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Abstract

Cost-sharing rules for paying physicians have been advanced as a way of generating incentives
for the provision of quality care, while recognizing their potential negative effects on production
efficiency. However, the optimal sharing rate typically depends on the degree to which the physician
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altruismiis likely to vary across physicians, and to be private information, the standard rules for setting
the cost-sharing rate are unlikely to be optimal. This paper derives conditions for the optimal non-
linear cost-sharing mechanism in the presence of asymmetric information about altruism, and shows
how it can sometimes be implemented through a menu of linear cost-sharing schemes. The model can
be used to rationalize the design of the fund-holder system for general practictioners that operated in
the 1990s in the United Kingdom.
© 2004 Elsevier B.V. All rights reserved.

JEL classification:D8; H4; 11

Keywords: Physician incentives; Cost-sharing; Altruism

* This paper was partly written while the author was a visiting scholar at the Center for Health Economics
Research and Evaluation at the University of Technology, Sydney, New South Wales.
* Tel.: +1 202 687 0773; fax: +1 202 687 6102.
E-mail addresswgj@georgetown.edu.
URL: www.georgetown.edu/faculty/wgj.

0167-6296/$ — see front matter © 2004 Elsevier B.V. All rights reserved.
doi:10.1016/j.jhealeco.2004.06.001



74 W. Jack / Journal of Health Economics 24 (2005) 73-93
1. Introduction

It is now widely recognized among health economists that in budgeting resources for
health care services, it matters as much how resource flows are implemented as how much
of a resource envelope is available. That is, research has focused increasingly on how to
purchase services, in addition to the standard question of how much health care should be
provided. The latter kind of question can be addressed with tools of cost-benefit and cost-
effectiveness analysis. This paper contributes to the literature on the first question: how to
purchase medical care.

Much of the existing literature pertaining to this question has recently been thoroughly
reviewed by Newhouse (2002)A recurring theme in the design of physician and
hospital payment mechanisms is the need to provide incentives for the provision
of quality care without cream-skimming, while also maintaining incentives for cost-
control. Cost-reimbursement is good for the former, while fixed budgets are good
for the latter, but it has proven perennially difficult to achieve both objectives si-
multaneously, except when consumers themselves are good judges of quality and can
induce the delivery of high quality by threatening to switch providdvia,( 1994;

Glazer and McGuire, 1994

An important element of a number of models of physician payment mechanisms is the
extent to which providers value the benefits of care that otherwise accrue to patients. For
exampleEllis and McGuire (19863howed that if a medical care provider cares about net
revenue and patient benefits in the same way that a social planner does (so the physician
is a “perfect agent”), then fully prospective payment is optimal. There is no problem with
under-provision of quality simply because it is assumed that providers care about it as
much as the social planner does. If, on the other hand, providers place a smaller weight on
patient benefits, then under prospective payment they will lean towards under-provision of
quality. This distortion can be corrected by reimbursing some of the incurred costs: since
there is a one-to-one relationship between costs and quality, subsidizing costs is the same as
subsidizing quality, and the social optimum can be implemented. Thus, Ellis and McGuire’s
contribution has the flavor of corrective Pigouvian taxation—quality provision imposes a
positive externality on consumers (because their benefits are under-valued by the provider)
and so is subsidized.

Chalkley and Malcomson (199&)troduced the idea that there may not be a one-to-
one relationship between costs and quality, so that if the physician places less than full
weight on consumer well-being, the corrective subsidy inherent in Ellis and McGuire’s
cost-sharing rule would not yield the full optimum. In particular, costs depend on both
quality (in the usual way) and effort exerted by the physician. The full optimum could be
implemented by subsidizing quality directly, but only if this is contractible. Subsidizing
costs, however, is not a perfect substitute for subsidizing quality, as it reduces incentives
to exert effort. The size of the subsidy optimally employed depends on the extent to which
the provider values consumer benefits. If the physician places any value on patient benefits,
then a prospective payment will induce optimal cost-reducing effort, and some positive, but
sub-optimal, level of quality. A small shift to cost-reimbursement is welfare improving, as
the positive impact of increased quality is of first order, while the negative impact through
higher costs is second order. Intuitively, as the physician values patient well-being more,
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quality choices under prospective payment move towards the social optimum, and the size
of the corrective cost-reimbursement rate falldust as the Ellis and McGuire model is
reminiscent oPigou’s (1947 analysis of externalities, Chalkley and Malcomson’s account
can be seen as being in the spirit of theeenwald and Stiglitz (198@&xamination of the
second best.

In both papers, the optimal cost-sharing rate (which achieves the first best in Ellis
and McGuire, and the second best in Chalkley and Malcomson) depends on the ex-
tent of agency — that is, on the extent to which the provider incorporates patient bene-
fits when making decisions about quality and effort. It is arguable, however, that such
preference parameters are at least as difficult to discern as the quality of services pro-
vided, if not more so. Indeed, it is very likely that providers vary widely in their altru-
ism towards patients, so it would be necessary to pay different providers differently—the
more benevolent having a smaller share of incurred costs reimbursed. There is no
guarantee, however that faced with a menu of cost-sharing schemes designed for the
range of provider types, each type would choose the cost-reimbursement scheme meant
for him.

We employ standard techniques from the optimal regulation literatua#oft and
Tirole, 1993 to examine the way a purchaser should optimally contract with providers
with heterogeneous and unknown degrees of altruism. These techniques have been used in
the health economics literature previously, but when heterogeneity is with respect to produc-
tivity or cost. For exampleChalkley and Malcomson (2008%ed the techniques to study the
role of cost reimbursement when patients with a given administratively defined condition
(i.e., a given DRG) differ in the severity of their illnesses. In their model, providers were
identical, but there was demand-side heterogeneity in the sense that the severity of patient
conditions within a given diagnostic related group, could differ across providers. Similarly,
Jack (2002pssumed providers differed directly according to a measure of productivity in a
model of the institutional design of a health system when decisions about hospital closures
are included in contract design.

The next section sets up the structure of the model, including the technological
relationship between physician effort, the quality of care, and costs, as well as a de-
scription of the objectives of the purchaser. In Sectibrihe first best outcome is
illustrated, when provider characteristics and actions are contractible. Sekttéon
amines the second best policy when just provider characteristics, but not quality, are
observable, similar to Chalkley and Malcomson’s (1998) analysis. Sebtipresents
what we call the third best—the optimal payment mechanism when neither provider
characteristics nor quality of care are observable. Se@&ipnesents an illustration of
the use of the model in rationalizing the design of the UK's fund-holder experiment,
wherein general practices were given the option of adopting fund-holder (high cost-
sharing) status and continuing with the status quo (low cost-sharing). Sé&ctaefly
concludes.

1 Glaeser and Shleifer (200fjesent a model that provides a motivation for why firms might choose non-profit
status. Their model is closely related to Chalkley and Malcomson’s in that reducing the financial reward to cost
reduction (i.e., having some degree of cost-sharing) reduces incentives to stint on quality.
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2. Model set-up

In this section, we first describe the technological environment relating physician effort,
quality of services, and financial costs, and then specify social objectives that are pursued
by the purchaser.

2.1. Effort, quality, and costs

A health care purchaser (for example, the government) contracts with a population of
medical care providers. Providers can choose the quglit{), of care delivered, and can
affect the financial cosC, by exerting efforte>0. We assum&(q, €) >0 satisfies the
convexity assumptions; >0,Cq1>0,C, <0,Cp2> 0, andCy2< 0, where subscripts denote
partial derivatives. It is helpful to think of as the cost the provider incurs when buying
inputs (including the labor services of other staff), so that higher quality services cost
more, but effort reduces these costs. Notice that the provider can “reduce costs” by simply
providing a lower quality. There is no heterogeneitydf,-) across physicians, so they all
have the same case mix and labor productivity (or else differences in these factors have
been accounted fof).

As well as the financial costs of provision, the provider suffers some extra disutility
associated with her choice of quality and effort. Usually, we think of this as just the personal
costs of effort that do not show up in purchased inputs, Wwh#bnt and Tirole (1993jor
example have denotefde), wherey(-) is positive, increasing, and strictly convex. However,
in this paper, we admit the possibility that providers care about the quality of the services
they provide. Itis suggested that they derive some direct b&gédt from providing quality
g. 6 €[0g, 1] C RT parameterizes the strength of a provider's preference for quality, and
¢(-) is positive, increasing, and weakly concave. Thus, the net disutility of providing quality
g and exerting efforéis:

(g, e, 0) = ¥(e) — 0¢(q). (1)

Although, we shall sometimes refertas a measure of benevolence or altruism, it should
be noted that consumer well-being does not fully enter the provider’s utility function. This is
fortwo reasons: first, although the provider values quality (the direct benefits of which accrue
to patients), she might not value it in the same way as consumers. Thé&) imjight not
necessarily measure the benefit of care to consumers. The second, and more consequential
reason is that, while the provider values quality, she does not value cost savings in a similar
way. Because, the financial costs of service delivery are borne by consumers through taxes,
cost savings benefit patients, but the physician does not recognize these benefits when
choosing the level and quality of medical care. This aspect of the formulation is consistent
with much of the literature on physician objectives, as surveyed for examplicBuire
(2000) although we recognize that, as McGuire notes (page 521-22), there is some empirical

2 Other models in the literatur&¥a and McGuire, 1997; McGuire, 20pfbrmulate the quality effort by writing
quality as a function of effort and other inputse.g.,q(z, €). If the prices of other inputs are fixed, this function
can be inverted to yiel@(q, €) as above.
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evidence suggesting that physicians respond also to the financial costs borne by consumers
(Eisenberg, 1986

2.2. Social objectives

The purchaser cares about consumer and provider utility (i.e., consumer and producer
surplus). Net consumer utility is gross benefits from quasitgy), increasing and concave,
less the financial costs of paying for services. Following the standard literature, we assume
the provider is reimbursed its financial costand lett be the transfer (if any) to the provider
in excess of these costs. Thus, the gross transfer received by the provider. ishe
consumer, however, must forgo an amount {3+ c), wherex >0 is the marginal excess
burden of taxation. Thus, net consumer utility, or consumer surpl&g)s- (1 +1)(t +c).

The provider’s net utility is1=t — y, which is decomposed into net profit plus benefits
from quality,

u=t—y=t—y+0p=m+06¢.

Utility is decomposed in this fashion because, followitgmmond (1987andChalkley
and Malcomson (1998)ve do not wish to include the direct benefits derived by the provider
in social welfare. That is, the purchaser’s objective function is:

W=58@)—-QA+Mt+c)+t—v=S(q)— A+ +c)—Arr 2

Leaving profits with the provider is costly, simply because it costs money to transfer
resources to them from consumers. A provider of t§pdll agree to sign a contract only
if her net utility is non-negativay > 0. This in turn means that the purchaser must ensure
thatr > —6¢.*

Itisinstructive to note the consequences of including the altruistic component of provider
utility in social welfare. The welfare function then becomes:

We=8@—-Q+1)(+)+t—y=S(q) — A+ A)(y+c)— ru.

Leaving utility rents to providers is again costly. If in both cases providers can be kept
to their reservation utility levels, then the only difference between the formulations is that
the quality of care optimally purchased und®¥s (and the health care budget allocated
to providers) will be greater than that purchased unlein both cases, the participation
constraint isu> 0, and even in the third best, when this cannot be made to bind for all
types of provider (i.e., for alt), the qualitative features of the optimal contract, such as the

3 We note, however that in the model of this paper, all costs financed by consumers are channelled through the
tax system, so it is arguable that providers would be much less responsive to increases in them than if they were
paid directly by consumers at the point of service.

4 It might be necessary in practice to add the constraint th, since, otherwise the provider would be
required to pay the purchaser for the privilege of working.
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direction of distortions to budgets and quality, are unaffected by the inclusion of altruistic
benefits in the welfare function.

3. The first best

If a purchaser could write a contract based on quality and cost, and if it knew the type
of provider it was purchasing from, it would set v — 6¢ (i.e., m = —0¢) and solve the
following maximization problem:

rgfi}xS(q) — (L +2)(¥(e) + C(g, e, 0)) + 10¢(q),
with associated first order conditions for an interior solution:

§'(q) = (1 +2)Cy — 26¢'(q)] = O, ®3)

and

~(¥'(e) +Cc)=0. (4)

Denote the optimal values by (9) ande"(6). Quality should be expanded until the
marginal benefit to consumers is equal to the marginal cost they bedBfEd@he marginal
cost of quality borne by consumers is composed of a gross marginal payment to cover
additional input expenses (1:3Cy, offset by the marginal saving on distortionary costs
because providers are effectively partially paid in kik@y’ (g). Provider effort should be
exerted to equate the marginal disutility, (€), with the marginal cost savings,Ce (Eq.

(4)).

To examine how the first best solution varies withwrite Eqgs.(3) and (4)asg(q, e,

0) =0 andh(q, €) =0, respectively. The second order condition for a maximum, which is
assumed to be satisfied, requires in part thatg; hy — goh1 > 0. Optimal quality and effort
choices vary according to:

a'O)\ _ r¢' [ —he
e* () A \ht |
As h; is positive andh; is negative, quality and effort both increase witht the first best.
These two effects mean that at the optimum, the variation of input expendifiésnd

the optimal transfer to the provid€r(¢) with 6 is not determined without further structural
assumptions. The net utility earned is identically zero for all provider typ¢s) = 0.

4. The second best: non-contractible quality and effort

Suppose the purchaser attempts to implement the first best optimum by giving a provider
of typed a budget” (9) with which to provide services, and a transfer or satag), to
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compensate her for her effort co8t§. quality and effort choices are not directly observable,
then this transfer will in general not yield the first best outcome. In particular, given any
transferc, as long as she is willing to participate, the provider will choose quality and effort
to solve the following problem:

miny(g,e, 0) s.t. C(g,e) =c. (5)
q.e

Letg(c, 0) andé (c, 0) be the provider’s optimal choices (assumed unique), which satisfy:
—0¢' + uCy =0 (6)
and
' 4+uC,=0 (7)

for some non-negative Lagrange multipliefc, 6). The convexity assumptions @@y ¢,
andy imply thatg and¢ are increasing id. We further make the following assumptions
regarding the dependenceqpéfdé onc:

Assumption 1.

dg de

& >0 & < 0,
d?g d%e

@ < 0 @ > 0,
and

d?g d%e

—2 -0 — <0.
o2~ dode

These assumptions ensure that indifference curves tir¢pace are downward sloping
and convex. The first pair of assumptions say that a higher budget leads to higher quality,
but crowds out some effort. The second pair represent a kind of decreasing returns assump-
tion. Further increases in a budget lead to diminishing quality improvements, and smaller
crowding out effects on the supply of effort. Finally, the third pair say that the higlger is
the larger the effect on quality and effort of incremental budget resources. The first order
effects of provider type and budgets are illustrateBio 1

Eqgs.(6) and (7)are the same as the first order conditions for the first best optimum if and
only if the budget is the right size (so thafc, 6) = 1), and if the provider values quality the
same way as the purchaser, up to an additive constant: that is, @il¢ojf=Sq) +k, for
some constarit To see this, note froif®) that ifcis setto ensurg =1, the provider chooses
quality to satisfyCq =6¢’(q). Substituting this int¢3), we find that the social optimum is

5 These resources could, of course, be transferred jointly, for instance as a total bbadget We assume
that the purchaser could then monitor expenditures on inputs and declare the contract void if these expenditures
did not matcte.
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v(g.e,8") v(g.e.8)
q q Clge)=C
v(g.e.0)
Clge)=c Clq.e) =
e e
(fo<@ (iye<c

Fig. 1. Bold lines represent effort-quality pairs yielding constant financial costs, and thin lines represent constant
disutility of provision lines. (i) More altruistic providers put in more effort and produce higher quality for the same
budget. (ii) A larger budget leads to higher quality and lower effort.

attained only ie(q) = S(g) + k. Ellis and McGuire (1986j)eferred to a provider with such
a coincidence of preferences as a “perfect agent”.

If the provider is not a perfect agent for the purchaser (the interesting case), what is the
best the purchaser can do? This is essentially the question addredsiid Agd McGuire
(1986)andChalkley and Malcomson (1998)he purchaser’s decision variables are now
the budget and transfet made to the provider. We assume in this section that the purchaser
knows the provider’s typé).

For a given budget, denote the minimized disutility ib) by (c, 9), and let:

e, 0) = V(c, ) — 0g(c. 6).

That Lsfp (c, 0) is the cost of effort optimally incurred by the provider when given a budget
andog(c, ) is the direct benefit from quality optimally derived. The net disutility function,
7, has the following properties, which are implied by our underlying assumptions:

y2=y3=—¢(q(c.0) <0
7’)1 = _M(C’ 0) <0

In addition, we make the following single crossing assumption:

Assumption 2.

y12<0 8)

6 The single crossing property does not quite follow from our previous assumptions. To see this, note that:

(Y4 (%) e, EL D A R
ne=gla) e \Va de) " dcdd dd de dcdd dé de

Under our maintained assumptions, all the terms in this expression are negative, except the last. Netasthat if
linear, then the single crossing property holds automatically.
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Similarly, define the social benefit associated withtgpe provider providing services with
a budget as:
S(c, 6) = S(g(c, 0)).

Because, it knows and can thereby infer the provider's quality and effort choices, the
purchaser can also infer disutility cosfs(c, 6). And because leaving rents to providers is
inefficient, the purchaser sdts p(c, 9). Redefine welfare fronfR) in terms ofc andé as:

W(c, 6) = S(c, 6) — (1 + X)W (c, 6) + ¢) + 16(c, 6). (9)

From our assumptions on providers’ supply of effort and quality, we are guaranteed that
W is concave irc.” In addition, for later reference, we make a final assumption that the
marginal welfare impact of budget resources delivered to more altruistic physicians is larger.
That is,

Assumption 3.

Wiz > 0.

Since the level of effort (and hence, its marginal cost) is higher whenlarger, this
assumption is consistent with extra budget resources leading to a larger reduction in effort
costs amongst more benevolent physicins.

The optimal budget to give the provider then satisfies the first order condition:

Wi(c, ) = Si(c, 0) — (L + 1) (Pa(c, 0) + 1) + 1061 (c. 6) = O. (10)

7 Concavity of W is assured, since:

. R R R di 2 d2*
W11 = S114 AMd11 — (1 + M)yu1 = (8" + k9¢//)<£> + (8" + 16¢") ( q)

dc dc?

L A
8 Formally, a sufficient condition folv12>0 is $12>0 andy12<0. Differentiating (but omitting function
arguments):

S dé dé / dzf{
$12= 5" 5% 6 75 dodc
and
o=y ZE
2=V 40 de dode

Given our assumptions on the functiopsandé, ¥12<0 as required. On the other hand, the first term in the
expression fots12 is negative, while the second is positivesssumption 3s satisfied as long as the second term
dominates the first.
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Denote the solution to this condition leyg). UnderAssumption 3the optimal budget is
increasing ird. On the other hand, the additional transfer or sakd#y,falls with 6 since,

R da .. -

i) = - = () + 72 < O,

Thus, a more benevolent provider is given a larger budget because she makes it go further,
but she is given a smaller salary as the value of the payment she receives in kind (derived
from quality) is larger.

4.1. Implementation through cost-sharing

The second best optimum is a budgg) "and transfer(6). The provider is not thought
of choosinge in this interpretation—she just takess fixed, and decides how much effort
to exert. However, the purchaser can implement the same outcome using a cost-sharing rule.
To this end, suppose the provider is able to choose the size of her budget, and that when she
chooses she receives a transfé(c). Let us write the provider’s net utility as:

i = (c,0) = T(c) — (e, 0).
She simply choosesto maximize this expression, thereby, choosing satisfy:
7'(c) = e, 0),

which is negative. Evaluate the right hand side of this expression at the second best optimum
budgetc{0), and denote its absolute value by:

7(0) = —11(c(0), ).

If the provider is reimbursed costsand given an additional transfer:
T(c) = a(¥) — T(H)c

for some constari(9), she will indeed choose the desired budgét)."Now just choose
a(0) to satisfy,

a(f) — 7(6)c(P) = ¥(c(0). 0).

and the provider will earn zero net utility from the contract. Finally, the budget reimburse-
ment and extra transfer components can be combinedto yield a gross paymentto the provider
of:

P(c) = T(c) + ¢ = a(6) + (1 — 7(0))c = a(6) + 6(H)c.
That is, the gross transfer to the provider is a fixed sum plus a shi@e; 1 — 7(6), of
realized costs. The parameters of these sharing schemes vary across providers. In particular,
6'(0) = —7'(6) = y12¢'(6) + 712 < O, (11)

so a more altruistic provider has a smaller share of realized costs reimbursed. This is
consistent with the Chalkley and Malcomson result alluded to in the introduction—the
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more the provider acts in the interests of the patient, the less should be the subsidy to costs
(and hence, indirectly, quality).

As a special case, suppdS@) = ¢(q) andd = 1, so the physician cares about quality in
the same way as the purchaser, and cares about it with full weight, so is a perfect agent in
the sense oEllis and McGuire (1986)Condition(10) for the optimal budget reduces to:

Si(c, 1) = Pale, D+ 1,
and the cost-sharing rate that implements the optimum is,

(1) = S1(c, 1) — Yalc, 1) = 1.

A perfect agent should thus be given a budget and be made a residual claimant for all
incurred cost savings. On the other hand,# 1 (note that we have not precluded the case
6>1), then it is straightforward to show:

70)=1— (g) 51(2(6). 0),

which is increasing i. The more altruistic an agent is, the higher the rate of cost-sharing
should be. Conversely, the less the physician cares about patient benefits (the Bver is
the more costs should be covered at the margin by the payer.

5. Third best contracts

We continue to preclude contracting on quality and effort, but now introduce the realistic
assumption that provider type is not contractible, that is, that budgets and transfers cannot
depend om. This does not mean that it will be impossible to induce providers with different
types to provide services at different financial cost, but it does impose costs on the purchaser
from inducing such separation.

To see what might go wrong when contracts cannot be based on provider type, suppose
the menu of second best contracts defined in the previous section is presented to physicians.
There is now no guarantee that a given provider will choose the contract that is meant for
her. This is most easily seen kig. 2, where we have depicted the optimal cost-sharing
contracts for two different types of provider, with typ@s andd*, whered~ < 6*. The
vertical axis in this figure measures the transfer in excess of financial costs made to the
provider. There are two transfer schedulgg, ~) andT(c, 6*), meant for the&~ and6™
types, respectively. Also shown are provider indifference curves, along which net utility is
zero for each type. The second best budgets and transfers/salaries are a¢paimi*,
respectively. However, it is clear that, given the choitetype providers will opt to be paid
under theT(c, 67) schedule and not the one designed for th&, 67).

Toinvestigate the effect that unobservabilitpdfas on the kinds of cost-sharing contracts
that should be employed, we search for the optimal direct mechani@mno(6)), which
represents a menu of transfer/budget pairs. A provider is asked to announce her type, and
then given a budget(d) to spend on inputs, and a transté®) to compensate her for
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Transfer, t

u(tep)=0

T(#=c,0) =0 -1¢C

T(xc,0%) = o — t'C J
\_\-‘-

0

c(®) c(6) Cost, ¢

Fig. 2. The second best optimal contracts leave providers with zero net utility, and give a larger dumget
smaller transfet, to more benevolent providers.

disutility costs. However, there is no guarantee that this transfer will not exceed the net
disutility suffered by the provider, that is, she might earn positive rents.
Indeed, let

p(0.0') = 1(0) — P(c(0). 0),

be the rent earned by a provider of typshen she announces her type t@#b&Ve invoke the
revelation principlelyerson, 197%and confine ourselves to direct mechanisms thatinduce
truthful reporting, that is, incentive compatible mechanisms. It is well understadtb(t

and Tirole, 199Bthat the truth telling constraint, which implies(9, 6) = 0, reduces to the
monotonicity conditior?

) = 0. (12)

9 Following the exposition of Laffont and Tirole (page 63),det6’. A mechanismt(6), c(6)) induces truthful
reporting if:

1(0) = 7(c(6). 6) = 1(6') — ¥(c(6). 6)
and
1(0) — 7(c(0), ') = 1(6) — ¥(c(8), 9).
Add these two inequalities, eliminate the transfers and divid& byd), yielding:
72(c(6'), 0) = P2(c(9), 6),
which in turn implies:
y12¢'(9) < 0,

asf>0'. From(8) we infer the monotonicity conditior (6) > 0.
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Net utility earned by the provider under an incentive compatible mechanism is:
u(®) = p(6. 0) = 1(6) — ¥(c(6). 6).
which varies withp according to:
u'(6) = p1(6, 6) + p2(6, 6) = p1(6, 6) (by incentive compatibility)
= — 72(c(0). ) = $(c(6). ) = 0. (13)

That is, under an incentive compatible mechanism, highgreviders, earn higher net
utility.

Social welfare is the expected value(8). We assumé is distributed ondp, 61] with
density functiorf, and cdfF. The welfare attained under an incentive compatible mechanism
(c(0), t(9)) is thus:

01 N
W = / 30, 0) — 1+ FHe(0). 0) + CO) — 27()) 1O
oh N o
= / [3(e0).6) = (14 DIH(O). 0) + (0) ~ 1u(0) ~ 63(c(6). )] FO)P

01
_ / IW(C(9). 0) = @) F0). (14)

whereW (c(9), 0) is defined in(9).
Use(13)to express the utility of provider as:

%
u(6) = u(6o) + / ) o(c,0)db. (15)

From (14), provider utility should be as low as possible at the optimum, and since it
must be increasing if, the purchaser should seffp) =0. We use the standard trick of
substituting(15) into (14) and integrating by parts to eliminate the dependence of welfare
on provider profits, to get,

0 R
W = / V(e ) = A HOMe. OLFO) b

whereH(6) = (1 — F(0))/f(6). The purchaser’s problem is to maximize this expression by
choosing a cost function(f), subject to the monotonicity conditiqi2). Differentiating
the integrand pointwise, we find,

Wi(c, 6) — AH(6)p1(c, 6) = O. (16)

Even though we have assumiédo be concave, the concavitypfmeans that the solution
to (16), which we denote(®), need not be the pointwise maximizer of the integranin
Additionally, the solution td16)is not necessarily non-decreasing. Both of these problems
can be addressed by making suitable assumptions regarding the distribution of the altruism
parameter. However, ifitis assumed tihég) = q) for all q (sog(c, 6) = S(c, 0)), thatH(-) is
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non-increasing i, and that there are sufficiently many physicians with the lowest possible
value of altruism, thea(®) will indeed solve the purchaser’s maximization probféh.

Proposition 1. Supposep(q) = Sq) for all g. If f(6g) > A/(1+10p) and H:) is non-
increasing ing, then¢ () solves the purchases maximization problem

Proof. Totally differentiating(16) we find:

e Wiz — A(H'¢1 + Horz
do W11 — AH¢1 '

If H" <0, the numerator is positive. With= S, the denominator i$11(1 + A(6 — H)) —
(14 A)¥11. SinceS is concave and) is convex, if 1 +4(6 — H(0)) > 0, the denominator is
negative (and the second order condition is satisfietjisfhon-increasing, then a sufficient
condition for the denominator to be negative is that\lég — H(6p)) > O, or,

f(6o) =

T 1+ 260
0

In particular, ifdg =0, then as long as the first two conditions are metf@@)> A, ¢(6)
is the solution to the purchaser’s problem. Comparison i} shows that the budget
assigned to a provider of typds distorted away from its second best level, due to the extra
termiH(6)¢1 in (16), except ab =61. Indeed, the expenditure budgets for all providers with
0 <06, are restricted below their second best optimal level, tha(3 <¢(0). The intuition
for this resultis illustrated ifrig. 3. The second best contracts are notimplementable, since
thed* provider will choose contrac¢t. The optimal pair of contract¥(, Y*) involves an
increased payment to ti#& provider (to contracY”), who now earns a rent, and a reduction
in the budget of thé* provider (to contracy ™).

The provider’s net utility under the third best optimal scheme (uél®y) is:

[
w0 = [ 3c©). o).
0o
which is increasing iM. The transfer, in excess of the budget must satisfy,

1(0) = () + (¢(0). 0). (18)

10 Tg interpret the optimality conditio(lL6), rewrite it as:
[51(c, 6) — Va(c, 6) + A(O¢a(c, ) — Vale, ] F(6) = (L+ 1) £(6) + A1 — F(O)1(c, 6). an

A marginal increase in the budget @ftype providers (of whom there af@®)) yields a direct margial benefit to
consumers ofy, and a benefit to providers that is counted in social welfare%f. In addition, the purchaser

can guarantee these providers the same utility by reducing the transfer they receive by the reduction in disutility,
—1 = 01 — 1 thereby saving.(§¢1 — 1) in distortionary costs. On the other hand, the extra budget for all
0-types imposes a direct social cost of (A)}6). Finally, the small increase in the budget raises the rent of each
o-type provider byg1, and by(15), of all (1— F(§)) providers with highe#’s. The social cost of this increased

rent is the last term on the right hand sidgbT).
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Transfer, t

u(t,ce) =0

Z(o) c(e) ¢(8Y)
= 36" Cost, ¢

Fig. 3. Third best contracts distort the budget of léwroviders downwards, and permit higtproviders to earn
a positive rent.

While under the second best contractual arrangement providers with higher values of
6 received unambiguously lower salary transfers, that {8) <0, at the third best opti-
mum there is a tension between paying more benevolent providers less, because they are
“cheaper,” and paying them more, because of the incentive constraint. Thatis, differentiating
(18)yields:

7(0) = w +[71'(6) + 72l (19)
>0 <0

5.1. Physician choice

Under the conditions of the previous sectiof#)is strictly increasing i, so define the
inverse functiord(c), which gives the type of provider that should, at the optimum, choose
budgetc. The net transfef(d) can now be written as a function of the observed cost,

T(c) = 7(0(c)) = i(6(c)) + P(c. B(c)).
Using the implicit function theorem, it can be shown that,
T'(e)= @ + 720+ 1 =71 <0. (20)

On the other hand, it is not possible in this model to establish the convexity properties
of the transfer as a function of cost, since

T"(c) = P11(c. (c)) + Prale, H()F (©),
and the first term is positive, while the second is negative.
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If 77 >0, soT is convex, then it is possible to implement the optimal contract as a menu
of linear contracts of the form,

T(c;6) = &(6) — 7(H)c, (21)

wherex () is a fixed salary component, increasing jandz(0) is a cost-sharing component,

also increasing, i® (corresponding to the behavior &9) in condition(11) in Section

4.1). Providers are given a choice among the continuum of contréa@3, @(6)), being

paid a lump-sun&(0) and having a shar@(®) = 1 — 7(0) of expenses reimbursed. More
altruistic providers choose contracts with higher fixed salaries and have a lower share of
costs reimbursed. The intuition is that reimbursing costs is bad for cost-control incentives,
but necessary to induce quality provision. Since, it takes less of an incentive to induce quality
provision from more altruistic providers, their cost-control incentives can be strengthened by
having them bear a larger share of costs, while not compromising quality too much. Having
to pay more of the incurred costs of medical care means that, to ensure participation, they
must be paid a larger salary component.

If 7 is not conve, it is not possible to implement the third best using a menu of linear
contracts. However, it may be possible to approximate the third best with such a menu.
Let 7#(c) be the function that describes the lower boundary of the convex hull of the
set of points{(c, t): t>7(c)}, whereT is the third best optimum transfer function. By
(20), TH (c) is downward sloping, and by definition it is convex, and so can be im-
plemented with a menu of linear contracts of the fazfh (9) — 77(6). An example is
shown inFig. 4.

Transfer, t

at(er)

oH(e")

oH(e+)

Cost, ¢

Fig. 4. Inthis example, the third best transfer funcfitfn) is decreasing but not convex, so cannot be implemented
with a menu of linear contracts. The convex functiofi(c) approximates the third best, and can be implemented
by offering providers a choice of payment schedules as shown.
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6. An example and extensions

The general idea that agents can be given optimal incentives by allowing them to choose
from a menu of linear incentive schemes is familiar from the regulation and procurement
literature Caffont and Tirole, 1998 An example in the sphere of medical care is the fund-
holder experiment in the UKQlennerster et al., 1994; Dusheiko et al., 200&elf part
of the creation of an “internal market” in the 1990s that aimed to increase the efficiency
of resource use in the health sector. The reforms aimed broadly at improving the quality
of services provided, while maintaining incentives for cost-control. Public financing of
medical care was maintained, but the way providers were paid was changed so as to pursue
these quality and cost goals. The objectives assumed of the purchaser of services in this
paper correspond closely to these policy goals.

Between 1991 and 1999, larger general practices in the UK were afforded the option of
becoming fund-holders, or continuing with the status quo. GPs who adopted fund-holder
status were given a budget from which to finance certain non-emergency hospital-delivered
secondary care. Unused budgetary resources could be used by fund-holders to purchase
new equipment, and to even purchase additional services from themdahstwe(ko et al.,

2004. While perhaps not equivalent to a dollar of personal consumption, a dollar saved
arguably thus contributed non-negligibly to net physician income. General practices that
opted to continue under the existing arrangements neither bore the costs of secondary care
directly, nor appropriated the savings that might have arisen from economizing on such
care. By 1997, over half of the UK population was registered with a fund-holding general
practice Dusheiko et al., 2004

Because GPs were given the option to become fund-holders, any empirical attempt to
examine the effect of fund-holder status on referrals and costs must account for the obvious
selection issues. For examplgysheiko et al. (20043ssume physicians are heterogeneous
with respect to a taste parameterThose with highe#’s admit more patients for secondary
care, because they perceive the gross benefit of admission to be higher—thigrhaans
similar behavioral implications as it would if it were interpreted as a measure of altruism. In
the analysis obusheiko et al. (2004 physicians with higher values éfare also less likely
to choose fund-holder status, because of a fixed cost associated with such status (e.g., “
direct transaction costs and any distaste felt by GPs under the fund-holding regime about
having to make explicit tradeoffs between income and elective admissions” (p. 8)), which is
increasing irf. These two separate roles of the taste parameter induce a negative correlation
between fund-holder status and admissions, which is useful for identification purposes. The
authors find that accounting for selection effects, fund-holder status was associated with
reduced admission rates and lower secondary care expenditures.

While the fund-holder experiment presented a unique opportunity to test the respon-
siveness of physicians to alternative financial incentives, it was clearly not an exercise in
randomization. The model of this paper provides a normative rationale for why the policy
allowed physicians to choose the financial constraints under which they operated: unobserv-
able physician heterogeneity implies that optimal cost-sharing schemes that trade off rent
extraction against effort incentives are typically non-linear, and they can be implemented
(sometimes only approximately) by offering a menu of options. The two options in the
UK system, which, using the notation (1), correspond to cost-sharing rateszef 0%
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(non-fund-holder) an& =100% (fund-holder, with a correspondingly larger budget), rep-
resent such an approximation. This approximation could conceivably have been fine-tuned
by introducing a third status, say with an intermediate budget and 50% cost-sharing.

This illustrative example of course does not definitively confirm the theoretical ideas
explored in this paper, although it is indicative. The model supports the idea that GPs were
given the choice of adopting fund-holder status not because it was thought that some of them
should face weaker cost-control incentives on the margin, but rather that it would have been
too expensive (in terms of the rents paid to other, more altruistic, physicians) to provide such
incentives to all GPs. That s, if the government had mandated universal fund-holder status,
the budget allocations to general practices needed to induce participation by all (especially
low-6) physicians would have been inefficiently large.

A number of alternative explanations for including cost-sharing components in physi-
cian payment can be considered. For example, we have assumed an environment in which
physicians face no uncertainty regarding costs and/or case loads. However, in a stochastic
setting there is a role for cost-sharing to balance incentives against risk expGsyre,

1994, even if physicians are homogeneously altruistiéZ On the other hand, while moral
hazard rationalizes the use of cost-sharing mechanisms, it does not provide a good moti-
vation for allowing physicians to sort amongst alternative contracts. If physicians differ in

a relevant characteristic, for example, risk aversion, then such sorting, effected by offering
a menu of options, could be efficient. We would expect to see more risk averse physicians
being paid on (or close to) a fee-for-service basis, while less risk averse providers would be
paid by (or close to) capitation. It is plausible that exhibited risk aversion could be linked to
wealth, and that an empirical strategy would be to investigate the degree to which special-
ists sort themselves by wealth across cost-sharing regimes. It is less clear that altruism is
empirically correlated with wealth, so that the absence of a correlation between the degree
of cost-sharing chosen and wealth would, abstracting from obvious endogeneity problems,
constitute evidence consistent with our theory.

Our model of physician heterogeneity can also be extended to understand patterns of
physician compensation in markets with non-government payers, such as in the private
insurance market in the US. The objectives of insurance plans (the buyers of physi-
cian services) would need to be specified differently to our representation of welfare,
since the plans would have some profit motive. Even not-for-profit plans would be fi-
nanced in part by prices (premiums) paid by individuals, and not solely through taxes

11 The particular form of an optimal payment policy under conditions of moral hazard depends on the precise
way in which physician effort affects costs. In a general principal-agent setting, a deductible policy (one with
100% cost-sharing up to a limit, and zero percent cost-sharing thereafter) is optimal if the agent can influence the
ex ante probability of a costly event (e.g., an accident), but not the loss associated with that event (e.g., the extent
of damage). On the other hand, if the agent can affect the ex post size of the loss, some kind of marginal (perhaps
non-linear) cost-sharing is optimal. Since, itis likely that GPs have more control over the cost of treating patients
who present with given conditions than reducing the chance that such conditions are developed, optimal payment
mechanisms that traded off risk-protection against cost control incentives would tend to exhibit cost-sharing
between zero and 100 percent.

12 There was some degree of risk protection for GPs in the UK scheme, as fund-holders were only required
to finance certain secondary care procedures known as “chargeable electives”. Payments for “non-chargeable
electives” and emergency care were made by the geographically defined health autfnritfesKo et al., 2004
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as in the current model. However, substituting a revenue funé{gh for the surplus
function §q) would lead to qualitatively similar predictions for paying heterogeneous
physicians.

A second modelling choice arises when there is competition among plans, so that a
plan is not a monopsonist in the physician labor market. One approach would be to as-
sume that plans competitively bid for the labor services of physicians by offering employ-
ment contracts stipulating a budge} and compensatiort)( and to find an equilibrium
that satisfies zero profit and incentive compatibility constraints in the spiRtotfischild
and Stiglitz (1976) In her surveyGlied (2000)notes the wide variety of methods for
paying physicians (salary, fee-for-service, etc.), based partly on researGoltyet al.

(1995) who survey managed care plans. The model in this paper, and the alternatives
suggested above, suggest that different methods of payment can be an efficient way of
sorting physicians according to underlying (and possibly unobserved) heterogeneity (their
altruism, risk aversion, or ethical standards). What is less obvious is whether this sorting
should be across plans, in which case each health plan would pay its physicians on a single
schedule (e.g., salaried physicians in HMOs versus fee-for-service providers in indemnity
plans), or if each plan would have a mix of reimbursement schedules from which physicians
could choose, but with less heterogeneity across plans. This line of enquiry awaits further
research.

Finally, our model can be seen, in the spirit@faeser and Shleifer (20085 a ra-
tionalization for allowing plans to voluntarily choose non-profit status. The model clearly
does not address the revenue generating activities of non-profits (pricing, fund raising, etc.).
However, since a profits tax can be interpreted as a tax on revenues plus a subsidy to costs (at
the marginal tax rate), a plan that opts for non-profit status effectively bears the full burden
of its financial costs, whereas the government shares some of the costs of a plan that selects
for-profit status. The selection operates then at the plan level, and we might expect plans
that have a direct concern for quality, as suggestetéyhouse (1970xdopt non-profit
status.

7. Conclusions

Physician payment mechanisms need to generate incentives for the potentially conflict-
ing goals of quality provision and production efficiency, at reasonable financial cost to the
payer. Subsidizing costs can be a useful way to induce higher qualEjlisand McGuire
(1986) pointed out.Chalkley and Malcomson (1998pserved that subsidizing costs can
compromise production efficiency (discourage cost-reducing effort), thereby mitigating the
role of cost-sharing to some degree. In both models, the appropriate cost-sharing rate de-
pends on the extent to which consumer benefits enter the provider’s utility function. This
paper contributes to this literature by relaxing the assumption that the purchaser of care
knows the extent of provider altruism. The variation in altruism across the population of
providers is likely to be large, and the ability of a purchaser to base payment incentives
directly on such information, were it available, would surely be limited. If contracts cannot
be tailored explicitly to provider characteristics, the purchaser needs to design an incentive
mechanism that induces providers to reveal their types. The result is, in general, a non-linear
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scheme that relates payment to incurred costs. If this payment function is convex, it can
be implemented by allowing physicians to choose from a menu of linear payment sched-
ules, each characterized by a different cost-sharing parameter. In our model, however, it is
not guaranteed that the optimal transfer function will be convex, in which case it can be

approximated by such a menu of linear contracts.
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