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Abstract

A principal can observe both the output and input of an agent whoshatla job
involving multiple tasks. We provide a simple theory that explains why it may be optima
for the principal to use only output-based incentive contract, even ththegprincipal
can monitor the agent’s actions perfectly in all but one task and knowslexeatich
action is optimal for each task. (JEL: D82, M5, J33)

Keywords: Incentive Theory, Output-based Pay, Monitoring, Perémce Measure.



A main issue in the design of incentive contracts conceresctibice of performance
measures. In practice, the job of a worker typically invelgeveral different aspects or tasks
that all contribute to a final outcome valued by the pringifdten both the final outcome
and the agent’s actions in some tasks are observable toitteggad. Thus a basic choice the
principal faces when designing incentive contracts is fmaieto reward the agent for output
or for effort. In this paper we show that it can be optimal floe principal to incentivize an
agent using only output-based performance pay even if iheipal can monitor some of the
agent’s actions perfectly and knows exactly which actioopsmal for each task, as long as
there is one action of the agent she can not observe.

Specifically, we address the following incentive problemprncipal hires an agent for
a job that involves multiple tasks. The agent faces limitedility or is wealth constrained,
so to motivate effort the principal either has to pay the adgpemuses for good outcome or
must monitor the agent’s actions. The principal can cosifemonitor and induce the agent
to take the desired actions in a subset of the tasks. In addithere are verifiable noisy
measures of outputs, which may be task specific or at the gagréevel. Then unless the
principal can observe all actions of the agent she is beffarsing only the noisy output
measures rather than combining input measures for the aneditasks and output measures
for the unmonitored tasks. Hence the principal’s optimidtsgy for input monitoring isll
or nothing: if you can’t monitor everything, monitor nothing.*

What drives this result is an information synergy from usioipt output-based perfor-
mance measures in designing incentive contracts. Spdigifibg rewarding good perfor-
mance on multiple tasks, a single bonus can be used to smaolizly motivate efforts in all
tasks. This efficient use of reward saves the rent the pahbigs to pay the agent compared
with contracting on individual tasks separately. The beémefarger when more tasks are in-
cluded in the output-based contract, so much so that theipals overall cost is lower if the
monitored tasks are also included in theput-based contract even though the principal does
not have to pay any rent by monitoring the agent’s action$iosd tasks. This result therefore
provides a simple explanation for the use of output-baseehitive contracts.

The choice between input or output based performance mesakas been studied before.
We want to stress that the reason offered in this paper i fsh@utput-based measures is not

1Throughout the paper, byonitoring a task we mean the monitoring adtions in that task.



dependent on private information and self-selection, dasons emphasized by most other
authors. For instance, Geor@aker (1992 argues that often the measured outcomes are
only partially related to the principal’s latent objectiaad the agent may be asymmetrically
informed about the effects of his actions; as a result thecpgral may choose to leave the deci-
sions to the agent and incentivize him with an output-basetract. Edward R.azear(2000
points out that output-based pay may be superior to hourfyeviar the purpose of selecting
workers with higher abilities in a heterogeneous workfoCanicePrendergag2002 shows
that when the environment is more uncertain, a principal e little idea what the right
kinds of actions are and hence is more likely to delegateorespility to workers but, to con-
strain their discretion, base compensation on observagalbuMichaelRaith (2005 argues
that the principal may want to use both input and output perémce measures in order to
encourage the agent to properly utilize his specific knogdeabout the consequences of his
actions.

All these studies suppose that the agent has some privatenafion about the effects
of his actions on the principal’s objective; contractingautput therefore is a way to elicit
the agent’s information. These are no doubt important facio consider when designing
incentive contract$. The present paper however shows that there may be anotiterbgsic
reason for output-based pay due to the informational gam fusing joint output measures in
incentive contracts when the job involves multiple tasks tre agent faces limited liability.
In the present model the agent has no pre-contractual ericédrmation and the principal
knows perfectly which actions are optimal, so self selecgays no role in contract design.

Linking the agent’s pay to his overall performances acraskd is related to an idea in the
repeated game literature, first pointed out by Dilip AbreaylfMilgrom and David G. Pearce
(1991). They show that incentives in repeated partnerships maydaded more efficiently
by pooling imperfect information and by “reusing” a singlenishment for bad performances
across multiple periods; their idea has also been appliszbated agency models of William
Fuchs 2007 and Jonathan Levir2003. The difference is that here a bonus is used to reward
good performances across tasks and direct monitoring @fglet’s actions is studied. Section
I.B discusses further the different implications of rewards pmnishments.

2Fahad Khalil and Jacques Lawarré995 consider the problem from a different angle; assuming that
either input or output but not both can be monitored at theestamme, they show that the choice of performance
measures may depend on who the residual claimant is.



In their seminal study of multitask principal-agent probk Bengt Holmstrom and Mil-
grom (1997) introduce the effort substitution problem. Holmstrém amitgrom obtain many
insights but an important finding is that if the performana=asure on some task becomes less
informative then the principal may want to make the ageraiglpss sensitive to performance
measures opther tasks. This is to prevent the agent from allocating too mufdrtan the
well-measured tasks, which may be detrimental to the aici

The question addressed in this paper is different from thaiolmstrém and Milgrom
(199). In the current model efforts are task specific so there isffuot substitution problem.
More importantly, we do not compare precisions of perforoeameasures across different
tasks but rather compare different measures, based ormr eititygut or input, on thesame
tasks. In the present model, two performance measures aitatdg for some tasks and the
principal optimally chooses tHess informative one?

Glenn MacDonald and Leslie M. Mar2Q01) study a multitask principal-agent problem
in which efforts in different tasks are substitutes for tlgert but are complements for the
principal; the optimal contract in their model also invave large bonus paid when perfor-
mances are good on multiple tasks. But different from thegmrepaper, MacDonald and
Marx assume that the agent has private information aboueffost costs across tasks and
only output measures are available, so they do not examéeftéct of direct monitoring of
the agents’ actions by the principal.

The present analysis is also related to efficiency wage yh@arl Shapiro and Joseph
Stiglitz, 1984, which has the implication that bonus and monitoring atesstutable means
for implementing a given effort level (Erica Groshen andkrueger,1990. In contrast,
the present paper considers a multitask environment angisstiat a bonus is superior even
if monitoring is perfect for all but one task.

3The result therefore offers an example to which the infoiveatss criterion oHolmstrém(1979 does not
apply.



| The Main Result

A The Model

A principal hires an agent for a job that involves- 1 tasks. All the tasks are symmetfi¢or
each task = 1,...,n, the agent has two effort levells= {0, 1}, which for instance represent
shirk andwork respectively. Shirking costs the agent nothing, while working casts 0. A
finite set of at least two verifiable output signafs,may be observed for each task. The tasks
are independent: effort in one task does not affect perfooesin the other tasks. For each
taski, given effort choiceg € E, let p(y|e) be the probability that output signgle Y will
occur. Assume(y|e) € (0,1) for ally € Y and allg € E. Assume also that there is a signal
ze€ Y such that
p(Z1) _ py1)
p(z0) = p(y|0)’
Namely, the likelihood ratigp(y|1)/p(y|0) is maximized at signay = z. This assumption
is satisfied generical. For convenience, lep = p(z]1) andq = p(z|0). It follows that
O<g<p<l

The agent maximizes expected utility and has a Bernouliityfiinction u(w,e) = w —

(1) VyeY withy#z

c>,&, wherew is the wage payment received from the principal and (ey,...,en) is the
vector of effort levels in all tasks. There is a minimum wabattthe agent must be paid
for taking the job; this is also the agent’s reservation wagée normalize it to zero. This
minimum wage may be due to limited liability or a wealth caastt of the agent or is the
result of some pre-existing contractual obligatidns.

The principal can costlessly observe the agent’s effortogsoin some tasks but can not
prove them to a court, because effort choices are technich$abjective and hence nonver-
ifiable. Monitoring however does allow the principal to canpate the agent according to

“We discuss asymmetry below.
Sltis useful to think of 0 as the effort level the agent wouldobke due to intrinsic motivations.
6In fact, we make this assumption purely for expositionappses. Clearly, there always exists sanseich

that Eq. () holds with weak inequality, which is sufficient for our aysik. Alternatively, if several signals
71, ...,Zm maximize the likelihood ratio, we may treat them colledijvas one “signal’z and the analysis then

goes through without change.
"We stress that the results in the present paper refercantive pay not the full wage. Many workers are

only paid fixed wages, based on among other things workingshemd experience.



effort level: payingc for 6 = 1 and zero fog = 0. We assume that the principal will follow
through on such promises for reputation reasbigus the principal can implement effort
level 1 on a monitored task without paying the agent any Yent.

In addition, the principal can always write enforceablesimive contracts based on verifi-
able output measures. The principal’s objective is to mh&agent choose effort level 1 in all
tasks, either through monitoring or using some incentivereat based on output measutés.

B Optimal Output-Based Incentive Contract

We first analyze the principal’s optimal output-based itiencontract. Lety" be then-fold
Cartesian product of and denote by = (y1,...,yn) € Y" a vector of output signals in ati
tasks. For each given vector of effort levels- (ey, ....&,), let P(6le) = [, p(yi|&) be the
probability that output vecto® will occur.

In an output-based incentive contract, the principal relwdine agent according to a wage
planw(6) > 0,v8 € Y". The principal’s objective is to choose a wage plan that mirés ex-
pected wage payments while motivating the agent to chodse kfvel 1 in all tasks. Denote
by H = (1,...,1) the effort vector that the principal would like to implemefitormally, the
principal’s problem is defined by the following program.

Program P:

max — P(6|H)w(6
max — 3 P(BIH)w(e)

s.t.w(6) >0, for all 6 € Y" and
2 %P(B!H)w(@)—ncz ZP(Q\e)W(G)—C_ia, Vee E"

Notice that the agent has many ways to shirk. The incentimstcaint @) says choosing
effort level 1 in all tasks is better than any particular waglurking. The analysis of Program

8Failure of such reputation mechanisms can only make mangidess useful and hence strengthen the result
of this paper.

9Nonverifiability of monitoring however rules out incentigentracts that link effort choice in tagko an
output-based contract for tagkThis is because the agent can shirk in talsit still demand the principal to pay

according to the contract fgr The court can not verify that the agent did not perform itk fas
101 the principal would rather let the agent shirk on some satsien the analysis applies to the rest of the

tasks.



(P) is much simplified by relaxing this complicated incentivenstaint. Specifically, we
consider the following relaxed program in which only a parar shirking strategy of the
agent is allowed: shirking in alh tasks. The idea will be that shirking in all tasks gives
the agent the maximum benefit from shirking, so if the optimage plan can deter such a
deviation then it will deter any other deviation by the agdrgt L = (0, ...,0) be the vector
of minimum effort levels. Then in the relaxed program, welaep the agent’s incentive
constraint ) with the following:

(3) %P(9|H)W(9) —nc> ZP(6|L)W(9).

Lemma 1. The solution to the relaxed programis the following:

e oifg =6
@ wey=3 7T
0 : if6#6"

where 68* = (z,....,2).

Therefore the optimal incentive contract is to reward thena@ positive bonus only when
output is equal ta in all tasks. The reason for this particular form of bonustcaxt is
as follows. Notice that output vect@* = (z,...,z) is most informative for detecting the
deviation fromH to L in terms of likelihood ratio testP(6|H)/P(6|L) attains its maximum
value atd = 0*. Since payoffs are linear in wages, rewardéigs most cost-effective for the
principal.

Given bonus contractd}, will the agent find deviations other thdnprofitable? The
answer, as shown in the following proposition, is negatitence, the solution to the relaxed
program in fact also solves the original Progréeh

Proposition 1. If the principal uses an output-based bonus contract to motivate effort level 1
in all tasks then the uniquely optimal contract is given by (4).

PrRoOF. Recall that for each task and for effort levels 1 and 0 theaetdge probabilities of
output signak occurring are equal tp andg, with 0 < g < p < 1. LetP(k) = p“g" X be the
probability that signal vectof* = (z, ..., z) will occur when the agent exerts effort krout of

n tasks. The key for the argument lies in the following obseova

(5) P(k+1)—P(k) > P(K) —P(k—-1)>0, Yk=1,..,n—1,
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which says that the marginal gain per unit of effort, in terofigaising the probability of
outcomef*, increases as total effort level increases.
It then follows that fok=1,....n—1,

P()—PK) _ P(K)—P(O

n—k k
and hence
@ PO 2pm) 1Pk - PlO)
<5 (Pm-Pw -+ 5P - P
_ PPk

n—k
Since the agent is paid a positive bonus only wlérs realized and the probability of this
event only depends on total effort lesehot the allocation of efforts among different tasks, it
follows that the agent’s payoff only depends on his totadtevel. In particular, given bonus
contract 8), for total effort levelk = 0, ..., n, the agent’s expected payoff is given as follows:
U(K) = p g” k:c o Plnc
p"—q P(n) —P(0)

To prove the proposition, one need only prove

— ke.

U(n) >U(K), ¥k=0,....n

Note that
UM -0 = 50 e B g ke
(P(r(?] ) Plg'zg))) ~ (n—Kkc
c(P(n) —P(k)) (P(n) E P(0) P(nr)]: l;(k)) '

It follows thatU (n) = U (0) and by @) thatU (n) > U (k) for k= 1,...,n— 1. Therefore given
bonus contract4), the agent’s original incentive constrair®) (s also satisfied. Hence4)
solves the original Prograrfi) as well. If Program(P) has any other solutiow(-) then it
must result in the same expected cost for the principal. @usbiution therefore also solves
the relaxed program as it attains the same cost and satigfisgaint 8); but this is impossible
given that 4) uniquely solves the relaxed program. O

9



The above and the subsequent arguments hinge upon con@itievhich says that proba-
bility P(k) exhibits increasing marginal returns to effort lekell he intuition for this result is
as follows: the probabilitiep(z|e ) of each individual signat enter intoP(k) multiplicatively,
which makes these individual probabilities complementargach other in raising(k); as a
result, exerting effort in an additional task generatesggédi increase iP(k) when the total
effort levelk is higher. Since the bonus contradj pnly rewards the agent for output vector
(z...,2), this probability structure makes the agent’s payoff a earfunction of total effort.
Therefore, to implement all-workindH) we need only prevent all-shirkind.).

This analysis also helps reveal an important differench thi¢ use of a single punishment
across periods (Abreu, Milgrom and Peart@91 Fuchs,2007). In that case the agent strives
to minimize the probability of punishment. As a result, efforts in diffet periods are not
complements for the agent; rather, the agent’s payoff aysptliminishing marginal return to
total effort level, so to implement all-working one needyoptevent a single shirking as it is
the most profitable deviation for the agent.

C All-or-Nothing Monitoring

The analysis in Section B clearly applies to any subset égktagherefore, by Propositiah
using an output-based bonus contract the principal’s mimntexpected) cost for implement-
ing effortlevel 1 inanyk =1, ...,ntasks is equal to

k
=
When the principal can monitor the agent’s effort level®itnk = 1,...,.n— 1 tasks she
may choose to directly implement effort level 1 in these rntameid tasks, paying if effort
level is 1 and zero otherwise, and use output-based bonusacofor the othek tasks. By
Eq. (7), the principal’'s expected payment basedenk inputs andk outputs is given by
pkke

@) Wk = oF— K

+(n—Kk)c, fork=1,....n.

If the principal monitors alh inputs then her payment W(0) = nc. Although monitoring
saves cost for the principal in motivating effort in the ntoned tasks, it actually increases the
principal’s overall payment if not every task is monitorddhis surprising result is proved in
the following proposition.

10



Proposition 2. If the principal can observe the agent’s effort levels in n— k but not in the
other k > 0O tasks then the principal’s optimal plan isto ignore the information on effort levels
and reward the agent based solely on outputs in all tasks. If effort choices can be observed
for all tasks then input-based compensation is optimal.

PROOF Itis clear thaW(0) < W(k) for all k= 1,...,n, so input monitoring is the best if all
tasks can be monitored. We shall prove the rest of the probpodiy showing thaw (k) >
W(k+1)fork=1,...,n—1.

By (8), fork=1,...,n,

k
q*kc kc kc

W(K) —nc = Kok~ TNk . PR g
(a) -1 PO

where agairP(k) = p“q" for k= 0,...,n is the probability of output vectof* = (z,...,2)
when the total effort level equaks
Therefore, withk unmonitored tasks the principal’s rent payméhtk) — nc is inversely
related to(P(k) — P(0))/k. Hence, fok=1,....n—1,W(k) > W(k+ 1) is equivalent to
P(k+1)—P(0)  P(k)—P(0)
®) kri k-

This last condition says that the average gain in the prdibabi 6* per unit of effort increases

with the total effort level; as such it follows from the inaseng marginal return condition, Eq.
(5). In conclusionW(k) > W (k+1) >W/(0) for 1 < k < n, completing the proof. O

Therefore, when the principal can not monitor the agenfsrefevels in all tasks it is
better for her to use a bonus contract based only on outpudunesthan also compensating
the agent on the basis of effort levels in the monitored tagksat drives this result is an in-
formational gain from using joint output measures in insgntontracts when the principal’s
objective is to motivate the desired effort levels while miizing the rent paid to the agett.

A single bonus paid only when performance is good in everly tas simultaneously moti-
vate effort in all tasks, which is cheaper for the princigelrit compensating the agent based

Bonding or entry fees can eliminate the rent the agent earesaithe nonnegativity constraints on wages.
However, except for a few cases bonding or entry fees arb/nased in practice (Baker, Michael C. Jensen, and
Kevin J. Murphy,1988, possibly reflecting a potential moral hazard problem @ngtincipal’s part. Moreover,
even if such arrangements are available so the agent doéascedtmited liability constraint, output-based pay
is just as effective as monitoring: either way the principagd only pay the agent effort casper task.

11



on performances in individual tasks separately. More irtgmily, Propositior2 shows that
the principal’s rent payment dkunmonitored tasks iswersely related to the per-task gain
in the probability of the joint signa®* when the agent works in exactkytasks; further, this
average gain in probability increases and hence the tatdexreases in the number of un-
monitored tasks. Therefore the information synergy is cieffitly strong that even though
monitoring can reduce the agent’s rent to zero on the madttasks, the higher rent paid on
the unmonitored tasks actually outweigh the savings on i@tored tasks.

We should remark that in this model total output does notl@kimicreasing returns to scale
as the tasks are all identical; the benefit to the princigahfusing joint output measures is
purely due to the optimal use of performance informatiorhandesign of incentive contracts.
It is noteworthy that the principal’s cost monotonicaihgreases in the number of monitored
tasks until there is perfect monitoring for all tasks, at erhpoint monitoring becomes the
better choice. Therefore, the effect of input monitoringnad monotone and the principal’s
best monitoring strategy is all or nothing.

D Extension and Discussion

In the preceding analysis we assumed that separate out@gunes are available for each
task. This assumption made the analysis simple and irnguwatnd the result easy to interpret,
but it is not essential. Suppose that there is only an agggegs#put signal drawn from a
finite set®; given an effort vectoe = (e, ...,€y), each signab € © occurs with probability
P(6le) € (0,1). The principal again would like to implement effort vectdr= (1,...,1) with
minimum cost. Assume that there is a sig@alsuch that for ale +# H,

P(8"|H)

P(6*|e)

P(6]H)

P(ole)” °

>

and the inequality is strict for som@.'? For simplicity, assume that probabiliti€% 6* |e)
only depend on total effort level, so we can write thenP&5]' ; &) instead. One can then
show, along the lines of the previous analysis, that the losians of Propositior2 remain

12This assumption is slightly more general than the standambtone likelihood ratio condition, which in
this case would requir@* to be the highest output level.

12



valid as long a®(-) satisfies §) and the following conditiort3

P P
iy =1 gl =

10) == 1> «

To see the intuition of the above condition, note that whenatjent has exerted effort in
P(n)

n—ktasksyr (k) = (P(n—_k) — 1) /kmeasures the simple (as opposed to compounded) per task
growth rate of the probability o8 for thek remaining tasks. Therefore, whil&j requires the
probability of 8* to grow by a larger amount for each additional unit of eff¢t) requires
the forward growthrate of the probability to diminish when there are fewer tasks |8oth
conditions are essential: the former guarantees the olitinoé a bonus contract; the latter
ensures all-or-nothing monitoring is profitable as one ¢aws(as in PropositioR) that after
working onn — k monitored tasks the agent’s rent bnnmonitored tasks is inversely related
tor (k).

To see the connection with the previous case, note that tepilitiesP(k) = pq" ¥ sat-
isfy a type of scalabilityP(n) /P(n—k) = P(k) /P(0), which says that working okadditional
tasks always increases the probabilitygofoy the same proportion regardless of the actions in
the previous tasks; as a resultQ) is equivalent to9), which as shown is implied bypy; thus
(5) alone is sufficient for the result. This property is a consage of symmetric independent
distributions and may not hold in general when only aggeegagnals are available. Eq®) (

and (@0) are the general sufficient conditions for the result.

We have assumed that the tasks are symmetric. Large asyiesmatry make monitoring
a better choice for the principal when the monitored tas&syaore costly to implement using
an output-based contratt. Nevertheless, the insight of Propositi@rcan still apply to the
other tasks where asymmetry is small. Also, the bonus schamgeclearly risky, so if the
agent has a strong aversion to income risk it may not pay ®iptincipal to use bonuses
when monitoring is available. The model might still be apghle if the agent has decreasing
risk aversion and the reservation wage is large enough t@gtee an acceptable standard of
living; then the agent might be more receptive to bonus eotdt®

BDetails are available upon request.
14This could also apply to some aspects of a job that the prahdpems particularly important: for instance

it may be desirable to monitor certain actions of the agestttiumake sure the actions are legal and ethical.
15The implication is that asymmetry and risk aversion are irtgo factors that determine the choice between

input and output based pay.
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[ Conclusion

To conclude, a principal generally faces the choice of wéetihreward an agent for outcome
or for effort (input). We have shown that a multitask job amdited liability of the agent
can make output-based incentive systems valuable for iheipal: rewarding the overall
outcome is more efficient than paying for piecemeal actidhss is true even under conditions
that seem rather favorable for input-based systems: theipal knows exactly which action
the agent should take in each task and can perfectly mohgoagent’s actions in all but one
task. To the extent that not every important aspect of a wisrf@b can be easily monitored,
the result provides a strong rationale for the use of outebaszd rather than input-based
incentive contracts. The result may shed light on the comaserof bonuses and other output-
based performance pay schemes in organizations even whgnspecific actions of a worker
can be monitored at low cost.

I Appendix

PROOF OFLEMMA 1.

Let A > 0 andu(6) > 0 be the Lagrange multipliers associated with constrépa(d the
nonnegativity constraints(6) > 0, respectively. Then the first-order necessary condition f
w(0) is given by the following equation:

(11) —P(B|H)+A(P(6|H) —P(6|L))+ u(6) =0.

If A =0thenu(6)=P(6|H) > 0,6, and hence by complementary slacknes8) =0,
V0, which clearly violates constrain8). Thus,A > 0.
Suppose for som@, w(0) > 0 and hence:(6) = 0. If there is somep € Y" with
P(glL) _ P(BIL)
P(plH) ~ P(6[H)
then

P(glL) P(6IL) (o)
S (1‘ P (p\H>> - (1‘ P<61H>) = peH)

But then by (1), u(¢) < 0, a contradiction. This implies that(6) > 0 only if
P(OIL) _ P(olL

<
P(8|H) ~ P(p/H

)), VoeY"

14



It follows thatw(8) > 0 only for 8 = (z,...,z). Namely, the agent should receive a bonus
w* > 0 only when output is good in all tasks. Then from constra@hirfith equality, one has

p"W* —nc = q"w*

which gives rise to the optimal wage contract4i). ( ]
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