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ABSTRACT

Performance Incentives with Award Constraints*

This Paper studies the provision of incentives in a large US training
organization, which is divided into about 50 independent pools of training
agencies. The number and the size of the agencies within each pool vary
greatly. Each pool distributes performance incentive awards to the training
agencies it supervises, subject to two constraints: the awards cannot be
negative and the sum of the awards cannot exceed an award budget. We
characterize the optimal award function and derive simple predictions about
how award prizes should depend on the number of agencies, on their sizes,
and on their performances. Our results indicate that the constraints on the
award distribution bind and reduce the overall efficiency of the incentive

system.
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NON-TECHNICAL SUMMARY

An important contribution of economic theory is the paradigm of incentive
provision under moral hazard. The stereotype model of moral hazard has a
principal who contracts with an agent to supply effort. Principal-agent
relationships include the owners of a firm and the firm’s manager, a landlord
and a farmer, a homeowner and a builder, to name just a few examples. The
principal does not observe the agent’s effort so it is impossible to reward the
agent for their contribution to what the principal truly values. The principal only
observes a measure of performance that imperfectly represents effort. The
performance measure reflects, in addition to effort, external factors that are
outside of the agent’s control. An important feature of these models is that to
induce effort, the principal will have to reward high performances and punish
low ones even though — given the incentive system — the difference in
performance is due to pure chance. Any model of incentive provision (e.g.
piece rate, tournament, and relative performance evaluation) is a variation
along that theme.

A key implication common to these models is that the agent sometimes
receives more than their contribution and at other times less. Although this
assumption that punishments and rewards can vary more than contribution
plays a central role in the theory of incentives, it is often violated in practice.
For example, punishments are often bounded from below: the principal cannot
punish the agent beyond some given point. Incentive theorists have devoted
some attention to this case, known as limited liability.

Another constraint on incentive provision, which has received less attention in
the literature, is that awards often cannot be greater than a fixed award pot.
The incentive literature has focused almost exclusively on situations where
there is a surplus to be shared (e.g. executives and stockholders share stock
market value creation, peasants and landlords share crops, and firms and
sales people share sales margins). In many contractual relationships,
however, the agent’s contribution does not directly materialize as a surplus
that can be objectively valued and shared. In these situations, organizations
typically prefer to set aside an award pot rather than, for example, taking the
risk of committing to a subjective award formula that may bankrupt the
incentive system. When the incentive scheme has to be fully funded, the
agents’ awards are bounded from above because the agent cannot receive
more than the award pot. Tournaments are examples of fully funded award
schemes.

The main purpose of this Paper is to investigate whether the limited liability
and fully funded constraints lower the efficiency of incentives. From a
theoretical point of view, there are good reasons to believe that they should.
The simplest way to see that is to revisit the principal-agent model of
performance incentives after introducing these constraints. As before, the



principal will try to stimulate effort by creating a reward gap between high and
low levels of agent performance. Limited liability constraints, however, may
restrict the ability to give awards that are low relative to the agent’s
contribution. Similarly, fully funded constraints may limit the principal’s ability
to give rewards that are large relative to the agent’s contribution. This upper
bound on the rewards together with the lower bound on punishment may
reduce the maximum award gap and the possibility to efficiently provide
performance incentives.

This Paper investigates the hypothesis that constraints on incentive awards
lower their effectiveness, using evidence from a large US government
organization that provides job training to the economically disadvantaged. This
job training organization divides the US into approximately 640 non-
overlapping, collectively exhaustive jurisdictions, each run by a single training
agency. Because a training agency’s budget is determined primarily by the
density of the population of disadvantaged that live in its jurisdiction, budgets
vary in size across training agencies. Each state supervises the set of training
agencies, or local decision-makers, that are located within its boundaries.
Training agencies make resource allocation decisions freely, but face a
financially backed incentive system that is based on a set of well defined
performance measures. Each state distributes budgetary awards from a fixed
award pot (fully funded constraint) to provide incentives subject to the
constraint that awards cannot be negative (limited liability constraint). In fact,
training agencies are guaranteed a fixed budget and receive the awards on
top of that budget.

In investigating whether these constraints matter, this Paper proceeds in two
steps. First, we characterize the distortions that emerge under the fully funded
and the limited liability constraints. We proceed by constructing a two-agent
model that captures the feature of our empirical application that the agents
manage budgets of different sizes. The feature that budget size differs gives
us an additional degree of freedom in identifying the implications of our model
in the data. The model predicts that the limited liability and the fully funded
constraints should bind, thereby reducing the effectiveness of incentives. The
model also predicts that these effects will be more pronounced in states that
manage a more diverse set of budgets. We show that when the relative
difference in agents’ budgets reaches a given threshold, the large agent
exerts inefficiently low levels of effort.

Second, we test if the predictions suggested by the optimal contract hold in
the federal job training organization that is our case study. Our empirical
strategy is to compare performance awards and performance outcomes
across states that manage different pools of agents. The empirical analysis
uncovers three findings. First, those agents that are small relative to their state
average receive disproportionally larger awards. Second, we find mixed
evidence that these smaller agents perform better. Third, we find some



evidence that performance outcomes are lower in states that are more
heterogeneous.

The evidence is broadly consistent with the predictions of the model and
suggests that it is more difficult to provide performance incentives in states
that are more heterogeneous because the fully funded and limited liability
constraints are more likely to bind in those states. Our analysis shows that the
effectiveness of performance incentive depends on the financial constraints
organizations face. The analysis also suggests that the sorting of agents into
pools is an important step in the design of incentive systems.



1 Introduction

This paper studies the design of incentives in a large federal (U.S.) organization that
provides job training to the economically disadvantaged. State boundaries segment the
organization. Each state supervises the training agencies, or local decision makers, that
are located within its boundaries. Training agencies are heterogeneous in the sense that
they manage budgets of different sizes. Training agencies’ budgets are determined pri-
marily by the density of the population of disadvantaged that live in their jurisdictions.

Each state distributes an award pot to provide incentives to the pool of training
agencies it oversees subject to two constraints. First, the awards cannot be negative.
Training agencies are guaranteed a fixed budget and receive the awards on top of that
budget. This constraint is similar to the limited liability constraint found in the incentive
literature (Sappington, 1983). The second constraint is that the award function has to
be fully-funded. By this, we mean that the sum of the rewards cannot be greater than a
fixed award pot. Tournaments are examples of fully-funded awards.

The main purpose of this paper is to investigate whether the limited liability and
fully-funded constraints matter. From a theoretical point of view, there are good reasons
to believe that they should. To see that, recall that the driving force behind performance
incentives is that the way the principal stimulates effort is by creating a reward gap
between high and low levels of agent performance. Under moral hazard, this implies
that the agent will sometimes receive less and other times more than its contribution.
Limited liability constraints, however, restrict the ability to give less to the agent than
its contribution. Similarly, fully-funded constraints limit the principal’s ability to give
rewards that are greater than the agent’s contribution. This upper-bound on the rewards
together with the lower-bound on punishment due to limited liability may reduce the
maximum award gap and the possibility to efficiently provide performance incentives.

In investigating whether these constraints matter, this paper proceeds in two steps.
The first step it to model the contractual features described above. The incentive literature
has overlooked situations where fully funded and limited liability constraints interplay

with the feature that agents are heterogeneous. The model asks three sets of questions.



The first set explores the relation between the agents’ performances and their awards.
What does the optimal incentive scheme look like? Should the awards be independent
across agents as in a piece rate system or should the amount agents receive depend on
the performance of other agents, as in a tournament incentive scheme? The second set of
questions is specific to the feature that agents are heterogeneous. How does the optimal
award function depend on the number of agents and on their relative sizes? Should
awards be proportional to budget sizes? Or should smaller agents receive a disproportional
fraction of the award? Third and most importantly, does the optimal contract achieve
the efficient level of effort? Do the limited liability and fully funded constraints bind?

The model predicts that the limited liability and the fully-funded constraints should
bind and reduce the effectiveness of incentives. This should be even more pronounced
in states where the agents’ sizes are more heterogeneous. We show that when agents
are very heterogeneous, the smaller agents will typically exert inefficiently high level of
efforts. We also derive the optimal incentive contract and characterize its properties.
Some of these properties suggest simple predictions on how budget sizes, award amounts
and performance outcomes should vary within and across states. We also find that the
optimal award is characterized by group incentives. An agent’s payoff is dependent on
the performance of her peers even though their performances may not be statistically
related. The reason for the optimality of group incentives here comes from the need to
cross-subsidize awards in order to increase the award gap between high and low levels of
performance.

The second step is to test if the predictions suggested by the optimal contract hold
in the federal job training organization that is our case study. Our empirical strategy
is to compare performance awards and performance outcomes across states that manage
different pools of agents. The empirical analysis uncovers three findings. First, those
agents that are small relative to their state average receive disproportionally larger awards.
We also find some mixed evidence that they perform better. Second, performance awards
depend on absolute performance outcomes but also on performance outcomes relative to
other agents in the state. Third, we find some evidence that performance outcomes are

lower in states that are more heterogeneous. The evidence is broadly consistent with



the predictions of the model. It suggests that it is more difficult to provide performance
incentives in states that are more heterogeneous because the fully-funded and limited
liability constraints are more costly in those states.

The theoretical part of this paper contributes to the contract literature. Following the
early work of Lazear and Rosen (1981) on tournaments as a means to provide incentives,
some authors have recently studied the specific problem of allocating fixed award pots
among contestants (e.g. Krishna and Morgan (1998) and Moldovanu and Sela (1999))
but these work do not assume limited liability on the part of the agent. As mentioned
above, Sappington as well as Demski et al. (1988) study the restriction imposed by limited
liability constraints but in a framework where the agent receives some private information
after contracting. More recently, Innes (1990), and Kim (1997) considered the contractual
restrictions imposed under limited liability but in a single agent framework and without
the fully funded constraint.

On the empirical side, this work belongs to the empirical literature on the provision of
incentive in organizations. See Prendergast (1999) for a recent survey of that literature.
Another way to interpret our results is as a test of whether government bureaucrats write
contracts that are consistent with the optimal incentive contracts predicted by incentive
theory. There is some evidence that firms design optimal incentive contracts (Prendergast
reviews studies of bonus, relative performance, and tournament) but to our knowledge,
no one has yet asked whether government organizations also do so.

The paper is organized as follows. The next Section summarizes the key characteristics
of the incentive system we study in the empirical application. This will be the starting
point to motivate the model which is presented in Section 3. Section 4 derives some
implications but the proofs are deferred to the Appendix. Section 5 tests some of the

model’s implication in a large training organization and Section 6 concludes.



2 The JTPA Incentive System

The Job Training Partnership Act (JTPA) of 1982 created what was until the late 90’s the
largest federal employment and training program serving the disadvantaged.! The core of
our empirical work focuses on fiscal years 1985 and 1986. In these years, the JTPA annual
budget was approximately $4 billion and it was serving nearly one million people. JTPA
is highly decentralized: job training is carried out by more than 600 semi-autonomous
sub-state training agencies. The JTPA bureaucracy is unusual for many reasons but one
will be of special interest for this study: Instead of a rigid, comprehensive set of rules
that regulate bureaucratic conduct, the JTPA organization is driven by a set of incentive
systems that influence outcomes.?

JTPA gave the responsibility to individual states to design and administer the local
incentive systems. There are 51 incentive systems in our data set corresponding to 50
individual states and the District of Columbia. Each incentive system rewards a pool of
training agencies. In fiscal years 1985 and 1986, we have for each incentive system (read
state) data on the number and the size of the training agencies, or more simply agents,
and on the agents’ performances outcomes and awards.?

To motivate the model, we present some basic statistics on the number of agents
per state, and on the agents’ budgets, awards and performances. The number of agents
varies across states. In fact, there are on average 11.9 agents per incentive systems with
a standard deviation of 11.0. The average agent’s size also varies considerably across
incentive systems. Agents manage on average a budget of $3,084,309 but the standard
deviation in average budget across states is $3,254,630. This variation illustrates the fact
that the JTPA funds are allocated to the states by formula on the basis of the relative

size of their population that is eligible for training. Those states that have larger eligible

'For a description of JTPA see Johnston, 1987.

2For a description of the JTPA incentives see Courty and Marschke, 2000.

3The data on the agents’ performance outcomes and performance standards used in this study come
from the JTPA Annual Survey Report (JASR). This report is compiled annually by the Department of
Labor. The award and budget were collected by SRI, International (SRI) and Berkeley Planning Asso-
clates to evaluate for the National Council for Employment Policy the efficacy of performance standards
in JTPA. See Dickenson, et al. (1988) for a description of the data. We thank Carol Romero of the
National Commission for Employment Policy for making these data available to us.



population manage more and/or larger training agencies. Agents’ budgets within a state
can also vary tremendously. The within-state variance in budgets is lower than $1m in
some states and as large as $10m in others. This, again, is due to the fact that each
training agency receives a share of its state’s budget that is proportional to its fraction of
the state population that is eligible for JTPA training. Most importantly for our study,
this variation in the number of agents and in their budgets is exogenous since it depends
on the local density of population in need.

As an aside, note that this feature of agent heterogeneity prevails in government or-
ganizations where the sizes of the basic managerial entities are largely determined by
administrative boundaries. This implies that government organizations typically super-
vise pools of heterogeneous agents. In fact, this is the case in education (agents are
schools), health (hospitals) and many other government service organizations where some
experimentation with incentives has been tried (Dixit, 1999).

Next, we describe the performance outcomes. Before presenting some numbers, it may
be useful to describe the concept of performance measures and performance standards in
the JTPA organization. In fiscal years 1985 and 1986, there were seven performance
measures and the U.S. Department of Labor (DOL) required that the States use them all.
There were four measures for the adult participants, and three for the youth participants.
Table 1 defines the seven performance measures.

Each state in JTPA develops an incentive system based on the DOL-defined measures
to reward its pool of training agencies. The states have considerable latitude in the
construction of the incentive scheme as long as awards are contingent on the achievement
of numerical standards defining minimum acceptable level of performance. For non-cost
measures (see Table 1), agents receive awards if their outcomes exceed the corresponding
standards. For cost measures, on the other hand, agents receive awards if their outcomes
are exceeded by the corresponding standards.

The DOL sets performance standard benchmarks for each performance measure based
on the historic performance of other training centers in the system. For the non-cost
(cost) measures, the DOL sets the benchmark at the 25th (90th) percentile of the agent

performance nationwide for the previous two fiscal years; this means that 75 (90) percent



of agents in the previous two years would have attained the standard. The DOL offers
states a procedure for adjusting the each measure’s benchmark by the characteristics
of the local labor market (e.g., the local unemployment rate) and by characteristics of
the agent’s enrollee population (e.g., enrolee representation of welfare recipients). The
purpose of the adjustment procedure is to level the playing field so that agents are held
to standards that are appropriate to their local economic conditions and the kinds of
clients served. The states have discretion over the formulation of the standards, but most
states during the period under investigation adopted the same DOL formulae to control
for outside factors.* Table 2 computes the fraction of agents who have exceeded the
performance standard and the average performance in excess of the standard (that is, the
actual performance outcome minus the standard) for the seven performance measures.
Table 2 shows that while most agents exceed the standard, their excess performances
vary considerably.

Finally, we present the award prizes. By mandate, a state’s award pot is about seven
percent of the training budgets it supervises.® Table 3 presents the mean and standard
deviation of the agents’ awards, and of their awards per unit of budget. The award per
unit of budget varies across agents suggesting that the award funds are not allocated only
according to a proportional sharing rule. We also find (not reported here) that the level
of awards vary greatly across agents within a state rejecting a fixed sharing rule where
the award pots would be distributed equally across agents.

Although the awards vary greatly across agents, there are some important restrictions
on the award distribution. First, the awards have to be positive, meaning that the states
cannot, reduce the agents’ budgets following a poor performance. Second, the states

cannot, spend more than the award budget even if all agents do exceptionally well: the

4See Heckman et al. (1997) for a general discussion on the use of performance standards in government
organizations.

5The JTPA funds are allocated in three sub-funds: 78 percent are set aside for training services, 6
percent are set aside for the incentive system and the remaining 16 percent are set aside for other special
services. The award fund as a fraction of total training budget is 7.1 percent (6/(78+6)) if one assumes
that all award funds are eventually distributed as training budget. The actual figure should typically be
lower than 7.1 percent because some of the incentive set aside fund is spent to administrate the incentive
funds. In our data, the award as a fraction of budget also varies across states because some agents are
missing in some states. The fraction of award to budget will be greater than seven percent, for example,
when poorly performing agents are missing.



award has to be fully-funded.®

3 The Model

The previous Section showed that budget sizes, performance outcomes, and award prizes
varied greatly both within and across incentive systems. One goal of this paper is to
investigate whether incentive theory can explains these variations. Our objective in this
Section is to provide a framework for structuring and motivating the empirical analysis.
In the core of this Section, we restrict to the simple design problem with only two agents.
To establish a comparison benchmark, we will also ignore scale effects in budget size.
Toward the end of this Section, we show how the main qualitative predictions generalize
to multi-agents and non-linear budget effects.

Agent ¢ € I = {1,2} manages budget b; with by > by. Agent i has reservation
utility U(b;) = b;U, and exerts effort e; at cost byc(e;) with ¢, ¢, and ¢ positive and
¢(0) = ¢/(0) = 0. The principal values effort w(b;, e;) = bse; from agent i. Let W denote
the award pot for agents b; and by.”

Budget multiplies all the fundamental parameters of the model in a proportional fash-
ion. The cost and profit functions say that effort is measured in efficiency units. Under
no scale effect, effort should be understood as a measure of quality of managerial decision.
This framework suggests a simple comparison benchmark corresponding to the efficient
(or first-best) levels of effort in the absence of moral hazard problems. The efficient efforts
maximize the weighted sum of efforts b1e; + boey subject to the participation constraints
w; — bie(e;) > b;U for i € T and the budget constraint W > w; + ws where w; is the wage

paid to agent ¢ € I. The optimal level of effort is the same for both agents,

eechl(f_U)’

6States may be able to transfer some award fund from one fiscal year to the other although there are
some constraints restricting the amount states can transfer. For simplicity, we will focus in the model
section on the polar case where the amount they can transfer is zero.

7As a side comment, we assumed that the award fund was fixed. This assumption simplifies the
analysis and does not really matter for our empirical application since the interest there is not on the
optimal award pot (W) but rather on the optimal award function to be defined below. We could also solve
for the optimal award pot. This would just add another decision variable without much supplementary
insight for our application.



w
b1+b2

where f = represents the award as a fraction of budget and we assume f — U > 0
to guaranty that e > 0. One should think of effort as an efficiency multiplier in the
use of the budget. Both agents supply the same effort because they equally increase the

efficiency of their budgets. Agent i’s wage is equal to its relative share of total budget

b;
bi+bo " C

Next, consider the moral hazard case. In line with the moral hazard paradigm, we
assume that the principal cannot directly observe the agents’ efforts but observes only an
imperfect measure of performance. To simplify, we assume that the performance measure
can only take high or low values. Four performance outcomes may occur that we will
denote J = {hh, hl,lh,ll} where performance outcome hl, for example, is interpreted as
agent one performing high and agent two low. Outcome j € J occurs with probability
p’(e1,ez) and agent i € I then receives wg . To focus on the main issues, we will assume
a simple symmetric linear functional from for the joint probabilities. The symmetry and
linearity assumptions in addition to the condition that the probability that an agent
achieves a given level of performance does not depend on the other agent’s effort (e.g.
#é(phh +phl) = 0) imply that phh(el, ey) = KM+ aer + aey, phl(el, ey) = KM+ Ber — aes,
p'(er, e2) = k" — aey + Beg, and pll(ey, ea) = k' — Be; — Bes with a, 3 > 0, and k7 given
constants such that k" = k" and p/ € [0, 1] within the relevant effort ranges.

Define agent i’s expected award as,

Wi(ei, e2) = ij(eheQ)wzj'
jeJ
To focus on the main issues, we will assume that the agents are risk neutral.® Agent i’s

utility under the above award scheme is,
Uz(ez) = Wi(el, 62) — bzc(ez)

The incentive compatibility constraint for agent ¢ says that she chooses the level of

effort that maximizes her utility given the other agent’s effort. The first order condition

8Under the strong participation constraints to be introduced below this assumption is not very re-
strictive since the agents are guaranteed their reservation utilities anyway.



to agent ¢’s maximization problem is,

d
£M(€1, 62) = bic’(ei) (IOCZ)

The first order condition is sufficient because the agent’s maximization problem is convex.
The next set of constraints says that the principal guaranties the agents their reservation
utility under every performance outcome. Stretching the contract literature’s terminology;,

we will call these constraints the strong participation constraints,

for j € J and i@ € I. These participation constraints are stronger than the ones found
in the incentive literature, or weak participation constraints, saying that the agents are

better-off participating on average,’

The final set of constraints is new to this problem and will play an important role in
the analysis. These constraints say that the total award payments in any performance
outcome cannot exceed the total award pot. We call these constraints the strong budget

constraints.

W > wi 4+ wj (SBCY),

for j € J. The strong budget constraints emerge, for example, when the incentive system
has to be fully funded so that the principal cannot transfer award funds from one contract
year to the other. They are the mirror image to the principal of what the strong partici-
pation constraints are to the agent. The strong budget constraints are stronger than the
standard budget constraint found in the incentive literature, or weak budget constraint

in this work, saying that the award cannot exceed on average the total award pot,

w Z Wl(el,eg) + Wz(el,eg) (WBC)

9The SPC as modelled here are a strong version of the limited liability constraint found in the literature
saying that the agent’s utility has to be greater than a fixed constant that could be lower than the agent’s
reservation utility. SPC occur in practice when the principal needs to overcome the agent’s resistance to
the introduction of explicit incentives. The principal uses SPC to reassure the agent that she will not
lose-out under the new compensation contract (e.g. Lazear, 1999).

9



In the analysis Section, we will pay special attention to two incentive mechanisms that
have received much attention in the contract literature and that are commonly used in
practice: piece rate awards and tournaments. An issue of interest will be to investigate if
the optimal mechanism can be implemented by these mechanisms. For clarity, we formally
define these two mechanisms. A piece rate award mechanism rewards each agent based
on her performance outcome alone. Formally, agent b; is rewarded according to a piece
rate if wi" = wh and wi = wi". A tournament mechanism ranks the agents and rewards
them a prize that depends on their rankings alone. This implies that w? = wl" and

h _ ,lh 10
wy' = wi".

4 Analysis

We analyze the problem gradually. First, we solve the incentive design problem under
moral hazard with only the weak participation and budget constraints. The novel twist
in this analysis is to revisit the standard incentive design problem with heterogeneous
agents. Second, we investigate the problem with the strong version of these constraints.

This is the main contribution of this theoretical section.

Moral Hazard with WBC and WPC Under moral hazard, the efficient outcome
can be achieved as long as the IC'Cs and the W PC' hold at the efficient level of effort.
Then, the W BC' is implied by the W PCs. The ICCs will hold at the optimal level of
effort if the principal can create an award differential between high and low performances
large enough to provide the right effort incentives. The principal will be able to bind the
W PC' if it can adjust the average level of performance by punishing the agent under low
performance to compensate for the high rewards under high performance.

This will typically be the case as long as the principal has enough degrees of freedom
on the 8 outcome dependent awards (w?) to satisfy the 5 constraints ((ICC;, W PC)icy,
W BC'). Many mechanisms implement the efficient outcome but the goal of this section

is to focus on piece rate and tournament.

10WWe assume that when both agents achieve the same outcome, they are randomly ranked. Tournament
then implies that the total award given when agents perform the same is equal to the total award when
they perform differently, w® + whh = wl + wll = wht 4 wh.

10



To start, note that the principal cannot implement the efficient outcome under a
“pure” tournament. A tournament offers a fixed prize schedule that is independent of
the size of contestants. The tournament’s winner then earns the same prize whether it is
managing a large or a small budget. When b; > by, tournaments give too much incentive
to the small agent relative to the large one. This result is similar to the result in the
tournament literature that tournaments may not achieve the efficient outcome when one
agent has a comparative cost advantage (Lazear and Rosen, 1981). The solution in these
models is to handicap the favorite agent. In our model, a simpler solution consists in a
modified tournament structure where the prize schedule is weighted by the sizes of the
agents. Define a ‘weighted tournament’ mechanism as a tournament where the winner

w

earns b;w" and the looser b_;w’ where w" and w’ are the prizes per unit of budget.

Proposition 1 Under WBC' and W PC, the efficient outcome can be implemented under

a weighted tournament system where awards are proportional to budget sizes.

A similar analysis applies to piece rate system. Although the principal cannot im-
plement the efficient level of effort with a single piece rate rewarding only high and low
performances, she can implement the efficient levels of effort under a weighted piece rate

system. Weighted tournament and weighted piece rate belong to a more general class of

J hl lh
‘weighted mechanisms’ that satisfy —+ = Z—; for j = hh,ll and %%7 = %Jﬁ = 2—2 There are
wy 2 2

many weighted mechanisms that implement the efficient outcome. The intuition is that
under a weighted incentive scheme IC'C} is equivalent to IC'Cy and similarly W PC| is
equivalent to W PCj. Therefore, the principal can achieve the efficient outcome because
she has 4 degree of freedom (the four prizes) and must satisfy only two constraints (/CC
and WPC'). Note, however, that there are some mechanisms that do not satisfy the

condition for a ‘weighted mechanism’ and that still implement the efficient outcome.!*

Moral Hazard with SBC and SPC Let’s now turn to the design problem with the

HIn any mechanism that implement the efficient outcome, the following condition must hold
o=l ol ul!) _ b
a(,w;m7w31)+6(w;h7w;1) - bz'

erage sense.

This condition says that prizes have to be weighted but only in an av-
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strong budget and participation constraints. The incentive design problem is,

Maz m(e1) + ma(ez)

(ID) (e, w])ie]

%

s.t. (ICCy;,SPCY, SBCYYIE]
To start, we consider the relaxed incentive design problem (RID) where we take into
account only the inequality dieiT/Vz-(el,eg) > b;d(e;) from the ICCs. It will be easy to
check that the principal can still implement the optimal RID profits when the reverse

inequalities are imposed.

Lemma 1 The optimal RID profits can be implemented by an incentive system where
Spclt, SpCl, spcht, SpCith, SBC™, SBC™, and SBC™ bind (hold as equality) and
SpPCh SPCY, and SBC" do not bind.

To provide effort incentives, the principal tries to create the largest award differential
between high and low performances. This has straightforward implications for the states
of the world where only one agent performs well. The agent who does not perform
gets her reservation utility while the agent who does perform get the rest of the award
pot. Similarly, when both agents perform poorly they get only their reservation utilities.
Lemma 1 greatly simplifies the incentive design problem. In fact, we can replace, or get
rid of, most of the constraints and are left only with ICC;, ICCy, SPCM, and SPCH.

Define the simplified relaxed incentive design problem as,

Maz m1(e1) + ma(es)
(SRID) (1, €2, w5")
s.it. ICCy, ICCy, SPChh, S PChh

where the all award prizes but w2 have been replaced using Lemma 1. Let A\° represent

the Lagrange multiplier associated with constraint c.
Lemma 2 MP9" =0 and MO > 0 in the optimal SRID contract.

The large agent is the one who is difficult to motivate. The incentive compatibility
constraint will always bind for that agent. Similarly, that agent will always receive more

than its reservation utility when both agents are performing high. The intuition is simple.
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The small agent gets a disproportionaly large award when she is the only high performer.
Therefore, the small agent is facing stronger incentives than the large one from the way the
award pot is distributed when there is only one high performer. This has to be balanced
if one wants the two agents to provide the same effort and the only opportunity to over
reward the large agent is when both agents perform well. A final result will help interpret

the results.
Lemma 3 MP%" — 0o e = ey and MSPC" > 0 < e < ey.

This Lemma says that the small agent supplies more effort than the large one if she
just receives her reservation utility in the state of the world where both agents perform
high. The optimal incentive scheme depends on which constraints out of ICCy and SPCh*
bind and this in turn depends on the parameters of the model. Three mutually exhaustive

cases may occur. (A formal proof is presented in the Appendix.)

1. Contract (C1), (M9% > 0, ASP%" = (). The solution to SRID without SPC}"
does satisfy SPC!. Then, both agents supply the same effort e; = e;. The optimal

pair (e, wh") is obtained by solving the agents’ first order conditions.

2. Contract (C2), (M¢“2 >0, 5P O > 0). The small agent supplies more effort than
the large one and is paid her reservation utility in the state of the world where both

agents perform well wh" = by(U + c(e3)). The small agent’s ICC binds.

3. Contract (C3), (AMPC = 0, ASP%2" > (). Again, the small agent supplies more effort
than the large one and is paid her reservation utility in the state of the world where
both agents perform well. The difference now is that the small agent’s ICC does

not bind. As a consequence the awards wY and w!* are not uniquely determined.!?

Note that the optimal contract is not uniquely determined only in contract (C3) for

the small agent and for performance outcomes [h and [l. The intuition for this result is

12The optimal SRID award scheme violates ICCy’s reverse inequality. To meet that constraint, it is
necessary to lower w}® and/or increase w¥. It is possible to do so because ICCy in SRID does not bind
so SBC"™ and SPCY do not have to bind. Any combination of w¥ and w}* that binds ICCy and satisfies
SPCY and SBC™ implements the SRID profits and satisfy all the ID constraints.
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simple. The small agent would be facing too powerful incentive if she would receive the
entire leftover award pot (after giving the large agent her reservation utility) when she is
the only high performer and only her reservation utility when both agents perform low.
Under such powerful incentive, the small agent would supply too much effort relative to
the large one. Therefore, A'¢“2 = 0. One solution to lower the small agent’s effort is to
waste some award funds when the small agent is the only high performer. Another way to
go is to increase the small agent’s award when both agent perform poorly. The principal

is indifferent between these two options.

The Optimal Award Prizes

| | C1 C2 | C3 |
wih | W —whh (@) W—bQ(U+ c(eg)) | W —be(U + c(e2))
ull ol ba(U + cle2)) | BalU + clea)
wit | W —bo(U +c(e)) | W —ba(U + c(ez)) | W — bo(U + c(e2))
wht bo(U + c(e)) bo(U + c(e2)) bo(U + c(e2))
wit bi(U + c(e)) b1(U + c(er)) b1(U + c(er))
wi | W —b(U +c(e)) | W — bl(U + c(ey)) wh ©)
W | LU+e) | bU+cler)) | bl +cen)
wy | ba(U +c(e)) by(U + ¢(e2)) wy

hh solves ICCy and ICCy for e = es.
®Any wi and w¥ that satisfy SPCY, SBO™ and ICCy at the optimal levels of effort (eq, ez).

Table 1 presents the optimal award prizes under the three possible contracts. In
contract (C1) when both agents are doing well, the large agent receives a larger award
than the smaller one by a factor that overstates their sizes difference (wb—? > %h) The
intuition is that the small agent is already facing pretty strong incentives because she can
be generously rewarded when she is the only high performer. Therefore, the small agent
does not need to be rewarded as much as the large one does when both perform well.
This result will also typically hold for contracts (C2) and (C3) as long as the small agent
does not exert much more effort than the large one.

Table 1 shows that the principal does not always distribute the entire award pot. This
will typically occur when performance is low across the board. Burning out some award
money is the optimal punishment scheme to provide ex-ante incentives. The rational for

this outcome is that the principal cannot carry award funds from one incentive contract

to the other. Under contract (C3), the principal may even burn some award fund in the
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state of the world where only the small agent performs well.

Another implication of Table 1 is that the optimal incentive scheme cannot be im-
plemented under a (weighted) piece rate system. In fact, under a piece rate system the
small agent would receive the same prizes when she is the only high performer and when
both agents perform high. In the optimal contract, however, the small agent receives less
when both agents perform high than when she is the only high performer (w4 > wh").
Similarly, a (weighted) tournament system cannot be optimal because it would entail
to sometimes reward the large agent more than its reservation utility when both agents
perform low.

The agents’ awards depend not only on their performances but also on the perfor-
mances of the other agent. The reason for the optimality of group incentive in this model
with SPC and SBC constraints is distinct from the standard reason found in the in-
centive literature. The traditional reason is that group incentives allow the principal to
better insure the agents against performance risk when the measures of performance are
stochastically related across agents. This is also known as Holmstrom’s (1979) informa-
tiveness principle. In this model, agents are risk-neutral and group incentives are optimal
even when the performance outcomes are independent across agents. The reason for the
optimality of group incentives here comes from the need to cross-subsidize performance
rewards in order to increase the award differential in the presence of the strong budget
constraint.

In the empirical section, we want to investigate how the optimal contract changes
as agents are more heterogeneous and as total budget changes. To investigate this issue
theoretically we assume that the budgets are b; = b+ A, and by = b— A, with b > A, > 0.
To control for scale effects, we will assume that W = fb so that the award pot increases

proportionally with budget.

Proposition 2 There exist 0 < A* < A™ < 1 such that (C1) is optimal for 5 < A*,
(C2) is optimal for A* < 5t <A™, and (C3) is optimal for S& > A**.

This Proposition together with Lemma 3 implies that e; = ey for A* > %‘1 while

e1 < ey for % > A*. When agents are heterogeneous enough, the small agent exerts more
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effort than the large one. This will happen if the award system over-rewards the small
agent when she is the only high performer so much that this cannot be compensated by
under-rewarding her when both agents perform well. The principal will not be able to
level incentives across agents when the agents’ budgets are too heterogeneous. Note that
the proper measure of agent heterogeneity is relative budget difference scaled by mean
budget. Budget differences matter more when mean budget is lower. Put differently, the
larger the average award pot, the easier it is for the principal to compensate for budget
heterogeneity. The final result regards the average level of prizes and the average level of
performance.

Proposition 3 The small agent is more likely to perform high than the large one. The

hl hh
small agent earns more on average than the large one when 2—; > %.

We conclude with a comment on the welfare implications of the model. The SPC
and SBC are source of two kinds of distortions. First, the optimal incentive system does
not always allocate effort optimaly across agents. When agents are too heterogeneous,
the large one exerts too little effort and the small one too much effort. Second, even
contract C1 does not achieve the efficient outcome although it does satisfy the condition
that both agents supply the same level of effort (e; = es). There are two reasons for
that. One reason is that the SBCs force the principal to throw away award funds when
both agents perform poorly.'® Another reasons is that the agents receive more than their
expected reservation utility under SPC. As a consequence, agents exert less effort under
SPC and SBC than under WPC and WBC. Note that the inefficiency of having the SBC
and the SPC is not driven by one of these constraints alone. In fact, the principal would
be better-oft with SBC and WPC or with WBC and SPC than with SBC and SPC. Both
the limited liability and the fully funded constraints bind.

Extensions The most crucial assumption in the model is the assumption that there are

no (dis)economies of scale in budget size. To investigate the role this assumption, we

13To the extent that the award money could be used for other activities than agent compensation, the
efficiency impact of this distortionary effect could be mitigated and really depends on the value of these
other activities. Interestingly, the JTPA incentive system anticipated that potential problem and created
a “technical assistance” fund. States are allowed to channel some of the award money to the technical
assistance fund to help poorly performing training agencies.
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assume that the cost function is not linear in budget (%27(5 # 0) and consider how this

would change the optimal contracts and the levels of effort. Assuming diseconomies of

o%c

Zz; > 0 would add a force pushing toward requiring more effort from the

scale in budget

o%C

%<O

small agent relative to the large one while assuming economies of scale in budget
would push toward relatively less effort from the small agent. Under moral hazard with
SPC and SBC these effects would just add to the incentive effect we identified in the
analysis.

It is clear that it would be impossible to identify the incentive effect in a single contract
environment without knowing anything about the cost function. This is not true, however,
if one has access to a cross section of contracts that cover different pools of agents. To
illustrate this point, assume for example, that there are two pairs of agents where the
large agent in one pair is the same size as the small agent in the other pair. Then, a
simple extension of the model would predict that although these two agents are identical,
they should receive different awards when they perform well and their paired agent also
do so. In such event, the agent that is paired with a larger agent should receive a smaller
award than the one that is paired with a smaller one. All the other predictions of the
model can also be identified.

Another important assumption of the model is that there are only two agents. To
simplify, consider the case of four agents corresponding to two identical pairs of agent and
let’s compare this four-agent case (two pairs) with the corresponding two-agent case (one
pair). In the four-agent case, the distortion effect identified in the two-agent case will be
less pronounced because the principal will have more degree of freedom to smooth the
award function across agents. In addition, the performance outcome where all agents per-
form poorly will occur less frequently implying that the principal will burn out the award
pot less frequently. These two forces imply that average performance should increase with

the number of agents.
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5 Application to the JTPA Incentive System

In this section we test whether states implement the optimal award scheme. The theo-
retical model establishes how the agents’ awards should depend upon their budgets and
upon their performances. The theoretical model also makes predictions about how the
award distribution and the performance outcomes should vary across states that supervise

different agent pools. We test the following predictions of the optimal incentive system:

1. Award as a function of budget—An agent that is small relative to the average
agent in the state receives disproportionally large awards, given its performance.

States should distribute on average less than their entire award pot.

2. Award as a function of performance—The agent’s award should depend posi-
tively on its performances but negatively on the performance of other agents within

the same incentive system.

3. Performance as a function of budget—Smaller agents should perform better
on average than larger ones. States that are more heterogeneous should perform

worse.

To test these implications we use data that contain information on performance out-
comes on the seven DOL measures, on awards and on budgets. Depending on the pre-
diction we are testing, our unit of observation is either a training agency or a state. Our
two data sources were presented in footnote 3. From the SRI data set, we have financial
data for approximately 400 of the training agencies in fiscal years 1985 and 1986.

For about 42 states, we have a significant fraction of the agents. The sample we
work with represents only about two thirds of the JTPA population of training agencies
(recall that there are over 600 training agencies in JTPA) primarily because many training
agencies failed to report their awards and/or their budgets. In addition, we have agency
performance outcomes and standards for most agencies between 1984 and 1988 from the
JASR data set. Broadly speaking, our testing strategy is to examine whether incentive

theory predicts how awards are distributed and how agents respond to awards in JTPA.
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Award as a function of budget—We begin by testing how the agent’s budget influ-
ences its award. In this reduced form approach we focus on the predictions that (a) larger
agents should receive larger awards and (b) agents who are relatively small in their states
should receive disproportionately larger awards. Model I in Table 4 regresses award on
budget. Model I shows that the award rises on average 4 cents for a 1 dollar increase in
budget. (The coefficient estimate is statistically significant.) Model II in Table 4 adds
to the right hand side of the regression the mean budget in the agent’s state. The mean
budget picks up the effect of the agent’s relative size.

Several implications can be drawn from the two regressions in Table 4. First, note
that the intercept, which is positive and significant in Model I, is not significantly different
from zero in Model II. This says that states do not give fixed prizes independently of size.
Second, the coefficient estimate on mean budget is significant and positive, indicating that
agents that are large relative to their state peers earn less. These results are consistent

with the thrust of the theory.

Award as a function of performance—In testing for budget effects, we concentrate on
the determinants of scaled awards or awards per unit of budget. Table 5 explores the im-
plications of the model by examining the effects of performance, and performance relative
to the performance of other agents in the state, on the award as a fraction of the budget.
The regressions in Table 5 include on the right hand side measures of excess performance,
the agent’s performance outcome minus the corresponding performance standard. The
wage and cost measures in the excess performance calculations are denominated in dol-
lars. The employment rate and youth positive termination rate measures are multiplied
by 100.14

In these regressions, the right-hand side contains seven measures of agent excess
performance.'® Recall that the incentive system rewards cost outcomes only when they
are exceeded by the cost standard. For the sake of consistency, we compute excess perfor-

mance for the two cost measures, CE and CEY, as the performance standard minus the

MFor example, the excess adult employment rate measure for an agent who produces a year-end
employment rate of 70 percent and faces a standard of 67 percent, is calculated as 70 — 67 = 3.
5Each performance measure must receives a positive weight in the determination of the agent’s award.
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outcome. That way, if the regression is correctly specified, and each performance outcome
matters for the award, we should find that the coefficient estimates on excess performance
are positive.

Because we have a two-year panel for each agent, we estimate the relationship using
a random effects model, i.e., with separate, agent-specific disturbances. All regressions
reported include state dummies to control for state variation in other dimensions of the
incentive system that affect award size. We build the model in two steps. We first
investigate the role of performance, and then investigate the role of relative performance
in the determination of the award size.

Model I contains on the right-hand side only measures of excess performance. The
coefficient estimates for the average wage at placement measure, the adult cost measure,
and the youth employment measure have the predicted signs and are statistically signif-
icant by conventional significance criteria. To understand the impact of performance on
the award implied by these point estimates, consider the average agent whose budget is
equal to $3 million (the approximate mean budget in our sample). A $100 reduction in
the cost per placement relative to the cost standard raises the agent’s award by approxi-
mately $3,300. A 10 cent increase in the wage at placement relative to the wage standard
raises the agent’s award by $14,100. A 10 point increase in the agent’s youth placement
rate relative to the standard raises the agent’s award by $3,600. These figures correspond
to arc award elasticities of .37, .97 and .25, respectively.'6

Model II investigates whether awards are determined by relative performance. On
the right hand side, we add to the agent’s own excess performance the mean values of
excess performance in the agent’s state. Negative coefficients on the mean values indicate
that agents are paid more when the other agents in their state do worse. Here we are
testing the model’s predictions that the states construct group incentives. The coefficient
estimates on the mean values of excess performance in the average wage at placement and

the youth cost measures both have the predicted sign and are significant (the p values

16 Another relevant measure is the budget elasticity to performance. These elasticities are about fourteen
times smaller since the award represents only about eight percent of the budget. Although these elasticities
may seem small, they are not when compared to similar measures estimated from executive compensation
(Jensen and Murphy, 1990).
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of the two-tailed tests of significance are .004 and .001, respectively). Consider again the
agent with a budget equal to the system average of $3 million per year. Independent of the
agent’s absolute average wage at placement (youth cost per placement) outcome, the agent
wins approximately an extra $27,000 ($8,400) when its wage (youth cost per placement)
outcome relative to the state average increases by 10 cents (decrease by $100).'7

A surprising finding that emerges from Table 5 is that not all performance measures
are significant. Related to that result, we also find that the explanatory variables do not
explain much of the variation in award per unit of budget. The R? for Model I is about
.256. As a benchmark, the state dummies alone (this regression is not reported) explain
about 13 percent of the total variation in the award per unit of budget. Thus, while
the R? is low in the model, excess performance accounts for nearly half of the explained
variation in the award per unit of budget. The addition of the mean values of excess
performance in Model II only modestly raise the R? (from 25.6 percent to 27.8 percent).

The statistical insignificance of some coefficients on excess performance and more gen-
erally, their limited explanatory power, have three possible causes. First, most award
policies are highly nonlinear and complex. The low R? may reflect that the linear specifi-
cation imposed in the regressions does not capture well how performance determines the
award. Second, an accurate measure of the relationship between award and performance
may be difficult to obtain due to measurement error. Administrative data from JTPA
data sources are known to contain considerable error.'® Third, states may be using award
funds to meet political objectives rather than incentive objectives as assumed in our model.
For example, states may use award funds to redistribute resources to politically-favored

agents, or from one geographical area to the other.

Performance as a function of budget—The model predicts that smaller agents should

exert more effort and achieve higher levels of performance. The estimates reported in

"These findings are consistent with the model but they are also consistent with the hypothesis that the
contracts use relative performance to control for common shocks. Our data does not reject the hypothesis
that performance is statistically related within states.

8For example, for fiscal year 1986, the JASR and the SRI data set contain measures of the same
performance outcomes and standards. These measures are frequently different, and in non-systematic
ways.

21



Table 6 test this hypothesis. Table 6 presents estimates of the determinants of performance
with respect to each of the seven performance measures. Table 6 is divided into 7 panels,
a panel for each of the seven performance measures. Asin Table 5, the dependent variable
is defined as excess performance defined as the performance outcome minus the standard
for the non-cost measures and the opposite for the cost measures.

To test whether small agents perform better than large ones, we construct a measure
of relative size that is equal to the difference between the agent’s budget and the mean
budget for its state, normalized by the mean budget.!® We include the budget variable
to control for scale effect in the production of the performance outcome. Having done
so, we can be sure that the coefficient on the relative budget measure picks up only the
performance effect of the agent’s size relative to the size of its peers in the state.

Consider first Model I. In the adult employment rate regression (Panel A), the coef-
ficient on the relative budget measure is negative and significant by conventional criteria
(the p value is .09). A negative and significant estimate in this specification is consis-
tent with our hypothesis that because they receive stronger incentives, small agents will
generate greater outcomes. We find negative but insignificant coefficients on the relative
budget variable for the adult welfare employment rate (Panel B), the adult wage at ter-
mination (Panel D), and the youth positive termination rate (Panel G) regressions. The
coefficients on relative budget size are positive for both cost measure regressions (Panels
C and E) and significant for the youth cost measure (its p value is .04). This later finding
is inconsistent with the predictions of the model.

A prediction of the model is that relative size should be more important in states where
agents are more heterogeneous. Model II estimates separate coefficients on the relative
budget size measure for agents in highly heterogeneous states. We use as a measure of
state heterogeneity the standard deviation of budget divided by the total allocation of the
state. We divide the standard deviation by the state allocation to capture the idea that

the larger the agents in a state, the smaller the distortion caused by a given amount of

9All regressions include state dummies to control for state variation in the other dimensions of the
incentive system (e.g., state-specific modifications to the construction of the performance standard).
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spread in budget sizes.?’ For Model II, we define three indicator variables: §"?° is equal
to one if the heterogeneity measure of the agent’s state falls in the lower 25th percentile
of the distribution of state heterogeneity outcomes, and equal to zero otherwise. 627 is
equal to one if the heterogeneity measure falls between the 25th and 75th percentiles, and
equal to zero otherwise. 69/ is equal to one if the heterogeneity measure exceeds the 75th
percentile, and equal to zero otherwise. The theoretical model predicts that the relative
size should have a more pronounced effect on performance the greater the heterogeneity
in the state. Therefore, the coefficient estimates on % - 625 and BT];E - 69875 in Model
IT are more likely to be more negative than the coefficient on % alone in Model 1.

We find negative and significant coefficient estimates for the variable B%f -6%°™ for both
adult employment measures (the p values are .09 and .08, respectively; Panels A and B).?!
Coefficient estimates were negative and insignificant for the adult wage measure (Panel
D) and the youth positive termination rate measure (Panel F). Again, the coefficients
estimates from the cost regressions were positive, contradicting the model. (In the adult

cost regression, the coefficient estimate on % - 69175 is significant, and in the youth cost

—B%E - 6125 is significant.) Taken at face value, the

regression, the coefficient estimate on
evidence that relatively small agents face stronger incentives is mixed.

In Table 7, we test whether states that are more heterogeneous perform worse. For
our measure of state performance, we compute a weighted average of excess performance,
where the weights are the agents’ relative sizes. Our measure of heterogeneity is once
again the standard deviation of budget size, normalized by the state’s budget allocation.
We enter on the right hand side the mean budget in the state, to control for any separate

scale effect. We estimate the relationship between a state’s size distribution and the

weighted performance measures using a panel of between 40 to 50 states for fiscal years

20The model does not clearly specify how one should measure heterogeneity when there are more than
two agents. We chose to divide the standard deviation in budget by the sum of budgets rather than
by the average budget to capture the idea that a greater number of agents will provide the state more
degrees of freedom with which to smooth the award function. In any event, we tried different measure of
heterogeneity and they give similar results.

2IThe regression estimates shown in Table 6 suggest that relative size matters more in more heteroge-
neous states, that is, that the coefficient on 2= interacted with the heterogeneity measure is negative.
We have conducted this test formally. While the point estimate of such a test is more often than not

negative, we always reject the hypothesis at conventional levels of significance.
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1984 through 1988.

As in Table 6 we estimate 7 separate regressions, one for each performance measure.
Model I includes only the budget. Model II contains both the budget and the budget
heterogeneity variable, defined as before. Considering Model II, the coefficients on the
heterogeneity variable in five of the seven regressions are negative, as predicted. The
coefficient is both negative and significant in the youth cost and youth employment re-
gressions (Panels E and G). In the two adult employment rate regressions (Panels A and
B) the coefficients are positive, but insignificant. Table 7 therefore presents weak evidence
consistent with the model: states with more heterogeneous sets of agents perform worse

with respect to the performance measures.

To summarize, the evidence provides some confirmation of the theory’s implication
for how awards should depend on budgets and performance and how performance should
depend on pool composition. We find the following. First, we find that the scale prediction
holds: larger agents receive larger awards. We also find that relative size matter: agents
that are small relative to their state average receive larger awards. Second, we find that
while the relationship is not as strong as we would expect, an agent’s award is determined
by its performance. This finding implies that a real incentive exists, and that awards
are not fully determined by political or equity concerns. Third, we find some evidence
that a high-performing agent’s award is even higher when the other agents in the state
perform poorly although again this evidence is not as widespread as it could be. Thus
the award function depends on relative performance in a way that is consistent with
the theory. Fourth, we find that for some performance measures, relatively small agents
perform better than large ones. This finding is consistent with the major implication of
the model: that smaller agents face stronger incentives than larger ones. This evidence
is mixed, however. For cost measures, relatively larger agents appear to generate higher
outcomes, even after controlling for scale effects. Fifth, we find some evidence that effort
distortions are greater in states with greater size disparities among agents. We also find
that relatively heterogeneous states perform worse than relatively homogeneous states for

some measures of performance.
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6 Conclusion

This paper studies the provision of incentives in a large federal job training organization
for the disadvantaged. In this organization, each state develops a financially-backed in-
centive system, subject to the constraint that the individual awards cannot be negative
(limited liability constraint) and the sum of the awards cannot exceed a fixed award pot
(fully funded constraint). With this pot, states reward a pool of training agencies that typ-
ically manage different budgets. The training agencies are evaluated on the basis of their
performance relative to a fixed set of performance standards. The states have considerable
discretion in the construction of the incentive schemes. Piece rates and tournaments, for
example, are allowed.

We show that in the presence of the limited liability and fully funded constraints on the
award distribution, the optimal award function will not in general elicit the unconstrained
efficient level of effort from the agents. The optimal award scheme ‘over rewards’ small
agents relative to large ones. Because small agents receive relatively large awards, they
put forth inefficiently high levels of effort. We find strong evidence consistent with the
prediction that smaller agencies receive greater rewards and mixed evidence that smaller
agents exert more effort. As predicted, we find some evidence that inefficiencies are
greater in states that are more heterogeneous. Our evidence suggests that constraints on
the award distribution lower the overall effectiveness of performance incentives.

Our analysis suggests that the effectiveness of performance incentive depends on the
constraints organizations face. Not all organizations have to distribute a fixed award
pot to a pool of agents. In many incentive relationships, there is a surplus to be shared
(e.g. peasants and landlords share crops, executives and stockholders share stock market
value creation, and firms and sales people share sales margins). It is only when there is
nothing to be shared that the principal prefers to set aside an award pot rather than, for
example, taking the risk of committing to a subjective award formula that may lead the
incentive system to bankruptcy. In that respect, the fixed award pot feature distinguishes
the incentive design problem that prevails in government organizations.

From a positive point of view, the analysis suggests that the sorting of agents into
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pools is an important step in the design of incentive systems. In the same way that
grading on a curve works well only in large classes, the use of fixed award pots works
better in large and homogeneous pools. Along the same lines, note that incentives would
be more effective if states could transfer some of the award pot from one year to the other,
thereby relaxing the fully funded constraint, or if states could punish agents by lowering
their budgets when they perform poorly, thereby relaxing the limited liability constraint.
Any of these solutions to the design challenge we uncovered, however, introduces practical

problems of their own.
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Proofs

Proof of Proposition 1: First I show by contradiction that pure tournament system cannot
implement the efficient level of effort when b; > by. Assume the opposite. Under the efficient

level of effort e; = ey while under tournament w" and w! the agent’s ICC say,

{

These condition imply e2 > e;. A contradiction. QED

(" + pi) (" +wh) + phhw® + piwt = by (er)
(A" + P (" + wk) + prw’ + phlwl = byd ().

DNI—ol—

Next, define the per-unit of budget tournament prizes,

{

A solution to this system always exists. The tournament prizes where the winner earns b;w"
and the looser b_;w’ satisfy the ICCs and W PCs at the efficient level of effort. The WBC'is
implied by the W PCs.

(phh erll)(wW + wL) erhlwW erlth =U— c(efb)
(" + ) @ +wh) + pite™ + plfw’ = ¢ ()

DNI—ol—

Proof of Lemma 1: The proof goes by contradiction. Assume for example that SPCY does
not bind, i.e., w¥ > by (U + ¢(e1)). Consider a new contract where w¥ is decreased such that
SPCY binds. SBC" and ICC; still hold while all the other constraints are unchanged. A
contradiction. The same reasoning applies to show that there is an optimal contract where
SPCY, SPCH, and SPC!* bind. Next, we show that SBC"" also binds. Assume it does not.
Consider a new contract where w” is increased such that SBC"" binds. SPC and ICCy still
hold while all other constraints are unchanged. A contradiction. A similar argument shows that
SBC™ and SBC™ also bind. Next, we show that SPCf! does not bind. Assume it does, that
is, wi = by (U + c(e1)). Because SPCH and SBC™ bind by (U + c(e1)) + ba(U + c(ez)) = W.
This implies that wzj =0;(U +c(e;)) for i € I and j € J. ICC; imply that e; =0 for ¢ € I. But
k — U > guaranties that there is a solution with positive efforts. A contradiction. The same
reasoning shows that SPCY" does not bind. Finally, we show that SBC does not bind. Assume
it does bind, that is, wi + wl = W. Since SPCY and SPCY bind, we have w! = b;(U + ¢(e;))
for i € I and j € J. Again a contradiction. QED

Proof of Lemma 2: We focus on solutions with positive efforts for both agents. The RSID

problem is,

Max m1(e1) + ma(e2)
(ei7wgh)iel
CcC hh ., hh hl —b Lh 11 b > bic
(ICCy) pi™(W —wy™) + p1" (W — ba(U + c(e2))) + (p1" +p1)b1(U + c(er)) 2 bic(e1)
(ICCs) phhwl™ + pi (W —01(U + c(er))) + (05 + p5)b2(U + cle2)) > bac/(e2)
(SPOPMY W —whh > by(c(er) + U)
(SPC3") wh™ > by(c(ez) + U)
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The first order condition to RSID are

FOCel 1+ )\ICCl (pllh erlf)cl(el) _ )\ICCQpIQhC/(el) _ )\Ioclc”(el) _ )\SPC{LhC/(el) _
FOC,, 1+ MO (phl 4 plf)d(eg) — MCC1phld (eg) — MCC2"(eg) — ASPCE" ¢ () =
FOngh _\ca pllm + )\Icogpgh N )\SPC{‘h + )\SPCgh -0

Consider first the case A'¢“2 > 0. We show by contradiction that A" Cr" > 0 and ASPOE" =
0 is impossible. Assume this is true. ASPC1" > 0 implies wi* = W — by (c(e;) + U). ICCy says
that,

hh Lh
+
e2) = B B (W = by (U - cler)) = bo(U + efe2)))
phh+plh gﬂ

But =722 (W = b1(U + c(e1)) — b2(U + c(e2))) > F=(W = b1(U + c(e1)) — b2(U + c(e2))) >
d(e1) where the last inequality holds by ICC}. Therefore, ¢(e2) > /(e1) and ez > e;. Next,
ASPOL" — _\ICG phh 4 MCC2pbh ~ () and the symmetry property saying that p?* = ph* implies
that €02 > M€ Replace ASPC1" in F OCg, and substract FOC,, and FOC,, gives after

using the symmetry properties for the marginal probabilities,
NP (e2) — ¢ (ex)) = ¢"(ex)) = MO ((p}" + pI') (¢ (e1) — ¢ (e2)) — " (e2)).
Since (pif + pht)(d(e1) — (e2)) — ¢’(e2) < 0, A1FC2 > MCCL implies after simplifications,
(2p1" + pi*) (e2) + ¢ (e2) < (201" + PI")E (e1) + &' (en).

The above inequality implies e; > e3. A Contradiction.

Next, we show by contradiction that A5 " > 0 and ASPC2" > 0 is impossible. This would
imply that W = (b1 + b2)U + bic(er) + bac(ez). Then, wg =b;(U +c(e;)) fori e I and j € J
and e; = 0. A contradiction.

Finally, we turn to the case AN'¢“2 = 0. Assume ASPOT™ > . FOngh implies ASPOR™ > .
But ASPC" > 0 and ASPC:" > 0 imply w! = b;(U + c(e;)) for i € T and j € J and ¢; = 0. A
contradiction.

This establishes the Lemma’s first claim, \5F C1" = 0. To establish the Lemma’s second
claim, plug ASPOM™ — () in FOngh and assume M CC1 = 0,

A CCe pgh 4+ ASPCEM _ .
A contradiction since p4" > 0. Therefore, A'¢“1 > 0. QED

Proof of Lemma 3: This first part of this Lemma says that the two agents supply the same
effort when SPCH* does not bind. A7 %" =0 imply M€ = NCC2  Taking the difference in
FOC,, and FOC,, gives

(P + Pt = P (er) — " (er) = (P5 + pl — pit)d (e2) — ¢ (e2).

After simplification, the above equation implies that e; = es. The second claim in the Lemma
naturally follows. QED
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Derivation of the Optimal Contract Consider first the case where AY¢“2 > 0 and ASPC3" —
0. Then, the optimal level of effort and w4" are given by ICC; and ICCy,

1) { POV =) (o pa(U + efe) + PRV = baU + e(e)) = bae'()
Pt 4 (ol p)ba(U + c(e)) + pl (W — by (U + cfe))) = boe'(c)

This is the solution to the optimal design problem if the optimal wage satisfy SPC%", that is,
hh hh
wh? — byc(e) > by. Next we show that %11— > %22—. Using ICCy and ICCxs,

wht e) — (P + ) (U + c(e)) — plp =orllee)

by phh

>

) — (o + U + e(e)) — ppVLED
pi" b

Consider next the case where M9 > 0 and ASPC" > 0. ASPG" > 0 implies whh =
W — ba(U + c(e2)). The optimal levels of effort are given by solving for the agents’ first order

conditions.

(©2) P + P (W = 0o (U + c(e2))) + (0" + P01 (U + cer)) = bic(er)
(P5" + P+ p5)b2 (U + clea)) + pb" (W — b1 (U + c(er))) = bac(e2)

The first order condition to the design problem are equivalent to ¢’(e1) > (p?* + pi)(d(e2) —
d(e1)) and ey > e;.
The final case is A/9C2 = 0 and ASPCE" > 0. After replacement, one can show that the

optimal levels of effort are given by,

er) = (" + Pl (ex) = ¢ en)

This contract does not satisfy ICCy’s reverse inequality in ID. However, the optimal profits can

(C3) { (P + i) (W = b2 (U + c(e2))) + (b + p)b1(U + cler)) = brc/(er)

be implemented under ID by increasing w and/or decreasing w4 by the correct amounts so
that 7C'Cy holds at the optimal (C3) levels of efforts.

Finally, from F Ongh we have MCC2 = (0 = \SPC2" > implying that the case AM[¢C2 =
ASPCY" — ) is impossible. The three contracts C'1, C2 and C3 are exhaustive and mutually
exclusive.

Proof of Proposition 2: Define e* as the level of effort that solves the agents’ ICC's in (C1).
Adding the two ICC's gives,
kpt" + 20" + pY) (U + c(e”)) + 29! (k — (U + c(e”))) = 2¢(¢").
Ay

The above equation shows that e* does not depend on . Define A* such that the agents’
ICCs hold at e* when wh = b(1 — A*)(U + c(e*)),

.t
2c!(e*)

(f =2(U + ¢(e7))-
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For & = A*, (Cl1) is obviously the solution to the de51gn problem. Define G(A,/b) = i -
(1-— 5 2)(U + c(e)). Using ICCY one can show that (A 75 = —c (e) < 0 Therefore, the opt1ma1

Bk in C1 actually satisfies SPCE" when % < A* and does not satlsfy SPCH" when Abb > A*.
Next, define (e}, e5, A**) such that,

(hh’+Phl)(W (b— A™)(U + c(e3)) = (b+ A™)(U + c(e _))) (5+A**) ()

(P (W = (b= A™)(U + c(e3)) — (b+ A™)(U + c(e}))) = (b — A™)c (ef)

C() (" + pi1)(c/ (e3) — (7))
For &b b = A*, (e}, e}) solves both C2 and C3. Next, define H(ej,ez) = (e ) (phh +
i) (d(e2) — d(e1)). Using the ICCs, it is possible to show that (iH/b) < 0. For &t < A

H > 0 measured at the optimal C2 level of efforts and C2 is the optimal contract. For 451 > A,
H < 0 measured at the optimal C2 level of efforts and C3 is the optimal contract.

Finally, we show that 0 < A* < A** < 1. The first inequality holds because f—2(U+c(e*)) >
0. The second inequality holds because C1 and C3 are mutually exclusive. The third inequality
follows after simplifying the ICCs defining (e}, e3),

hh hl
PLEPL (g A (ef) = (1+ A™)(e))

Py
olvi
mplying, pthrphl )
. o d(e3) (e1)
= phhiphl <1.QED
LA o) — )

Proof of Proposition 3: The small agent is more likely to perform high than the large agent
if

pht g pth > phh | phl.
This is equivalent to (ez —e1)(a 4+ 3) > 0 which is always true.

The small agent earns more on average than the large agent if,
Wi Wh
b
After reordering terms, this is equivalent to,
Po1(W = (b1 +b2) (U +c(er))) — (0" +p"")oa (W — (b1 +b2) (U +c(e2))) +p"brba(c(ez) —c(er)) = 0.

eo > e implies that the above inequality always holds when % > M QED
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