for type j. If, as a response, one makes j’s
contract more attractive as well, then it might also become more attractive
for type i, requiring a larger rent for ¢, and so on. This incentive structure
is illustrated by the fact that under the optimal contracts, as depends on by
and wy; depends on by (and all of those are payoff-relevant in equilibrium).
Now, if Sy is unlikely to occur (low ¢), then setting incentives using b; is not
effective, since 1) A only cares about the ezpected bonus gb;, which means
we need a large bonus since ¢ is small, and, 2) a larger b; requires a larger
ay which has to be paid with high probability (large 1 — ¢). Similarly, if S,
is unlikely (small 1 — ¢) then incentivizing A through b, is equally ineffective
due to a low expected bonus, (1 — ¢)by and the fact that wy; = by has to be
paid with high probability.

Therefore, generally, only one bonus will optimally be positive, while the
bonus is then equal to those paid in cases (A) and (B), with a similar expla-
nation, respectively.??

Lemma 4. Consider case (D). Since types are revealed to A and A knows
that Sy reports independently of effort, we have e = 0. For ey > 0, and for
arbitrarily small € > 0, the set of optimal contracts is characterized by

W
(g, “;g)), ecl0d, fr=1—gq
(0,b2) = 9 (0, €) FA>1—q>
(€,0) ifA<1l—gq
or, (10)

Wyl = Wp1 = W2 = W, Wy2 = 0,417 = 0,0 = ¢4,

<57@7_(€;g)>7 c€f0e, frA=1—gq

(0, az,b2) = 4 (0, €, —£) fA>1—gq-
(€,0,0) ifA<1—gq

2
22In the case \ = (%q) in (9) both types are equally effective in providing incentives.

Then it does not matter how a given amount of bonus is allocated among the two contracts,
as long as the expected bonus is equal to effort cost, gb; + (1 — ¢)b2 = ¢. Thus, (only) in
this case we can set the bonuses equal to those under complete information.
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The contracts in Lemma 4 might look complicated but, in fact, they are
easily explained. The positive parameter e (as well as € < ¢€) is arbitrarily
small. It is necessary in order to prevent S, from reporting truthfully, as
required in case (D). Essentially, ¢ makes Sy favor one of his two reports.
For € — 0, we get w = ay = by = 0 which is an intuitive result, as we explain
in the following.

Supposing € — 0, the contract for Sy is similar to the complete-information
result. That contract, with a; 4+ b; — ¢; = 0 does not provide any rents to Sy
and A.

For S, however, the contract is different from the complete-information case.
Recall that, under (D), S, reports independently of A’s effort and Ss’s type
is revealed to A, so we can only implement e = 0. Therefore, it is optimal
to avoid any rents for S, if possible. Since S;’s contract is not attractive for
So, we can indeed pay zero rents to Ss.

Lemma 5. Consider case (E). Since types are revealed to A and A knows
that S1 reports independently of effort, we have ey = 0. For es > 0, the set
of optimal contracts is characterized by

S1:t (wy = Acg,wnr € [0,A¢2) a1 > 0,01 = —a1, wn1 + A < Aea),
or,
(wy1 € [0, Ac2), w1 = Acg, a1 = 0,01 > 0,wy1 + Aby < Aep),

Sg L Wy = 0,’wn2 = /\CQ,CLQ = bg = Co.

(11)

Here, only S, reports effort truthfully and his contract is similar to the
complete-information case with the exception of a; = ¢y (as compared to
a* = 0).

This difference can be explained as follows. Due to incomplete information,
S; must be prevented from choosing Sy’s contract. Truthtelling by So, how-
ever, requires wy,s = Aby > 0 which is attractive for S;. Thus, S; must get
the same rent through his contract (equal to Aby = A¢y). But this rent is not
present in the complete-information contracts. Therefore, one cannot achieve
zero rents for Sy either since Sy can always choose S;’s contract and get that
rent. The optimal way of providing that rent for Sy is through ay > 0 (raising
by or wy, instead would both require larger wages for S; again and would,
thus, not solve the problem).

Lemma 5 shows that there is some freedom in choosing S;’s wages. This is
because e; = 0 and, thus, A can be ignored in that case. What matters is
that S; gets that rent, max{w,i,wy2} = Aco, observing limited liability and
choosing a; and by in a way that makes S;’s contract unattractive for S,.
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Lemma 6. Consider case (F). Supposing positive efforts, the set of optimal
contracts is characterized by

Sl D Wyl = Wy = )\CQ, a; = 0, b1 = (y, (12>

Syt Wy = 0, W2 = Ac, a9 = by = ca.
Case (F) is closer to the complete-information case than the previous cases
in the sense that A is informed about the type he is facing and each type re-
ports truthfully in equilibrium. In contrast to the complete-information case,
however, we have to ensure that each type self-selects into the right contract.
This constraint explains the deviations from the complete-information re-
sult: First, truth-telling by Sy requires that w,y = Agby > 0 (similar to
the complete-information result). This, however, is attractive for S; who
can achieve a positive utility by choosing Sy’s contract. In order to pre-
vent that, one has to give S; a rent through his own contract, by setting
Wy1 = Wp1 = Agby, too (ensuring truth-telling as well). Second, giving S,
a rent through positive wages implies that S;’s contract becomes more at-
tractive for Sy, as we explain in the following. Suppose ay = 0. Then, Sy’s
contract would be the same as the complete-information contract, implying
zero rents for So. However, by choosing S;’s contract, S; would obtain a
positive wage (and zero indirect utility since A’s utility is zero under S;’s
contract). Therefore, we have to give Sy a rent. What is the optimal way
of doing that? There are three options: raising be, wys or as. As it turns
out, the first two again require higher wages for S; while raising a; does not
change S;’s incentives.?®> Therefore, it is optimal to set as = by (resulting in
a rent of A\yby as required).

Note that so far, in Lemmas 1 to 6, we characterized the optimal contracts
for each case for given requested effort levels only. From now on, we compare
those contracts, taking into account that, for each case, the principal maxi-
mizes expected profits by choosing optimal effort levels. These optimal effort
levels are, of course, generally different between cases (A) to (F). Therefore,
all following statements about optimality refer to maximum profits under

optimal effort choice. Denoting P’s profits from the optimal contracts by
7 1B) ete., we find?*

Lemma 7.

1. The optimal contract in case (F) strictly dominates the contracts in
cases (D) and (E).

Z3Raising wys is directly attractive for S; while raising by requires a larger w2 in order
to achieve truth-telling by So. That, again, is attractive for Ss.
24Recall that we denote \ := \o.
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2. The optimal contract in case (C) is always exactly as profitable as the
most profitable contract among cases (A) and (B). In particular,

2
A . 1—

70 — o = max {7 7B} (13)
7B A < (%)

3. Depending on the model parameters, each of the cases (A), (B), (C)
and (F) can contain the globally optimal contract(s). In particular,

o (A) (resp. (C)) can be globally optimal if the neutral supervisor
occurs with sufficiently large probability.

e (B) (resp. (C)) contains the globally optimal contract if the altru-
istic supervisor occurs with sufficiently large probability.

e (F) contains the globally optimal contract when the mazimum prof-
its of (A) and (B) are sufficiently close to each other.*> Moreover,
it can be globally optimal if the neutral supervisor occurs with suf-
ficiently large probability.

In the following, we look at the statements of Lemma 7 in more detail.
Why does (F) outperform both (D) and (E)? In fact, 7(F) is even arbitrarily
close to 7(P)4+-1(F) 26 The point is that under (D) and (E), only one supervisor
type reports truthfully and A learns the type. Thus, whenever the other type
occurs, effort is zero. Nevertheless, P has to pay the other type a rent in order
to induce him to choose the right contract. But P does not get anything in
return from that type. Under (F), however, both types report truthfully
which means that effort is always positive and, since A learns the type, the
effort can be tailored to each type separately. Essentially, (F) can be seen a
combination of (D) and (E).

Under (A) and (B) only one type reports truthfully while A does not learn
the type. Thus, A will always exert positive effort, in order to earn the bonus
from the truth telling type. Since the other type reports independent of effort,
A is not incentivized through that other type, regardless of whether that type
reports m = y or m = n. However, since the truth telling type occurs only
with some probability (g, resp. 1 — ¢), the bonus must be sufficiently large
since A only cares for the expected bonus payment. Now, as shown in the
proof of Lemma 3, and contrary to the result for contracts (F) above, under

25In order to be precise, this is for parameters A and ¢ sufficiently close to A = (1—¢)?/¢>.
At this point, 70 = 7(B) = 7(¢)
26The difference is due to an arbitrarily small € > 0, see the proof of Lemma 7.
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Figure 1: Optimal contracts for f(e) = e, c(e) = e'® and \ = 2/3.

(C) the principal makes use of only one supervisor type in the sense that
P pays a positive bonus only for one of the two types, although both types
report truthfully. This is because, generally, one of the two types is less
efficient as a means of inducing effort (see the discussion after Lemma 3).
Thus, (C) is essentially only equivalent to the better one of (A) and (B): P
makes use of the more profitable one of the two truth telling supervisors.
Finally, what is the intuition for the globally optimal contracts? For contracts
(A) and (B) (and, thus, (C), see the discussion above) P sets incentives only
through one supervisor type. Her profit is "distorted” away from first-best
because of various rents, as discussed previously. The more likely the “right”
type becomes, the less rents are to be paid in expectation. In the limit
(¢ = 1 resp. ¢ — 0), these rents disappear, making (A), resp. (B) (and,
thus, (C)), first-best. Importantly, for ¢ — 1, (A) and (C) (resp. (B) and (C)
for ¢ — 0) approach the complete-information setting, since then the type is
“almost” commonly known. We have shown, however, that (F) outperforms
(A), (B) (and, thus, (C)) if none of the types is sufficiently likely. Intuitively,
(A), (B) and (C) are geared to one of the types, respectively, making these
contracts better if that type is likely, while (A) and (B) become arbitrarily
bad in the opposite case. (F), in contrast, sets incentives through both types.
Therefore, (F) is comparably better in an intermediate range where the other
contracts perform worst.

Figure 1 illustrates parts 2 and 3 of Lemma 7 for f(e) = e, c(e) = e
A =2/3. Tt also shows the first-best profit (FB).?"

In the following, we derive the main result. By Lemma 7, there is always
a globally optimal contract either in (C) or in (F), where both supervisor
types report effort truthfully. Moreover, whenever we are sufficiently close

10 and

2TThe figure look very similar for, e.g., f(e) = /e and c(e) = e2/2.

18



to standard (selfish) preferences, in the sense of a sufficiently large ¢, then
contract case (A) can become globally optimal. In that case, we find an
especially simple optimal contract:

By Lemma 1, the following contract is then optimal: wy,; = wy = wy1 =
Wpe = 0 and a3 = ay = 0, by = by = ¢/q. With these wages, S, is lenient and
always reports favorably. Obviously, this is a type-independent contract (i.e.
the menu of contracts can be replaced by a single contract) since neither P
nor A need to learn S’s type. This contract is close to the optimal contract
under unlimited liability (which is also type-independent, see Proposition 2).
The difference is that here we cannot have a negative base wage for A. Thus,
P cannot extract A’s rents, which lowers the optimal effort and therefore the
bonus. We summarize our main result:

Proposition 3.

1. There is always an optimal contract where both supervisor types are
induced to report truthfully, i.e., leniency is eliminated.

2. If the neutral supervisor type is sufficiently likely, it can be optimal not
to eliminate leniency. The corresponding contract can be simple: type-
independent, paying the supervisor a flat wage regardless of the agent’s

effort.

6 Discussion

Leniency In the present paper we modeled the “negative” view of le-
niency, i.e., leniency only weakens the link between the agent’s performance
and reward. Nevertheless, our main result is that optimal contracts do not
necessarily eliminate leniency. In particular, under incomplete information
and unlimited liability, leniency prevails under the unique optimal contract
(Proposition 2). There, the agent is uncertain about the supervisor’s type
and incentives are given through the neutral supervisor only. The agent
knows that only the neutral type reports truthfully, while A would get a
bonus even without effort whenever the supervisor happens to be altruistic.
Thus, sufficient effort incentives require that the expected bonus due to the
neutral type alone must cover the effort cost, which implies that the bonus
exceeds actual effort cost. But this is not detrimental to P’s profit since A’s
rents can be extracted through a negative base wage.

Under incomplete information and limited liability, leniency can always be
eliminated by offering a menu of incentive-compatible contracts. Essentially,

19



the supervisor types can always be separated because the altruistic type par-
ticipates in the agent’s utility and, thus, can be paid rents indirectly via the
agent’s wages while the neutral supervisor prefers a direct wage payment.?
Since those contracts might imply excessive rents, however, a different, and
much simpler kind of contracts can be optimal if the supervisor is neutral with
sufficiently large probability. There, similar to the unlimited liability case,
the lenient reporting of the altruistic type would essentially be accepted since
its elimination is too expensive. Then incentives are provided only through
the (very likely) neutral supervisor type (Proposition 3).

If A knows S’s type Suppose A is limitedly liable and knows S’s type
when he chooses effort. Then contracts (A), (B), and (C) are not feasible
because they require concealing the type. Then the unique optimal contract
is (F). Therefore, it is never in P’s interest that A knows S’s type although
it does not matter whenever (F) is globally optimal, anyway.

Practical Implications We have shown that, in principle, the cases (A),
(B), (C), and (F) can contain optimal contracts. While there is only one
feasible contract in (F'), there are many optimal wage combinations in the
other cases.

From a practical perspective, some contracts are simpler or seem to be more
realistic than others. In particular, we can use the following two criteria to
evaluate contracts. First, consider contracts with type-independent wages
(for S and A). There, P can offer a single contract rather than a menu of
contracts, uncertainty for A is reduced since A’s wages are independent of
S’s private information, and, neither P nor A need to infer S’s type. Second,
consider flat wages for S, that do not depend on how A is evaluated. These
wages are the simplest and seem to be the most prevalent in reality.?

The contract from part 2 of Proposition 3, contained in (A), fits both criteria
and it is the unique optimal contract in the model with standard preferences
where S is neutral for sure. We have seen that it can remain optimal if
the probability of this neutral type is sufficiently large. As indicated before,
however, the contract requires A not to learn S’s type. In practice, A may

28Note that separation of types, i.e., eliminating leniency, is always feasible with con-
tracts of type (F), also with arbitrarily many supervisor types. However, satisfying the
many incentive constraints leads to excessive rents such that the optimal required efforts
are (near) zero for many of the supervisor types. Thus, these contracts perform much
worse with more types unless some types have high probability.

29As mentioned before, “flat” here means that the supervisor’s wage is independent
of the content of his report. It does not rule out that the supervisor’s pay has other,
performance-related, components that refer to other tasks.
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learn this type in two ways, either from direct communication with S or from
observation of S’s behavior. Communication between S and A may not be
credible because the neutral type of supervisor is always indifferent between
communicating to be of the one or the other type. A possible way to prevent
A from learning the type from observation of S’s behavior is to introduce job
rotation to keep the interaction between agent and supervisor short.3°

The first criterion is also satisfied by (B) if we set a = 0, b = ¢/(1 — q),
w, = 0, and w, = A¢/(1 — ¢). This contract has w,, > w, and the neutral
supervisor always reports negatively. In practice, we might observe this if
supervisors are rewarded on the basis of cost savings. Contracts (C) and (F)
satisfy neither criterion. Yet, these contracts eliminate leniency and induce
supervisors to report effort truthfully. In this sense, given that either (C)
or (F) is optimal, Arrow Electronics’ various efforts to tackle the leniency
problem might be justified.

Collusion A full analysis of collusion is beyond the scope of this paper.
However, even without a detailed collusion model, we can evaluate the po-
tential gains from collusion under the optimal contracts. The most obvious
way of collusion is that the agent exerts zero effort, saving the effort cost,
and pays the supervisor a bribe in order to make him report favorably such
that the agent gets the bonus anyway.

At first glance, collusion should be more profitable in the presence of an
altruistic supervisor as compared to the model with standard (neutral) pref-
erences because any utility gain of the agent implies an additional indirect
gain for the supervisor.

However, the potential gains from collusion are actually lower than under
the assumption of standard preferences, for several reasons.?! First, by the
altruistic preferences, for any given bribe paid by the agent, the agent’s loss
is larger than the supervisor’s gain.?? Second, the optimal contracts imply
various rents to S or A which lead to efforts below the first-best level and
thus reduce the potential gains from collusion. Third, the optimal contracts
already take into account the supervisor’s tendency for favorable reports.
They induce the altruistic supervisor to tell the truth by punishing good
reports through lower wages. Thus, the altruistic supervisor’s only gain

30See e.g. Tirole (1986) and Prendergast and Topel (1993) for different motives of job
rotation in a principal-supervisor-agent relationship.

31A detailed analysis of the collusion problem under all optimal contracts is available
on request.

32 A bribe payment of ¢ to the supervisor reduces the agent’s utility by ¢. The bribe has
two effects on the supervisor. His utility increases directly by ¢ but it also decreases by At
through the agent’s utility loss. The supervisor’s net gain is (1 — A)t < t.
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from collusion may be the bribe, as in the setting with neutral supervisor.
Fourth, under the simple contract from part 2 of Proposition 3, the altruistic
supervisor is lenient anyway and thus the agent only wants to bribe the
neutral supervisor. But since he does not know which type he is facing, the
bribe is wasted with positive probability.

All in all, the potential rents that can be shared between the colluding parties
are lower than those under standard preferences. These gains have to be
weighed up against the cost of collusion, like, e.g., the risk of detection and
punishment.

7 Conclusion

We looked at the optimal design of contracts in a principal-supervisor-agent
relationship where the supervisor may be lenient because he cares for the
agent’s well-being. This corresponds to the “negative” view on leniency, i.e.,
that leniency weakens the link between pay and performance.

Nevertheless, the main insight is that, under incomplete information and
limited liability, it can be optimal to have a very simple contract that does
not eliminate leniency although this is feasible. In particular, this contract
pays the supervisor a flat fee, independent of his performance reports, and
does not reveal his type. Under this contract the supervisor who cares for
the agent is lenient. This kind of contract is always optimal under unlimited
liability.

We also show that there always exists an optimal contract that eliminates
leniency. This might be a justification for firms’ efforts to reduce leniency.

8 Appendix

Proof of Proposition 1. It is easily verified that the proposed contract satis-
fies (5). The principal’s profit simplifies to 7 = frp — cpp. H

Proof of Proposition 2. The proof is done in two steps. First, we show that
the proposed contract yields the first-best solution and is therefore optimal.
Second, we show that it is the only contract with this property. (1) If

w, = w, = 0, 5y reports A’s effort truthfully, while the other type reports
m = y. Thus, A chooses effort e, if

a+b—cle)>a+(1—q)b & bz%. (14)
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Thus, b* induces e = epg. S and A participate since their payoffs are zero. P
gets the first-best profit: 7 = frp — b* —a* = frp — crp. (2) P’s profit can
be written as m = f (e) — wg — w4, where wg and w, are the wage payments
to S and A. From S’s participation constraints it follows that wg > —AUy4.
Hence, P’s profit is not above f (e) +AUs —wa or f () +AUas— (Ua + c(e)).
As X < 1, first-best requires U4 = 0, i.e., A must not receive a rent. If the
contract is such that no supervisor type reports A’s effort truthfully, then
positive effort cannot be induced, i.e. A chooses e = 0. Moreover, a contract
can only be optimal if S accepts it and no type of supervisor receives a
positive rent. The latter requirement implies max {w,, w,} < 0. Otherwise,
S1 receives a strictly positive rent. As Uy = 0, the only contract satisfying
max {w,, w,} <0, inducing at least one type of S to report y truthfully and
ensuring participation of S has w, = w,, = 0. O

In order to save on space and notation, we prove Lemmas 1-6 in a combined
proof, avoiding the repetition of similar arguments and conditions. Along
the way, we also derive P’s profits for each case.

Proof of Lemmas 1 to 6. In all cases below we will see that the expected
bonus payment covers the expected effort cost. This, together with (6) takes
care of A’s and S’s participation constraints. In cases (D) and (E), A learns
S’s type. Whenever he faces a type who does not have incentives to report
truthfully, then the only implementable effort is zero. In all other cases, i.e.,
when A knows (or expects with positive probability) that S reports effort
truthfully, then strictly positive effort is feasible and optimal. Throughout
the proof we assume strictly positive requested effort (and thus strictly pos-
itive cost and output) unless indicated otherwise. At the end of the proof,
we show why this is optimal. Throughout the proof, we repeatedly refer to
"relevant “ wages and "optimal“ wages. The first term refers to those wage
components that are payoff-relevant on the equilibrium path. The second
term refers to wages that minimize the expected value of total relevant wages
in equilibrium (to S and A) for given effort. The proof proceeds by mini-
mizing the expected total relevant wages for each case observing all relevant
constraints. We explicitly give those constraints but the easy task of verifying
that the proposed wages satisfy the constraints is left to the reader. We also
characterize the set(s) of non-relevant wages that support the equilibrium
in each case. First, we state the set of conditions that have to be satisfied
by the optimal contract(s). Limited liability is defined by (6). Note that
negative bonuses, b; < 0, are generally feasible. S;’s incentive constraints for
truthful reporting of A’s effort, given that P demands that effort be at least
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e = é, are

Wi + )\1 (ai — G (é)) > Wy + )\Z(al + bl — G (é))

é (15)
Wy + Ni(a; +b; — ¢; (€)) > wn; + Ni(a; — ¢ (€)) e

Ve<e
Ve>e, (16)
which is equivalent to wy; + A\;b; = wy;. Thus, truthful reporting implies

Sl . wyl = Wn1 (17)
So i Wya + Aby = Wpo. (18)

Moreover, wages wy; + A;b; > wy; (resp. < w,;) induce S; to always report
m =y (resp. m = n) regardless of effort. In such a case, A will not exert
effort if he learns S’s type (as under contract cases (D), (E)). Under any
contract, S; (where S; is the other type) selects the right contract only if his
corresponding payoff, mg;, is at least as large as the payoff from imitating the
other type,

g > max {wy; + \i(a; +b; — ¢j), wnj + Ni(a; —¢j)}. (19)

For S; (where A\; = 0) we have g1 € {wy1, w,1} and thus, depending on the
relation of w,; and wy,, (19) simplifies to

Wyr = Wp1 = (19) 1 wy1 = wy1 > max {wye, Wpa}, (20)
Wy > wp1 = (19) 1wy > max {wy, wya}, (21)
Wyr < W1 = (19) 1wy > max {wys, wpa} (22)

Cases (A), (B), (C) Here, P conceals S’s type from A. Therefore, obviously,
the requested (and equilibrium) efforts are the same for both types, e; = e; =:
e > 0 (and ¢, f without subscript). Case (A) Here, only S; reports effort
truthfully, i.e., (17) holds while (18) does not. We divide (A) into subcases
(A1) where Sy always reports m = y, and (A2) where the report is always

m = n. Since only S;’s report depends on effort, A’s incentive constraints
for (A1) and (A2) are the same:

(A1) : gq(a1 +b1) + (1= q)(ag +b3) —c > qayr + (1 — q)(az + b2) <= by > ¢
T (23

(A2) s glar+ b))+ (1 —q@as—c>qa1 + (1 —qlas <= b > g

In addition to the above and (6), we have to satisfy constraints (17), (19),
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and (20), while (18) is violated. Collecting and simplifying, we get

c
by > -
q

Wy1 = Wn1

24)

25)
26)
7)
28)
29)
W2 + Aag > max{wy; + (a1 + b1), wp1 + Aag }. (30)

wy1 > max{wya, Wna}
(Al) D Wy2 + Abgy > wyo
(Al) : wa + )\(az + bg) Z max{wyl + )\(al + b1), Wn1 + )\(Il}
(AQ) D Wy2 + )\bg < Wp2
(A2) :
(A1) By (24), by > 0. Together with (25), the RHS of (28) evaluates to
wy1 + Aay + by). By (26), w1 — wye > 0. Thus, (28) implies
Wy1 — Wy < )\(CLQ + by — (Ch + bl)) (31)
= G2+b22a1+bl. (32)

A~~~ /N /S —/ —~
(]

The relevant wages are a;, b;, wy,;, while w,; are not relevant, i € {1,2}.
We minimize total relevant wages. First, (24) holds with equality, b, = z.
Second, the cheapest way to satisfy (32) is with a; = 0 (limited liability)
and as + by = 5. Third, the cost-minimizing payoff-relevant supervisor wages
are wy; = wyz = 0. This requires w,; = w,2 = 0, by (25) and (26). In
equilibrium, only the sum as + by is relevant. Thus, there is a degree of
freedom in choosing ay and by as long as by > 0 (in order to satisfy (27)). It

follows that P’s maximum profit is
c
7T(A1) = f — q(a1 + bl + U)y1> — (1 — q)(az + b2 + wyz) = f — 6 (33)
(A2) By (24), by > 0. Together with (25), the RHS of (30) evaluates to
wy1 + Aay + by). By (26), w1 — wype > 0. Thus, (30) implies
Wy1 — Wp2 < A(ag — (ag + b)) (34)
= a9 > ap + by. (35)

The relevant wages are ap, as, by, wy1, and wyy, while by, wy1, and wy, are
not. First, (24) holds with equality, b = 5. Second, the cheapest way to
satisfy (35) is with a; = 0 and ay = £. Third, the cheapest relevant S-wages
are wy; = wy2 = 0. By (25) and (26), this requires w,; = wys = 0. By (29),
we must set by < 0 and, by (6), as + by > 0. Since by is not relevant, we get
by € [—as,0) = [—¢/q,0). Then P’s profit is the same as under (Al):

742 = f q(ar + b1 +wyr) — (1= g)(az + wp2) = f — g (36)
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Summarizing (A1) and (A2), we can express as and by in a more concise way,
as > 0, as + bg > O, bg 7’é 0, as + maX{O, bg} = E, (37)
q

where the first two conditions ensure limited liability, the third prevents truth
telling by S2 while the last one summarizes the fact that A’s total rents must
be equal to ¢/q. Since (33)=(36), we denote

T = f - g (38)

Case (B) Here, only Sy reports effort truthfully, i.e., (18) holds, while we
have either subcase (B1), where (21) holds, or subcase (B2) where (22) is
satisfied. Positive effort requires by > 0 since S;’s report is independent of
effort. Similar to (23) we get by > ¢/(1 — q). Collecting and simplifying all
relevant constraints, we need to satisfy

c
by > @ (39)
Wy2 + Aby = Wpo (40)
Wy + Aag + by) > max{wy; + (a1 + b1), wn1 + Aay } (41)
(B1) : wy > W (42)
(B1) : wy > max{wys, s} (43)
(B2) : wy < wpy (44)
(45)

(B2) : wyp1 > max{wys, Wna}

(B1) The relevant wages are a;, b;, wy;, while w,,; are not relevant, i € {1, 2}.
Choose by and wyy as low as possible, i.e., by = ¢/(1 — ¢), by (39), and
wy, = 0. By (40) this leads to w,s = Ac¢/(1 — ¢). By (43), it follows
that w,; = Ac/(1 —¢). By (42) and (6), w,1 € [0, ¢/(1 —¢q)). For the
remaining relevant wages, it is feasible to have the minimum values ay = 0
and a; + by = 0. Note that only the sum a; + b; but not its composition is
payoff-relevant. Inserting the above into (41), we get

A A
I——Cq Zmax{chq,wnqu/\al}. (46)
Since w,; is not relevant and a; only matters indirectly, as part of the sum
ay + by, there is some degree of freedom as long as the value of the RHS is not
affected. Precisely, we need w1 + Aa; < A¢/(1 — q), where a; > 0, by = —ay,
and wy; € [0, A¢/(1 — q)), by (42). P’s maximum profit is

B — f— q(a1 + by + wyl) — (1 - q)(ag + by + wy2)
q (47)
= f — C (1 + 1—/\> .



(B2) Here, the relevant wages are ay, as, by, Wy, and wy,, while by, w,; and
wye are not relevant. By (39), by = ¢/(1 — ¢). We set w,o = 0 and, by (40),
Wpe = Ac/(1 —¢q). By (45), we cannot pay less than w,; = A¢/(1 — ¢q). For
wy1, which is not relevant, we get, by (44), w,1 € [0, ¢/(1 —¢q)). For the
remaining relevant wages, we claim that a; = ay = 0 is feasible. Inserting
the above into (41), we get

AC
I—gq

A
Z max {wyl + )\bl, 1 _Cq} s (48)

which is satisfied, provided that w,; and b; (which are not relevant) are set
such that they don’t increase the RHS of (48), i.e., wy; + Aoy < A¢/(1 —
q). Together with by > 0 (by limited liability and a; = 0) and w,; €
[0, A¢/(1 — q)) (see above), we have determined all wages. P’s profit becomes

mBY = J—qlar +wn1) — (1 = q)(ag + by + wys)

:f_c(1+1LA). (49)

—q
Since (47)=(49), we denote

B = f_¢ (1 + %qA) : (50)
Case (C) Here, S; and Sj report effort truthfully, i.e., (17) and (18) hold.

A doesn’t learn the supervisor’s type and thus exerts positive effort if

qlar +b1) + (1 = g)(az + b2) — ¢ 2 qar + (1 — q)az (51)
= gb1+ (1 —q)by > ¢, (52)

By limited liability, (6), a negative bonus, b; < 0, is feasible as long as
a; + b; > 0. For the moment, suppose that b; > 0. We derive the optimal
contract(s) for that case and afterwards prove that b; < 0 is never optimal.
Inserting (18) into the RHS of inequality (20), we get

Wy Z Wy2 + )\bQ (53)
Under (C), (19) simplifies to
Wy + A(az + by) > max{wy, + (a1 + b1), wn1 + Aay }. (54)

By (17) and b; > 0, the RHS of (54) is equal to wy; + A(ay + by). After
replacing w,; by the RHS of (53) and simplifying, we get

(05} Z ay + bl. (55)
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First, a; and ay are relevant. From (55) we get a; = 0 (limited liability) and
as = by. Second, (52) is binding. Third, w,; and wy, are relevant. From (53)
and b; > 0 we get wyo = 0 and wy; = Aby. By (17) and (18), it follows that
Wp1 = Wpa = Aby. Thus, P’s expected profit is, for b; > 0,

7 = f—qlay + b1 + wy1) — (1= q)(az + bz + wye)
= f—q(by+ Aby) — (1 —q) (by + by)
=f=bi—b(l —q+q)). (56)
P’s maximization problem becomes
max f(e) — by — by(1 — g+ q)) (57)

b1,b2,e
st.gby+ (1 —q)ba=c(e). (58)

By (58), P can achieve a certain fixed increase in effort by increasing either
by by k units or by by % units. By (57), the corresponding cost of this

additional effort are either k or (1 — ¢ + g\) lq—fq, respectively. Hence, if k£ >

2
(1—q+qN) qukq, or, equivalently, if A < <%q> , P sets by = 0 and by, =
¢/(1 — q) and expected profit becomes

7 =f—c <1 + %_q)\) : (59)

2
Similarly, if A\ > <%) , bo = 0 and b; = ¢/q are optimal and

H@:f—g (60)

2
Finally, if A = (%) , both, b; and by are equally effective (and costly).

In that case, (59) and (60) are equal and there is a degree of freedom in
setting by and be, i.e., they may both be strictly positive (as long as (58)
holds). Now we rule out the optimality of negative bonuses, b; < 0. Consider
the set of optimal wages derived above where b; = 0. Now suppose b; is
reduced by any amount ¢ > 0 to by = —t. Then, by (52), by increases,
by > tq/(1—q)+c/(1—q). By (6), the negative b; must be compensated by
a; > t. By (18), wy, increases and, thus, by (20), w,; and w,; increase as
well. As before, we need w2, wy1, wp1 > Abg but by is larger now. Consider
(54). Since wy; = w1 and a; > ¢ now, the RHS of (54) has increased (as
compared to the case b; > 0). Thus, the LHS must also increase. This would
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be achieved by setting as > t, since raising wys or by would again increase
W2, Wy and wyi. Applying the cost minimization argument, we get an
expected profit of

q ¢’
g©bi<0 _ £ _ (1 + 1Tq>\) —t (1 + /\) , (61)

l—q
which is less than (59). By the previous analysis, P can get the maximum
of (59) and (60) with b; > 0. Thus, b < 0 is never desirable. A similar
argument can be made for by < 0. Consider the set of optimal wages derived
above where by = 0. Now suppose b, is reduced by some amount ¢ > 0 to
by = —t. We get by = ¢/q+t(1 — ¢)/q. Then a; = 0 and, by (18), w2 = 0
and wys = At. It follows that w,; = w,; = At. Inserting into (54), we get

1— t
At + Mag — t) zAt+A<f+t—q> e e > 2L (62)
q q q
Note that, for any given ¢, in order to satisfy (62), raising wy, on the LHS
of (54) does not help: it would in turn increase w,; and thus the RHS. Thus

we need as = (¢ +1)/q. We get a profit of

1 —
p@ba<o — ¢ C 4 ()\ + —q> : (63)
q q

which is less than (64), and thus never desirable (see the argument above).
Summarizing the above, we get

) _ 2
H0) _ ;CO*%) i:gi} (64)
q - q

Cases (D), (E), (F) Here, P reveals the type report to A before A chooses
effort. Then A chooses type-dependent efforts, e; and e;. Case (D) Here,
only S; tells the truth, i.e., (17) holds while (18) does not. We divide the
case into (D1) where Sy always reports m = y, and (D2) where he reports
m = n. Since Sy reports independent of effort, A chooses e; = 0 (and thus
¢ = fo = 0). Therefore, A’s incentive constraint is a; + by — ¢; > a4, or,
by > ¢1. Collecting (and simplifying) all incentive constraints (see (17), (19),
and (20)), we need to satisfy (6) and

b1 > 1 (65)
wyl = Wn1 ( )
wy1 > max{wys, Wpa} (67)
) D Wy2 + Abg > wpo (68)
D1) : wy2 + Aag + ba) > max {wy1 + (a1 + b1 —¢1), wn1 + Aar — 1)} (69)
):wy2+)\b2<wn2 ( )
)t wp2 + Aag > max {wy1 + A(a1 + by — ¢1), wn1 + Aar —c1)}. (71)
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(D1) By (65) and (66), the RHS of (69) simplifies to wy; + A(a; + by — ¢1).
Since wy; > wy2, by (67), and A > 0, inequality (69) gives us

Wy1 — Wy2 < /\(CLQ + b2 — (CLl + bl — Cl)) (72)
= as+by >a; + b — . (73)

The relevant wages are a;, b;, and wy; (i € {1,2}), while w,,; are not relevant.
We cannot pay less than b; = ¢; and a; = 0. Then (73) would be satisfied
for any ag + by > 0 (which must hold by (6)). Now consider (68). Suppose
we want to achieve a difference of some ¢ > 0 between the LHS and the RHS
of (68) and do so in a cost-minimizing way. On the LHS of (68), both ws
and by are relevant. Thus, we set the RHS (which is not relevant) as low
as possible, w,2 = 0. Although w,s and by need to be as small as possible,
in order to satisfy (68) we must set one of them (or both) strictly positive.
Raising the LHS of (68) to € > 0 requires by = €/ and costs (1 — ¢)e/A in
expectation while wys = € leads to wy; = w,; = € (by (67) and (66)) and
costs ge + (1 — g)e = €. Thus, if A > 1 — ¢, a positive by is cheaper and we
set by = €/, wyo = wy = Wy = 0 while if A < 1 — ¢, we set by = 0 and
Wy2 = Wy = Wy = €. Finally, suppose A = 1 —¢. Then it is optimal to have
Wyy = Wy = Wy = € < € and by = (e — €)/A. Finally, a; = 0. Note that
by < 0 does not make sense since, by (6), this must be offset with as > 0
while, by (68) and (67), it requires even higher wy, and w,;. The principal’s
expected profit becomes

mPY = q(fi — a1 — by — wy) + (1 — q)(—az — by — wyp)

Jalfi—c) —e€ ifA<1—gq (74)
B q(fl—cl)—%e ifA>1—¢q

(D2) By (65) and (66), the RHS of (71) simplifies to w,; + A(a; + b1 — ¢1).
Since wy; > Wy, by (67), and A > 0, inequality (71) gives us

Wy — Wna < A(ag — (a1 + b1 — ¢1)) (75)
= ay > a;+ b —c. (76)

The relevant wages are ay, by, wy1, az, and wya, while w1, by, and w,, are not
relevant. We cannot pay less than a; = 0 and b; = ¢;. Consider (70) and for
the moment suppose that we want to achieve a difference of € > 0 between
the RHS and LHS of (70). The wages on the LHS of (70) are not relevant,
but the RHS is, thus, wys = 0. The only way to make the LHS negative is
with by < 0, i.e., by = —e/A. However, by (6), this requires at least ay = €/
which is relevant and costs (1 —¢)e/\ in expectation. The only alternative is
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wpe = €. This, however, is relevant and, by (67), it requires w,; = € which is
also relevant, and, by (66), w,; = € which is not relevant. The total cost of
this is ge+ (1 —g)e = €. Thus, if A < (1—¢q), we set w2 = w1 = w,1 = € and
as = by = 0 while if A > (1 — ¢) we set w2 = w1 = wyy =0 and by = —€/A
and as = €/A. Finally, if A = (1 — ¢), we get wpe = wy = wy; = € < €,
by = —(e — €)/X and ay = (e — €)/A. P’s expected profit becomes

P2 = q(fi —a1 — by —wyp) + (1 — q)(—as — wy2)
q(fi —c1) —€ ifA<1-—gq (77)
Q(fl—Cl)—l—;qﬁ 1f)\>1—q,

which is equal to 7PV, Thus, we denote

(D) _ q(f1 — 1) 61_ ?f A<1l—gq (78)
Q(fl—Cl)—Tqé 1f)\>1—q
Case (E) Only S, reports effort truthfully, i.e., (18) holds while (17) does
not. We divide (E) into (E1) where S; always reports m = y and (E2) where
m = n. Since S; reports independent of A’s effort, A chooses e; = 0 (and,
thus, ¢; = fi = 0) while A’s incentive constraint for es is ag+bs — ¢y > ay, or,
by > cy. Collecting (and simplifying) all relevant constraints (see (6), (18),
(19), (21) for (E1), and (22) for (E2)), we need to satisfy

by > co (79)
Wy2 + Aby = Wp2 (80)
Wy + A(ag 4 by — ¢2) > max {wy1 + A(ay + b1), wn1 + Ay} (81)
(E1) : wy1 > wpa (82)
(E1) : wy1 > max{wys2, Wna} (83)
(E2) : wy1 < wm (84)
(E2) : wp1 > max{wys, Wya}. (85)

(E1) The relevant wages are a;, b;, wy;, for i € {1,2}, while w,; are not
relevant. Set by to its minimum value, by = ¢3, see (79). We cannot pay less
than wy, = 0. It follows, by (80), that w,2 = Aca. By (83), we get wy; = Acs.
Inserting these values in (81), we get

Aag > max {Acy + A(ay + by), wu1 + Aag}. (86)

The LHS of (81) is So’s equilibrium payoff, so every component is relevant.
By the above and (6), the RHS of (86) cannot be less than Ac,. It is feasible
to have both sides equal to Acy: Consider the LHS of (81). Raising w,, or
by is not an option: both increase w2, by (80), and therefore w,, by (83),
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which would increase the RHS of (86) to a value above Aco. Thus, we set
as = ¢y which makes the LHS of (86) equal to Acy. Then, in order to keep
the RHS equal to Acy, we need ay + b; = 0 and w,,; + Aa; < Acy. There is
some degree of freedom in setting the remaining wages, as long as we observe
these two conditions, as well as (6) and (82). Thus, we get a; > 0, by = —ay,
and wy1 € [0, Acy). The principal’s profit is therefore

T = g(—ar — by — wyr) + (1 — q)(fa — az — by — wyp)

(19— ) — all — g+ o). 57

(E2) The relevant wages are ai, Wy, ag, be, and wys, while by, w1, and wys
are not relevant. Set by to its minimum value, by = ¢o, see (79). We cannot
pay less than wy, = 0. It follows, by (80), that w,2 = Ac. By (85), we get
Wy1 = Aco. Inserting these values in (81), we get

Aag > max {wy + A(ar + b1), Aca + Aaq }. (88)

The LHS of (81) is Sy’s equilibrium payoff, so every component is relevant.
Look at the second term on the RHS of (88). Since a; > 0, the RHS cannot be
less than Acy. Therefore, on the LHS, we cannot have as < ¢y. It is, however,
feasible (and, thus, cost-minimizing) to have as = ¢3. This obviously requires
a; = 0 and wy; + Aby < Acg, while wy; € [0, Acz) and by > 0 in order to
satisfy (84) and (6), respectively. Recall that w,; and b, are not relevant.
The principal’s profit is equal to 7(ED:

(B2 = q(—a1 - wnl) + (1 - Q)(f2 —ay — by — wa) (89)
=1 =q)(fa—c2) —ca(l =g+ qH).
Thus, we denote
) = (1= g)(fs — &2) — ea(l — g+ g). (90)

Case (F) Here, both S-types report truthfully, see (17) and (18). Since A
learns S’s type, his incentive constraints are a; + b; — ¢; > a;, or, b; > ¢;
for i € {1,2}. A chooses positive but (potentially) different efforts, e, es.
Collecting (and simplifying) all relevant constraints (see (6), (17), (18), (19),
and (20)), we need to satisfy

b1 > c1,b2 > co (91)
Wyl = Wn1 (92)
wy1 > max{wyz, Wna } (93)
Wy2 + Aba = wpa (94)
wy2 + Alag + b — ¢2) > max {wy1 + A(ar + b1 — 1), w1 + A(a1 — 1)} (95)
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The relevant wages are a;, b;, w,,; for i € {1,2}, while w,; are not relevant.
By (91), the minimum bonuses are b; = ¢; and by = ¢o. This and (92) imply
that the RHS of (95) is equal to wy; + A(a; + b1 — ¢1). Set wy = wy2 + Aby
since combining (93) and (94) implies that it cannot be lower than that.
Then (95) delivers

as — Co > aj; + by — ;. (96)

By b = ¢; and (6), the RHS of (96) is nonnegative, which implies that we
cannot have less than ay; = c;. We set the remaining wages equal to their
minimum feasible values: wy, = 0, then, by (94), w,s = Aca. As shown
above, w,; = wy2 + Aby = Ac, and, by (92), w,1 = Ace. Finally, a; = 0. P’s
profit becomes

) = q(fi — a1 — by —wy1) + (1 — q)(f2 — a2 — by — wya)
=q(fi—ca)+ (1 —=q)(fa—c2) —c(l —q+qA). (97)

Collecting results, we find that in all cases P’s expected profits, 747
are weighted sums of output and effort cost (with constant weights). Thus,
by our model assumptions we can confirm that the optimal requested efforts
are positive. An exception is 7(P): Here, a small amount is subtracted that
is independent of ¢ and f. Although the optimal (smallest) amount e does
not exist, it can always be chosen such that positive effort strictly dominates
zero effort. O

Proof of Lemma 7. In the proof of Lemmas 1 to 6 we derived the maximum
profits in cases (A) to (F) (denoted by 7 to 7f), respectively) for given
efforts. 1. A comparison of (97) with (90) and (78) shows that, for the same
effort level, 7) > 7(P) 4 7(E): The first term of #(F) is larger than 7(?)
and the two remaining terms in 7) are equal to 7(F). Since ¢ € (0, 1), the
assertion already holds if one inserts the optimal efforts of (D) and (E) in

7(F). Thus, contracts as in (D) and (E) are strictly dominated by (F). 2. The
first equality in (13) obviously holds, by inspection of (38), (50) and (64).
It is straightforward to show that, for any positive effort e, 7(4) ; 7(B) iff

A Z (1—¢)?/q?, which gives us the second equality in (13). 3. By inspection
of (38), (50), (64) and (97), it is obvious that by raising ¢, (A) (and thus (C))
monotonically approaches the first-best solution (i.e. the profit function f—c)
while (B) becomes arbitrarily bad. (F) approaches the first-best solution as
well since P finds it optimal to set e; = 0 (implying c; = fo = 0) if ¢
approaches 1. If; instead, one lowers ¢, then it is, again, obvious that (B)
(and thus (C)) monotonically approaches the first-best solution, while now
(A) becomes arbitrarily bad. In contrast to the preceding argument, (F)
is outperformed by (B) and (C) as soon as ¢ is sufficiently small (since 7"
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approaches fo—2cs if ¢ tends to zero). In order to see that (F) is optimal if the
maximum profits of (A) and (B) are sufficiently close to each other, consider
the following argument. Suppose A = (1—¢q)?/¢?. This is the case where (A),
(B) and (C) perform worst, i.e., 7 = 7(8) = 7(©) = f — ¢/q. Denote the
optimal effort for these contracts by e*P¢ and in 75, set e = ey = eABC.
Then 75 see (97), simplifies to f — ¢/q as well. However, neither e; nor
ez have been chosen optimally for (F). In fact, it is obvious from (97) that
they are generally different from each other. Thus, the optimal contract for
(F) outperforms (A), (B), and (C). The following example illustrates this
result. It also shows that (A) can be globally optimally if ¢ is sufficiently
large. Suppose f(e) = e and c(e) = e!°. Figure 1 plots the maximum profits
for (A), (B), (C) and (F). It is drawn for A = 2/3 and it also shows the
first-best profit (FB). The figure looks very similar for, e.g., f(e) = /e and
c(e) = e*/2. O
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