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Abstract

Social service providers such as teachers, healthcare providers and homeless shelters
receive trillions of dollars each year to help people. Recently, policymakers and other
funders have attempted to obtain better outcomes by implementing performance-based
incentive schemes that pay more money to higher performing providers. In this pa-
per, I develop a simple model of this incentive design problem with a distinguishing
feature—providers compete for users to help by adjusting service quality. I characterize
a broad class of incentive schemes that elicit efficient service quality, and I show that
popular incentive schemes (including value-added and pay-for-percentile schemes) are
generally suboptimal and can have perverse distributional consequences, even when all
characteristics of individuals are observed. I discuss implications for performance-based
incentives in education and healthcare.

*This paper is based on a chapter from my dissertation entitled “Competition and Homelessness.” I thank
Tony Cookson, Elizabeth Corinth, Ryan Dorow, Steve Levitt, Jens Ludwig, Casey Mulligan, Tobias Salz,
and Caroline Weber for very helpful comments. Please email any comments to the author at
kevin.corinth@aei.org.



1 Introduction

Governments and individuals in the United States spend trillions of dollars each year
funding social service providers, including teachers, physicians and homeless shelters. Dis-
satisfaction continues to mount, however, regarding the performance of providers in spend-
ing resources efficiently: Spending on public education totals $600 billion, while just 35%
of eighth-grade students are proficient in math. Spending on healthcare totals $2.8 trillion,
but costs vary dramatically across the country with no associated difference in outcomes
achieved.! Aside from concerns about aggregate performance, many observers worry that
the most disadvantaged users receive especially low service quality. In an attempt to boost
overall achievement and curtail distributional inequities, funders have in recent years be-
gun implementing performance-based incentives for service providers. Schools are punished
for failing to meet basic standards, teachers receive bonuses for better than expected per-
formance under value-added payment schemes, and surgeons receive good marks on report
cards for low mortality rates. These incentive schemes have been studied extensively and
are often criticized for encouraging improvements at only certain parts of the achievement
distribution, measuring achievement poorly, or failing to fully account for characteristics of
users which affect performance.? If achievement could be measured perfectly and the incen-
tive designer had full information regarding user characteristics, however, it is believed that
some of the existing incentive schemes could perform efficiently.?

What each of these performance-based incentive schemes ignore, and what this paper
highlights, is that service providers may compete for users by adjusting service quality.

When users with certain characteristics are more profitable to service providers than others,

!The education figures come from U.S. Census Bureau (2013) and National Center for Education Statis-
tics (2013); the healthcare figure comes from Centers for Medicare and Medicaid Services (2013).

2For example, Neal and Schanzenbach (2010) find that threshold-based incentives in No Child Left
Behind legislation increased test scores only at the middle of the achievement distribution; Stecher (2002)
reviews evidence of catering instruction to tests independent of knowledge formation; and Dranove et al.
(2003) discuses the impact of not accounting for all patient characteristics in surgeon report cards.

3See Neal (2011) and Barlevy and Neal (2012) for a discussion of some of these issues, as well as an
incentive scheme—*pay-for-percentile”—which does not even require perfect measurement of achievement,
but rather, a rank-preserving measure of it.



providers will try to attract more profitable users by increasing effort or spending—resources
that could have been more effectively spent on others. This form of competition obviously
has perverse consequences for performance-based incentives which do not account for user
characteristics; for example, teachers will expend disproportionate effort on students with
naturally higher achievement levels. Less obviously, competition for users also undermines
popular incentive schemes which fully account for user characteristics. Consider, for in-
stance, value-added incentive schemes, which are used in bonus payments for teachers and
report cards for surgeons. Value-added schemes reward user-performance which exceeds the
predicted performance level for users with the same characteristics. When providers com-
pete for users, these schemes will elicit identical service quality across all users, rather than
eliciting higher quality service to those it helps the most. Conversely, a scheme which sim-
ply pays providers a per-user fee which exactly compensates for each user’s optimal service
quality level, completely ignoring user performance and actual service quality provided, is
optimal. In this case, providers compete for users by bidding up service quality until the fee
exactly compensates for their effort. These examples illustrate that while competition for
users undermines popular performance-based incentive schemes, it can also serve to replace
them.*

This paper considers a simple incentive design problem from the perspective of a third-
party funder who wishes to help other people (users) achieve specific outcomes. I assume
that there are many service providers and that heterogeneous users can choose to utilize the
service provider that offers them the highest service quality. Service providers, meanwhile,
maximize profit (or utility) by adjusting service quality in order to attract more profitable
users, with competition driving profits to zero. I show that under popular incentive schemes,

competition increases service quality to users for whom it is not most effective. As a result,

4This contrasts with the recommendation in Neal (2011), who suggests that teacher incentive schemes
are best viewed as complements to policies which promote student choice. Note, however, that performance-
based incentives can be used as complements to competition if designed appropriately. For instance, efficient
pay-for-percentile schemes in Barlevy and Neal (2012), which vary base payments depending on user charac-
teristics in order to exactly satisfy provider participation constraints, can still elicit efficient service quality
across users in the presence of competition.



these schemes are generally suboptimal and have undesirable distributional consequences. I
also characterize the set of optimal incentive schemes.

The paper contributes to the literature on performance based incentives by highlight-
ing the importance of competition for users in designing efficient incentive schemes. Prior
research on the design of performance incentives has focused on a number of other impor-
tant challenges, including risk aversion of agents (Holmstrom 1979; Holmstrom and Milgrom
1987), multiple tasks (Holmstrom and Milgrom 1991), the inability to contract on outcomes
of primary interest (Baker 1992), and the inability to contract on cardinal measurements of
outcomes (Barlevy and Neal 2012). However, these studies do not allow the service quality
of providers to affect the set of users with whom they are matched. Within the healthcare
literature, meanwhile, it is established that competition for patients can affect the efficiency
of different payment systems (Feldstein 1971; Joskow 1980; Held and Pauly 1983; Ma and
McGuire 1997; Ellis 1998; Kessler and McClellan 2000). However, such models do not gener-
ally consider the design of performance incentives given the difficulty in measuring healthcare
outcomes. By allowing service providers to compete for users on the basis of service quality,
this paper incorporates a potentially important feature of social service markets not exam-
ined in the previous literature on the design of performance-based incentives. The simple
model considered here should be extended in future research to more complex models that
match particular real-world settings.

The rest of the paper proceeds as follows: Section 2 presents the model, characterizes
optimal incentive schemes, and evaluates several other popular incentive schemes. Section
3 discuses applications of the model to specific social service sectors—school teachers and

physicians. Section 4 concludes.



2 The Model

This section first describes the model and proves several results. Then it analyzes how
several real-world incentive schemes perform in the context of the model, highlighting both

aggregate efficiency and distributional consequences.

2.1 The Model and Results

There are three types of actors considered in the model—(i) users, (ii) service providers,
and (iii) the funder. Given some incentive scheme designed by the funder, service providers
maximize profit or utility by choosing some service quality level and some set of users to
serve. Users are free to choose the service provider that offers them the highest service
quality. In the model, I both characterize the set of optimal incentive schemes and show
that popular incentive schemes are not contained in this set.

First consider the users to potentially be helped (e.g., students, patients, homeless indi-
viduals, etc.). Suppose there are I users of T types. Denote w; € R as the outcome achieved
by user i. The outcome might represent human capital-—expressed as a level or change—for
students, survival for surgery patients, or achievement of housing for the homeless.® Each
type t has an expected production function f;(s) which maps service quality s (e.g., dollars or
effort expended on the user) into expected production of the outcome, where f;(-) is continu-
ous and twice differentiable, f/(-) > 0, and f/(-) < 0. Let e; denote a stochastic productivity
shock equal to the difference between actual production and expected production, so that
w; = fi,(8) +e; for a user ¢ who receives service quality s, and Ele;|t = t;] = 0. Assume that
users prefer higher values of the outcome, or equivalently since f is increasing, greater s to
less. A user who is not helped receives the outside option equal to f.(0).

Next consider the service providers (e.g., teachers, physicians, homeless shelters, etc.)
who provide services to users to help them achieve outcomes. Assume there are J identical

providers, and that J > T'. Each provider j chooses some level of per-user service quality s;,

°In the case of survival and achievement of housing it will be convenient to use w; € {0,1}.



and some set of users ¥; C I. Also, assume that each user helped by provider j receives the
same service quality s;.° Provider objectives will be made explicit following development of
notation for incentive schemes.

The final player in the helping market is a funder (e.g., government or a representative
donor) which determines an incentive scheme—some way to fund providers—on the basis
of the users they serve and the outcomes their users achieve. The funder cannot, however,
observe service quality.” Assume that the reward (or price) paid to providers is additively
separable over users helped and nondecreasing in outcomes achieved. Additionally, service
providers are assumed to be price-takers in that the types of users a given provider serves
and the outcomes they achieve have no effect on the reward granted for any given set of users
served and the outcomes they achieve. Price-taking is realistic if there are a large number of
service providers. Formally, all of this means that the total reward P, granted to a service

provider j, can be written as

Pj = Z p(tiawi; {ti’awi’}i’¢‘1’j) (1)

1€V

[ will generally write the user specific reward as p(t;, w;), though it should be remembered
that the reward may depend on user types and outcomes achieved at all other providers.
Also, I will refer to the function p as the incentive scheme chosen by the funder.

Given any incentive scheme, provider objectives can now be specified. In particular,

service providers are assumed to maximize a payoff function

m(s5,W5) = > (Elp(ti, wi)] = s5) (2)

1€V

The payoff function considered here can represent different classes of provider objectives.

8The alternative, that providers are allowed to choose different service quality for different users, would
not change the results except to require fewer providers to guarantee the zero profit condition.

"The assumption that funders cannot observe service quality does not change the results regarding
competition and characterization of optimal incentive schemes. It simply rules out an incentive scheme that
pays providers only if they provide the optimal level of service quality.



If p is monetary reward and s; is spending, then the payoft function represents expected
profit. If s; is disutility of effort, meanwhile, the payoff function represents expected utility,
where p may now also represent nonmonetary rewards.® With the model notation and setup

specified, I now define and characterize an equilibrium.

Definition 1. Fiz some incentive scheme p. The set of service quality levels and user

assignments {s%, Ui }jcy is an equilibrium if it solves

max 7= > (E[p(ti,w;)] — s;) (3)

5i>¥; 1€V

st. s;>spif WyNUE£0Veed

forallj € J, and 5N Vg =0 for all j, k€ J.

In equilibrium, each provider maximizes payoff by choosing some service level s7 and
some set of users Wr such that it beats the offers of all other providers that help the same
user; the condition W5 N Wy = () is required to maintain unique assignments in the case of
providers offering the same service level. Having defined equilibrium, there are two additional
assumptions necessary to deal with “ties” and indifference. First, if users are offered the
same, highest offer of service quality by multiple providers, I will assume that they divide
up equally among these providers. Second, if a provider offers a higher service quality level
than another provider, I will assume that the higher quality provider is willing to accept
users from the lower quality provider as long as doing so does not decrease his payoft.

I can now state results regarding equilibrium payoff and strategies of providers. I first

prove a lemma that no provider can receive a higher payoff than any other in equilibrium.

Lemma 1. All service providers have the same payoff in equilibrium, that is, 7} = m;
Vi ke J.
Proof. See Appendix. n

8Note that these alternative interpretations of the payoff function require particular assumptions on the
utility function.



Essentially, if any provider had a strictly higher payoff than any other, then another provider
could increase its own payoff by mimicking the choice of users and incrementally increasing
service quality over the first provider. Using this result that payoffs must be equal across
all service providers in equilibrium, I can state the main results regarding strategies of the
providers. Proposition 1 states that in equilibrium, each provider must have zero expected

payoff, and Corollary 1 states that all users of a given type are treated equally.

Proposition 1. In equilibrium, the expected payoff for each service provider is zero, that is,

T =0VjeJ.
Proof. See Appendix. n

Corollary 1. All users of a given type receive the same equilibrium service quality, that is,

S}‘f = S}Z thz = ti/ CLTLdl c \Ifj;, i/ S \II;;

Proof. See Appendix. n

That payoffs are zero across all providers follows from the assumption of a greater number of
providers than user types—there must exist some user type which multiple service providers
serve, leading these providers to compete payoffs down to zero. And as a result of Lemma 1,
all providers must therefore receive zero payoff. The corollary that all users of a given type
receive the same service quality follows directly from zero equilibrium payoff for all providers,
since violation of equal treatment would necessarily allow for strictly positive payoff.
Having derived equilibrium allocations for any given incentive scheme, I can now char-

acterize the funder’s optimal scheme.? Define an optimal incentive scheme as follows:

Definition 2. p is called an optimal incentive scheme for (expected) budget M and value

9Note that for schemes representing nonmonetary preferences or for which multiple sources of funding
exist, the scheme may not be a choice.



weights {\ }ier if it solves

max Y A, w; (4)

{Pj}jEJ icl

st. E [Zp(ti,wi)] <M

i€l

The following proposition fully characterizes the set of optimal incentive schemes; it
simply states that payoff must be zero at the optimal service level and negative for all higher

levels of service quality.

Proposition 2. p is an optimal incentive scheme if and only if
1. Elp(t, fu(si’)] = s, and
2. Elp(t, fi(s))] < s for all s > s

for allt € T, where {sF}ier is given by the set of T equations A\ fi(s¥) = M\ fI(sF) fort > 1

and Y ,er sy = M.
Proof. See Appendix. m

Incentive schemes of many forms are contained in this optimal set. Perhaps the simplest
is one for which p(t,w) = sZ for all w > 0, that is, a fixed fee equal to the optimal service
quality level — paid to the provider regardless of outcomes achieved. This scheme completely
ignores performance, and the only monitoring required is of the number of users served of
each type. It elicits optimal service levels because providers must compete for users, bidding
up service quality until the payoff is driven down to zero. For the set of optimal schemes in
general, the price paid for outcomes below the optimal level is completely irrelevant (given
the assumption of nondecreasing price), and the price paid for outcomes above the optimal
level is irrelevant as long as payoff is negative. Figure 1 illustrates some examples of optimal

schemes.



Figure 1: Optimal Incentive Schemes

The following three schemes all lead to the funder’s optimal solution, where b3 is the optimal service level.
For pricing system 4, b; denotes the unconditional fee paid to a provider for serving the user, and p;
denotes the additional reward paid per unit of outcome achieved by the user. Note that an infinite number
of linear as well as nonlinear schemes achieve the optimal solution as well.

2.2 Incentive Scheme Examples

I next consider the performance of incentive schemes commonly used in practice, in terms
of both aggregate outcomes achieved and distributional effects on different user types. In
order to compare them to optimal incentive schemes, it will in some cases be useful to
compare users with the same marginal productivity of service quality, but with different

levels of productivity.

Definition 3. Suppose f,(s) = fi(s) + a for some a > 0. Then call type r easier-to-help
than type t, and call type t harder-to-help than type r. Also, an incentive scheme is said to
underserve hard-to-help users if (i) fi(s) = f(s) +a; for allt € T, and (i) st > s} if type r

is easier to help than type t for all r;t € T, with one inequality strict.
It should be clear that if a user can be called easier-to-help than another user, both users

10



will receive the same service quality in any optimal scheme where their value weights are
equal. Also, in some proofs I will assume that types can be characterized in this way to show
a case in which a scheme is suboptimal, but there will generally be many other production
functions which lead to suboptimal allocations of service quality. The first scheme I consider
is a level-based incentive scheme, which has been proposed (and frequently criticized) as a

method of rewarding teachers.

Definition 4. A level-based incentive scheme has the property that

r ifw<w
p(t, w; {ts, witigw,;) =

where x; < xp, and w > 0.

Proposition 3. A level-based incentive scheme is suboptimal, and underserves hard-to-help

uSers.
Proof. See Appendix. m

That level-based incentive schemes underserve the lowest achieving users is hardly surprising;
perhaps less obvious, however, is that users who would achieve the standard regardless of
service quality are not underserved. Providers must still compete for high-achieving users,
and so while provider service quality does not improve the likelihood of the user achieving
the standard, it is required to induce the user to choose the provider. Figure 2 illustrates a
level-based incentive scheme.

I next consider an outcome-based incentive scheme which pays providers on the basis of
type-specific outcomes achieved, with a pure outcome-based scheme that ignores types as a
special case. The pure outcome-based scheme might be a good representation of individual
donations to charities which must compete for users to serve. These funding decisions may
not not explicitly compare performance relative to that of other providers, but rather, pay

on the basis of absolute performance.

11
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Figure 2: Level-Based Incentive Schemes

A level-based incentive scheme leads to overspending on the easier-to-help type relative to the
harder-to-help type. Type 1 receives x; and type 2 receives x5 in service quality.

Definition 5. An outcome-based incentive scheme has the property that

p(t, w; {t;, witigw;) = h(t,w)

A pure outcome-based incentive scheme has h(t,w) = h(w) for allt € T.

Proposition 4. An outcome-based incentive scheme can be optimal if designed appropriately.

A pure outcome-based incentive scheme is suboptimal and underserves hard-to-help users.
Proof. See Appendix. O

Ignoring user types thus reduces aggregate outcomes achieved and hurts hard-to-help
users. It is necessary to pay a bonus for outcomes achieved by harder-to-help users in order
to maximize aggregate outcomes. Figure 3 illustrates a suboptimal pure outcome-based

incentive scheme and an optimal type-specific outcome-based scheme.

12
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Figure 3: Outcome-Based Incentive Schemes
A pure outcome-based incentive scheme leads to overspending on the easier-to-help type relative to the

harder-to-help type. Since the marginal productivity of the two types are equal for any given level of service
quality, the funder optimally constructs prices such that service quality is equalized across both types.

The next incentive scheme I consider is sometimes called a value-added or a risk-adjusted
reward system. Here, the performance of a given user is evaluated relative to the performance
of all users of the same type, so that the better a user performs relative his peers, the higher
the reward for the service provider. This scheme has been used in report cards for surgeons,
where a surgeon’s patient mortality rate is compared to a predicted mortality rate given
the characteristics of his patients. It is also often used to compensate teachers for the

performance of their students, where the outcome is defined as test score improvement.

Definition 6. A value-added incentive scheme has the property that

Zi —j W;
p(t, wi {ti, witigw;) = x0 + h (w - 76;1]- )
t

where I,7 denotes the set and number of users in I, not helped by provider j, and where

13



() > 0.

Note that in practice the average performance for a given type might be calculated without
excluding the user in question; however, the price-taking assumption is likely innocuous as

user pools are typically quite large.

Proposition 5. A value-added incentive scheme is suboptimal. If e; is identically distributed
over types, or if h is linear, then a value-added incentive scheme provides identical service

quality for all users.
Proof. See Appendix. n

While identically distributed e; over types is plausible in the context of student achieve-
ment, it is impossible in the case of binary outcomes such as mortality rates for patients.
Report cards, however, report risk-adjusted mortality rates that are based on linear h. Given
either of these conditions, value-added schemes thus result in an equal allocation of resources
over all users, which will in general be suboptimal. A modified value-added scheme that was
optimal would require extra reward for providers who serve users with higher optimal service
quality levels. In terms of report cards for surgeons, the information provided in report cards
is correct and provides valuable information to patients about the service quality of surgeons;
thus, a more efficient scheme might offer financial incentives to compensate for higher effort
patients. Figure 4 illustrates a value-added scheme.

The final scheme I will consider is pay-for-percentile, which pays service providers on the
basis of the rank of users within a specified peer group. Here I will consider peer groups
for a user to be those of the same type. This scheme was proposed by Barlevy and Neal
(2012) in order to avoid the need to attach cardinal meaning to test scores, instead relying
solely on the assumption that test scores preserve the ordinal ranking of human capital
formation. Because binary outcomes would lead all users to achieve either the highest or

lowest percentile, this scheme is unlikely to be used in such settings.

14
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Figure 4: Value-Added Incentive Scheme

A value-added incentive scheme leads to equal service quality for all types, regardless of the production
functions.

Definition 7. A pay-for-percentile incentive mechanism has the property that
p(t7 w) {tlﬂ wl}l¢\11]) = Xy + xlFIt_j (w)

where Flt—j denotes the cumulative distribution of outcomes achieved by users of type t except

those with provider j, and where xy > 0.

Importantly, notice that the fixed payment xy does not depend on the user’s type. Bar-
levy and Neal (2012) acknowledge that in order to minimize the cost of implementing this
mechanism, zy should vary over type so that each user’s payoff is exactly equal to his outside
option when choosing optimal quality. However, without competition for users, this scheme
with constant x( still elicits the optimal quality levels given some lower budget—that is,

while money is wasted, the distribution of quality over user types is not distorted. The less

15



efficient version of the scheme considered here may be more likely to be adopted in practice,

in any case.!®

Proposition 6. A pay-for-percentile incentive scheme is suboptimal. If e; is identically
distributed over types, then a pay-for-percentile scheme provides identical service quality for

all users.
Proof. See Appendix. O

Just as with the value-added scheme, all users receive the same service quality in equi-
librium. The intuition is the same as well; if providers offered the optimal quality levels for
each user type, users requiring less quality would be more valuable and providers would offer

more quality for these types of users.!!

3 Discussion

The simple model described in this paper demonstrates that the introduction of competi-
tion for users on the basis of service quality can have important ramifications for the design
of incentive schemes. Popular incentive schemes are suboptimal and can have perverse dis-
tributional consequences. Whether this insight is important and should be incorporated into
future, more complex models depends on the application. In settings where competition for
users is an important feature, it should be taken into account. I consider here the markets
for public school teachers and physicians, discussing the extent to which service providers
may compete for users to help, whether this form of competition can help explain estab-
lished facts within each market, and how competition for users should inform the design of

performance-based incentive schemes.

0For example, in an experiment on the effect of teacher incentives, Fryer et al. (2012) set xg equal to the
teacher’s normal salary and z; = $8,000.

' The relevance of this result for practical design of teacher incentives will depend on the extent to which
teachers can compete for students, and may vary across schools.

16



3.1 Teachers

In the United States, the public education system employs 3.1 million teachers for 49.5
million students (Keaton 2013). Research has shown that teachers are not only tremendously
important for the educational outcomes of their students, but that they vary significantly in
quality as well (e.g. Hanushek and Rivkin 2012). Such research has motivated policy reforms
that attempt to decrease the disparities in educational achievement across students, as well
as improve aggregate achievement. A central strategy has been the use of performance-based
incentives for teachers and schools; however, these schemes have not addressed the possibility
that teachers compete for students on the basis of endogenous quality, i.e., effort.

Within schools, competition among teachers for students on the basis of effort may be
facilitated by principals, as they typically have large discretion in matching students with
teachers (see, for example, Monk (1987)). Thus, at least in theory, a principal could reward
high quality teachers with better students. Indeed, Kalogrides, Loeb and Beteille (2013)
find that within a given grade level at a given school, teachers who are more experienced,
have degrees from more competitive colleges, and who hold more leadership positions are

12 While many schools may not offer

assigned higher-achieving students than their peers.
financial incentives to teachers for the performance of their students, teachers may obtain
greater utility gains from the opportunity to teach higher achieving students.

The possibility that teachers compete for students on the basis of effort is consistent with
education research. Ballou and Podgursky (1995) analyze a survey of teachers that asks how
many after-school hours they worked and whether they gave homework for each class they
taught during the previous week. They find that, even when controlling for characteristics of
the schools and teachers themselves, teachers spend more hours and are more likely to assign

homework in classes with higher-achieving students. This is true when comparing variation

in effort across teachers as well as for different classes taught by the same teacher, suggesting

12An alternative explanation for principals allocating high-achieving students to high quality teachers
might be that teacher quality is marginally more effective for high-achieving students. This possibility is
considered later within this section.

17



that the relationship is not purely due to exogenously hard-working teachers sorting with
high-achieving students. Meanwhile, Clotfelter, Ladd and Vigdor (2009) find that teacher
absences are more likely among teachers in schools where more students are enrolled in free
lunch programs and where more students are nonwhite.

An alternative explanation for greater exertion of effort among teachers for high-achieving
students is that outcomes are more responsive to effort for these students. Recent studies
evaluating policy reforms and others based on field experiments that incentivize additional
effort by teachers can help distinguish between these two explanations. To the extent that
gains for all students are rewarded similarly, greater gains made by low-achieving students
would suggest that they had a higher marginal return to teacher effort, providing evidence
against this alternative hypothesis. Indeed, in a study of a teacher incentive program re-
warding student achievement growth in North Carolina, Ladd and Lauen (2010) find that
students with lower initial test scores experience more growth in test scores than students
with high initial test scores. Figlio and Kenny (2007) use cross-sectional data on teacher
incentive programs and student outcomes and find that students in the lower and middle
third of the achievement distribution experience larger increases in performance than stu-
dents in the upper third. Lavy (2009) finds that a teacher incentive program in Israel,
which paid individual teachers bonuses based on relative performance, led to larger increases
in achievement for lower-achieving students.!® Evidence from field experiments is mixed,
with some finding greater gains at the high end of the distribution (Duflo, Hanna and Ryan
2012), and others finding no difference across the achievement distribution (Muralidharan
and Sundararaman 2011; Fryer et al. 2012; Fryer 2013).

One last piece of evidence, which is unexplained in the education literature, but which
is consistent with teacher competition for students on the basis of effort, is that while there

is large estimated variation in teacher quality, very little of this variation is explained by

BHowever, because one component of the competition was percent of students who passed the exam,
teachers would optimally expend more effort on students in danger of failing even if effort was not as
effective in raising their achievement.
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observed characteristics of teachers such as degrees, certifications completed, or test scores
on certification exams. One explanation may be that the unexplained variation is partly
due to nonrandom sorting of students across teachers of varying quality (Rothstein 2010).
An alternative explanation is that teachers are actually similarly capable of high quality
instruction, with the variation in observed quality due to equilibrium differences in their
supply of effort. The distinction is important. If teachers have heterogeneous but fixed
quality differences, then mechanisms that re-sort teachers can be successful in reducing
achievement gaps. But if teachers have similar fixed quality levels, then attempting to re-
sort teachers may cause them to endogenously change their quality (i.e., effort) in response
to their new students.

To the extent that teachers compete for students based on effort, performance-based in-
centive schemes should be introduced carefully. Teachers can be offered bonuses for teaching
students for whom teacher effort is marginally more effective, as well as for lower-achieving
students whose success may be weighted more heavily by policymakers. This would increase
the competitive pressure on teachers to exert more effort and thus maintain the opportunity
to teach these higher profit students. There is some evidence that such a strategy could
be successful. Clotfelter et al. (2008) find that annual bonuses of $1,800 to North Carolina
teachers working in schools with high poverty or low test scores reduced turnover rates at
these schools by 17%. Whether teacher effort expands as well should be explored in future

research.

3.2 Physicians

Annual healthcare expenditures in the United States total $2.7 trillion, including close to
$1 trillion spent on government-sponsored Medicare and Medicaid programs alone (Centers
for Medicare and Medicaid Services 2013). Effective care per dollar spent, however, varies
tremendously across the country, with health outcomes no better in areas that spend sig-

nificantly more money on healthcare (Fisher et al. 2003a). Moreover, patient satisfaction
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and physician expressed quality of care are lower in high spending areas (Fisher et al. 2003;
Sirovich et al. 2006). Existing explanations focus on exogenous differences in practice styles
and quality among physicians, with some more likely than others to provide unnecessary
treatment (Grytten and Sorensen 2003; Cutler et al. 2013). An alternative explanation is
that physicians substitute unnecessary tests and specialty visits for high effort levels with
less desirable patients. In a survey of Medicare patients, Lee and Kasper (1998) find that
patients who are black, older, less educated, poorer, and of lower health rate their physi-
cians as worse in terms of “information giving” and “interpersonal manner.” If physicians
tend to prefer not to treat these demographics of patients, this evidence is consistent with
endogenous effort exertion by physicians.

To the extent that endogenous effort is an important factor in patient matching with
physicians, incentive schemes that reward physicians for patient outcomes should account
for it. Introducing performance-based incentives for patient outcomes could be helpful, but
bonuses should be offered for serving patients for whom physician effort is marginally more

effective.

4 Conclusion

With increasing demand for accountability for social service providers, performance-based
incentives have become more common. The simple model in this paper shows that if providers
compete for users to serve by adjusting service quality, then popular incentive schemes will
be inefficient and may have poor distributional properties. Optimal incentive schemes must
account for competition for users, and competition can even replace the need to reward
performance. The extent to which service providers actually compete for users to help on
the basis of service quality, and thus whether incentive schemes used in practice should
account for competition, depends on the context. There is some evidence that this form of

competition can be important in the markets for teachers and physicians. Future research
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should further explore the role of competition in these and other social service markets, and
more nuanced models that more realistically account for other features of individual settings

should be taken into account in developing performance-based incentive schemes.
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Appendix

Proof of Lemma 1: Suppose 7; > ;. for some j # k. Note that 7y > 0 since provider
k can always select sy = 0 and make 0 payoff. Also, we must have s} # s} since otherwise,
the payoff earned by the providers would be equal as they are equally attractive to all users.
Consider the alternative strategy for program k, si* = s +¢€, € > 0. Since s;* > s7, all users
originally helped by provider j would now prefer to be helped by provider k. If we make €

k%

small enough, then 7;* can either be made arbitrarily close to 77 if the incentive scheme is

continuous in the neighborhood of s}, or strictly greater than 7 if the incentive scheme is
discontinuous. Either way, it follows that 7;* > 7}, contradicting inequality in equilibrium

payoft. O

Proof of Proposition 1: Suppose 7; > 0 for some j € J, and recall that J > T Note

o

7 = sy forany j, k € J, since then, provider k could change its strategy

that we cannot have s
to s;* = s; + € and increase its payoff by picking e small enough, just as in the proof of
Lemma 1. Thus we know that s7 # s; Vk € J. But since J > T, there must be some type ¢
which more than one provider is helping; otherwise some provider would be helping no users,
earn 0 payoff and thus contradict Lemma 1 since we assumed 77 > 0 for all j € J. But if two
programs j and k are helping the same type of user, then s} = si; otherwise, the provider

with the lower services would have no users. However, this equality contradicts what we just

showed—that s} # sj. From this contradiction, it follows that 77 =0 Vj € J. O]

Proof of Corollary 1: Suppose t; = t, with i € U7, ' € W;. Now suppose s}, > s}. Since

77 = mj, = 0, we must have E[p(t; w;)] = sj. By our earlier assumption, this implies provider

k is willing to accept user ¢, and thus, i ¢ W%, This contradiction proves that sj = s O

*
Iz
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Proof of Proposition 2: Any optimal incentive scheme is a solution to the problem

max Z At fe(st;)

{Pj}jEJ icl

i€l

Elp(t;,w;)] = s;,Vi € I

where the first constraint is the funder’s budget constraint and the second set of constraints
is a consequence of competition. Combining the constraints and solving, the first order
conditions imply that Aif{(s{) = A f/(sf) for all t > 1 and Y,y sf = M. If we let
Elp(ti, fi(sf))] = s and E[p(t, fi(s))] < s for all s > sf, we know from Proposition 1 that
* E

s* = s”. This shows the “if” part. The “only if” part can be seen by noting that either

Elp(ti, fi(sf))] > sf or E[p(t, fi(s))] > s for some s > s implies s; > s O

Proof of Proposition 3: While there are many examples of production functions which
will show level-based incentive schemes to be suboptimal, we will consider the case where
fi(s) = fi—1(s) + au where oy > 0, for all t € T, and with e; = 0. Further suppose there
exists some ¢ such that f;_;(xy) < w and f;(x3) > w. This implies that s} ; < s} for all
t €T and s7 ; < s7. Optimal schemes require that s; = sy for all t € T', and so level-based

incentive schemes are suboptimal and underserve hard-to-help users. O

Proof of Proposition 4: Aslong as E[h(t;, f(sF) +e;)] = sF and E[h(t;, f(sF)+e)] < s
for all s > sP then by Proposition 2 this outcome-based scheme will be optimal. Now we
show that a pure outcome-based scheme is suboptimal and underserves hard-to-help users.
Suppose, for example, that fi(s) = f;_1(s) +a; where ay > 0, for all ¢t € T, and e; = 0. Since
h(t;,w;) = h(w;), it follows that s; = h(fi(s})) = h(fi—1(si_y) +au) > h(fim1(si_1)) = si_;.
Therefore, a pure-outcome based incentive scheme is suboptimal and underserves hard-to-

help users. [
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Proof of Proposition 5: Suppose an equilibrium exists.!* Note that from Corollary 1 we

know that all users of a given type receive the same service quality level, which implies that

sy = xg + E[h(e;)] for all t € T. If e; is identically distributed over types, then s; = s* for

all types t € T. If h is linear, then s; = x¢ + Efae;| = z9 + aEle;] = zp, and so all users
E

receive the same service quality. This is optimal only in the special case where sZ = s for

all rit eT. O

Proof of Proposition 6: Suppose an equilibrium exists.!®> Now, note that from Corollary
1 we know that all users of a given type receive the same service quality level, which implies
that sy = zo + xlE[FIt_j(ei)] = z0 + 321 for all t € T, using the assumption that e; is
identically distributed over types. Thus, all users receive the same service quality. This is

optimal only in the special case where sZ = s for all r,t € T. O

4 Existence requires that h(w) does not grow too quickly. Since all users of a given type must be treated
equally in equilibrium, if A grows too quickly, then providers will wish to deviate from this strategy.

5 Existence will depend on the magnitude of Var (e;). To see why, consider the case where Var (e;) = 0.
Then, if all providers are treating a given type the same (as must be true in equilibrium), a small deviation
in service quality would move the user from the 50th percentile to the highest percentile, and thus, this
cannot be an equilibrium.

27



