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1 OVERVIEW OF ISSUES

Figure 1: HEALTHCARE SPENDING AS A FRACTION OF GDP

1 OVERVIEW OF ISSUES

One of the themes that emerge from the study of physician agency and learning is that physicians—
like all other economic agents—respond to incentives, financial and otherwise.

Historically, the US healthcare system has used a fee-for-service (FFS) mechanism to com-
pensate medical care providers: doctors are paid for each patient they see, surgery performed,
prescription doled out. While this mechanism makes intuitive sense (reward physicians who do
more/work harder), it has crucial pitfalls. If doctors receive higher compensation for doing more,
they will see more patients, perform more surgeries, prescribe more drugs. That is not always
desirable because more care leads to more spending, frequently diminishing returns.

An excellent historical example of this phenomenon is days spent in the hospital. Medicare
used to reimburse hospitals for each day a patient spent in the hospital. However, it turns out
that staying in the hospital can be harmful. The risk of infection is very high, and as a general
rule, patients should be discharged as soon as it is medically advisable. At some point, Medicare
switched to a reimbursement model that did not depend on the length of a hospital stay. After that
reform was implemented, inpatient stays became shorter, and health outcomes did not get worse
(Lave, 1989). So the concern here is that if we incentivize spending, we will spend too much, and
what we purchase with the additional spending may not be valuable.

The US has consistently ranked as the country with the highest health care spending in the
world (Figure 1). Healthcare spending is approximately 20% of GDP and rising. Overutilization
of care is a big reason why.
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2 PHYSICIANS’ RESPONSE TO FINANCIAL INCENTIVES

I will apply, for the benefit of the sick, all measures [that] are required, avoiding those twin
traps of overtreatment and therapeutic nihilism.

Modern Hippocratic Oath

If you talk to healthcare providers, many of them might tell you that they do not change their
behavior based on financial incentives: their treatment choices are based on the best course of
action for the patient. That may be true, but a large body of research has determined that financial
incentives affect the amount and type of services that patients receive. We tackle that here, and we
start by providing a quick overview of physician payment schemes.

2.1 Overview of payment schemes

Physicians can be paid using three possible forms of compensation: fee-for-service, capitation,
and salary.

Fee-for-service (FFS) is how physicians receive most of their compensation in the US. Under
FFS, physicians receive a fee for every service they deliver: an office visit, surgery, X-rays, etc. FFS
implies that physicians are paid proportionally to what they do: the more a physician does, the
more money she gets paid.

Capitation is a collective word that describes a vast array of payment schemes that compen-
sate physicians using lump-sum payments that cover bundles of services. For example, Medicare
compensates hospital stays using fixed payments tied to a patient’s diagnosis. Hospitals that care
for patients with more severe conditions receive more money. However, the amount is fixed re-
gardless of what the hospital does. Similar payment schemes can be tied to a period of time. For
example, in North Carolina, Blue Cross Blue Shields pays many primary care physicians a lump
sum payment for each patient they see. The payment covers the entire year, regardless of how
many times the patient comes into the office, what tests they get, etc.1 The incentives of capitation
are the opposite of FFS: providers actually receive more money if they do less (more on this later).

Finally, physicians that are paid a salary receive the same amount of money regardless of what
they do. This is the most neutral of all payment schemes because physicians do not have incentives
to over provide or under provide care. However, it is pretty hard to pull off. Many physicians in
the US are paid a salary. However, this salary is often tied to productivity, either directly (through
performance bonuses) or indirectly (because the hospital pays the salary, and hospitals earn more
money if they perform more services). The clearest way to detach compensation from productivity
and make salaries completely neutral is to have a neutral entity pay for the cost of all services.
Generally, this entity is the government, so salary payment schemes are the most common way
physicians are compensated in countries with a single-payer system.

1This program is called Blue Premier: you can read about it here and here.
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2 PHYSICIANS’ RESPONSE TO FINANCIAL INCENTIVES

2.2 Do Physicians Respond to Financial Incentives?

Before we worry about the effect of payment systems, we should stop and consider whether physi-
cians respond to financial incentives at all. We start by discussing a paper that uses a natural exper-
iment to answer this question. Clemens and Gottlieb (2014) exploits a 1997 reform of the Medicare
payment structure to study (i) whether medical treatment responds to financial incentives, and (ii)
how patient health is affected by the change.

Using policy changes as natural experiments is a tried and true tradition for economists. In
health care, where virtually every aspect of the market is subject to some form of regulation, such
reforms are ubiquitous. In this case, the paper’s case for causal identification is based on two
elements. First, prices for services received by Medicare patients are set unilaterally by the gov-
ernment. As a result, these prices are plausibly exogenous. Second, these prices change pretty
frequently as the government updates its formulas. In this particular case, the source of price
variation comes from a reduction in the number of Medicare "regions". Medicare prices are region-
specific because CMS (the Center for Medicare and Medicaid Services) wants to make sure that
its prices reflect geographic variation in the cost of inputs such as rent, provider salaries, etc. In
1997, Medicare cut the number of regions from over 200 to less than 100. As a result, physicians in
certain areas saw an increase in their compensation, and physicians in other areas saw a decrease
in compensation.

Their paper is split into two parts. The first part is a simple event-study analysis of what
happened before and after the reform. They set up the event study as a parametric diff-in-diff and
regress a measure of total services provided at the area level on change in the reimbursement rate
and various controls. They find pretty good evidence of a positive response in services, which
appears to increase over time before flattening.

To understand the timing and size of these supply responses, they develop a model of physi-
cians’ joint supply and investment decisions. Doctors have heterogeneous productivity and can
invest in a productivity-enhancing technology. They value their own income as well as patient
health.

Physicians face a binary investment choice. They can practice medicine using a standard prac-
tice style (S) that has a variable cost of therapy c per unit of care, or an intense practice style (I)
that reduces unit costs to c but costs k > 0 to adopt. Notice that this is not a quality-enhancing
technology, but rather a cost-reducing technology.

Physicians differ in terms of their productivity γi, which is distributed on (0, ∞) according to
some known distribution F (·). The interpretation of γi is essentially “speed”. Doctor i takes 1

γi

units of time to produce one unit of care. Utility in the standard and intense practice regimes is
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2.3 HOW DO PHYSICIANS REACT TO INCENTIVES?

Clemens and Gottlieb (2014)—Paper at a glance

Positioning Statement: FFS medicine could lead to higher spending, but it can also ex-
pand access to valuable services. Understanding the tradeoff between these two forces is
important.
Research Question: Do physicians’ financial incentives affect medical treatment and pa-
tient health?
Answer: Physicians respond to financial incentives by increasing provision of services,
and investing in new technology. The expansion in services does not lead to a significant
change in patient outcomes.
Identification Strategy: 1997 regional consolidation of Medicare payment structure which
harmonized payments from over 200 regions down to less than 100.

specified as

US (q; γi) = (r − c) q − e
(

q
γi

)
+ αb (Q) q (1)

UI (q; γi) = (r − c) q − k − e
(

q
γi

)
+ αb (Q) q (2)

where r is the (exogenous) Medicare reimbursement rate, e (·) is an increasing and convex function
of physician time that captures decreasing returns to leisure, α is a weight for patient welfare,
and b (Q) captures the health benefit of the marginal unit of care. They assume b′ (Q) < 0—i.e.
marginal benefits are decreasing in Q.

Under this setup, they show that physicians will invest above a certain productivity threshold
γ⋆ which is decreasing in the reimbursement rate r, and in the weight placed on patient benefits
α.

The point of the model is that the supply response of physicians needs to be broken down in
two components: the marginal response of physicians who adjust their behavior, and the discrete
response of physicians who invest in productivity-enhancing technology. When r grows to r′, the
threshold for technology adoption falls from γ⋆ (r) to γ⋆ (r′). Physicians whose productivity lies
on this interval will switch from the “standard” to the “intensive” mode of care, and will exhibit a
very large response. Notice that the other way around is not quite symmetric: lowering r may not
result in dis-investment of existing technology.

One implications of this model (and any model where patient welfare enters in the choice
utility function) is that elective procedures should respond more strongly to financial incentives.
They test this hypothesis and find some pretty good evidence in support of the theory (Figure 2).

2.3 How Do Physicians React to Incentives?

Further readings:
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3 THE DESIGN OF PAY FOR PERFORMANCE SCHEMES

Figure 2: CHANGE IN MEDICAL CARE PROVISION (CLEMENS AND GOTTLIEB, FIGURE 5)

• Finkelstein (2007), on impact of Medicare expansion (dynamic incentives for technology
adoption);

• Dafny (2005) on how hospitals respond to price changes by upcoding diagnoses;

• Jacobson et al. (2010) on how physicians may react to lower reimbursement by prescribing
more drugs (income targeting).

• Melichar (2009) on how physicians treat capitated patients and FFS patients differently.

• Work on Medicare payment reform: Dranove and Ody (2019), Gross et al. (2021).

• A more direct literature estimates models of physician altruism where physicians care about
financial incentives and patient health, following a model first developed by Ellis and McGuire
(1986). Chandra et al. (2011) provides a good overview of this literature. More recent work
in the area includes Dickstein (2017) and Xiang (2020). Also see Section 4 of the chapter on
competition and consolidation in healthcare markets.

3 THE DESIGN OF PAY FOR PERFORMANCE SCHEMES

We now consider the optimal design of financial incentives for providers. The issues with FFS
should be apparent by now: as Clemens and Gottlieb (2014) (and several other papers) shows
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3.1 ISSUES IN THE DESIGN OF PAYMENT SCHEMES

pretty convincingly, higher reimbursement leads to the provision of more care, with very little
change in outcomes to show for it.

The last bit of the paper results appears particularly tantalizing: if increasing reimbursement
to providers does not improve health outcomes, could the same be true if we decreased reim-
bursement? Two points about this question. First, it is not rhetorical. It is entirely possible that
increasing compensation does not lead to better outcomes because we are already very close to
the frontier of what is possible in medicine. Decreasing spending, however, could lead to worse
health outcomes because the system no longer has the necessary resources to provide the right
amount of care to everyone. Second, this is a very emotional and loaded question to many people
and therefore must be handled with the proper care. When discussing spending reduction, we
are not discussing cutting physician pay indiscriminately. Instead, we think about how to reduce
overall healthcare spending in the context of the graph in Figure 1. Realistically, part of it will
probably require addressing the structure of physician payments.

3.1 Issues in the Design of Payment Schemes

Most attempts at payment reform in the US have been forms of capitation. The appeal of capitation
is relatively simple: if providers are overutilizing care, we can curb that behavior by making
them responsible for the cost of additional care. The downside should be equally obvious: if we
incentivize providers to do less, how can we ensure they will not under provide care? To understand
why this question does not have a simple answer, consider a hypothetical capitation scheme that
provides providers with a fixed payment for each patient for a given amount of time (say, one
month). The payer has to make several decisions: (i) how is the payment determined? (ii) how
are patients attributed to a specific provider? (iii) how can we ensure that patient health will not
suffer? We tackle each issue separately.

How is the payment determined?

How does a system decide how much money to allocate to each patient? Ideally, the payment
should reflect the cost of providing the appropriate level of care to the patient. In practice, coming
up with a number that accurately reflects this goal is impossible for two reasons. First, our data
will never be accurate enough to reflect all possible patient characteristics. Second, even if we
did have that much data, it still reflects how physicians and patients are behaving in the current
system and not in the "ideal" system that provides the appropriate amount of care.

Payers usually take a two-step approach to solving this problem. The first is to design a risk-
adjustment model predicting spending based on observable patient characteristics, such as demo-
graphics, pre-existing conditions, and past illnesses. The second is to determine a benchmark—
based on the model—against which to judge the hospital’s performance. The simplest benchmark
could be the predicted spending according to the model. In practice, payers often pick bench-
marks that can be higher (say, to account for drug spending inflation) or lower (because the goal
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3 THE DESIGN OF PAY FOR PERFORMANCE SCHEMES

is generally to spend less than in the past). A variety of additional considerations factor into these
decisions:

• Should benchmarks be provider-specific, or should all providers share the same benchmark?
Provider-specific benchmarks can account for unobserved diversity in patients (for example,
teaching hospitals like Duke or UNC usually get patients with more expensive conditions),
but also reduce the incentives to improve if providers with poor performance are held to a
lower standard.

• If hospitals lower spending in a given year, should their benchmark be lower in the following
year?

• Providers can be exposed to significant risk if, say, they receive many patients that are un-
observably expensive. Should we include financial instruments that limit the exposure to
this risk? What kind of instruments are most appropriate? (A few examples: cap payments
at a certain threshold, exclude patients that exceed a certain spending threshold, use one-
sided risk—e.g. hospitals can only get bonus payments, and are not on the hook for extra
spending.)

How are patients attributed to providers?

In some cases, it is easy to see which provider is responsible for a patient’s care. For example,
in the case of Medicare’s DRG payments for hospital stays, the payment goes to the hospital that
admits the patient. In other cases, the attribution is less clear. Recently, Medicare launched a
new program targeted at treating episodes of oncology care (Oncology Care Model, or OCM).
Patients who start chemotherapy at selected hospitals around the country are included in this
model, which provides bonus payments to providers that save money against a pre-established
benchmark. However, some patients receive chemotherapy from more than one provider. How
should those cases be handled?2

The issue of attribution is very complicated and tends to be resolved using relatively simple
methods, like attributing the patient to the first provider they visit or to the provider that delivers
the majority (or plurality) of care. The questions one should keep in mind are:

• If a patient sees two providers, which one is responsible for its care? How is the other
provider paid? And should the main provider be responsible for the cost of care that another
provider prescribes?

• How do we ensure that providers will not turn away unobservably expensive patients for
fear of losing money?3

2OCM chose to attribute the patient to the provider who delivers the plurality of cancer-related office visits. Do you
think this is a good idea? What are some pros and cons?

3There is contrasting evidence on this issue: McWilliams et al. (2019) does not find significant evidence of selection
from the Medicare Shared Savings Program, but Ouayogodé et al. (2021) finds selection when examining Accountable
Care Organizations.

VIII



3.1 ISSUES IN THE DESIGN OF PAYMENT SCHEMES

How can we ensure that patient health will not suffer?

This is the last and perhaps most important question. Assuming we have created reliable bench-
marks and a reasonable attribution strategy, how can we ensure that our payment model will not
lead to a drop in patient health?

To ensure this does not happen, most payment models include quality controls that providers
have to maintain to be eligible for bonus payments. This sounds straightforward in theory, but it
is tough to do in practice.

The problem is that quality in healthcare settings is exceedingly hard to measure. To a certain
degree, this is the same issue we encountered with risk adjustment: we do not have enough data
about a patient, and therefore we cannot tell if they receive appropriate care or not.

To put these problems in a concrete setting, we will use the case of Accountable Care Orga-
nizations (ACOs). ACOs—created through incentives contained in the Affordable Care Act—are
groups of doctors, hospitals, and other health care providers who come together to give coordi-
nated care to Medicare patients. ACOs receive bonus payments from Medicare if they achieve
spending savings while maintaining a high standard of care.

Figure 3 list all quality measures used by Medicare for their ACO model. To rate the quality
of care provided by ACOs, Medicare uses a blend of ten patient experience measures (ACO-1
through ACO-46), measurable health outcomes (ACO-8 through ACO-43 and ACO-40 through
ACO-28), and adherence to the standard of practice (ACO-43 through ACO-42).

Each set of measures captures something that the other measures do not. Patient experience
is necessary because it is the only way to measure intangible aspects of care that are nonetheless
important, such as the spread of information to patients, the ability of patients to receive timely
care, etc. Measurable health outcomes are important because they capture the most crucial aspect
of quality of care: a patient’s health status. Finally, adherence to established standards of care can
help ensure providers provide the proper care in cases where measuring outcomes directly is not
possible.

It is also easy to see why each of these measures is imperfect. Patient experience is subject to
a patient’s assessment, and patients are not always the best judges of medical care. 1 Measures of
health outcomes are probably ideal but also incredibly limited. You will see that the list for ACOs
covers only a fraction of all possible relevant outcomes. Moreover, these outcomes are not always
under the control of the physician. A provider can prescribe the correct medication or perform
surgery to perfection, but what if the patient does not take the drugs or follow post-operative care
guidelines? Adherence to medical standard measures are a better reflection of physician input but
are also imperfect: standards of care are rarely universal, and physicians can sometimes improve
patient outcomes by deviating from these standards.
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3 THE DESIGN OF PAY FOR PERFORMANCE SCHEMES

Figure 3: ACO QUALITY MEASURES BENCHMARKS FOR 2020-21
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3.2 SOME EXAMPLES OF PAY-FOR-PERFORMANCE AND CAPITATION SCHEMES IN THE US

3.2 Some examples of pay-for-performance and capitation schemes in the US

The following is a (very incomplete) list of alternative payment models and pay-for-performance
contracts implemented at various levels of the US healthcare system. For a broader overview
looking beyond the US, see Mjåset et al. (2020).

• Alternative Quality Contract (Blue Cross Blue Shield of Massachusetts): Song et al. (2012,
2014, 2019).

• Oncology Care Model and Oncology Care First (Medicare): Kline et al. (2015, 2017); Brooks
et al. (2019).

• Accountable Care Organizations (Medicare): Fisher and Shortell (2010); Frech et al. (2015);
McWilliams et al. (2016).

• Medicare ESRD Bundled Payment: Eliason et al. (2020)

3.3 Exercise: an alternative payment model for maternity care

In this exercise we apply what we have learned so far to a practical problem: the design and
analysis of an alternative payment model based around maternity care.

Design

We consider an insurance company who is designing an alternative payment model for a large
hospital system (e.g. UNC). This hospital system employs several gynecologists and PCPs that
operate in an outpatient setting, but also receives referrals from physicians outside the system.
The hospital system is made up of a flagship hospital, which is equipped to care for all types of
patients and a series of satellite hospitals, which may lack the facilities to take care of the most
complicated patients. Currently, the system is paid on a FFS basis, and services received in the
flagship hospital cost more than identical services received in the satellite hospitals because the
flagship hospital has higher maintenance costs (due to the extra equipment and staffing needs).
The hospital system also has competitors in the area, including at least one other large hospital
system (e.g. Duke). The two systems compete for patients, but can also refer patients to each other
if appropriate.

Discussion:

• What care does a pregnancy require?

• What is the single determinant of the cost of a pregnancy?

• Why would a pregnant woman choose to deliver in the flagship vs. satellite hospitals?

– Distance, comorbidities, copays
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4 ESTIMATING THE IMPACT OF PAY-FOR-PERFORMANCE SCHEMES

Ho and Pakes (2014)—Paper at a glance

Positioning Statement: Capitated payment models like ACOs aim to reduce spending by
altering physicians’ financial incentives, but little is known about how physicians trade off
quality and monetary incentives.
Research Question: Do physicians under capitated payment models send patients to
cheaper, but lower-quality hospitals?
Answer: Physicians under capitated payment models do send patients to cheaper hospi-
tals, that are farther away but of similar quality.
Identification Strategy: Structural model that allows for flexible differences in quality
across hospitals, but imposes some functional form assumptions on physician-patient
choice utility.

We consider the following:

1. Who is included in the design model? (points for largest number of patients included)

2. What costs does the model include? (points for large number of costs/time span)

3. What is the attribution method? (points for accuracy, limiting selection concerns)

4. How is payment determined? (points for minimum gameability)

5. How is quality ensured? (points for minimum gameability)

4 ESTIMATING THE IMPACT OF PAY-FOR-PERFORMANCE SCHEMES

Suppose we have now implemented an alternative payment model. How do we evaluate its
success? A good starting point is to look at changes in cost/utilization patterns relative to expec-
tations. If you have a reasonable control group, this can be a relatively straightforward exercise.
Checking the impact of the alternative payment model on quality is a bit harder. If you find lower
quality according to the metrics that the model targets explicitly you can be pretty certain that
quality dropped. More often than not, however, you will find that quality metrics remained the
same, or even improved. This is not surprising: because those metrics are targeted by the model,
they become focal to the operations of the hospital and therefore will rarely suffer. However, un-
targeted (and potentially unobserved) measures of quality might suffer. Another issue that you
might worry about is patient selection. If the attribution algorithm allows it, providers may be
inclined to turn costly patients away. The selection concern is particularly troublesome because it
could potentially affect the interpretation of results even if one set up a perfect randomized con-
trolled trial. These considerations raise two issues: (i) how do we account for patient selection,
and (ii) how do we check for changes in quality?

The identification problem at hand is not a simple one. We want to compare the choices
of physicians paid through capitated models and physicians paid through traditional FFS. You
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should realize immediately that we cannot simply compare the two. Since physicians can choose
where to work, capitated physicians may be different than physicians paid through FFS. In this
case, however, the identification issues run deeper than selection into treatment and control. Sup-
pose that we had a quasi-experimental, or even a totally random assignment of physicians to
financial models. If we compare spending and utilization we can say that any difference is due to
the financial model—that’s what random assignment guarantees. But what do these differences
reflect? A key problem here is what we are able to measure. Our estimates will reflect a (risk-
adjusted) difference in what happens to patients treated by each group of physicians. But are
we observing two comparable samples of patients. Physicians can respond to financial incentives
along several margins: they can change their utilization patterns, yes, but they can also upcode
patients, or turn them away. This is going to alter the characteristics of their group of patients in
ways that are not easily observable to the physician. On top of that, patients choose their doctors,
and their decision may depend on the financial model. If a capitated physician is reluctant to pre-
scribe a test or medication that they deem unnecessary, a patient might simply go to a different
physician to get it.

All of this points to the need for additional structure for identification to be meaningful. This
is very hard, and, to the best of my my knowledge, no paper has managed to do all of this. Here,
I discuss a paper—Ho and Pakes (2014)—that makes significant progress in estimating quality in
a flexible way (though it essentially punts of the issue of patient selection).

The paper uses a structural model to compare the choices of capitated physicians and physi-
cians paid through FFS. They do not have a source of plausibly exogenous variation that assigns
physicians to a given set of financial incentives, so they simply assume away the issue of physician
heterogeneity. They also—largely—assume away the issue of patient heterogeneity.4 What they
do is think carefully about quality.

To make the research question feasible, they narrow their focus to the choice of hospital for
child delivery. Their starting point is a random utility choice model. The choice utility of patient
i, whose health plan is from insurer π, and choosing hospital h is

Wi,π,h = θp,π p (ci, h, π) + gπ (qh (s) , si) + fπ (d (li, lh)) + ε iπh. (3)

This functional form allows for a large degree of flexibility:

• Both price sensitivity and the weight given to distance between hospital and patient d (li, lh)

are insurer-specific (to allow for differences in the characteristics of patients across insurers)

• Price can depend on hospital and insurer, but also on the medical condition (diagnosis) ci of
patient i

• Hospital quality qh (·) is severity-specific (severity is indicated by a measure of sickness

4They runs a few balance tests to compare patients who are treated by the two groups physicians and finds no sig-
nificant differences between the two. But since the main concern is about unobservable differences, I think addressing
this issue remains beyond the scope of the paper.
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4 ESTIMATING THE IMPACT OF PAY-FOR-PERFORMANCE SCHEMES

level si), to indicate that some hospitals may be better equipped than others to deal with
certain types of patients. Notice that this means that hospitals need not be purely vertically
differentiated.

• The weight given to quality is flexibly expressed by the function gπ (·), and can vary by
severity. This allows for quality to become a secondary concern if say, a patient is healthy
and presents no complications.

Keep in mind that the goal is to estimate θp,π for physicians who are under capitation models
(the variation is at the level of the insurer π), and then to compare the choices these two types of
physicians make.

You might notice that the kind of data required to estimate this model is unlikely to exist. Ac-
tual prices paid by insurers are hard to come by. Hospital quality is usually unobserved. This can
sometimes be addressed by using a hospital fixed-effect, but in this model that is not enough, be-
cause quality is multi-dimensional. Finally, notice that all functions are expressed flexibly, which
would require non-parametric estimation.

As a starting point, you might want to try making some functional assumptions and trying to
estimate a simple logit model. For example, assuming you have access to a dataset with claims,
you could set actual price to be an insurer-specific fraction of observed allowed amounts:

p (ci, h, π) = δhlpo (ci, h) (4)

(notice that this means you will only be able to jointly estimate θp,π × δh, unless you somehow
observe an estimate of δh). Next, you can approximate hospital quality as a combination of hospital
fixed effects hospital characteristics interacted with patient sicknes level:

gπ (qh (s) , si) = qh + βzhx (si) . (5)

Finally, fπ (·) could be approximated as a polynomial:

fπ (d (li, lh)) = θd1d (li, lh) + θd2d (li, lh)
2 . (6)

These assumptions impose two restrictions that are worth discussing. First, you assume that
there is no error in the price measure. Even simple measurement error is going to attenuate your
estimates. This is a larger issue in a context where measurement error definitely exists. Second,
you severly restrict the functional form of hospital quality. To be fair, the function specified in
equation 5 can be fairly flexible in theory. In practice, however, one can only include a limited
number of characteristics in the estimation before running into computational issues or the inci-
dental parameter problem, whereby estimated coefficients become increasingly unreliable. Since
the functional form is restricted, we expect some form of measurement error in this term as well.
Measurement error in quality is concerning because quality is going to be correlated with both
prices and choices and generate an upward bias in the estimated price coefficient.
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To avoid these assumptions and still recover a consistent estimate for θp,π they use an in-
equality estimator based on revealed preferences. It is useful to take a step back and think about
why you might be inclined towards this type of estimator. The core issue at stake is that we do
not observe quality, but keep in mind that we also don’t need to estimate any of the parameters
associated with quality (we are interested mainly in θp,π). A common strategy to take care of un-
observables that generate bias but are not the focus of the analysis is to difference them out (think
about first-difference models in time series). A natural way to build differences in random utility
choice models is to compare the observed choice to its possible alternatives. Since agents maxi-
mize utility, we know, by revealed preferences, that the chosen action yields higher utility than all
other options. In our case, we know that for patient i choosing hospital h

θp,π p (ci, h, π) + gπ (qh (s) , si) + fπ (d (li, lh)) + ε iπh >

θp,π p
(
ci, h′, π

)
+ gπ (qh′ (s) , si) + fπ (d (li, lh′)) + ε iπh′ (7)

for all other hospitals h′ in the choice set. This inequality in and of itself does not help us too much
because we cannot cancel out gπ (qh (s) , si) and gπ (qh′ (s) , si). So we need to find a way to add
the first term to the RHS of the inequality and the second term to the LHS of the inequality. To
see how we can do that, imagine that we can find another patient, patient i′, who is also covered
by insurer π and has severity level si′ = si, but who chooses to go to hospital h′ (while having
hospital h in its choice set). For patient i′,

θp,π p
(
ci′ , h′, π

)
+ gπ (qh′ (s) , si′) + fπ (d (li′ , lh′)) + ε i′πh′ >

θp,π p
(
ci′ , h′, π

)
+ gπ (qh′ (s) , si′) + fπ (d (li′ , lh′)) + ε i′πh′ (8)

If we sum inequalities 7 and 8 we get

θp,π
(

p (ci, h, π) + p
(
ci′ , h′, π

))
+ gπ (qh (s) , si) + gπ (qh′ (s) , si′)

+ fπ (d (li, lh)) + fπ (d (li′ , lh′)) + ε iπh + ε i′πh′ >

θp,π
(

p
(
ci, h′, π

)
+ p

(
ci, h′, π

))
+ gπ (qh′ (s) , si) + gπ (qh′ (s) , si)

+ fπ (d (li, lh′)) + fπ (d (li, lh′)) + ε iπh′ + ε iπh′

The two boxed parts of the new inequality cancel out because hospital quality is assumed to be
severity-specific, so gπ (qh (s) , si) = gπ (qh′ (s) , si). Notice that prices do not necessarily cancel out
because patients with the same severity can have different conditions ci, which result in different
hospital prices. Hence, we are left with

θp,π
(

p (ci, h, π) + p
(
ci′ , h′, π

))
+ fπ (d (li, lh)) + fπ (d (li′ , lh′)) + ε iπh + ε i′πh′ >

θp,π
(

p
(
ci, h′, π

)
+ p

(
ci, h′, π

))
+ fπ (d (li, lh′)) + fπ (d (li, lh′)) + ε iπh′ + ε iπh′
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4 ESTIMATING THE IMPACT OF PAY-FOR-PERFORMANCE SCHEMES

At this point we almost have something we can estimate: we can measure everything in this
equation except for the logit error terms. To average out the logit error terms all we need is a
group of patients like patient i and a group of patients like patient i′ (this also takes care of any
eventual measurement error in price) our final condition is

∑
i

θp,π
(

p (ci, h, π) + p
(
ci′ , h′, π

))
+ fπ (d (li, lh)) + fπ (d (li′ , lh′)) >

∑
i′

θp,π
(

p
(
ci, h′, π

)
+ p

(
ci, h′, π

))
+ fπ (d (li, lh′)) + fπ (d (li, lh′))

We can build an inequality restriction for all pairs of patients i and i′ we can find. Put together, the
inequalities identify a set of values of θp,π that satisfy all the inequalities (if no value of θp,π satisfies
all the inequalities, then the single value that minimizes violations is chosen as the estimate).
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