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Abstract

This paper studies optimal task assignments in a risk naurirecipal-agent model in which agents are compen-
sated according to an aggregated performance measure. dihdrade-off involved is one in which specialization
allows the implementation of any possible effort profile jleimultitasking constraint the set of implementable dffor
profiles. Yet, the implementation of any effort profile indlsiet is less expensive than that under specialization. The
principal prefers multitasking to specialization excepten tasks are complements and the output after success is
small enough so that it is not second-best optimal to impigrigh effort in each task. This result is robust to several
extensions such as the existence of multiple performanesunes.

Keywords: Moral Hazard, Specialization, Multitasking, Implemerdat
JEL:J41, J24, D21.

1. Introduction

The question of how to allocate tasks among different warkerincrease productivity was first answerTihe
Wealth of Nationdy Adam Smith and its well exemplified by his description ofvhpins should be manufactured.
This idea paved the way for the "scientific management" gbipy set forth a century ago by Frederick W. Taylor
(1911). The basic idea was to view the task assignment prokdea scientific optimization problem, where industrial
engineers study the production process and devise the ffiokrd way to break that process into individual, pregisel
defined tasks. Economists and psychologists have enritteethéory of task assignments in many different ways
such as the role of comparative advantages, incentivesnemigation failures, motivation and learning problems and
coordination costs among others.

In this paper, | revisit the question of what is the optimaktassignment in a setting where there are moral hazard
and limited liability. More specifically, the paper consislea combinatorial agency model in which there is one project
whose expected output depends on the effort exerted inadaeks. The outcome of the project can be either success
or failure and the probability of success allows for both ptementary as well as substitutable tasks. The principal
chooses between two different task assignments: muliitgstvhich means that all tasks are assigned to one agent;
and specialization or team work, which means that each taakdigned to a different agent. The principal is risk-
neutral, agents are effort averse and face a limited-itglmibnstraint. Effort is dichotomic (high and low effortha
unobservable in each task, and agents’ marginal cost at éffoonstant and identical in each task.

Inthe absence of moral hazard, the principal is completelifferent between specialization and multitasking. The
reason stands for the fact that, regardless of the techyalog task assignment chosen, the first-best efficient effort
profile, which is assumed to be high effort in each task, caimipéemented at no extra cost. Hence, the environment
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proposed here has been deliberately kept as simple as jgossithat if the principal shows strict preferences for a
particular task assignment that must be due to incentiveiderations only.

When there is moral hazard and tasks are substitutes, theigal prefers multitasking to specialization. The
effort profile implemented depends on magnitude of the netypon success; the higher is this, the higher the effort
profile implemented. In contrast, when tasks are complesnemiltitasking dominates specialization only when it is
second-best optimal to induce the agent in charge of alstaskvork hard in each of them. That is, when the return
after success is sufficiently large. Otherwise, the prialcaiopts a specialized task assignment and the effort @rofil
implemented increases as the magnitude of the return afteess rises. Hence, specialization or team work arises as
the optimal task assignment only if tasks are complements.

The optimal assignment is determined by the following ferdéirst, task complementarity together with the fact
that compensation is based on an aggregated performancairehat confounds the efforts afnon-conflicting
tasks implies that there is no contract that implements famtgfrofile where the agent responsible for all tasks works
in less tham tasks and in at least one of them. When the incentive intepsitvided to the agent is such that he works
hard in one task, he has incentives to work hard in the otls&stas well since the marginal gain from effort rises with
the effort exerted in other tasks, while the marginal costigstant. In other words, the global incentive constraint
is the relevant one to determine the effort profile that cammpemented. Second, when tasks are substitutes, the
incentive intensity that induces an agent to work haré tasks, it does not induce him to work hardint+ 1 tasks
since the marginal gain from effort falls with the effort ebesl in other tasks, while the marginal cost is constant. In
other words, the downward local incentive constraints heerelevant ones to determine the agent’s optimal effort
profile. Third, when a different agent is responsible forretesk (i.e., specialization is adopted), the principal can
implement any effort profile he wishes as a Nash equilibritiimis can be done since the principal has the freedom
to customize each agent’s incentive intensity so that itieesfor hard work given to one agent do not induce other
agents to work hard. Fourth, the limited liability rent neddo implement any effort profile is always at least as large
in the case of specialization as it is in the case of multitaskThe reason is twofold: first, an agent’s compensation is
based on an aggregated performance measure that confberaffeicts of several non-conflicting tasks. This induces
the agent responsible for several tasks to internalizeotbeek from not exerting effort in any given task for whom he
is responsible for; and second, under specialization theidmust be paiél times in order to inducg agents to work
hard.

When tasks are complements, the interaction of these fasults in a trade-off between paying a lower limited
liability rent by making an agent responsible for every tdslt restricting the set of implementable effort profiles
and paying a higher aggregated limited liability rent byediting each task to a different agent and being able to
implement any effort profile. This trade-off has been ovekkd in the literature since all the papers | am aware-off
assume that implementing high effort in each task is optiegdrdless of the cost that this entails and the number of
tasks involved. In contrast, when tasks are substitutestride-off does not arise since multitasking does notiogst
the set of implementable effort profiles. Regardless of éis& fissignment chosen, the principal can implement any
effort profile he wishes at a lower cost under multitaskinlye Teason stands for the fact that when tasks are substitutes
and a multi-task assignment is chosen, the implementafianyeffort profile is determined by the local incentive
constraints, which are identical to those that arise whepegialized task assignment is chosen. This gives rise to
the same limited liability rent, but under specializatibistis paidk times ¢ being the number of tasks for which the
principal wishes to implement high effort) while under nitalking this is paid just once.

This result is shown to be robust to the fact that effort in & eginumber of tasks is contractible, to the fact
that agents might be limited in their ability to work hard irora than a given number of tasks and to the presence
of multiple performance measures. | show that the first twastraints increase the set of parameters under which
multitasking is optimal since the former results in a lowariled liability rent under multitasking, while the latter
increases the set of implementable effort profiles undetitasking. Multiple performance measures do not solve
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the implementation problem that arises under multitaskiong consistent with the informativeness principle, resul
lower total compensation costs.

Related Literature..The optimal assignment of tasks in principal-agent prolerth moral hazard has been studied
by several authors suchlas Holmstrém and Milgrom (1991)eB&2002)! Itoh(1991, 1992, 1994), Dewatripont et al.
(1999)/ Zhang (2003), Corts (2007), Mukherjee and Vasdosd@011) and MacDonald and Maix (2001) in a setting
where the effort substitution approach pioneered by Hatinstand Milgrom|((1991) plays a crucial rcﬁeHowever, in

the current paper, the multitasking problem is not baset®effort substitution approach and how the number of tasks
affects the risk and incentives trade-off under substitutit is rather based on the ideas that tasks compleméesarit
create implementation problems when several tasks arddmlimdo the same job. Thus, in what follows | will discuss
only this less known strand of the multitasking literature.

In terms of the type of multitasking problem studied heris #iticle is more closely related to the contributions of
Laux (2001), Chen (2012), Zhao (2008), Ratto and Schne@(¥) and Dewatripont and Tirole (19909). Laux (2001)
provides a rationale for multitasking. He analyzes a ntakk agent model in which the agent’s effort choice on each
task is binary, effort costs are linear, tasks are indepetrfdem each other and there is one performance measure per
taskﬁ He provides a rationale for multitasking as an optimal jobigle. Mainly, he shows that incentive problems are
a natural source of economies of scope in the sense thaatiigenultiple tasks to a single agent relaxes the agent’s
limited-liability constraint. The main consequence ofths that it might be optimal to increase the scope of the job
with the natural consequence that the agent may exert dicirafly high amount of total effort. Thus, multi-tasking
arises as a mechanism to lower the agent'’s limited-lighiéint and the implementation problem is not considered
since he focus on the equilibrium in which high effort is chioén each tasﬂ.

Ratto and Schnedler (2008) provide an explanation for thienafity of the division of labor similar to the one here.
They study a situation where production requires two namflming tasks, and the manager wants to direct production
to achieve a preferred allocation of effort across tasksvé¥er, aggregated production is the only indicator of agent
activity. The main result is that the principal cannot impimnt the preferred allocation with a single agent, yet he is
able to do so by inducing a game among two agents. They showtltiga a principal bases agents’ compensation on an
aggregated and contractible output, cares about how a giwpnit is achieved and tasks are asymmetric, multitasking
precludes the implementation of the desired effort levat thads to the required output. Mainly, the agent engages
in window dressingwhich means that he switches effort from the hardest tashe@asiest in order to produce the
principal’s desired output at the lowest possible privaitst éor him. In contrast, specialization allows the priratifp
implement the desired effort level as a unique Nash eqiulibr They argue then that specialization could be optimal
from the principal’s viewpoint. Their rationale is similtary the one here, multitasking precludes the implementation
of certain effort profiles and this could make specializatiptimal under certain circumstances. The multitasking
problem though is of a different nature. Mainly, here it ascecause of task complementarities and not because the
performance measure provides room for window-dressinghErmore, their result requires asymmetric tasks, while
mine holds with both symmetric and asymmetric tasks.

Dewatripont and Tirolel (1999) also provide a rationale fpedalization but based on direct conflicts between
tasks. They show that it always better to split the task ofifigévidence in favor and against a decision between two

JZhan{ [(2003) shows, in contrast to the result here, thakimbsence of task complementarities, specialization alwtagninates multitasking.
The difference in the result stands for the fact that in hislehdasks differ according its measure difficulty and therefoundling different tasks
within the same job worsen the noisiness of the aggregatelswgith respect to the case in which in each job identicattase bundled. The
noisiness of the signal matters in his model because agentsk averse, while here agents are risk neutral and thispio role.

3The optimal contract depends on the number of success araptimeal contract pays a positive bonus only when the maximumber of
successes is realized. From the agent's viewpoint, thiemekort in one task complementary to effort in other tasks.

4Bond and Gomé$ (2009) generalize the modelin Laux (2001pbgidering contracts in which an upper bound on paymentsrambtonicity
constraints are imposed, the agent’s effort choice on esshis continuous, and the production function is non-lindéey identify a different
source of allocation inefficiency across tasks, which is timaler the optimal contract, it could be optimal for the @gerfocus only on a sub-set
of tasks, and its consequence is that there is insufficieal éfort.
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agents. The reason stands for the fact that the optimal cesagien can be based only on an aggregated measure of
the task and this is increasing in the outcome of one task aackdsing in the outcome of the other task. This implies
that it is impossible to induce one agent to exert more eiifidsbth tasks and thus it is optimal to split the task between
two different agents to avoid conflicts of interest in jobides The main difference in their set-up and mine is that

| do not consider conflicting tasks. With conflicting tasks;éntives create competition between agents, while with
non-conflicting tasks, agents are aligned in terms of thaitribution to the performance meastre.

Finally, the structure of the model used here is very sintdathat in.Winter (2004, 2009, 2010). However, the
issues studied in those paper are completely differenttti@issue study in this paper despite the fact that some of the
results for the case of specialization in this paper resetiglse on Winter (2004). Mainly, he focuses on how unique
implementation of the effort profile in which each agent éxeffort results in discrimination in the sense that each
identical agent is paid a different bonus. While in the cdsgpecialization here we have multiple Nash equilibria, the
unigue implementation result is of no help since we are carazknot only with the cases in which effort is exerted in
each task, but also on those where it is optimal for the gpai¢hat some agents exert effort and others do not.

2. The Model
Lets consider a model in which a principal hires a variabl@ber of agents (workers), indexed p¥ {1,...,J},
to accomplish a finite number of tasks, indexed lay{1, ..., n}, withn > 2. The firm entails an endogenous number

of jobs, each job requires one agent and jobs can be set upaitcbenplished with a variable number of tasks. There
areJ" task assignments that the principal may choose, but heléfbais on only two of them; (i) full multitasking:
the principal hires one agent and makes him responsibleagist to n; and (ii) full specialization or team work:
the principal hires: agents and delegates tagho agent;. While at first glance this may seem overly restrictive,
considering these two assignments provides sufficient taiitp for one to go on to more general task assignments
and it is enough to emphasize the main incentive trade-tftlied in this articl

Tasks and TechnologyThe agent responsible for tasknust choose an effort level belonging to the set of efféits
and doing so entails a cost of effe#t; for each possible effor; € Eﬂ To keep the analysis tractable, the action
space for each task is binary: in each task the agent regpefisi it chooses between actior{low effort) and action
1 (high effort). Action0 should be interpreted as the level of effort that can be impleted without offering explicit
incentives rather than no effort or in as the status decisigite actionl as an innovation.

The outcome space has only two states success and failurie sesde has associated a return or output: the output
in the success state is given byand that in the failure state 5 The effort profilec = (¢4, . .., e,) determines the
probability distribution over the outcome space accordinpe success function:

ple): {0, 13" — (0,18

In what follows | will assume that tasks are symmetric andrgefi(e_;) = p(1,e—;) — p(0,e_;). Because
the focus here is on the incentives for effort rather thanrdioation issues among agents, the probability of success
satisfiesA(e_;) > 0, Ve_; € {0,1}"~1. Additionally, | assume that(e) > 0,Ve € {0,1}". That is the effort
profile in which low effort is chosen in each task yields a flesiexpected output.

5Conflicting tasks also provide incentives for sabotage afidsion that are unavoidable, which is not necessarilyctige with non-conflicting
tasks.

6In fact[Emek and Feldmhamn (2009) show that when tasks are ewngpits the number of possible job design grows expongntidth the
number of tasks. In other words, the problem of computingojiamal contract in which tasks are complements is NP-hbkiehce, the task of
characterizing the optimal task assignment when one dde®stnict the set of choices is likely to be unsurmountable.

“In what follows | will use the terms effort and action indigjuishable.

8The simplest version of this general formulation is the dasehichp(e) = p(3_7"; ;). However, adopting this simple formulation neither
makes the proofs simpler nor it allows us to gain furtheritin.

4



Given two effort profiles’,e € {0,1}", | denotee’ < e if for every agent it holds thate; < e; and for some,
e; < e;.
An important characteristic of the success function in tirthicoming analysis is the relationship between tasks.

Definition 1.

i) Tasks are strict complements (SSPM) if for eveand everye’ ; < e_,, it holds thatA(e_;) > A(e’
ii) Tasks are strict substitutes (SSBM) if for eveand every’ ; < e_,;, it holds thatA(e_;) < A(e,i)lg
iii) Tasks are independent (IND) if for evergnd every’ ;, < e_;, it holds thatA(e_;) = A(e’;).

—1

)-

Intuitively SSPM means that the marginal contribution dbdfin any task to the probability of success increases
with the effort exerted in another tasks; i.e., efforts amaplements, while SSBM means that the marginal contributio
of effort in any task to the probability of success decreagtls the effort exerted in another tasks; i.e., efforts are
substitutes. An IND technology is one in which the margimlirn to effort in each task is independent of the effort
chosen in any other task; i.e., efforts are neither compfst@or substitutes.

These definitions can be applied to any function of the effosfile e. So in the forthcoming analysis when | say,
for instance, that the agejis expected utility satisfies SSPM, it means that from theniggoint of view efforts are
complements or his expected utility function is strictlypeumodular ire. Similarly, for properties SSBM and IND.

Contracts and Payoffs.Because actions are not observed, but output is contractiié principal can design en-
forceable output-based contracts. Because the outcoroe &phinary, a contract is a tuple, ), whereq is paid
regardless of the observed outcome @nid a non-negative bonus paid when success is observed. fbials;om-
pensation isy + S when success is observed anthen failure is observed. This payment scheme evidentlydas
externalities among agents; ceteris-paribus, each agiitaemefit if a colleague works harder (chooses high effort)
and lose income if a colleague shirks (chooses low efforywéler, the externality could be such that the the marginal
impact of the effort allocated to any given task is independéthe effort allocated to a different t

Lets defineE; as agenj’s effort choice set and notice that, = {0, 1}" under multitasking an&; = E; under
full specialization in task. Then, when agent faces contractv; = («;, 3;), the chosen profile is and ageny
chooses the effort profile;, his utility is given by:

Uj(wj,e) = o + ple)B; — ¢ Z €i. (1)

e;€E;

Each agent’s reservation payoff is exogenously given andléqlU; = 0 and he is wealth constraint and therefore
payments from the agents to the principal are not allowed.

Letw = ((a1,51),- - -, (am, Bn)). The principal’'s expected payoff is as follows:
J
V(w,e Z aj + p(e )
J=1

Lets denote the effort profile where high effort is exerteél tasks and low effort is exerted in the remaining &
tasks bylk Then, | will assume the following parametric restrictions:

Assumption 1.
p(lp)v —cen > p(lg)v — ck, Vk € {0,1,...,n}

9SSPM stands for strict supermodularity and SSBM standstfict submodularity.

10see, for instance, Baker (2000), Prendeldast (2008) artg (2007 for papers studying multitasking under this lastriction.

1The possible permutations are irrelevant since tasks anengyric. One can deal with asymmetric tasks at a higher eageburden without
gaining in intuition.
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Hence, the highest total welfare is achieved when high ef@xerted in each task and, the allocation of tasks to
agents is irrelevant when the efficient effort profile canrhplemented at no extra c@t.

The environment proposed here has been deliberately kegptnade as possible so that in the absence of moral
hazard, the principal would be completely indifferent witgard to any task assignment. Hence, if | find strict
preferences of the principal for a particular assignméuatt, inust be due to incentive considerations only.

3. Preliminaries

3.1. Effort Choices

3.1.1. Specialization
Given a task assignment in which each task is the respoitsitila different agent, agent who is responsible
for taski, chooses effor¢; = 1 if and only if

Uj (wj7 1a e—i) > Uj (U)j, O, e—i)-
It readily follows from this that for any effort profile_;, agent; chooses to work hard in tagkf and only if

c
B > p(le_;) —p(0,e_4)’

)

The marginal benefit to agerpitof working hard in task consists of an increase in the expected performance-
contingent compensatiof A(e_;) and the marginal cost of doing so is the increase in the thieof@dfort c.
Lets defineBy, R ST T e Then whemp(e) is such that efforts are complements and contracts are bath t
Bj > Biforj e {l,...,k}andB; < Byyiforj e {k+1,...,n}foranyk € {1,...,n}, there are two non-outcome
equivalent pure strategy Nash equilibria: one wheegents work hard and one in which none of them works hard.
The intuition is that the effort choice game becomes a coatiin game. In contrast, whexe) is such that tasks are
substitutes, there is a unique equilibrium in pure strategi

Whenp(e) satisfies SSPM and therefaie(w;, e) is supermodular, the game exhibits positive spilloverat(i,
the payoffto a player is increasing in the strategies of therplayers) and therefore the largest (smallest) eqjiilip
point is the Pareto best (worst) equilibrium (see, Milgramd &oberis|(1990)). Thus, if | restrict myself to the Pareto
best equilibrium pointi it is easy to show the following:

Lemma 1. Suppose agentis responsible for taskonly. Then, if3; > By for j € {1,...,k} and3; < By for
je{k+1,...,n}, there exists a Nash equilibrium in the effort subgame ghsere* = 1.

3.1.2. Multitasking
Consider here the case in which aggid responsible for each one of thetasks. Then, agentwill choose the
effort profilee if and only if
Uj(wj,e) > Uj(wj,e'), Ve’ € {0,1}™

121f agents were heterogeneous and tasks sensitive to thisgeneity, then the task assignment would no longer bevent in the sense that
who is allocated to which task would matter.

13| could deal with this multiple equilibria issue by focusing a team equilibria as defined by Che and Yoo (2001); thatésetjuilibrium that
is most favorable to agents in the sense that the choseribeigujlields the highest joint payoff and thus it elimina@ggents’ incentives to collude.
In this setting this requires to sgf = B(1¢) for eachj € J. FollowingWinter (2004), | could also focus on unique implentation by allowing
the principal to discriminate agents in terms of the contadfered to each agent. Doing so one can show that the tosalafomplementing any
effort profile is higher under unique implementation sinwe ¢ontract offered to each agent must be such that low éfaeitictly dominated by
high effort for any possible effort profile.



Whenp(e) satisfies SSPM, the marginal impact of the agent’s efforinia sk on his expected utility rises with the
effort he exerts in other tasks. This implies that the agesfigps high effort ink > 1 tasks and low effort in the rest to
high effortink — 1 tasks and low effort in the remaining tasks, then he prefigts éffort in each task to high effort in

k tasks and low effortin the rest. Furthermore, this also iegahat if the agent prefers high effort in each task to low
effortin each of them, he also prefers high effort in eactheft to any other effort profi@ Hence, the agent prefers
high effort in each task to low effort in each of them if andyoi

cn

Bj > Bsspm Ep(ln) —p(lo) .

3)
Otherwise he prefers low effort in each task.

Whenp(e) satisfies SSBM, the marginal impact of the agent’s effortrie task on his expected utility falls with
the effort he exerts in other tasks. This implies that if gffocentives are such that he prefers high effort in one task
and low effort in the rest to low effort in each task, he may aymot prefer high effort in each task. In fact, one
can easily check that the agent’s choice of effort is fulliedmined by the adjacent or local incentive constraint® Th
reason stands for the fact that the marginal return to efftigt as the agent exerts more effort on other tasks. Hence,
it is easy to show that he prefers to work hardia {1, ...,n} tasks over any other possible effort profile if and only

ifq
Bi > By = ——~—F7— (4)
and

C
Bj < Bpy1 =
p

(o)~ 2(18)° ©)

When tasks are independent (i1€;(w,, ) satisfies IND), the principal can implement any effort peofie wishes
under the assumption that the agent chooses the princjpafsrred effort profile. Yet, this is highly unstable equi-
librium since a little perturbation in either the cost ofaffor the bonus results in that the agent either chooses high
effort in each task or no effort in each of them. Hence, forgalke of brevity | will consider the case of independent
tasks together with the case of complementary tasks.

The following result follows from the discussion above.

Lemma 2. Suppose agentis responsible for every tagske {1,...,n}. Then,

i) if p(e) satisfies SSPM or IND, the optimal effort profile is given by;: = 1, if 8; > Bgspm ande,, = 1 if
Bj < Bsspm; and

i) if p(e) satisfies SSBM, the optimal effort profile is givendy:= 1 if By11 > ; > By foranyk € {1,...,n}
ande,, = 1o if 8; < By.

The intuition for this result can can better seen in figure 1.

When tasks are independent (panel (a) figure 1), from an 'ageetvpoint the marginal return to effort in one
task is independent of the effort level he exerts in othéesta$his implies that his decision to work hard in one task
is independent of the effort exerted in the other tasks. Wheragent is offered a bonus strictly lower th&g,,,
he chooses low effort in each task, while when the bonusialgthigher thanB,.,.., he chooses high effortin each
task. When the bonus is exactly equalBgs,.,, he is indifferent between any effort profile, Vk € {0,...,n}.

14This follows from noticing that SSPM implies thaf1,,) > p(1o) + n(p(11) — p(10)).
15Technically, the global incentive constraint implies thedl incentive constraints.
16Technically, the local incentive constraints are not ireglby the global incentive constraint.
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Fig. 1. Incentive Compatibility

Ule)

By = By = Bupm )

() A1) = A1) forall & (b) A1) > A(L,—y) forall k (©) A(1x) < A(lg_y) forall &

The reason for this result is twofold: first, the probabilitiysuccess is aggregated and confounds the efforts of
non-conflicting tasks; and second, the probability of sescnd the agent’s costs are such that for any incentive
intensity, the agent perceives tasks as independent. Whes)3; = B, the marginal benefit of working hard

in one task is exactly equal to the marginal cost of the eXfaatan that task, regardless of the effort chosen in the
other task. An economic consequence of the fact that undarltitasking job design the cost minimizing contract
that implements any effort profile,, Vk € {0,...,n} leaves the agent indifferent between this effort profile amg
other effort profilel,, Vk € {0,...,n} is that small changes in economic fundamentals can haveimpart on the
agent’s effort Ievdﬁ For instance, suppose that the cost of eftounexpectedly rises by a small amount (i.e., from
ctoc+ ¢, with € as small as desired). After the change, the agent preéfeis all alternative effort profiles, and so
switches to exerting no effort. In this sense, the agenttagevel is "fragile” and for this reason | treat the case of
independent tasks together with the case of complemerﬂaky@ When tasks are complements (panel (b) figure
[d); i.e., more effort in one task would be beneficial on thegimafor his incentives on the other tasks, the agent will
never choose high effort in some tasks and low effort in agthkle will choose either high effort in each task or low
effortin each of them. Hence, this complementarity resalen implementation problem in the sense that there is no
contract able to implement an effort profile different frdtny, 1,,}. In contrast, when tasks are substitutes (see, panel
(c) figure[1), any effort profile could be implemented. Thisuis, while simple and intuitive, it has been overlooked
in the literature since all papers | am aware-off focus oncige in which the returns are always high enough so that
the implementation of the effort profil, is optimal even when agents must be paid a limited liabiktytiin order to
induce them to choose high effort.

17A similar result is found ih Bond and Gomés (2009) but usingffarént model.

18]t js natural to ask how the fragility implication would befexted if the principal were to take into account the potdrithange in parameters
at the time contracts are offered. For instance, if the palavere aware that with some small probability, gayhe cost of effort will increase by
an amount and he modifies the contract at all, he will clearly do so byugfiato ensure that effort does not collapse when the shoskHhidwever,
doing so has a discrete cost. As such, if the probahility small enough, the principal will use the same contract fanhe shock is completely
unanticipated.



3.2. Optimal Contracts

Given a task assignment and effort profilehe principal chooses compensation contracts to solvéotlosving
program

J
min a; + ple)B; CMI
we%if{;(J p( )ﬂj)} ( )

subject to

e; € argmaxU;(w;,e), Vj € J, (IC))

EQGEJ'
Uj(wj,e) >0, Vj € J, (PC))
OéjZ0,0&j—l—ﬁjZO, Vi€ J, (LL)

where the constraint in equatidn (JCj) is aggistincentive compatibility constraint and that in equat{®c]) is his
participation constraint.

Because incentives are created only by the size of the btimigrincipal’s objective function falls continuously
with o; and agenyj’s expected utility rises continuously with;, it is easy to show that it is optimal to se} = 0
so that the limited liability constraint holds when the mjfails. In addition, this together with the fact that aigen
choose effort optimally, imply that each agent’s partitiga constraint is satisfied. Hence, progrdm (CMI) can be
written as follows

J
(IB)G%I?L?{OJ}" {p(e);ﬂj} (CMII)
subject to
¢} € argmax Uj(wj,e), Vj € J e
el CE;
B; >0, Vj e J. (L)

Let the solution to this problem B&.. Then, the principal chooses the effort proéildhat maximizes his expected
utility; that is

W, PI
max {plev } (P1)

Lets denote the optimal solution to this program when thegipal chooses a specialized task assignment and it is
optimal to implement the effort profikeby V*(e), and lets denote this when the principal chooses a multéasign-
ment and it is optimal to implement the effort profddy V™ (e). In the following sub-section, | fully characterize
the solution to this problem; first for the full specializaticase and then for the multitasking case.

3.2.1. Specialization.

The formal proofs of the results in this subsection are idahto those in Babaioff et all. (2012) and therefore for
the sake of brevity they are omitted.

Lets define the lowest total compensation costs when{0, ..., n} agents are incentivized to work hard as the
sum of the limited liability rents for those agents who areeintivized to choose high effort (the remaining agents are



paid zero); that is,

k
p(1y)
W =p(1 B = ————ck.
k p( k) ; k A(lkfl)
Notice that the aggregated limited liability rent increaaath the number of agents who are motivated to choose high
effort when tasks are substitutes or independent, whiterttaly either rise or fall otherwise.

Lemma 3. For any technology(e) each of the following is monotonically non-decreasing wlith returnv: (i) the
expected utility of the principal evaluated at the optimahtracts; (ii) the success probability evaluated at themjad
contracts; and (iii) the expected payment evaluated at fiteval contracts

This result shows that under the optimal contract, as thendor success rises, the principal shares this return
with the agents in such a way that everyone is better-off.rf€éagon stands for the fact that an increaseiimcreases
the marginal return to effort and thus it is optimal to previdore agents with incentives for effort. The more technical
intuition for this is that the principal’s expected profitdwated at the optimal contracts is a convex piece-wisatine
function ofv.

Lemma 4. Suppose the following condition holds.

Wy p() — p(lo)

W~ p(Tn) = p(lo)’ Vk e {0,...,n—1}. (CPs)

Then there exists a cutoff
s — cn p(1,)
0 = p() = (1) p(1) — p(Lo)
such that for allv > v§,,, the principal implements high effort in each task, fox vo,,, he implements low effort in
each task and fov = v§,,, he is indifferent between implementing high effort in etas and no effort in each task.

This result establishes that if total compensation cosenktagents are induced to work hard relative to that when
n agents are induced to work hard is greater than the propattiocrease (relative to that when low effortis chosenin
each task) in the probability of success when the princigalas from choosing a situation in which he induces high
effort in k tasks to one in which he induces high effortiniasks, there is a cutoff;,, such that the principal prefers
to induce everyone to work hard whenever the outcome aftaress exceeds,, and not to work hard otherwise.

To better understand what this means, it is useful to writel@@n[CP$ as follows,

p(1,) —p(lo) p(1lk) >p(1k)—p(1o) p(1,)
n A(lkfl) k A(lnfl).

One can easily show that supermodularity is not sufficienttfis condition to hold. Yet, log-supermodularity implies
this condition holds sincglzi’i)l) > Z((ll’j:z)), Vk. Thus, a strong sort of complementarity is sufficient forihguthe
optimality of e to be reduced to the choice of an effort profile in the{dgt 1,,}.

Lemma 5. Suppose the following condition holds

Wi — Wi S P(1rg1) — p(1g)
Wi =Wg_ = p(lg) — p(lx—1)

(NPs)

Then for eachi € {0,...,n — 1}, there exist cutoffs; , , andv;,, , such thatfor al},,, >v >vi, ;, the
principal chooses to implement high effortinasks.

This lemma establishes that when condition NPs) holdspthreeipal will provide incentives for hard work to
exactlyk agents when the outcome after success satisfies, > v > v; ;. Thus, as raises more and more
agents are provided with incentives for hard work in thesipective tasks.
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Babaioff et al. [(2012) show that neither SSBM is sufficiemt@@@Ps) nor this for SSBM. Furthermore they show
that a technology in which tasks are perfect substitutegffcent for (NP$) to hold. This sheds some light on when
it is the case that a firm with substitute tasks will choosetluce more and more agents to work hard ases.

3.2.2. Multitasking.

Lets define total compensation costs wiigiiw, e) satisfies SSPM and agejts responsible for each task and

works hard in each of them by L)
p(ln
Pl B = S = o) ™
This is defined only for the effort profile = 1,,, since when the success function satisfies SSPM, the paincim
implement eithee = 1,, or e = 1j. In the latter case total compensation costs are zero. Hémsds the limited
liability rent needed to induce the agent to work hard in ezfdhen tasks.
Next lets define total compensation costs whglw, e) satisfies SSBM and agejts responsible for each task

and works hard it € {0,...,n} of them by

W’I’ﬂ

p(l)
A(lg_1)

This is the limited liability rent needed to induce the agenwork hard ink tasks.
The next lemmais identical to lemrmh 3. Hence, under the @btiontract, the principal shares the increase in the
return after succeaswith the agent in such a way that both, the principal and agenbetter-off.

Wi = p(1e) Bi =

Lemma 6. For any technology(e) each of the following is monotonically non-decreasing wlith returnv: (i) the
expected utility of the principal evaluated at the optimahtracts; (ii) the success probability evaluated at thamjad
contracts; and (iii) the expected payment evaluated at fitav@al contracts.

The intuition here is exactly the same as that for the caspeagfiglization; the principal’s expected profit evaluated
at the optimal contracts is a convex piece-wise linear fonaif v.

Lets define the return level]:c as the lowest return for which the principal is indiffereetlveen implementing
1, and implementing; that is,v{:¢ is the lowest such that’™(1,,) > V™ (1y).

Lemma 7.
Suppose thal/; (w, e) satisfies SSPM. Then there exists a cutoff

cn p(ln)
p(1) — p(1o) p(1n) — p(1o)

such that for allv > v{}¢, the principal chooses to implement high effort in each téskv < v{}¢, the principal
chooses to implement low effort in each task andsfer v}, the principal is indifferent between implementing high
effort in each task and no effort in each of them.

mc
/ljon =

This shows that wheli; (w, e) satisfies SSPM, it is optimal to implemeht whenw is large andl, otherwise. In
contrast to the result in lemr& 4 this does not require camd@P to hold. The reason stands for the fact that when
when the probability of success satisfies SSPM and a midtigasssignment is chosen, there is an implementation
problem that restricts the set of implementable effort pesfio the ones in which the agent works hard in each task or
chooses low effort in each of them. Thus, complementarithi® case is sufficient for the principal to be faced with
the problem of choosing betweégp and1,,.

Lets define the return levef])® as the lowest return for which the principal is indiffereetiveen implementing
1, and implementing; that is,v’* is the lowesw such that’™(1,,) > V"™ (1,).
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Lemma 8. Supposé/;(w, e) satisfies SSBM and the following condition holds

W™ p(1,) —p(1o)

Then there exists a cutoff
oS = ¢ p(1,)
p(1n) = p(1n-1) p(1n) — p(1o)
such that for allv > v}?, the principal chooses to implement high effort in each téskv < v, the principal
chooses to implement low effort in each task andsfer v(}*, the principal is indifferent between implementing high
effort in each task and no effort in each task.

WhenU;(w, e) satisfies SSBM, this result establishes that if total corsption costs when the agent is induced
to work hard ink tasks relative to that when the agent is incentivized to wuatkd inn tasks is greater than the
proportional increase (relative to that when low effortli®msen in each task) in the probability of success when the
principal moves from choosing a situation in which he induleigh effort ink tasks to one in which he induces high
effort in n tasks, there is a cutoffy}, such that the principal prefers to induce everyone to workl ehenever the
outcome after successexceeds,.

Lemma 9. Supposé/;(w, e) satisfies SSBM and the following condition holds

Wi, — Wy o PUiry) = p(1e)
Wit —=wiry o p(1k) = p(1k-1)

(NPm)

Then for eachi € {0,...,n — 1}, there exist cutoffs;’, , andv}’,, , such that for all;’, , , > v > v, the
principal chooses to implement high effortiiriasks.

This lemma establishes that when conditibn (NPm) holds ptirecipal will provide incentives for hard work
exactly ink tasks when the outcome after success satisfies, > v > v}, _;. Thus, as raises the agentis induced
to work hard in more tasks.

In this case conditioi (NPm) can be written as follows:

P(Le41) Ak — 1) — p(1r) A(k) A(k)?
P Ak —1) —p(le)Ak—2) ~ Alk— 1Ak —2)°

Because SSBM implies that(k — 2) > A(k — 1) > A(k), the numerator on the LHS is greater thaitk)?
and the denominator is smaller thank)A(k — 1). Hence, SSBM is sufficient condition for conditidn (NPm) to
hold. This implies that when tasks are substitutes the jpré@thchooses to induce high effort in number of tasks that is
strictly increasing with the return, while when tasks are complements, the principal inducesgfent to work hard
in every task when the return is high enough and in no taskwtke. Hence, when the probability of success satisfies
SSPM, condition{CPm) never holds.
4. Optimal Task Assignment

The principal chooses to assign the responsibility forttiasks to agent if and only if
Vm(e™) > Veie®).
Hence, the following results follows from the lemmas above.

12



Proposition 1. Suppose agents are compensated according to an aggregatiedmance measure ande) satisfies
SSPM. Then,

i) Suppose conditiofCP$)holds. Then, for alb > v, the optimal assignment is multitasking and the principal
implements the effort profilg,, while for allv < vl¢, the optimal assignment is multitasking and the principal
implements the effort profilk,.

i) Suppose conditiofPs$)holds. Then, for alb > v{’¢, the optimal assignment is multitasking and the principal
implements the effort profile,, while for all v < v{!¢, the optimal task assignment is specialization and the

principal implements the effort profilg,, withk <n — 1, if vis such thavy  , , >v > v, .

First I will provide the intuition for the case in which {GQPisplds. The intuition is twofold: (i) in this case and
regardless of the task assignment chosen, it is optimalpteimentl,, whenv is large and ( otherwise and therefore
the implementation problem is irrelevant from the optittygboint of view; (ii) providing incentives fo¢ = 1,, is more
expensive under specialization. The reason stands foathétfat for any effort profile the sum of the agents’ limited
liability rents is greater than the limited liability rendif one agent since, under multitasking, the agent interesili
the spillovers that more effort in one task has over the retareffort in other tasks. Hence, whenever> v,
multitasking has a cost advantage over specialization. \WWje > v > v}, the cost advantages not only makes
the implementation of,, cheaper, but it makes this optimal under multitasking andogtimal under specialization.
Finally, whenv < v§,,, the return is such that implementihg under either task assignment is optimal.

This results is similar in spirit to that in_Laux (2001). Heoss that when tasks are independent, there is one
performance measure per task, agents are subject to lilidtglty and the implementation of,, is required, mul-
titasking always dominates specialization. The reasamdstéor the fact under under multitasking the principal can
punish failure in one task by not paying a bonus in succesasiis, while under independent contracting this is not
possible. This results in a lower limited liability rent whe, is implemente@ However, the intuition here is rather
different since there is an aggregated performance measur¢herefore either all tasks fail or succeed simultane-
ously. This implies that all agents are simultaneously reed or punished. In addition, the result here is more
general in the sense that it does not depend on the princgraing to implement the action profile, and on tasks
being independent.

Next, lets suppose that conditidn (NIPs) holds. In this caben a multitasking assignment is chosen, the optimal
contract implements,, when the returnv is sufficiently large and implements otherwise. The reason stands for
the fact that tasks are complements. In contrast, when ihere task per-agent, there is no implementation problem
since there are as many instruments as tasks. The intustisimple. If each agent carries one task only and agents
are compensated according to an aggregated performansaimeaach agent can affect his payoff by changing the
effort in his own task. The principal then influences the eféhoice of the agent by adjusting the pay to this agent.
Hence, the optimal contract is such that the principal im@ets high effort in more tasks asaise@ Whenv is
such that it is optimal to implement, under multitasking, this task assignment dominates slizati@mn for the same
reasons given above. In contrast when it is optimal to impleti, under multitasking, specialization dominates
multitasking since it allows the implementation of efforbfiles where high effort is chosen in> 0 tasks as long
asvp,q > v > v, 4 fork > 0. Hence, specialization dominates multitasking becausaeofmplementation
problem that arises when an agent is assigned the respdpsibeach of then complementary tasks and the return
after success is not sufficiently large to make the efforfijgrd,, second-best optimal under multitasking.

Now | consider the case in which tasks are substitutespi.e) satisfies SSBM.

19Technically, under Laux’s assumptions and under the optaratractl; (w, e) satisfies SSPM.
20Technically, the principal's expected payoff is a convegggtlinear function in which different effort levels aretiopal in each different
segment.
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Proposition 2. Suppose agents are compensated according to an aggregatedmance measure ande) satisfies
SSBM. Then,

i) Suppose conditiofCP$)holds. Then, the principal prefers multitasking to spez&tion and implements the
effort profile1y, if v is such thavy?, | , > v > v .

i) Suppose conditiofPs)holds. Then, the principal prefers multitasking to spezation and implements the
effort profilel,, if v is such thavy, , , > v > v ;.

This shows that when tasks are substitutes, the principalyal prefer multitasking to specialization. The reason
is straightforward. When the principal delegatesithtasks to one agent, the implementation of the effort prafile
k € {0,...,n}, at the minimum costs requires that the downward local itreercompatibility constraint regarding
the effort profilel; holds with equality. This incentive compatibility constrais identical to the one that arises
under specialization when the principal wants to induceatient responsible for tagkto choose high effort. Hence
the limited liability rent paid under multitasking %15 ) B, and the sum of the limited liability rents paid under
specialization i (1;)kBy. It follows from this that the principal’s cost of implemémg 1, under specialization is
k times that under multitasking. In other words, the cost ofivating & agents to work hard is times higher than
motivating one agent to work hard intasks.

This results establishes that when there is a multitaskinglpm in the sense that under multitasking an effort
profile other thari ,, cannot be implemented, there are parameterizations satbghcialization is preferred to multi-
tasking. Nonetheless, specialization makes the impleatientof any effort profile more expensive, which makes the
equilibrium effort profile different from the first-best effént profile implemented when there is no limited liability

It also worthwhile to comment on the fact that the result isair by the implementation problem under multi-
tasking. One might conjecture that this is the result of tet that effort is dichotomic and the performance measure
takes two values only. However this conjecture is not carré¢henever the agent is compensated according to an
aggregated performance measure and tasks are complethentésyvould be an implementation problem. By that
| mean that there are effort profiles that are implementabteuspecialization that cannot be implemented when a
multitasking assignment is cho@ﬂhe reason is that for any contract that pays more when mqduced, a
higher bonus for any given outcome will increase effort istetask since the marginal return to effort in one task
increases as the effort in the other task rises. In fact oneshaw that if tasks enter symmetrically jife), only
symmetric effort profiles are implementable, while undexcsalization this is not the case.

5. Robustness

In this section | study the robustness of the implementati@ilem to richer environments. This section’s goal
is to show that the implementation problem, which is at thexaf the results in this paper, is not an artifact of
the stylized features of the environment studied so far., 8ppendix AppendixB a more detailed analysis of the
extensions studied in this section.

5.1. Limited Effort

In this sub-section | study a situation in which there is a imasn number of tasks for which an agent may exert
high effort. In particular, | assume that no agent can exgtt bffort in more thann < n tasks. Because tasks are
symmetric, how an agent allocates thweunits of effort among the tasks under his responsibilityrislévant. This
constraint has no bite under specialization since eacht é&gersponsible for one task only and when it is second-best

21For a formal proof of this for the case of two tasks, contiraieffort and multiple outcomes see Balmateéda (2011).
22/ potential solution to this problem could be the use of séstic contracts, however this may not come at a low cost.
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optimal to implement high effort ik < m tasks. So, | will consider parameterizations where theggpal wishes to
implement high effort irk tasks withk > m. To simplify the analysis | will assume thafm is a natural number and
| will denote this byz.

The point | make here is twofold. First, | will claim that it @ptimal to allocate thé tasks between the lowest
number of agents possible and second, tasks should be spliea as possible among the agents. To see the former
lets assume that there is one agent responsible farm tasks and another one responsiblegor m tasks. Then
one can easily show that if tasks are complements, indubieggttwo agents to work hard in each of the tasks they
are responsible for as Nash equilibrium requires to pay ttenfiollowing total limited liability rer@

cr cy
p(1 + . 6
Gy p) o= s ©
Instead if the first agent is in chargewftasks and the other agent of the remaining tasks{0,y + x — m}, then
inducing these two agents to work hard as Nash equilibriuqaires to pay them the following total limited liability
rent

cmin{y + z,m} cmax{0,y+z — m} ) ' @)

O e B PR A S PR

Itis straightforward to check that the limited liabilitymein equation[(6) exceeds that in equatidn (7) and therefore
whenever there are two agents with different loads and wgrkiard in each task, it is worthwhile to take away tasks
from the relatively overloaded agent and to give them to éhatively underloaded agent. Hence, tasks must be split
as evenly as possible. This together with the fact that the agluithe limited liability rents is higher than the limited
liability rent of one agent in charge of the same tasks insgthat it is optimal to have the lower number of agents in
charge of the: tasks and these must be split as evenly as possible.

If tasks are substitutes, inducing the two agents resplanfsibz andy tasks to work hard in each of them as Nash
equilibrium requires to pay them the following total limit&ability rené

C C
1 + . 8
P (a5 * 0= o) ®
Instead if the first agent is in chargexaftasks and the other agent of the remaining tasks{0,y + © — m}, then
inducing these two agents to work hard as Nash equilibriuqaires to pay them the following total limited liability
rent

P00 Gy =5 * T ) ©)

It is easy to see that that the limited liability rent in eqoat(8) is identical to that in equatiohl(9) and therefore
whenever there are two agents with different loads and wgrkard in each task, the distribution of tasks among them
is irrelevant. This together with the fact that the sum oflihméted liability rents is higher than the limited liabit
rent of one agent in charge of the same tasks implies thabjttisnal to have the lower number of agents in charge
of then tasks. Hence, the optimal task assignment requires to havedst number of agents possible. This requires
that each agent be assigned the greatest number of taskisi@oss

Hence, the main trade-off behind the results in this papeshiast to introduction of a total effort constraint that
limits an agent’s ability to choose high effort in each pbkstask, since the implementation problem survives to this
constraint. Furthermore, a new insight arises which is ithiat optimal to allocate the tasks between the smallest
number of agents possible and when tasks are complementsnilst be split as evenly as possible among those
agents, while when tasks are substitutes the distributitong them is irrelevant. Hence, when tasks are complements

23This is due to the fact that complementarity implies thatglabal incentive constraint binds.
24This is due to the fact that substitutability implies tha timly the downward local incentive constraint binds.
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and specialization is not optimal, the optimal allocatidriasks will require teams of the smallest feasible size and
each member of the team should have the same load in terms ofithber of tasks he is responsible for.

5.2. Multiple Performance Measures

In this sub-section | consider a situation where there arktipleiaggregated performance measures such as to-
tal revenue, stock market value, EBITDA so on and so forthts lassume that besides the output there is another
performance measures that can take also two outcomes:ssuaith probabilityg(e) and failure with probability
1 — g(e). If g(e) inherits the properties gf(e) in terms of how effort is related across tasks, one can atatedue
to the informativeness principle, having multiple perfamae measures could improve incentives in the sense that
provided that an effort profile is implementable, it couldilmplemented at lower cost. In the case of a multitasking
job, the firm will choose to compensate the worker using dmyrhore informative performance measure, while under
specialization or team work the solution is not as stramftard since the principal can try to exploit some sort of
relative performance evaluation understood of as conipetif the team against the team itself. One can show in fact
that the optimal contract when the principal wants to impatrithe effort profilel;, are as follows: for those workers
the principal chooses not to motivate them to work hard, trract offers to pay zero regardless of the performance
measure realizations; and for those whom the principal sb®to incentivize so that they work hard, the contract pays
nothing when either performance measure shows a failurgvaed neither shows a success and a positive bonus only
when both realizations are success.

The main lesson to be learned from this is that having melig@rformance measures does not help to solve the
implementation problem that precludes the optimality oftitasking under certain parameterizations. Consistétfit w
the informativeness principle, having more than one paréorce measure is beneficial since it allows the principal to
implement any implementable effort profile at a lower coantlvhen there is just one performance measure.

5.3. Contractible Tasks

In this sub-section | assume the principal can costlesdlypanfectly observe some, but not all, effort levels. In
addition, effort is not only observable, but also verifialnl¢hese tasks. Hence, the principal can contract directly o
them. The number of tasks where effort is observable is dwen h € {1,...,n — 1}.

In this case the principal can use forcing contracts andgbuain agent responsible for a task in which effort is
verifiable if he does not exert the required effort level. Tegnitude of the punishment is still limited by the limited
liability constraint. Hence, when a specialized task assignt is chosen, the principal can implement the desired
effort level in those tasks where effort is contractible aemtra cost. This requires to pay each of these agents a fixed
wagea = ¢ whene = 1 and to pay cero otherwise. When there is multitasking tmeinger the case. Under SSPM
the observability of effort in certain tasks allows the pipal to push the limited liability rent all the way down toree
since the contractible effort generates informationaksgies among tasks. This occurs when the average contributi
of effort when high effort is chosen in tasks is higher than that when high effort is chosen only erntdisks where
effort is contractible. This is consistent with the literst on moral hazard that states that any informative signal i
worthwhile using in the optimal contract since it allows girencipal to lower the cost of implementing a given effort
level. Under SSBM one can easily show that the optimal effodetermined by the local incentive constraints. Not
only so, but also that the least costly way of inducing hidgoréfin & tasks requires to satisfy the local downward
incentive constraint. Hence, the analysis made in seCimppfies directly to this case.

It readily follows from this that contractibility of effostfavor multitasking since the agent in charge ofthasks
internalizes the costs of being punished from not workingl na the tasks were effort is contractible and high effort
is requested. In contrast, under specialization the agegponsible for the tasks for which effort is non-conttaleti
play the same simultaneous effort choice game and theréfeiebest responses are identical to the ones they have
when effort cannot be contracted on in any task.
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6. Final Remarks

In this paper, | have studied an old question which is whattedenefits of specialization vis-a-vis multitasking.
| have done that in a setting where agents are compensateriagrto an aggregated performance measure, there
is moral hazard and agents are subject to limited liabilltge main insight of the paper is that multitasking results
in a natural source of economies of scope in firms regardieseaechnological relationship between tasks. Yet
multitasking, together with task complementarity, resiritan implementation problem that results in the impoBsibi
to implement an effort profile different from one in which thgent chooses no effort in each task or one in which he
chooses high effort in each task. This implementation gnoldives rise to the optimality of specialization when the
project’s return is such that implementing high effort iclesask is not second-best optimal. Hence, the technolbgica
relationship between tasks not only shape optimal corgiraat also the way firms organize themselves.

One limitation of this paper is that | have not consider oh@ssible task assignments. However, under comple-
mentarity this is less important since the implementatiabfem highlighted here will be present whenever an agent
is allocated more than one task. Finally, | hope that thim@waork and its insights will provide a useful building
block for future research drawing out the wider implicaarf task assignments e.g., for employers deciding whether
to use teams in the workplace and designing optimal teanniiveeschemes, for policy-makers deciding how to tax
partnerships and team-based bonuses, and for workersehemsleciding whether or not to join teams.

17



Babaioff, M., Feldman, M., Nisan, N., and Winter, E. Combmgl agency. Journal of Economic Theory147(3):999 — 1034, 2012. ISSN
0022-0531. doi: 10.1016/j.jet.2012.01.010. URttp://wuw.sciencedirect.com/science/article/pii/S0022053112000117|

Baker, G. The use of performance measures in incentive amiimtg. American Economic Reviewd0(2):415-420, May 2000. URL
http://ideas.repec.org/a/aea/aecrev/v90y2000i2p415-420.html|

Baker, G. Distortion and risk in optimal incentive conteactournal of Human Resource37(4):728-751, 2002.

Balmaceda, F. On the optimality of one-size-fits-all coctsaThe limited liability caseWorking Paper-CEA145, 2011.

Bond, P. and Gomes, A. Multitask principal-agent proble@ptimal contracts, fragility, and effort misallocatiodournal of Economic Theoyy
144(1):175-211, January 2009. URkLtp://ideas.repec.org/a/eee/jetheo/v144y2009i1p175-211.html|

Che, Y.-K. and Yoo, S.-W. Optimal incentives for teams. American Economic Revigw91(3):525-541, June 2001. URL
http://ideas.repec.org/a/aea/aecrev/v91y2001i3p525-541.html|

Chen, B. All-or-nothing  payments. Journal of Mathematical Economics 48(3):133-142, 2012. URL
http://ideas.repec.org/a/eee/mateco/v48y2012i3p133-142.html.

Corts, K. S. Teams versus individual accountability: Sajvinultitask problems through job desighhe RAND Journal of Economic38(2):pp.
467-479, 2007. ISSN 07416261. URktp://www.jstor.org/stable/25046316.

Dewatripont, M. and Tirole, J. Advocates. Journal of Political Economy 107(1):1-39, February 1999. URL
http://ideas.repec.org/a/ucp/jpolec/v107y1999i1p1-39.html.

Dewatripont, M., Jewitt, |., and Tirole, J. The economicscafeer concerns, part ii: Application to missions and aotahility of government
agenciesThe Review of Economic Studi€$(1):199-217, 1999. ISSN 00346527. URttp://www.jstor.org/stable/2566956

Emek, Y. and Feldman, M. Computing optimal contracts ineseparallel heterogeneous combinatorial agenciesPréceedings of the 5th
International Workshop on Internet and Network Economi®8NE '09, pages 268-279, Berlin, Heidelberg, 2009. Smirderlag. ISBN
978-3-642-10840-2. doi: 10.1007/978-3-642-10841-9 \2BL http://dx.doi.org/10.1007/978-3-642-10841-9_25|

Holmstrom, B. and Milgrom, P. Multi-task principal-agemtadyses: Incentive contracts, asset ownership and jobgleliurnal of Law, Economics
and Organization7:24-52, 1991.

Itoh, H. Incentive to help in mutli-agent situatioriSconometrica59:611-636, 1991.

Itoh, H. Cooperation in hierarchical organizations: Andntive perspectiveJournal of Law, Economics and Organizatj@1321-345, 1992.

Itoh, H. Job design, delegation and cooperation: A prifeigent analysisEuropean Economic Revie®8:691-700, 1994.

Laux, C. Limited liability and incentive contracting withuttiple projects.RAND Journal of Economi¢c82:514-526, 2001.

MacDonald, G. and Marx, L. Adverse specializatidiournal of Political Economy109(4):864—899, 2001.

Milgrom, P. and Roberts, J. Rationalizability, learningdaequilibrium in games with strategic complementaritEsonometrica58(6):1255-77,
November 1990. URhttp://ideas.repec.org/a/ecm/emetrp/v68y1990i6p12565-77 . html|

Mukherjee, A. and Vasconcelos, L. Optimal job design in trespnce of implicit contractS’he RAND Journal of Economic$2(1):44—69, 2011.
ISSN 1756-2171. doi: 10.1111/j.1756-2171.2010.00126RL http://dx.doi.org/10.1111/j.1756-2171.2010.00125.x/|

Prendergast, C. Intrinsic motivation and incentives. American Economic Review 98(2):201-05, May 2008. URL
http://ideas.repec.org/a/aea/aecrev/v98y2008i2p201-05.html.

Ratto, M. and Schnedler, W. Too few cooks spoil the broth:idian of labor and directed productioithe B.E. Journal of Economic Analysis &
Policy, 8(1):27, 2008. URIhttp://ideas.repec.org/a/bpj/bejeap/v8y2008i1n27 .html|

Winter, E. Incentives and discrimination. The American Economic Reviev@4(3):pp. 764-773, 2004. ISSN 00028282. URL
http://www.jstor.org/stable/3592953.

Winter, E. Incentive Reversal.  American Economic Journal: Microeconomics1(2):133-47, August 2009. URL
http://ideas.repec.org/a/aea/aejmic/v1y2009i2p133-47.html.
Winter, E. Transparency and incentives among peers. RAND Journal of Economics 41(3):504-523, 2010. URL

http://ideas.repec.org/a/bla/randje/v41y2010i3p504-523.html|

Zhang, L. Complementarity, task assignment, and incentil@urnal of Management Accounting Researth(1):225-246, 2003.

Zhao, R. R. All-or-nothing  monitoring. American Economic Revigw 98(4):1619-28, September 2008. URL
http://ideas.repec.org/a/aea/aecrev/v98y200814p1619-28.html|

18


http://www.sciencedirect.com/science/article/pii/S0022053112000117
http://ideas.repec.org/a/aea/aecrev/v90y2000i2p415-420.html
http://ideas.repec.org/a/eee/jetheo/v144y2009i1p175-211.html
http://ideas.repec.org/a/aea/aecrev/v91y2001i3p525-541.html
http://ideas.repec.org/a/eee/mateco/v48y2012i3p133-142.html
http://www.jstor.org/stable/25046316
http://ideas.repec.org/a/ucp/jpolec/v107y1999i1p1-39.html
http://www.jstor.org/stable/2566956
http://dx.doi.org/10.1007/978-3-642-10841-9_25
http://ideas.repec.org/a/ecm/emetrp/v58y1990i6p1255-77.html
http://dx.doi.org/10.1111/j.1756-2171.2010.00125.x
http://ideas.repec.org/a/aea/aecrev/v98y2008i2p201-05.html
http://ideas.repec.org/a/bpj/bejeap/v8y2008i1n27.html
http://www.jstor.org/stable/3592953
http://ideas.repec.org/a/aea/aejmic/v1y2009i2p133-47.html
http://ideas.repec.org/a/bla/randje/v41y2010i3p504-523.html
http://ideas.repec.org/a/aea/aecrev/v98y2008i4p1619-28.html

AppendixA. Main Proofs

Proof of lemmé&l.Lets define the sed = {i € {0,...,n}|e; = 1}. Thisis the set of tasks in which the agent chooses
high effort. Thus choosing the optimal effort is equivaleEnthoose the set. | call the setd(v) as the optimal set of
tasks in which the agent is induced to choose high effort vihemeturn after successisLet W (A) be the expected
total costs for a setl ande(A) the optimal effort profile when set is chosen. This is given bi/;”.

The the principal expected utility is given By(A,v) = p(e(A))v — W*(A). Lets assume that > v’. Then,
becauseA(v) is optimal atv, V(A(v),v) > V(A(v'),v), while because > v andp(4) > 0, V(A(v'),v) >
V(A(v"),v"). It follows from this thatV (A(v),v) > V(A(v'),v"). Next | show that the success probability is non-
decreasing in the value Becaused(v) is optimal atv,

ple(A(v))v = W*(A(v)) = p(e(A(v)))v — W (A(V)).
Becaused (v’) is optimal at’,
ple(A(v)v" = W (AV') = ple(Aw)v" = W*(A(v)).

Summing these two equations one gets fpét(A(v))) —p(e(A(v')))) (v—v') > 0, which implies thap(e(A(v))) >
p(e(A(v')) sincev > ¢'. Finally, | need to show that the expected total payment is-aecreasing in the value
SinceA(v') is optimal atv” andp(e(A(v))) > p(e(A(v")), one gets that

pe(A@)))v" = W (A()) = p(e(A(v)v" — W*(A(v)) = p(e(A(W)' — W*(A(v))

or equivalenthyis(A(v)) > W=(A(v")), which proves the statement.
O

Proof of lemm#&18.Lets define the principal expected payoff when the retuer aficcess is and he optimally induces
high effort ink tasks ad/ (v, k). Let vy, be the value ob that satisfied’(v,0) = V' (v, n). It follows from this that
von, = W /(p(1n) — p(1o)). Now consider any: € {1,...,n — 1} and observe that (vo,,n) > V (von, k) if and
only if

von (p(Ln) — p(1x)) > W, — Wi,

Using the definition ofy,,, and after a few steps of simple algebra, this re-writes dsvis|

wr < p(11) — p(1o)

W™ p(1,) — p(lo)

It remains to prove thal’ (v, k) is maximized by eithek = 0 or k = n if and only if V(vg,,0) = V(von,n) >
V(von, k) foranyk € {1,...,n — 1}.

If part: suppose thalt (vo,,n) > V(von, k). Because(1,) > p(1x), V(von,n) > V(von, k) implies that for all
v > wo, the contract that induces high effortin each task is optifdatause(1y) < p(1) foranyk € {1,...,n—1},
V(von,0) > V(von, k) implies that for every < v, the contract that implements no effort in each task is ogitim

Only if part: Suppose that’ (v, k) is maximized byk = 0 for all v < vy, and byk = n for all v > wg,.
Then, inducing high effort ik # {0,n} tasks is not optimal for any, it is not optimal forv = vg,. Thus,
V (von,0) = V(von,n) > V(von, k) foranyk € {1,...,n — 1} as we need to show. O

Proof of lemm#&R .Lets define the principal expected payoff when the retuer aficcess is and he optimally induces
high effort in k& tasks asV (v, k). Let v, ,_; be the value ol that satisfies/ (v, k) = V(v,k — 1). It follows
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from this thatvg 1 = (W — W™ ,)/(p(1x) — p(1x—1)). Observe now that for every € {1,...,n — 1},
V(vk,k—1,k) > V(vgt1,6-1,k — 1) if and only if

Wity = Wi p(leg) — p(1g)
wir—=wir " p(lg) — p(lg-1)

This follows from substituting the definition afy, ,_; into V(vg x—1,k) > V(vk+16-1,k — 1) and rearranging
terms. Notice that for anyt € {1,...,n — 1}, p(1x) > p(1x—1). This together with condition NIPs implies that
Vk+1,k > Uk k—1. Itis needed to show thatif,1 1, > vi ,—1 foranyk € {1,...,n — 1}, then there exists a value
v such thatV (vi, k) > V(vg,j) for everyj # k. | need to prove the claim that for any> vy —1 andj < k,
inducingk agents to work hard gives the principal a higher expectdityutian inducingj agents to work hard; that
is, V(v, k) > V(v,5) foranyj < k andv > vy 1. By definition ofv; ¢ and the linearity ir, this clearly holds for
k = 1. Suppose the claim is true for &l— 1, which means that for any > vy_1 y—2 andj < k — 1, V(v,k —1) >
V(v,j). Becausey, —1 > vr—1,5—2, to complete the induction step one needs to show that fovalwev > vy, ;1
andj < k, V(v,k) > V(v,5). By definition ofvy _; and the linearity irv, it holds thatV (v, k) > V (v, k — 1).
By the induction hypothesis for any > v;_; 2 andj < k — 1, it holds thatV (v, k — 1) > V(v,j). Thus, for
anyuv > v g—1 > Vp—1,k—2 andj < k — 1, it holds thatV (v, k) > V(v,k — 1) > V(v,j). A similar induction
argument show that at any value< vy, andj > k, it holds thatl/ (v, k) > V (v, j). Combining these two claims
one deduces that for any values (vit1 .k, vk k—1) @ndj # k, V(v, k) > V (v, j) as needed. O

AppendixB. Details Robustness Section

AppendixB.1. Contractible Tasks

In this sub-section | assume the principal can costlesdlypanfectly observe some, but not all, effort levels. In
addition, effort is not only observable, but also verifialléhese tasks. Hence, the principal can contract directly o
them. The number of tasks where effort is observable is diein h € {1,...,n — 1}.

In this case the principal can use forcing contracts andgbuan agent responsible for a task in which effort is
verifiable if he does not exert the required effort level. Timggnitude of the punishment is still limited by the limited
liability constraint. Hence, when a specialized task assignt is chosen, the principal can implement the desired
effort level in those tasks where effort is contractible aemtra cost. This requires to pay each of these agents a fixed
wagea = ¢ whene = 1 and to pay cero otherwise. Hence, the total cost of impleimegni, under specialization is
the following:

ck ifk<h

WS
CT ekt Btk —h) itk b

The first case considers a situation where the principalssaritnplement high effort ik tasks and this number is
smaller than or equal to the number of tasks in which effacbistractible. The second case entails an environmentin
which the number of tasks where effort is contractible isltsnthan the number of tasks in which the principal wants
to implement high effort. The total cost is the first-bestoédint cost for the firsk tasks plus the sum of the standard
limited liability rents for thek — h tasks. Hence, the fact that some tasks are contractiblecheffett on the limited
liability rent paid to the agents responsible for tasks witim-contractible efforts.

Under multitasking things are slightly more complicatedst: lets consider the case in whi€f)(w, e) satisfies
SSPM. If the agent is provided with an incentive intensitgrsthat he chooses to exert effort/int- 1 tasks, he will
also choose to exert effort in thetasks as before. Hence, it is easy to show that the total ¢astpdementingl,
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with k& € {0,...,h} U {n} under specialization is the following:

ck if k<h
m _— (1,) ; (1n) n
W™ = 7})(17{’)71)(1”@(71 —h) ifk>h andg(lh) <3
en if k> hand22) > 2

The first case considers a situation where the principal sanimplement high effort ik tasks and this number is
lower thanh; the number of tasks for which effort is contractible. Thew®l case deals with a parametrization in
which the principal wants to implemenf, and the agent prefers to work inof them than slacking-off in each of
them. The last one deals with the opposite case, the inesintiensity that induces the agent to work haré itasks
instead of: tasks is not large enough to induce him to choose hard workdh sk over work in none of them. In the
second case, the agent must be given a positive limiteditiatgnt in order to be induced to work hard since either

is small or the performance measure is too noisy. Wheredeeithird case, the threat of punishing the agent for not
working hard in any of the contractible tasks is strong etawgnduce him to work hard in each of them. Hence, the
observability of effort in certain tasks allows the pringiipo push the limited liability rent all the way down to zero
since the contractible effort generates informationaksgies among tasks. This occurs when the average contributi
of effort when high effort is chosen in tasks is higher than that when high effort is chosen only erntdisks where
effort is contractible. This is consistent with the litersg on moral hazard that states that any informative signal i
worthwhile using in the optimal contract since it allows fivcipal to lower the cost of implementing a given effort
level.

Next, lets consider the case in which tasks are substitétedefore one can easily show that the optimal effort
is determined by the local incentive constraints. Not oolytait also that the least costly way of inducing high effort
in k tasks requires to satisfy the local downward incentive trairgd. Hence, one can show that the total cost of
implementingl, is the following:

ck if k<h
m 1g . 1z
Wi = 7p(1k)”5p’zik_l)c if k>h andp—fl(kf)l) < A
H 1 k
ck if k> hand 2UEL > ko

The rationale for this payment scheme is the same as befthiehvei difference that here the principal can implement
any effort profile he wishes.

The analysis made in sectidh 4 applies directly to this cétsis.enough to repeat the analysis almost verbatim
considering the total compensation costs as derived herehE sake of brevity, | would not do so. It is easy to see
that contractibility of efforts favor multitasking sincleg agent in charge of thetasks internalizes the costs of being
punished from not working hard in the tasks were effort istamtible and high effort is requested. In contrast, under
specialization the agents responsible for the tasks fochwiffort is non-contractible play the same simultaneofstef
choice game and therefore their best responses are idgnttba ones they have when effort cannot be contracted on
in any task.

AppendixB.2. Multiple Performance Measures

Lets assume that besides the output there is another parficemeasures that can take also two outcomes: success
with probability¢(e) and failure with probabilityl — g(e).

Lets define the contraet = (o, Bss, Bs¢, Brs, Bff), WhereS,, is the bonus payment when success is observed in
both performance measuresy is the bonus payment when success in the outcome and faildhe iperformance
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measure are realizedy, is the bonus payment when success in the performance measiifailure in the outcome
occur and3; ¢ is the bonus payment when failure in both performance meassiobserved.
When an agent faces contract= («, 8ss, s, Bts, B7f) and chooses the effort profite his utility is given by:

Ulw,e) = o+ ple)(g(e)Bss + (1 = q(e))Bss) + (1 = ple))(a(e)Brs + (1 = q(e))Bs5) — CZ €i

and the principal’s expected payoff is as follows:

J
V(w,e) =ple)o = (aj +p(e)(a(e)Bssj + (1= a(€))Bsgs) + (1= p(e))(ale) Brsj + (1 = a(€))Byyy))-

j=1

It is easy check the following

p(e)(q(e)Bss + (1 —q(e))Bss) + (1 — p(e))(qle)Brs + (1 —qle))Brs)
=p(e)q(e)(Bss + By — Bsg — Brs) +p(e)(Bsy — Bry) +ale)(Brs — Brr) + By

It follows from this and the limited liability constraint # an optimal contract entail$;; = 0, since lowering this
decreases the cost of implementing the effort prefilnd the incentive compatibility is made to hold by choosing
the other payments accordingly. To save on notation letei@efi= 8. + 5 — Bs¢r — Brs, ¥ = Bsf — Brs and

2= Brs = By

First, lets consider a multitasking task assignment. hénteasy to check that the existence of two performance
measures cannot solve the implementation problem thasavben the technology satisfies SSPM. To see this lets
suppose thap(e) andg(e) satisfy SSPM and the principal wants to impleméntZ {1o,1,}. Then, the following
must hold

(P(Lx)q(Lr) — p(Li)q(Le))z + (p(1k) — p(Li))y + (q(1x) — q(1x))z = c(k = k'), VK" # k,
If k" = k — 1, the following must hold
(P(1k)q(1k) = p(Lr-1)g(1x—1))x + (p(1x) — p(1e-1))y + (¢(1r) — q¢(1r-1))z > ¢,
while if k' = k + 1, the following must hold
(P(1k)q(1k) = p(Lrt1)g(Lig1))z + (p(1k) = p(Lig1))y + (¢(1k) — q(1rt1))z = —c.

Hence, in order to implemeny, ¢ {1¢,1,}, a necessary condition is the following

(r(1k)q(1x) — p(Lk-1)q(1k—1))x + (p(1k) — p(1k—1))y + (¢(1k) — q(1x-1))z > ¢ >
(P(Lk+1)q(Lk+1) — p(1k)a(1k))z + (P(Lkt1) — P(1k))y + (q(Li41) — q(1k))2.

After some simple algebra this equation re-writes as fadlow

(2p(1k)q(1k) — P(Lk+1)q(Lkt1) — p(Lr—1)q(Lg—1)) 2+
(2p(1k) — p(1k—1) — P(Lk+1))y + (2¢(1k) — q(1g—1) — ¢(1x+41))z > 0.

Because by definition SSPM implies that the second and third in parenthesis are negative and one can show that
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SSPM implies that the first term is nega@ahis inequality does not hold. If the extra performance measgvere to
behave differently from the outcome in terms of the relatip between tasks, the implementation problem could be
somehow solved. Yet, | will be agnostic with respect to timd awill stick to the natural assumption thg) inherits

the properties of(e).

Due to the informativeness principle, having multiple peniance measure could improve incentives in the sense
that provided that an effort profile is implementable, itlkcboe implemented at lower cost. In the case of a multitasking
job, the firm will choose to compensate the worker using dméyrhore informative performance measure, while under
specialization or team work the solution is not as stramfathird since the principal can try to exploit some sort of
relative performance evaluation understood of as conipetf the team against the team itself. One can show in fact
the optimal contract when the principal wants to implemkeaffort profilel , are as follows: for those workers whom
the principal chooses not to motivate them to work hard, tdract offers to pay zero regardless of the performance
measure realizations; and for those the principal choaséscentivize so that they work hard, the contract pays
nothing when either performance measure shows a failurgvhed neither shows a success and a positive bonus only
when both realizations are success. The lowest bonus tipérinentsl , is equal to

p(1k)q(1k) — p(L—1)p(1p—1)

The main lesson to be learned from this is that having melig@rformance measures does not help to solve the
implementation problem that precludes the optimality oftitasking under certain parameterizations. Consistétfit w
the informativeness principle, having more than one paréorce measure is beneficial since it allows the principal to
implement any implementable effort profile at a lower coattivhen there is just one performance measure.

25Note that
2p(1)a(1k) — P(Lk+1)g(Lk+1) — P(Lk—1)g(1k—1)
=p(1x)q(1x) — P(Lx4+1)q(1x+1) + P(1k)(g(1x) — q(1x—1)) + ¢(Lx—1)(P(1x) — P(1x—1))
SSPMimplies thaty(1x+1) — q(1x) > q(1x) — q(1x—1) andp(lr+1) — (1) > p(1x) — p(1x—1). Hence,
P(1k)a(1k) — P(Lkr1)g(Lk41) + (k) (@(1k) — ¢(1k—1)) + a(1k—1)(p(1x) — p(1k—1))
<p(1x)q(1x) — P(p11)g(1ps1) + (k) (@(Leg1) — ¢(1x)) + a(1p—1)(P(Qx41) — P(1%))

=(P(Lgt1) = pLe))(@(lk—1) — ¢(1g+1))
<0.
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