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Reports in the literature agree that dis-
tance has a crucial role in affecting pa-
tients’ choice with reference to health care
services (see [3, 8]). Patients accept meet-
ing monetary and nonmonetary costs in-
herent to distance, if they expect a positive
return in terms of enhanced quality from
the hospital located furthest away. To un-
derstand what we intend for nonmonetary
costs of distance we refer to the fact that if
the stay in hospital is long, and the hospi-
tal is located far away, patients’ relatives
may be unable to come to visiting (or at
least they could reduce the visiting) or, al-
ternatively, the patient could feel uncom-
fortable because of the new environment.

This behavior can be explained in
terms of utility maximization where quali-
ty, distance, and transportation costs enter
as arguments. This studied the secondary
health care market through a Hotelling [6]
spatial competition model which assumes
that: (a) only two hospitals serve the mar-
ket, (b) they are located at the extremes of
a line of unit length, and (c) patients are
uniformly distributed on that line.

The model uses a linear utility func-
tion where utility increases in quality
and decreases in distance. Patients are
free to choose the hospital that they pre-
fer, i.e., the quality/distance mix that maxi-
mizes their utility. The health care services
that they receive are free at the point of
use; we assume a tax financed health sys-
tem where the purchaser (which pays for
health treatment received by patients) is
assumed to be a government agency that
freely chooses contract terms and pay-
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ment forms. The purchaser aims to induce
all patients to be treated. He achieves this
goal by defining a fixed price per treated
patient payment scheme in such a way as
to meet both the hospital rationality con-
straint and, indirectly, the patient partici-
pation constraint (granting them at least
with their reservation utility). Obviously
the purchaser’s goal is to obtain this result
at minimum cost.

In this study hospital and consumer be-
havior are jointly analyzed under the con-
dition that a prospective diagnosis-relat-
ed group (DRG) payment system is imple-
mented. The goal is to better understand
the hospital’s strategic choices which are af-
fected by the reimbursement scheme, pa-
tient behavior, and market structure, in
particular with reference to the horizontal
differentiation given by Hotelling spatial
competition. This contribution comple-
ments the existing literature both in health
and industrial economics, but its original-
ity consists in the application of the stan-
dard Hotelling spatial competition model
to the secondary health care market.

Hotelling spatial differentiation has
been widely studied by the literature
since its original publication in 1929, but
it has been implemented mainly in the in-
dustrial economics field. With reference
to health economics relatively few recent
analyses have been published. In particu-
lar, Gravelle [4] analyses the competition
among providers in the private and pub-
lic systems for the quality of service and
the number of care providers. The study
focuses on capitation contracts in which

providers receive an initial payment for
each patient who registers with them. It is
concerned with the way in which compe-
tition between providers affects the quali-
ty of service, via the number of providers,
and patient access to services. Gravelle
and Masiero [5] investigated the case in
which general practitioners are horizon-
tally and vertically differentiated and com-
pete for patients via their imperfect ob-
served quality. They consider the extent
to which switching costs and imperfect
patient information about quality interact
to blunt incentives for quality. Patients im-
prove their knowledge of the characteris-
tics of the practice that they join after ex-
periencing its services. There are initial er-
rors in judging quality and switching costs
which lock some of the mistaken patients
into the wrong general practitioner. Fur-
thermore they are interested in whether
competition between general practition-
ers leads to appropriate levels of informa-
tion and switching costs or whether ad-
ditional regulation is required. They are
concerned with errors and welfare conse-
quences.

This contribution shows that the hos-
pital monopolistic rent directly relates to
patient behavior. The rent increases in dis-
tance disutility and decreases in patients’
quality perception. The monopolistic rent
curbs, ceteris paribus, the provider’s incen-
tives in producing quality.

Because of the asymmetry of informa-
tion that characterizes the health market,
patients are generally unable to observe
the true quality provided, and their deci-
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sions reflect a perceived quality, affected
by bias. Therefore the second part of this
contribution presents the case in which
quality is observed with error. Using the
mean-variance method, the equilibrium
previously found is investigated in a sto-
chastic framework. Providers face a new
demand affected by uncertainty which
does not reflect the true but the perceived
quality.

The basic framework

The study refers to a population (normal-
ized to 1) of patients affected by a specif-
ic illness which refers to a single DRG. Pa-
tients are assumed to be uniformly dis-
tributed along a line of unit length. To re-
cover from their illness patients demand
hospital health care. Only two hospitals
serve the market, and they are located
at the extremes of the unit length line
(B Fig. 1). The patient’s utility depends
on the quality of the treatment received
and on the cost incurred to move from pa-
tient’s location to the hospital:
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with a, y >0, where a describes the prefer-
ences for quality, y is the unit transporta-
tion cost, g, and g, are the quality levels
supplied by hospital A and hospital B, re-
spectively, and d is the distance incurred

by the patient.
Patients are indifferent between hospi-
tal A and hospital B if:
0gq —yd = agy —y(1 —d) )
solving for d yields :
o 1
d= ?Y(% - ‘H)) + B (3)

Multiplying the distance d by the popula-
tion density (equal to 1), we obtain Hospi-
tal i demand (D;):

o L., .
D; = 2_,Y(qi_qj)+§; 17 J;
i,j=A,B (4)
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Patients decide to be admitted to hospi-
tal if their expected utility is at least equal
to their reservation utility U. We assume
that U=o, that is, a patient prefers not
to be treated when the distance disutili-
ty exceeds utility deriving from the treat-
ment. Each hospital sets its quality to max-
imize its surplus. Because of the payment
scheme adopted by the purchaser, each
hospital i receives a fixed price M per pa-
tient treated. M is set to satisfy the hospi-
tal’s participation constraint. M must cov-
er all the costs hospital i incurs in treating
D; patients at g(i=a, b) quality level. Hos-
pital i revenues (R) are:

R=MDi(qi,q;);i=A,Bsi # ] (5)

where M is arbitrarily chosen by the pur-
chaser. Hospital i revenue increases with
the number of patients treated, i.e., with
its demand.

The monetary costs (C) to hospital i
are:

o 1
Clanay) =l —ap)+ 3 e 1
©

The cost function is linear in quality and in
the number of treated patients; ¢ is a cost
parameter associated with the number of
patients. The hospital will maximize the
following surplus function:

H(‘Ii)

1

=R(qi)—clgi)—-F (7)
qj=4;

The maximization problem can be writ-
ten as:

o 1
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The choice variable to the hospital is its
own quality level. A higher quality implies
higher costs, but at the same time it can
be exploited to increase the demand, given
the other competitor’s quality level.

Simultaneous quality choices

We presume that the two hospitals com-
pete on quality, and we assume complete

information on revenues and cost func-
tions. The two hospitals are identical and
therefore they show an equivalent reaction
function. Solving the maximization prob-
lem presented in the previous section, we
obtain the following reaction function:

1 M
qi(q;) = 5(‘1;’*‘;‘%) 9)

The quality increases with the competi-
tor’s quality, the fixed price M set by the
purchaser and the parameter associated
with the quality relevance in the patient
utility function. It decreases in the cost pa-
rameter and in the patient’s private trans-
portation cost parameter. The term y/a re-
lates the hospital decision about quality to
the marginal cost of distance (y) and to
the marginal benefit of quality (a) enter-
ing the patients’ utility function.The sym-
metric Nash-equilibrium is given by:

My

Ga=qp="7-13 (10)

The quality provided can be shifted by
the purchaser through the fixed price M.
A greater value of M allows for a quality
rise. The purchaser sets M to meet the hos-
pital participation constraint, i.e., nonneg-
ative profits. (The fixed price M must be
set greater then cy/a; in fact in case M<cy/
a, both hospitals will choose a nonposi-
tive quality level, and patients’ participa-
tion constraint would not be met, i.e., hos-
pitals would face no demand for health
treatment.)

If we assume that the purchaser is a gov-
ernment agency; it is reasonable to assume
that it aims to provide at least a nonnega-
tive utility to all citizens, regardless of their
spatial location. This goal is reached when
the marginal consumer can meet its par-
ticipation constraint. Because the two hos-
pitals behave symmetrically, the marginal
consumer is located at 1/2. The quality re-
quirement to obtain the above social wel-
fare objective is: g=y/2a. (The quality level
can be easily obtained by setting the fixed
price M according to Eq. 6, i.e., M=3yc/
2a.)

A price per patient treated lower than
3yc/2a0 would reduce quality (g<y/2«), and
a certain share of the market would not
ask for health services. Because the govern-
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ment agency wishes to obtain the social
objective at minimum cost, it would not
set M above 3yc/2a. Given this price, the
profit that each firm can attain is: IT;=yc/
2a—F;>0; i=A,B. We assume yc/2a>F in or-
der to meet the hospital participation con-
straint. It is straightforward to see the in-
variance in hospital’s profit regardless of
M: any increase in M intensifies the hospi-
tals’ competition on costly quality in order
to obtain the marginal consumer. Thus the
additional reimbursement, from the hospi-
tal’s point of view, is completely “wasted”
to boost upwards the quality level, not al-
lowing for a profit expansion.

If yc/2a>F, the hospital earns posi-
tive surplus. Only if F=yc/2a does hospi-
tal profit turns out to be zero. The latter
represents a corner solution in which pri-
vate or public provision of health services
determine the same outcome. In fact it
is generally assumed that a public hospi-
tal would transform the entire reimburse-
ment in quality, under the zero profit con-
dition:

Hpu = Mdpu - Cdpquu —F=0; (11)

where the subscript pu refers to public
(hospital). Then a public hospital would
set gpu= (M/c)+(F/cdy,), which coincides
with the private quality rule only if F=yc/
2« and d=1/2.

Apart from this hypothesis, a first best
is not attainable because of the monopolis-
tic rent which determines the market fail-
ure, but, at least, the purchaser is able, fol-
lowing the price definition rule given in
Eq. 6, to induce the hospital into produc-
ing the optimal quality.

Uncertainty

In the market for health care patients are
usually unable to observe the true quality
level. Thus the demand for health care ser-
vices is assumed to depend on perceived
quality. Expectations and errors are in-
troduced in the model. The new utility
function for the patient depends on the
provider’s distance and on perceived qual-

ity:

Up, = u(g,d) (12)

where G is the perceived quality which
we assume to be equally and normally dis-
tributed with § mean and 05 variance :
qnr~ N(q, 02); d is the distance.

Furthermore we assume:

Uy, _ . Uy
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The patient chooses hospital i when the ex-
pected utility from the uncertain quality
qiis greater than the expected utility from
hospital j with uncertain quality g ;:

E[u(Ga,d)] = E[u(gp,d)] (13)

If we assume a bounded uncertainty, i.e.,
the “random” quality g is very close to the
expected quality g = E(g) for every state
of the world, we can use the following ap-
proximation:

u(g,d) ~ u(q,d) + (G —q)u'3(q)
+a-api? (14)

Using expectations:

Elu(g,d)] ~ u(g,d) + M
given: var(@) =E[(G—37’|  (13)

Having assumed the perceived quality
as equally and normally distributed with
g mean and GS variance, the new utili-
ty function for the patient, in its explicit
form, can be written as:

- 2
U,= aqa—yd_ﬁc%

! {aq_h-YJde‘ﬁcéb
with: a, 3, y>0 (16)

Patients maximize an expected utility func-
tion where two new elements enter: the
perceived quality mean and its variance.
Patient utility increases with the average
quality [7 = E(q)] and decreases with its
variance (o,%). This assumption allows us
to model a trade-off between expected
quality and its variance. In other words,
if both hospitals present an equal expect-
ed (average) quality, patients will naturally
choose the hospital characterized by a low-
er variance (given the distance d).
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gic behavior. A first equilibrium outcome is
provided, the understanding of which is ex-
tremely useful for the policy maker wishing
to improve social welfare. Second, patients
are assumed to be unable, because of asym-
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Using the mean-variance method, the equi-
librium previously found is investigated in a
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The demand that the hospital i faces is
defined as:

o o Bra ooy, 1
D= ZY(% qj) 2y (qu qu) + 2
(17)

The resulting demand for each hospital
will not depend directly upon the quality
provided because of the observation bias.
Under the hypothesis that hospitals’ con-
trol is limited to the quality choice vari-
able, they will behave in the same way as
in the deterministic scenario, but with a
different expected payoff.

Simultaneous quality choices
under uncertainty

Under simultaneous quality choices hos-
pitals maximize the quality according to
Eq. 4. The profit function is given by:

M =
o B 1
M| 5o~ 5 (05 ~o3) + 5
o B (o 2 1
~| 5 qf)__( % _G‘ﬁ>+§}
qi—Fi (18)

If the average quality is assumed equal to
the true quality, we can rewrite Eq. 18 as:

I1;, =
o B 2 2 1
2,Y( qj) 2,Y (Gq,- - Gq»,-) + §:|
o Bro 2 1
[27( —a) - Zy(c _G"f) +5]
qi—F; (19)

Hospitals will maximize their profit with
respect to “true quality” g;. Setting first or-
der conditions we derive the hospital’s re-
action function:

1 M B, 5 5 Y
“=z |t releimo) Ty
i=A,B (20)

This result is closely related to a simultane-
ous deterministic reaction function. The
new term

B

E(G? ~o3)

which enters the quality function repre-
sents the uncertainty hospitals face in
their demand. It shifts quality upwards or
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downwards to compensate the variance
in the perceived quality. Generally hospi-
tals would tend to reduce quality variance
when possible. The most recent literature
on this subject shows the relevance of repu-
tation, closely related to the concept of per-
ceived quality, in determining the demand
for health care services. Hospitals aim to
reduce asymmetric information by a num-
ber of ways, for example, by advertising
(see [9]). Although hospitals are not able
directly to influence the variance of quali-
ty (at least in this model), which is not a
choice variable, they are informed about it,
and they know its value. What matters is
not the absolute level of the variance but
the relative difference with respect to the
competitor. In general, a lower variance
than that of the market competitor allows
for a lower quality, given the market share.
Symmetrically the competitor faces high-
er costs to provide higher quality to ob-
tain the same market share, causing him-
selflower profit. Solving the reaction func-
tion equations system, we can derive the
quality level each hospital sets:

M vy Bro
qi:j—aJF@[Gi—Gj]»
where i # j.

In the case that the two hospitals present
the same variance, uncertainty does not
matter, and we are back to the determin-
istic outcome.

Conclusion

In many developed countries the expendi-
ture for hospital care is publicly financed.
It represents a large portion of public ex-
penditure, and it increases constantly.
Most recent health system reforms are in-
tended to contain this growth. A number
of articles have analyzed the trade-off be-
tween quality and cost: a higher quality
implies higher production costs and vice
versa [1, 2, 7]. Some countries, including
Italy, have introduced a prospective pay-
ment scheme (DRG based) and patients’
choice in an attempt to overcome the qual-
ity/cost trade-off. The expected outcome
is efficiency in production and a high qual-
ity level. The former should be attained by
the prospective payment: if the reimburse-
ment depends on the expected cost, the
hospital is stimulated to cost minimiza-

tion. Unfortunately, the cost containment
effort could induce the hospital to unde-
sirably skimp on quality. Improved quali-
ty might be induced by the demand mech-
anism, consistent with natural competi-
tion between providers for the marginal
consumers. Providers need to invest in
the quality supplied to obtain the margin-
al patient and consequently increase the
demand.

This contribution investigates this sce-
nario through the standard Hotelling spa-
tial competition model. The purchaser is
assumed to be a government agency which
aims to provide hospital care to all its citi-
zens at minimum cost. The patient partic-
ipation goal is attained when each patient
is granted with at least the reservation util-
ity. The model shows that the viable way
to get all patients treated is inefficient. If
the purchaser sets the price to induce hos-
pitals to provide the suitable quality level
to meet the marginal patient participation
constraint, hospitals would earn positive
profits. Because a tax-financed health sys-
tem is assumed, the hospital surplus turns
out to be a “social excess burden”” This im-
plies that a social welfare function, as de-
fined for example, by Chalkley and Mal-
comson [1], cannot be maximized in this
framework; the hospital horizontal mo-
nopolistic rent avoids the system to reach
a first best equilibrium outcome.

In the second part of this contribution
the patients are assumed to be unable to
observe the true quality provided. The
demand for health care services depends
on a perceived quality level. The patient
utility function is modified to take into
account the effects of information asym-
metry. Analyzing the simultaneous quali-
ty choices scenario under uncertainty, it
is possible to verify that hospitals do not
have incentives to deviate from the deter-
ministic equilibrium. We expect the hospi-
tals to provide the same true quality level.
Hospitals might face changes in demand
and profit (caused by marginal variations),
even providing the same quality level, but
the simultaneous (Nash) equilibrium re-
mains stable in the long run. The model
suggests that both the hospitals and the
purchaser have an interest in reducing in-
formation asymmetry. Hospitals aim to
reduce the variance in quality in order to
boost their demand, the purchaser aims



to decrease uncertainty to avoid hospital
incentives on quality curbing.

A natural extension of this study con-
cerns the analysis of mixed oligopoly in
which a private profit-maximizing hos-
pital competes with a public (and benev-
olent) hospital. In this case a sequential
structure would be required. The context
of sequential quality choices also turns
out to be suitable in analyzing the case in
which the two hospitals are different in
costs, revenues, or scale economies.
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