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Abstract

We present a model of optimal contracting between a purchaser and a provider of
health services when quality has two dimensions. We assume that one dimension of
quality is contractible (dimension 1) and one dimension is not contractible (dimension
2). We show that the optimal incentive scheme for the contractible dimension depends
critically on the extent to which quality 1 increases or decreases the marginal cost
and marginal benefit of quality 2 (i.e. substitutability or complementarity). If the
two quality dimensions are substitutes, three possible solutions arise: a) the optimal
incentive scheme is high powered: the incentive is equal to the marginal benefit of
quality dimension 1 and the optimal quality in dimension 2 is zero; b) the optimal
incentive scheme is low powered: both quality dimensions are positive; the incentive
is below the marginal benefit of quality dimension 1; ¢) it is not optimal to introduce
pay for performance as the gain of welfare from an increase in quality dimension 1
is lower than the loss of welfare from an increase in quality dimension 2. If the two
quality dimensions are complements the incentive scheme is always high powered: the
incentive is above the marginal benefit of dimension 1 and both quality dimensions
are positive.
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1 Introduction

Policymakers aim to design incentive schemes that encourage better performance in the
health care sector. This is often referred to as Paying for Performance. For example,
the Medicare Programme in the U.S. provides higher transfers to hospitals that perform
well according to measurable quality indicators, such as rates of cervical cancer screening
and hemoglobin testing for diabetic patients (Rosenthal et al., 2005). In the United
Kingdom general practitioners who perform well on certain quality indicators, such as the
measurement of blood pressure and cholesterol in patients with ischemic heart disease,
can receive substantial financial rewards. These can amount to about 20% of a general-
practitioner’s budget (Doran et al., 2006). PROMINA Health System, an Atlanta-area
federation of eight hospitals and nearly 4000 employed and outside physicians, has agreed
on sizable quality reimbursement incentives for about 1500 physicians in affiliated practices
(AIS, 2003). If a practice meets a certain level of compliance with quality standards (e.g.
that a given percentage of pneumonia patients must receive an antibiotic within four hours
of being admitted) they receive reimbursement for all services to CIGNA/PROMINA
patients that is set a 5% higher multiple of Medicare reimbursement than the baseline
multiple such as specified in PROMINA’s contract with CIGNA HealthCare of Georgia.
The Pay for Performance (P4P) programs outlined above define quality in such a
way that it is verifiable. That is, the reimbursement contract between the payer and the
provider must be written such that quality indicators can be observed and verified ex
post by a third party (court). However, a major issue in rewarding performance is that
while some quality dimensions are contractible through performances indicators, other
dimensions of quality are not. For example, both communication about medical conditions,
and hemoglobin testing affect the quality of care for diabetic patients. While the latter
dimension can be verified by a third party, the former dimension is not. As is well known
from the contract literature, problems of non-verifiability and multi-tasking may impose
severe difficulties in effective incentive design (Holmstrom and Milgrom, 1991; Baker 1992).

Recently, Eggleston (2005) provides a model with two quality dimensions. She shows



that if one dimension of quality is contractible, while one dimension of quality is not,
then the introduction of an P4P-program may increase service on the verifiable quality
dimension but may decrease service on the non-verifiable one. She argues that incentives
for non-verifiable quality can be restored by reducing P4P on verifiable quality.

While Eggelston’s argument seems intuitive, reducing P4P-incentives comes at a cost
since it reduces service on the verifiable quality. This reduces patients’ benefit of treatment,
and the purchaser’s utility. There is thus an issue of how the sponsor (payer) should adjust
the reimbursement contract to ensure that her objectives are fulfilled. That is, what is
the optimal strength of the P4P-incentives for the observed quality and under which
conditions is the optimal incentive positive. The purpose of this paper is to investigate
such conditions.

We show that the optimal incentive scheme depends critically on the extent to which
quality 1 increases or decreases the marginal cost and marginal benefit of quality 2 (i.e.
the extent to which quality 1 and 2 are substitutes or complements). If the two quality
dimensions are substitutes, we show that three possible solutions can arise. a) The optimal
incentive scheme is high powered: the P4P-incentive scheme is equal to the marginal benefit
of quality dimension 1 and the optimal quality in dimension 2 is zero. This result arises
when the quality dimension that is not contractible falls quickly to the minimum when the
price is raised, while the benefits from the quality dimension that is contractible are large.
b) The optimal incentive scheme is low powered: the P4P-incentive scheme is below the
marginal benefit of quality dimension 1. Both quality dimensions are positive. This result
arises when the benefits from the quality dimension that is contractible are relatively more
important but need to be traded off with the reductions in the quality dimension that is
not contractible. ¢) The incentive scheme breaks down: it is not optimal to introduce pay
for performance as the gain of welfare from an increase in quality dimension 1 is lower than
the loss of welfare from an increase in quality dimension 2. This result arises when the
benefits from the quality dimension that is not contractible are relatively more important.

If the two quality dimensions are complements, the incentive scheme is always high



powered. The P4P-incentive scheme is above the marginal benefit of quality dimension 1.
Both quality dimensions are positive.

Like Eggleston (2005) we also compare our solutions with what can be obtained if
both dimensions of quality are verifiable. Obviously, the second best quality, when quality
dimension 2 is not contractible, is generally different from the first best quality, when qual-
ity dimension 2 is also contractible, however not necessarily lower. Second best verifiable
quality might be highest in second best if the two dimensions of quality are complements
in the providers costs of producing quality.

This study contributes to the literature on provider incentives in health care. Despite
the increase in the use of performance indicators, most of the existing theoretical literature
assumes that quality is not contractible (for example Pope, 1989; Ma, 1994; Rogerson,
1994; Ellis, 1998; Ellis and McGuire, 1990; Chalkley and Malcomson, 1998a and 1998b;
Mougeot and Naegelen, 2005). As quality indicators become increasingly available, quality
becomes partially contractible. Therefore, there is increasing scope for analysing incentive
schemes within this imperfect environment.

The paper is organised as follows. Section 2 introduces the main assumptions of the
model and derives the equilibrium price when only one dimension of quality is contractible.
Sections 3 derives the first best solution, when both dimensions of quality are contractible,
and compares it with the second best solution derived in section 2. Section 4 provides

comparative statics with respect to the price. Section 5 concludes.

2 The model

There are two active players, the sponsor (the payer or a purchaser of health services)
and the provider (hospital, family doctor). The sponsor provides reimbursement to the
provider, and the provider exerts effort on two quality tasks. In addition, fully insured
patients, whose benefit is increasing in the quality provided on both tasks, seek treatment.
We further assume that the provider is not demand constrained.

The model is solved by backwards induction, starting with the provider’s choice of



quality levels.

2.1 The provider

There are two dimensions of quality, ¢; and ¢s. The disutility in monetary terms from
exerting quality effort q1, g2 is C(q1, g2). The disutility is increasing in quality and strictly
convex: Cy, > 0, and Cy,q, > 0, where Cy, := 9C;/0q; and Cy, := 9%C;/dq? for i = 1,2.
If the two dimensions of quality are substitutes, then an increase in quality 1 increases
the marginal disutility of quality 2 and Cy,q, > 0. If they are complements, an increase
in quality 1 reduces the marginal disutility of quality 2 and Cg, < 0. We also assume
Cq:(0,92) = Cyy(q1,0) = 0.

Patients’ benefit from receiving quality ¢; and gz is B(q1, ¢2) with By, > 0, and By, <
0,7=1,2.If By, 4, = 0 then the two dimensions of quality are independent. If By 4, <0
then an increase in quality 1 decreases the marginal benefit of quality 2 (the two dimensions
of quality are substitutes). If By 4, > 0 then an increase in quality 1 increases the marginal
benefit of quality 2 (the two dimensions of quality are complements). We will consider all
these three cases.

To simplify the exposition and without loss of generality, we assume that the third-
order derivatives on patients’ benefit and provider’s cost are zero.

The incentive scheme is based only on the verifiable dimension of quality g;. That
is, we assume that no contract on ¢o can be enforced: it is prohibitively costly to specify
this outcome ex ante in such a way that it can be verified by a court ex post. Therefore,
the payment can be based only on g; and not ¢g3. The payment for each unit of observed
quality g1 is p > 0. The provider also receives a lump-sum payment 1" > 0.

The provider is semi altruistic. Altruism is captured by the parameter o > 0. Provider’s

utility from providing quality g; and gs to a representative patient is

U=T+pq +aB(q,q) — C(q1,q2) (1)

subject to q1 > 0, g2 > 0. We will show below that in equilibrium the non-negativity



constraint for quality 1 is never binding (¢; > 0) while for quality 2 it might be binding.
Suppose that quality 2 is also positive in equilibrium (g2 > 0). Then the optimal level of

quality provided by the provider are given by the following First Order Conditions (FOCs):

p+aBy(q,) = Culq,q) (2)

aBg(q1,q2) = Cgla ) (3)

The optimal quality for dimension 1 is determined such that the marginal benefit from
the price plus the altruistic component are equal to the marginal disutility of providing
quality. The optimal quality for dimension 2 is determined such that the marginal benefit
from the altruistic component is equal to the marginal disutility.

In the Appendix we show that when the Second Order Conditions (SOCs) are satisfied

then Uy, g, Ugogo — U2, > 0 and

9291
% _ —an2q2 + Cq2q2 S0 % _ OéBq1q2 - Cqu]z > 0. (4)
Op U1 Ugago — U1122q1 Ip Uania1Ugear — U‘122q1

A higher price always increases quality dimension 1 whenever the SOC condition is
satisfied (%—(ﬁ > (). This follows since a higher price increases the provider’s marginal
benefit of providing the verifiable quality. He therefore responds by increasing q;.

The effect of an increased price on the non-verifiable quality g» depends on whether the
two quality dimensions are substitutes, independent or complements in patients’ benefits
and provider’s cost.!

From equation (4) it follows that an increase in price decreases quality dimension 2
when the two quality dimensions are substitutes in patient’s benefit and in provider’s
cost. If the patient’s benefit and provider’s cost function is separable in the two quality

dimensions then a higher price has no effect on quality 2 but still increases quality 1. A

'The two quality dimensions are substitutes in patient’s benefit and in provider’s cost if Cy,q4, > 0 and
Bgiqo <0, 0r if (Bg,q5 — Cq1q5) < 0. The two quality dimensions are independent if the patient’s benefit
and provider’s disutility function is separable in the two quality dimensions (Bg ¢, = Cqqo = 0). The
two quality dimensions are complements in patient’s benefit and in provider’s cost when Cy, 4, < 0 and
Bgyq, > 0, or if (aBg,q, — Cg1q2) > 0.



higher price increases quality 2 if the two quality dimensions are complements in patient’s
benefit and in provider’s cost. In this case introducing a positive price is clearly welfare
improving for the patients (compared to no price) although there is still an issue of how
to set the optimal price.

Finally if the constraint g2 > 0 is binding with strict equality (which arises when

aBy, — Cy, < 0), then the FOC for quality 1 is:

P+ aBg (q1,q2 = 0) = Cy, (1,92 = 0) (5)

and 9q1/0p = 1/(—Uy,q,) > 0.

2.2 The purchaser

The purchaser maximises the difference between patients’ benefit and the transfers to the

provider B(q1,q2) — T — pg1 subject to the participation constraint: U > 0 or T + pg; >

C(q1,q2) — aB(qi1, g2). Since this is binding with equality, the problem becomes:?
max W = (14 a)B(q1(p), ¢2(p)) = Clar(p), 42(p)) (6)
subject to:
P+ aBy(q1,¢2) = Cou(a1,42) <0, 1 >0 (7)
aBg,(q1,42) = Cop(q1,42) <0, g2 20, (8)

where the inequalities in the incentive—compatibility constraints hold with complementary

slackness. The question is: will a strictly positive price increase the purchaser’s utility?

2We could assume instead that the purchaser maximises a utilitarian welfare function. Define A as the
opportunity cost of public funds. Then a utilitarian welfare function is given by B— (1 + \) (T'+ pg1) + U,
which after substituting for U = 0 and setting 7'+ pqa = C — aB, provides B(1 + a+ Aa) — (1 4+ \) C.
This formulation is similar to Boadway, Marchand and Sato (2004). Chalkley and Malcomson (1998b)
argue that this formulation leads to double counting of the altruistic component, and that the altruistic
component into the welfare function should be excluded. If this approach is followed instead, then the
welfare function is instead: B(1 + Aa) — (1 + A) C. These alternative formulations would not qualitative
impact on our main results.



The trade-off is that a higher price increases quality in dimension 1 and therefore welfare,
but might also reduce quality in dimension 2, which reduces welfare.
The FOC with respect to price, if an interior solution exists (g2 > 0 is not binding

with strict equality), is:®

dW(q1(p), a2(p))
dp

=[(1+a)By, — Cq](9q1/0p) + [(1 + @) By, — Cy,] (9g2/0p) =0 (9)

By using the provider’s FOCs (aB,, — Cy, = —p), the optimal price is given by

dq2/0p
2 9q1/0p

p* = B(h + B (10)

The optimal price is set equal to the marginal benefit of quality 1 adjusted for the the ratio
of the responsiveness of the two quality dimensions to price times the marginal benefit
of quality 2. From this it follows that the optimal price will be above, equal or below
the marginal benefit of quality 1 depending on whether the two quality dimensions are
substitutes, independent or complements in patients’ benefits and provider’s cost. If the
two dimensions are substitutes then the optimal price is below the marginal benefit of
quality 1: p* < By, (q1(p*), g2(p*)). If a higher price has no effect on quality 2, then the
price is equal to the marginal benefit of quality 1: p* = By, (¢1(p*), ¢2(p*)). Finally, if
the two dimensions are complements, then the price is set above the marginal benefit of
quality 1, p* > By, (¢1(p*), ¢2(p"))-

If the optimal price is above the marginal benefit of quality 1, p* > By, we call the
incentives high-powered. Similarly, if p* < B,,, then the incentives are low-powered.

Notice that if the two dimensions are substitutes, then there is always a level of p =7
such that the level of quality 2 is zero. Analytically, if 9g2/9p < 0 then Jp > P such that

g2 =0 Vp >p and

dW (q1(p), ¢2(p) = 0)
dp p=>p

= [(1 + a)BQ1 - C(JJ (Oq1/9p) 2 0. (11)

3In the Appendix we show that the SOC is satisfied and the problem is well behaved.



The point is that when quality 2 is zero and price is above p, then a marginal increase in
price can be welfare improving (reducing) if the marginal benefit from quality 1 is larger
(smaller) than the marginal cost.

Define p* as the second best solution price. We define this price second best because
one dimension of quality is not contractible. In the next section 3, we derive the optimal
price under the first best, i.e. when the two dimensions of quality are contractible.

*

The following proposition establishes conditions that ensure p*® = p*. As we show

below, p*® can be different from p* defined above.

Proposition 1 Suppose that: (i) By, (p = 0) > Bg,(p = 0); (4) (—aBgygs + Coge) >
(Corgs — @Bqigo) > 0; (iti) dW(q1(p), q2(p) = 0)/dpl,—; < 0. Then, dW(p = 0)/dp > 0

and the optimal price is below the marginal benefit of quality 1:

PSb =p' = Bg, — By, (quz - O‘Bq1q2) / (_O‘quqz + quqz) < By . (12)

The incentive scheme is low powered.

Proof. Appendix. |

Suppose that conditions (i-iii) in Proposition 1 hold. Then the price is positive (condi-
tion i), the tasks are substitutes in the patients’ benefit and provider’s cost (condition ii)
and the sponsor prefers that both dimensions of quality are provided (condition iii). This
case resembles situations where both dimensions of quality are important for the sponsor
but each dimensions of quality has a negative impact on the cost and benefits of the other
quality dimension. In these cases, the price is positive, but low-powered since a too high
price will crowd-out valuable quality on the non-verifiable task.

The conditions i-iii) in Proposition 1 are sufficient but not necessary for p** = p*. A
necessary but not sufficient condition for Proposition 1 to hold is: By, (—aBgygs + Cgags) >
By, (Cq1q, — @By, 4,)- This condition guarantees that dWW/dp(p = 0) > 0 and that p* > 0,
but it does not establish whether p* generates maximum welfare. Whether it does it

depends of how the welfare function varies with p for p > p. If dW/ dp|p:ﬁ > 0, then p*



might not be a maximum. We come back to this point below.
Figure 1.a and 1.b show the solution. Figure 1.b illustrates that condition (iii) in
proposition 1 is a sufficient but not necessary condition for p*® = p*.* Figure 1.b shows

the case where dW/dp]p:p > 0 but still p** = p*. In Figure 1.b, the price p denotes the

W@ @)e@=0)| _

price such that p =: 5
p=>D

[Figure 1.a and 1.b]
If the optimal price p*® = p* is positive, then the FOC can be rewritten as:
[(1+@)By, — Cq] (091/0p) = [(1+ @) By, — Cy,] (—0g2/9p) (13)

The optimal price is such that the marginal welfare gain from an increase in quality
dimension 1 is equal to the marginal welfare loss from a reduction in quality dimension 2.
The optimality condition of the price p*® = p* can be also re-written in terms of
elasticities
14%

€a % = o (—5) (14)

where egy = OW/0q;(qi/W) denotes the elasticity of welfare with respect to quality di-
mension i and €} = dg;/Op(p/q;) the elasticity of quality 7 with respect to price. The
optimal price is such that the product of the elasticity of welfare with respect to quality
and the elasticity of quality with respect to price are equated.’

In some cases the purchaser will set the optimal price equal to zero. Intuitively, these
are the cases where quality on dimension 2 is relatively more important for the sponsor,
and when a positive price shifts the provider’s choice of quality production towards the

first task. The following proposition provides a sufficient condition for having no incentive

scheme, ie for setting p*® = 0.

“The cost and benefit functions are assumed to be quadratic. See section 4 for details. In Figure 1.a
and 1.b we assume a1 = a2 = b1 = by = ¢c1 = c2 = 1. For Figure l.a we set « = 0.5 and m = 0.5. For
Figure 1.b we set a = 0.25 and m = 0.5.

5From Wq,0q1/0p = We, (—0q2/0p), we obtain Wy, quBql/Bp% = WquW2 (—0q2/0p) %.
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Proposition 2 Suppose that: (i) at p =0, By, (—aBgyq, + Cgago) < Bgy (Cqrgo — @Bgigs)
where (Cgyq, — @Bqyg,) > 0; (1i) AW (q1(p), g2(p) = 0)/dpl,—; < 0. Then, dW (p = 0)/dp <

0 and p*® = 0. The incentive scheme breaks down.

Proof. Appendix. |

Figure 2.a and 2.b illustrate the solution.®

Intuitively, since the marginal benefit
of quality dimension 1 is small compared to quality dimension 2, introducing a price
reduces welfare. Condition (ii) in proposition 2 is sufficient. As figure 2.b shows, even if

dW/dp]p:p > 0, it may still be optimal to set p*® = 0.
[Figure 2.a and 2.b]

The following two propositions establish conditions for having high-powered incentive

schemes.

Proposition 3 Suppose that: (i) dW(q1(p),q2(p) = 0)/dp|,_; > 0: (i) W(p) > W(p*)

or W(p) > W(p =0). Then, p*®* = p = B,,. The incentive scheme is high powered.

Proof. Appendix. |

Assumption i) ensures that welfare increases for p > p up to price p = p. In words,
when quality 2 is driven to zero, a marginal increase in price p is such that the marginal
benefit from quality 1 is bigger than its marginal cost. This might be the case when the
level of altruism is sufficiently low, so that quality 2 quickly drops to zero when price
increases. Condition ii) guarantees that p = p is the global maximum.

Figures 3.a-3.c show three possible scenarios. In Figure 3.a we have dW (p = 0)/dp < 0.
In this case an increase in the price reduces welfare for low p because it reduces a lot
quality 2. However, reached price p = p, the level of quality 2 is zero and therefore given
assumption i) welfare increases after that up to price p = p. Condition (ii) guarantees that

p = p is the global maximum. In Figure 3.b we have dW (p = 0)/dp > 0. There is a local

5Tn Figure 2.a and 2.b we assume a1 = b1 =c1 =c2 =1, a2 =2, ba =0 and m = 0.5. For Figure 2.a
we set o = 0.2, while a = 0.1 for Figure 2.b.

11



maximum at p = p*. Again reached price p = P, the level of quality 2 is zero and therefore
given our assumption in (i) welfare increases after that up to price p = p. Condition (ii)
guarantees that p = p is the global maximum. In Figure 3.a and 3.b it is always the case

that p* < p < p. Figure 3.c provides an example where p < p* < p.”

[Figure 3.a, 3.b, and 3.c]

Finally, our next proposition states that the incentive scheme is always high-powered
when the two quality dimensions are complements in the provider’s cost or patient’s benefit

function, i.e. when Cy,4, — @By ¢, < 0.

Proposition 4 Suppose that: (i) the two quality dimensions are complements: Cy gy —
aBgiq; < 0. Then, p?P = pt = By, + By, (=Clygo + @Bqygy) / (—Bgyq, + Caq,) > By,

The incentive scheme is high powered.

Proof. Appendix. |

The optimal price is set above the marginal benefit of quality dimension 1. In this case
we do not need to worry about the constraint go > 0, because it is always satisfied with
strict inequality. This is because dg2/dp > 0. Since an increase in price increases not only
quality 1 but also quality 2, then it is optimal to increase the price at a level where the
marginal benefit of quality 1 is above its marginal cost ((1 + «)Bg, > Cy;). The optimal

price is such that

[(1+a)Bg, — Cg,] (0g2/0p) = —[(1 + @) By, — Cy ] (991/0p) - (15)

In equilibrium the marginal welfare gain from an increase in quality 2 is equal to the

marginal welfare loss from an increase in quality 1.

In Figure 3.a -3.c we assume a; = b1 = c1 = c2 = 1, and m = 0.5. For Figure 3.a we set az =2, b2 =0
a = 0.05, for Figure 3.b a2 = b2 =1, a = 0.2, and in Figure 3.c. a2 = b2 =1 a =0.1.

12



3 Comparison with first best

In this section we first define the first best solution and then compare the results obtained
in Propositions 1-4, which we refer to as the second best solution, with the first best

solution.

3.1 First best

We define the first best solution a setting where the purchaser can observe both quality
dimensions and maximize over the quality levels directly. This is equivalent to set two
different prices p1 and po for respectively g1 and gs. The purchaser maximises the difference

between benefit and transfers

max W = (14 a)B(qi(p1),q2(p2)) — C(q1(p1), q2(p2)) (16)

p120,p220
subject to the provider’s participation constraint and the incentive-compatibility (IC)

constraints. (The IC-constraints follow from the provider’s first order conditions).

T + pq1 + p2g2 + aB(q1,92) — C(q1,q2) > 0 (17)
p1+aBg (q1,92) — Cg(q1,92) <0, q1 >0

p2 + By, ((h, q2) - Ctn(‘]la Q2) <0, g2=>0.

The FOCs with respect to price are:

dW(q1(p1), 92(p2))
dp1

=[(1+ O‘)Bql - qu] (0q1/0p1) =0

dW (q1(p1), g2(p2))
dp2

= [(1+ a)By, — Cg,| (0g2/0p2) =0 (18)

13



Using the FOCs for the provider (the ICs) we obtain

b b b .
pzf :qu <q{7qg)a 7’:172 <19)

qub: (1+ @) By, = Cy,, i =1,2. (20)

Hence, the price of each quality dimension is set equal to the marginal benefit this dimen-
sion generates. Furthermore, marginal costs along each dimension of quality are equal to

the marginal benefit from quality plus the the altruistic component.

3.2 Comparison of first best and second best

We start by comparing prices of quality dimension 1. However since both the marginal
benefit and the marginal cost of quality 1 depends on the level of quality 2 we are not
able to compare prices and quality levels without making further assumptions. To com-
pare prices we assume that marginal benefit of quality dimension 1 is constant, and that
marginal benefit of quality 1 is independent of quality 2. The following corollary compares

solutions.®

Corollary 1 Suppose By q, = By g, = 0. i) If the conditions in Proposition 1 hold then
p{b > p*t. i) If the conditions in Proposition 3 hold then p{b = p*t. i) Suppose the
two quality dimensions are complements in the provider’s cost function so Cy 4, < 0, then

b
" <p®.

Proof. Appendix. |

The Corollary shows that the second best price coincides with first best price only
when quality 2 is zero in the second best. However, the real allocations, i.e. the choice of
quality differs in first- and second best also in this case. This follows since qg b gt = 0.
This implies that welfare will differ in first- and second best. We now turn to comparing

the level of quality under the two settings.

8Obvioulsy, when the price in second best is zero (Proposition 2), the first best price is higher.

14



Comparing the levels of quality is not straightforward. The problem is that even if
we can rank the prices for quality 1, marginal costs of quality 1 depends on the level of
quality 2. To compare the levels of quality we impose the following restrictions. First,
we assume that marginal benefit of quality 1 is constant and that the benefit function
is symmetric, By, = Bgogo = Bgigo = 0, so that By, = By, = B. Second, let the cost
function be symmetric, Cy,q, = Cooqo- (For simplicity) let the third-order derivatives on
costs be zero so Cy,q, = ¢ > Cy,q; = m > 0, where the inequality follows from the second-
order conditions of the provider’s maximization problem.’

Under these assumptions it follows from equation (19) and (20) that prices and quality
for both tasks are identical in the first best. Furthermore, it follows from the provider’s
first-order conditions (equation (2) and (3)) that Cysv (g5%, ¢5%) > Cgt (¢5%, ¢5%) if and only

if p*® > 0. The following lemma compares quality levels in second best.

Lemma 1 Let i) By g, = Bgigy = Bgoge = 0, i) By, = By,, and i) Cq gy = Cyoqe- If

p** >0, then Cyan (g7, 48") > Cypr (ai”, a5") = ai° > 45"

Proof. Appendix. [ |

Hence, when costs and benefits are symmetric in the two quality dimensions, quality
along the verifiable dimension is higher than on the non-verifiable quality dimension if the
second best price is strictly positive.

From equations (3) and (20) we have

Gyl ngb(quang)

B = = 21
dto) 5 (21)
Furthermore, it follows from equation (2) and (20) that
Cunn (a0 Coa(ai®, a3”)
g Corld”.a7)  Cqpldr, e (22)

(1+a) l+a-0C)°

_qu q1 _Ctn q2
_C!n q2 _qu q2

?Note that the Hessian is |H| = = C4,41Casqs — (C’qm)2 > 0 from SOC. Hence

Coiai > Cyiq;-
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where C' = % > 0.We thus have (the last inequality follows from Lemma 1)
1491

Corv(@”",a"") > Cpan (g’ 45") > Cy(ai’, 43"). (23)

Obviously, the conditions given in (23) holds for ¢/* > ¢;° > ¢5°. The following proposition

gives an upper boundary for ng in the case where ¢/® < qu.

Proposition 5 Suppose the conditions in Lemma 1 hold and qu > ng. If ¢/ < q‘fb then

i) g <’ = 5 (" —a’’) < ’® and i) ¢§* + ¢i* < 247",

m

Proof. Appendix. |

Hence, if ¢/* < qu, then quality along the second dimension is below the first best
quality level. Furthermore, aggregate quality is lower in the second best compared with the
first best. Since patients’ marginal benefit on both quality dimensions is equal, patients

benefits are higher in the first best.

4 Comparative statics of price

In this section we provide some comparative statics results in the case where benefit and
costs are quadratic. Suppose that B(qi1,q2) = a1q1 — (b1/2)@® + aaqa — (b2/2)q5 and
C(q1,q2) = (c1/2)q? + (c2/2)q3 + mqiga. By solving the provider’s first order conditions

(equation (2) and (3)) for the quality levels we obtain

. (p + aar) (c2 + abz) — maas
a1 (p) = 2 2 (24)
c1c2 + abics + abse; + atbiby — m
aasg (c1 + aby) —m (p + aay)

cico + ab102 + ab201 — m2 + 012[)1[)2

@) =

Then, the optimal price is (follows from equation (10)):

m

sb *
—p* =By — By
p p q1 q2ab2+c2

(25)

First, we consider the case where marginal benefit is constant. In this case the optimal
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price is decreasing (increasing) in Cy 4, = m > 0(< 0). That is, it decreasing (increasing)
when the two quality dimensions are substitutes (complements) in the provider’s cost
function. Then we show that if marginal benefits are decreasing, the optimal price can be
increasing in Cy,4, = m even in the case where the quality dimensions are substitutes in

the provider’s cost function, i.e. when m > 0.

4.1 Constant marginal benefit

Suppose that the marginal benefit is constant (b; = be = 0). Then the optimal price is

a
PP =p =a —m=> (26)
C2

Notice that if the marginal benefit of quality 2 is sufficiently high and the marginal cost
sufficiently low, then p* might be negative, in which case p** = 0. In the following we
assume that p* is positive.

The optimal price p*® is increasing in the marginal benefit of quality 1 and decreasing
in the marginal benefit of quality 2. The price is decreasing in m, as expected: the more
the two quality dimensions are substitutes, the smaller is the price (dp/dm < 0).

The higher the marginal cost of dimension 2 the higher is the price (9p/dcz2 = aam/c3 >
0). This is somewhat counter-intuitive, but follows from the fact that an increase in the
marginal cost of quality 2 reduces quality 2 and thus the marginal cost of quality 1. Since
marginal benefit is constant the provider’s first-order condition (equation 2) is violated if
the price remains constant, i.e. p**—aa; > Cy, (q1,q2—A), where A > 0 is the reduction in
quality 2 that follows the increase in marginal cost of quality 2. The payer thus responds
to an increase in the marginal cost of quality 2, cs, by increasing the price, which as showed
below, increases the level of quality 1.

Finally, notice that price does not vary with altruism nor with the marginal cost of
quality 1 (as price is equal to marginal benefit). Note that the above results also hold for

small by and b (i.e. for by — 0 and by — 0).
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Substituting the optimal price into the FOCs of the provider, we obtain

. (1+a)(aca —may) , «alazer —mar) — 2 (arco — maz)
a1 = ) 3 Qg = 5 . (27)
CiCga — MM Ccl1Ca — M

[\

The following corollary establishes how the optimal levels of quality vary with the different

parameters.

Corollary 2 Suppose p* > 0. (a) 0q;/0a; > 0 with i = 1,2; (b) 0¢} /0a; < 0 with j =1,2
and i # j; (¢) 0qF/0c; < 0 with i = 1,2; (d) dq}/0c; > 0 with j = 1,2 and i # j; (e)
0q;/0a > 0 with i =1,2; (f) Ogf /Om 2 0 with i = 1,2.

Proof. Appendix. |

The effect of each parameter on quality reflects the sum of the direct effect on quality
plus the indirect effect through the price (see equation (24)).

(a) Corollary 1 suggests that each quality level is increasing in its marginal benefits
(0qf/0a; > 0, i =1,2): a higher marginal benefit from quality implies a higher price but
also a stronger altruistic component for the provider. Both effects induce higher quality
in equilibrium.

(b) Each quality level is decreasing in the marginal benefit of the other quality dimen-
sion (9¢;/0a; < 0,i=j=1,2and i # j). For example, an increase in a; decreases g3 for
two reasons: for a given price, a higher marginal benefit of quality 1 decreases quality 2
but also implies a higher price which also decreases quality 2.

(c) Each quality level is also decreasing in its own marginal cost, i.e. d¢f/dc; < 0,
i = 1,2. A higher marginal cost for quality 1, ¢, decreases quality 1 (direct effect) and
has no effect on price (follows from equation (26)). A higher marginal cost for quality 2,
2, decreases quality 2 (direct effect). In this case there is also an indirect effect via the
price; an increase in cs increases the price which further decreases quality 2.

(d) Each quality level is increasing in the marginal cost of the other quality dimension.
A higher marginal cost for quality 2 ca reduces the optimal quality 2 and therefore reduces

the marginal cost of quality 1 which increases quality 1; moreover it implies a higher price
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which also increases quality 1. Similarly, a higher marginal cost of quality 1 ¢; reduces
the optimal quality 1 and therefore reduces the marginal cost of quality 2 which increases
quality 2 (there is no effect through the price).

(e) Higher altruism increases the marginal benefit of quality and therefore increases
quality (direct effect) and has no effect on the price.

(f) The effects of an increase in m is symmetric so we only consider the effect on ¢;. A
higher m implies a more negative spillover effect of a high level of ¢; on the marginal cost
of providing quality 2. This effect tends to reduce quality 1. However, a higher m also
implies a tendency to reduce ¢o : this effect tends to increase ¢;. Which effect dominates
depends on the relative size of the marginal costs of producing ¢; and ¢o, and the relative
marginal benefits (a; and ag). If the relative benefits favour quality dimension 1 (a; large
relative to ag, and large relative to marginal costs) then ¢; tends to increase with m, while
g2 tends to decrease with m. A similar result occurs if the marginal cost of providing ¢;
is relatively small to the marginal costs of providing ¢o (and the difference in marginal

benefits is small).

4.2 Decreasing marginal benefit

We now consider the case with decreasing marginal benefit. The point we want to make
is that the effects of an increase in m are quite complicated and most often indeterminate
when the marginal benefit is decreasing. It might indeed be the case that the price is
actually increasing in m. This happens when marginal benefits decreases sufficiently fast.

The optimal price is now given by:

m
abs + co

sb

P = a1 — bigi (™) — |as — bag2(p*)
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Consider the effect of an increase in m > 0. Totally differentiating we obtain:

a1 (p*) bom gz (p*) b
1+b — dp® 29
[ o Op abs+co  Op b (29)
az — baga (p**) Iq1 bam  Ogo
=t b ——— | d
|: abs + co + 01 om  aby +co Om mn
= 0

Now, since dg1(p**)/0p > 0 and g (p**)/0p < 0, then

d sb
dm

_az—be(p?) | Oq bam 3%]

gn m 94 30
abg + ca 18m aby + co Om ( )

stgn <> sign [
If by = by = 0 we obtain as a special case the previous result, so that dp*®/dm < 0.
To show that the optimal price can increase in m > 0 when the marginal benefit

decreases sufficiently fast, let @« = 0.8, a1 = ag = by = by = 2, and let ¢; = c3 = 1. The

next figure shows that dp*®/dm > 0 for m > 0.1

[Figure 4]

5 Conclusions

Purchasers make increased use of pay-for-performance incentive schemes in the attempt of
fostering quality in the health care sector. However, inevitably some dimensions of quality
remain not contractible. Existing incentive schemes have been criticised on the ground
that paying for quality will increase quality in the dimensions that are contractible but
will reduce quality for the dimensions that are not contractible. This criticism then raises
the question whether such incentive schemes should be introduced, and if introduced how
powered should the incentive schemes be.

We show that in some cases low powered incentive schemes are optimal. Introducing
the scheme is useful in increasing welfare when the quality that is contractible is relatively

important. However, this needs to be traded-off with the reductions in the quality dimen-

10With these parameter values g1 > 0,¢2 > 0, and the SOC is fullfiled.
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sion that is not contractible. In other cases it is optimal not to introduce an incentive
scheme. This is likely to be the case when the quality dimensions that are not contractible
are relatively more important.

Finally, there are some cases where the optimal incentive scheme is high powered. This
arises in two circumstances. First, if the quality dimension that is not contractible falls to
zero quickly with price (due for example to low altruism), the benefit from increasing the
quality in the dimensions that are contractible can be quite large. Second, if the different
quality dimensions face some complementarity, then providers become better at providing
also the dimensions of quality that are not contractible, when induced to increase the

quality dimensions that are contractible.
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7 Appendix

In this appendix we provide details regarding some of the calculations in this paper.

The second order conditions (SOCs) of the provider’s problem are:

Uq1q1 = O‘qul - CQlQl < 0’ U(I2CI2 = O‘qufh - quz <0 (31)

UQ1Q1UQ2Q2 o Ut122lh = (aBQI‘]l - Cq1q1) (O‘qu2 - quh) - (an1q2 - CQ1Q2)2 > 0(32)

A sufficient but not necessary condition for Uy g Ugge — UZ,, > 0 to be satisfied is

a2
2
CosCopqr > C,

2
71go a0d Bg g, Bgyg, > B

q1q2°

To find the effects d¢;/0p, i = 1,2 we use Cramer’s rule. Define

F! (q1,q2;p, @) = p+ aBy, (q1,32) — Cyy (q1,2) = 0

F?(q1,q2;p, @) = aBy,(q1,42) — Coy(q1,q2) = 0.

The Jacobian determinant is

Jl = aBggy — Cqigr @Bgrgs — Coige —U U U2 0
|J| = =UgpqaVUpgp = Ugpg > U,
aBgigs — Cgigs @Bgygo — Cgago

where the last inequality follows from the assumption that the SOC is satisfied.
Since —OF'/0p = —1, and —0F?2/0p = 0 we obtain

-1 aBQ1q2 - Cquh
g B 0 aBgg — Coage B —aBg,q + Cpogo <0
8}9 |J| Uqlql UKI2Q2 - Uq22q1 ’
aBQlQl - Cquh -1
dq2 By, = U 0 __aBgg — Cyg,
dp | J| UnanUgag = Uq22q1‘
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The SOC of the sponsor’s problem is satisfied and the problem is well behaved since

2w
By [(1+ a)Bya — Cavar] (001/0p)% + [(1 4+ @) Byagy — Congs) (9g2/0p)? < 0.
Proof of Proposition 1. (G200 | (1 a)By, — Cy) (0a1/0p) + (1) By ~
p<p

Cy,] (0q2/0p). Using the FOCs p + aBy, = Cy,; aBg,(q1,¢2) = Cy(q1,g2), we have

dW (q1(p), ¢2(p))
dp p<p
= (Bg — ) (0q1/9p) + By, (9q2/0p)
(Bth - p) (_aBQQQQ + CQ2Q2) + Bq2 (_Cqup + anup)
Uqlfh Uqwz - Uq22q1
By, (=aBgsq + Caagz) + Bgs (—Cligs + @Bgigs) — P (—Bgage + Coags)
Uquh quqz - Uz

q9291

Therefore, at p = 0 the condition is positive when (i) and (ii) are satisfied. [ |

Proof of Proposition 2.

dW (q1(p), g2(p))
dp p<P

By, (—aByyq, + Coaqp) + Bgy (—Clygs + Bgigs) — P (—Buagy + Coagy)

UCI1CI1 quqz - U2

q2q1

_ Bay (=Bayas+Cagay ) +Bay (—Cayay +Bayas)

At p = 0 the condition is w’
p<p

dp Us1a1Ugaqo _U32q1 ’
Condition (i) is only necessary. [ |
Proof of Proposition 3. %&W —— [(1+a)By, —Cq,] (091/0p). Using the
FOC p + aB;, = Cy,, then %}’fz@)zo)‘p>ﬁ = (Bg, —p) (0q1/0p) = 0, which implies
5: Blh' |

Proof of Proposition 4. In this case the quality dimension 2 is always strictly positive,

g2 > 0 and therefore p = p cannot be in equilibrium. The solution is given by p*. |

Proof of Corollary 1. To prove the first statement, recall that p{b = By, Cpiqo <0,

and p** = By, + By, (—Cqiqs) / (—aBgygy + Cyage)- Note that since By, = 0, then By,
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is a constant. Therefore, since By, (—Cyq,q,) / (—0Bgsq, + Cgogo) > 0 then p{b > p**. The
second statement follows since p*® = p = B,, when the conditions in Proposition 3 holds.

The proof of the last statement follows along similar lines as the first statement but now

Corgo < 0. [

Proof of Lemma 1. Suppose ¢; = g2 = q. Then C,, = Cy, = K (by symmetry of the

cost function). Let A > 0. Then (starting in a symmetric situation)
Ki=Cu(g+A, )~ K+cA>K+mA=xCylg+ A, q) = K.
Now, let g1 = g+ A > g2 (starting in an asymmetric situation).
Cop(q1 +A,q2) = K1+ cA > Ko+ mA = Cy(q1 + A, q2).

Since A can be chosen arbitrarily small the approximation should hold. Furthermore,

symmetry ensures that Cy, < Cy, <= ¢ > q1. [ ]

Proof of Proposition 5. We have

Corn(a’,d”) = (c+m)a” > cgi® + mas’ = Cpon (i, ¢3")
C C
7qu+qu > 7qu+q§b
m m

C
qf”—f(be—qu) > g3
m

Hence, if ¢/? < qu, then quality along the second dimension cannot be too high.

The second statement follows since ¢/® — qu and 0 < m < c¢. Hence
—m (qu - QSb) <c (qu - be) <0

This last equation is fulfilled if and only if — (qf b ng) < (qf b qu) ,or ¢ + g5t <
2¢7°. |
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Proof of Corollary 2.

(@ 24 _ Ota)e 0@ oaat+m’/e
Oaq cico — m? Oas c1cy — m?
oq* 1 0qg 1
Oas c1co —m?2 Oay c1co — m?2
(C)(‘?(q’f) _ ~ (I +a)(arc2 —mas) e <0
dcy (crea — m2)?
3 (g3) m2as (a (ager —may) — g (a1co — ma2)>
= — — Cl
Oco 2 (c1ea —m?2) (crco — m2)2
1 m2as
= — 5> | <O0.
(crea —m?) ( c " Clq2>
oq; 1 —
(d) g _ m (1 +a) (a1 Qmal) > 0 since (agc; —mai) > 0if ¢5 > 0.
dcs (c1c0 — m2)
oqs —
9 _ (1+a) L mgz >0
dcy (c1c2 —m?)
() 0q; _ a1c2 —may ’ % _ ¢ — may 50
9o C1C2 — m2 9o C1C2 — m2

To prove statement (f), note that

c2 (1+a) |(azer —mar) — £ (ar1ca — mag)]

0q; _
om (crea — m2)? ’
% ~ (+a) m (agc1 —may) — 1 (a2102 — mag).
om (c1c0 — m?)
Hence
sign 941 sign T(alcg —mag) — (agc; — may)
om c
2
. m
= sign [2ma1 — az ( + C1>] )
C2
8 *
sign ( q2) = sign[m (agzc; — may) — c1 (a1ca — maz)] .
om
2
. m
= sign [Qmag —a ( + 02>] .
C1
Hence, giz z 0 depending on the parameter values.
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Case 3: Incentive scheme is high powered
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