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Abstract

In this paper a static model of technology choice by health care providers is presented.
The mode] exhibits some stylized facts of technology adoption in the health care sector.
We show that inefficiencies in technology adoption may result from intermediate technol-
ogy providers. Technology improvements increase health care spending in a direct way
~ more costly techniques as new treatments are made available, and in an indirect way__
- increases of prices in all providers. This last channel seems to have been overlooked .
in the accounting of health care rising expenditures. It is also shown that coordination
of providers' technology decisions, as performed by professional associations, may yield
higher social welfare. _ _
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1 Introduction

Technology has been considered a major determinant in health care soaring costs. In fact,
Newhouse (1992} has argued persuasively on the need to give more attention to technological
change, as it is probably the most important single driving force of high health care costs.!

Previous literature has focused mainly on technelogy improvements at the frontier, that
is, development and adoption of new techniques. However, as it is readily recognizabie,
providers in the health care system differ in their technological content. A main contribution
of the paper is to show that inefliciencies in technology choices are also likely to appear
intramarginally. Think of nurses vs. physicians and general practitioners vs. specialists for
example. The tasks performed by these various professional groups differ from country to
country, which corresponds to different technology choices of each provider in & cross-country
spectruin. |

Here, we present a simple static model of technological choice (interpreted in a very broad
sense} that has some interesting features. The model is closed related to existing models of
vertical product differentiation and a directional constraint is imposed.?

The model highlights that market provision of technology is, in general, below the optimal
level. This suggests that welfare losses due to technological change may not be as high as is
usually believed and that effects running against what seems to be the conventional wisdom
~ {too high technology levels) may exist. '

In several countries, medical associations control access to the profession and impose
guidelines and minimum standards for certification. In fact, medical associations usually have
a powerful word to say in the delimitation of what a medical professional can and cannot do.
This acting can be seen as a coordinated technology choice for providérs. The role of medical
associations and its interaction with technology choices has not, up to out knowledge, being
treated earlier in the health economics literature. The model developed is suited to address
this question. -

Thus,. this paper contributes to the understanding of two issues often not discussed in
the iiterature: the role of general practitioners versus specialists (or nurses versus medical
doctors) as technology choices, its implications for understanding health care expenditures
growth, and the importance of medical associations in the determination of those choices.

The paper is organized as follows. Section 2 lays down the basic model and its properties.

See also Weisbrod (1991} for a recent survey on the issue.
28ee Tirole (1988) for a presentation of madels of product differentiation and Cancian, Bills and Bergstrom

(1995) for the introduction of directional constraints in models of hprizontal product differentiation,



Section 3 extends the analysis to price-setting considerations. Next, Section 4 investigates
the form of technology improvements, with and without entry of new providers. A brief

conclusion is provided in Section 5.

2 The model

. Technology and medical specialization have special characteristics seldom analyzed in prior
literature. An important feature is that more specialized providers can treat more complicated
medical problems, as well as simpler cases. On the other hand, less sophisticated providers
are not able to treat certain medical problems (in fact, they are not allowed to).

This suggests a modeling approach with some differentiation between providers. On the
topof it, a directional constraint is imposed, reflecting a larger set of possible treatments for
some providers.

Assume that medical specialization can be described by the type of illness a provider can
treat. We subsum all the relevant characteristics of illness into a scalar indicator, 8. The
incidence of illness in the population has support in [0, 00), with density function f(8).3

This view of medical specialization as vertical product differentiation is a rough simp]iﬁca;
tion. There are clearly different medical specializations which are at the same level of medical
sophistication but aimed at distinct health problems. Choices between these options are not
considered. The model should be viewed as describing a repiesentative specialty. Adding
more possible medical specializations would not change the main results. Since the cost of
heavier notation outweights its benefits, only the simplest model is presented.

Suppose a provider chooses a technology level #. The directional constraint meéns that
he can treat patients with illness of type 8 < 6. However, all the patients above #' cannot be
treated by this provider.

An upper bound 6n technology choices, 8, is imposed. The approach means that some
diseases will not be treated (6 > 8) because of limited current medical knowledge {think of
AIDS, for instance).?

Of course, it is also the case that health care professionals must have some minimum
knowledge on how to treat patients. Thus, there is a lower bound § to technology choice. We
normalize this lower bound to zero. As it shall be apparent below, this assumption is not
crucial for the qualitative results and sé,ves on notation.

Patients are fully insured. The importance of insurance form on technology choices cannot

#Population size is normalized to one.
4 Alternatively, we may see the cost of provision of this technology level as very high (infinity, for example).



be overlooked. Since it is not our focus here, the full insurance assumption is made for
convenience. The main implications of the analysis would go through in a more general
model.® To make things simpler to start with, assume that providers act as price takers.
Prices are set, for the moment, in an unspecified way. The only decision left to providers is
its technology level, 6;.

Suppose the market has two providers and 8, > @1, that is, provider 2 chooses a higher
technology level than provider 1. This means that all demand for health care of type @ €
(61, 83) is delivered by provider 2.

Health care demand of types ¢ € [0, 91] is shared between the two providers. These
assumptions can be interpreted in the following way. Provider 1 is the general practitioner
and provider 2 stands for the specialist or provider 1 is the nurse and provider 2 the physician.

Assume that a fraction ¢ of population chooses provider 1 and (1 — g) patients are treated
by provider 2. The choice between the two providers is not modelled explicitly. It may depend
on prices of each provider and individual preferences (as geograpmc lecation . prior knowledge
of providers, word-of-mouth advice, etc). One possibility that adds some more realism to the
~ model is to assume ¢ = ¢(f), ¢’ < 0. That is, the propensity to choose a general practitioner
over a specialist is decreasing in the acuteness of disease the individual has, g. However,
as there is little insight to gain from it, the simpler version is kept througout the paper.®

Demand functions are then defined by

Dy = gF(6) (1)
. Dy = F(82)~qF(6)) (2)

We now turn to cost characterization. Provider i has unit costs ¢; of treating a patient, and

investment costs are determined according to a quadratic function:

Implicitly, we assume that by investing the necessary amount, a given technology level can
be attained. This may seem at odds with the uncertain nature of medical research. Note,
however, that R & D spending aims at pushing forward medical knowledge (8 in the model}.
We look at intermedizla.te technology levels. Since most revly developed equipments and
techniques are not usually immediately available, our assumption seems to be reasonable.
The study of R & D spending is beyond the scope of the paper.

*For the reader interested in a recent analysis of the interaction between insurance form and technology

levels. see Baumgardner (1991).
®Later on, the assumption of constant ¢ is relaxed but in a different direction.




Treating a patient yields revenue p; for provider i. Note that individuals with equal illness
# may pay different prices if they choose different providers. This corresponds ta the notion
that a visit to a specialist is more costly than a visit to a general pratictioner.

The objective function of providers is net inéome/proﬁts from practice. One may argue
that providers act also as patient agents. This is probably true, although the exact extent of
this agency relation is not very clear. The qualitative results under our extreme assumption
of no agency relation can still be obtained under milder forms of imperfect agency relations
betweens patients and providers. Provider i's problem is

SR, i=1,2 (1)

max 11, = (pi — 1) Di(0:) —
Technology choices of providers can take place under two forms: a decentralized, non-cooperative,
way; or a coordinated decision. In the first mechanism, each provider sets his technology level
in an independent way. In particular, Nash behavior is assumed. A provider.chooses his
technology level taking as given the quality choices of the other. )

Under the second case, an institution sets the treatments prescribed by each provider.
~ This institution can be a governmental body, which may be, naturally, heavily influenced
by medical associations. The existence of governmental legislation on licensing is typical of
these effects. These licensure procedure includes a large spectrum of health care providers
(physicians, dentists, nurses, pharmacists, etc}. On the top of legal requirements, it is not
uncommon to see voluntary quality certification given by medical associations.

Also, the “certificate of need” laws present in many US states do perform the same type
of coordination, as they specify the number of beds (in hospitals and nursing homes, for
example} and heavy equipments (like MRI). This regulation restricts entry, which is the
éspect that received more attention, but it also defines the relative technology position of
distinct providers, which is the focus of the paper.7

A common feature to several countries is the existence of powerful medical associations.
These associations usunally have a (strong) word on admissions to practice of new professionals,
either at early stages, as university admissions, or through a certification role {or both). They
have also an important role in ‘ethical’ provisions for the medical profession. This role goes
well bevond monitoring. It really sets the boundaries of medical activities that professionals

with a given certificate can perform. This is stronger than simple licensure. Of course,

specialty certification may also be an informative signal.

"For a more detailed discussion of “certificate of need” laws see Joskow (1981). A classical reference for
empirical evidence on their. significance in Salkever and Bice {1976).



Hence, ‘technology choices’ can also be déterminéd by medical associations. Thus, we
term coordinated decision the technological choices taken by a medical association on behalf

of its members.
Thus, looking at both decision-making processes seems desirable. Moreover, since there is

no reason to believe that any of them yields a socially optimal outcome, comparative welfare

assessments are warranted.

B Decentralized choices Consider first the Nash equilibriumn, that is, providers make
their technology choices in a decentralized way. First-order conditions yield the following
expressions for the optimal choice of technologies, defining implicitly §; and 8.8

(pr=c1)f(Br)g = 6 ' (5)
(p—c2)f(62) = 6 | )

The conditions have the standard interpretation of marginal benefits (right-hand side) being

* equal to marginal costs (left-hand side).
A necessary condition for technology choices to be consistent with the initial assumption
of 89 > 8 is (p2 - ¢2) > g(p1 — ¢1). If specialists have higher margins that lower technology

providers this condition is clearly satisfied. -

The model specification implies that the technology choice for a provider is independent
. of the other provider. This is so because prices are fixed aﬁd the proportion of individuals
below 91. who go to a general practitioner, g, does not depend on providers’ technology. This

feature is direct consequence of our modeling approach and does not hold in more general

settings.

B Coordination of choices In the case of joint technology choices, the problei‘n to be

solved is the maximization of joint profits:

e T = (o1 - @) F(6) - alg + (2= e2) (P(62) ~9F(B) - 243 (1)

First-order conditions of the problem can be rearranged to:
(2 - )/ (62) = 6 (8)

gf@i) 1 —a)—(p2—c)] = 6 (9)

#We also assume that second-order conditions are satisfied: {p; —c1)f [6:)g—1 < 0;{pz — ¢z} f'(62) -1 < 0.




For the choice of the lower technology to be irteriw;, it & required the margin for general
practitioners to sufficiently exceed that of specialists® CUtherwise, the medical association
will prefer to deliver all health care by the provider vith the higkest margin (thus 6, = Q).

Comparison of optimal choices in the two decision redErisms shows that specialists have
the same technology level whether choices are made in a» decantralized or centralized way. At
the margin, for the high technology provider, there & no competition from other providers.
Hence, marginal private returns are independent ¢f e existence or not of coordination.
However, it is clear that coordination of dedsians imples a lower becimobgy leve] for the
other provider under centralized decisions.

The intuition is simple. Under joint profit maziaization, the decision maker faces a
tradeoff not present in independent decisions. As before, the marginal benefit from an increase
in 8, is the mafgin accrued to the provider. The maiginal asts, on the other hand, include
investment costs and the margin lost by provider 2 (x &I:S& patients that counld be treated by
provider 2 and are now treated by the general practitioner. The internalization of this ‘cost’
under centralized decisions motivates a lower tectixdogy choioe for the general practitioner.
This is so even in the absence of explicit interaction between providers’ choices if made in a

non-cooperative way. This can be easily seen rewriting the condition for optimal choice of

the low technology level:
af(B1)(p1 — a1} = gf@)(Pr — 2} + 62 (10)

The model yields a empirically testable prediction: ane should see a greater difference in
‘technological sophistication’ between general practitianers aad specialists in countries where
medical associations are stronger (in the contral they cen exert over aceess to the profession).

Of course, the comparison can also be made with othexr providers. For example, the relative

. roles played by nurses versus physicians.

B Welfare comparisons The existence of divergeace in technology choices with and
without coordination between providers warrants tke need to evaluste both solutions against
each other and against a social optimum benchraark. Before any policy prescriptions can
be drawn from the analysis, it is necessary to ident¥y the wrelfare bias associated with each

allocation.
The social welfare measure considered is total surplus accrued from health care spending

9This condition is still compatible with #; > §,.



net of investment costs:
1., 1 -
W = vF(6,) — gF(6)c1 — co{ F(82) — gF(6,)) ~ 593 - 5.922 (11)

where v is the utility from treatment, measured in monetary units.!® The optimal technology

decisions are defined by the solution to

62 = (v—c2)f(62) (12)
61 = {e2—a)gf{t) - (23)

From these conditions, it is easy to check that for v > p9, there is too little investment in the
higher technology from a social point-of-view. This is due to the well-known appropriability
effect of Arrow (1962). The social ga.ins.from an extra unit of technology are higher than
" the private returns for p2 < v. The social optimum implies tﬁat not all clinical problems are
treated as g is finite. Even if the diseases spectrum has an upper bound 8, the optimality
condition may define an optimal 8} < §. Thus, optimal choices may or may not imply that
delivery of health care uses the better technology available.
More interesting is the result on the technology level of provider 1. The socially optimal
level of technology for the general practitioner is higher than the value originated in the

coordinated case. To see this, rewrite the optimality condition for #; under coordination as

f(01)e(pr — p2) + (2 — c1)gf(61) = & - (14)

Since it is natural to assume po > p (as specialists are better paid than general practitioners),!?

the implicit value of 6, is lower than in the social optimum. Hence, coordination of choices
originateé underprovision of technology. | '

Comparison of the social optimum with the decentralized chéioe allocation does not render
a definite conclusion. There will underprovision of low technology if p; > ¢;. Otherwise, a too
high technology level is implemented. The reason for this ambiguity is clear. From a social
_ point-of-view, individuals should be treated by a lower technology provider as long as it is
cheaper to do so. The reference oppportunity cost for a social planner is the treatment cost
by provider 2. So, the social gain of one more unit of #; is the cost not borne by provider 2.
Under private decentralized decisions, the return on an extra unit of technology for provider 1

is the price earned, p;. Hence, private and social marginal returns of investment in technology

10,y simplicity. a constant utility from treatment is assumed. The analysis can be easily generalized in this

respect. _
110f course, one should endogeneize price determination and obtain p, > p as a result from the model.

This is'taken up in the next section, although casual cbservations seem to give support to the assumption.
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differ in general and is not possible to state whether private or social returns will be higher.
The sign of the bias associated with the Nash equilibrium cannot be determined a priori.

From a welfare point-of-view, direct comparison of the centralized allocation and the
decentralized outcome originated ambiguous results. Since both mechanisms of technology
determination give the same choice of i, welfare comparison amount to welfare effects of
diferent choices of 8,.

The change in welfare can be written as
1 1
& =We - W = [(ca - c1)alF(6) - F@D]] + (56 - 365°) (15)

Under our working assumptions, the first term is negative and the second term positive (as

6{ < 65). It is nevertheless possible to show that

A>0 if pr>c
A<D if pp<e

To establish it, make ¢ = 8% and consider effect of a marginal increase in 63:

oA

568 —g(e2 — 1) F(6]) + 67 (16)

Using the first-order condition for the optimal choice of 8; in the decentralized allocation, it

results that evaluation at optimal va.lue of G‘f yields
— = (m — &) (6}

This marginal effect has the sig- of (m ~ ¢y) and the expression’s sign is independent of 65.
Hence, the marginal effect does not change sign over the integration path (from 9? to 89).
Briefly, the decentralized decision process is welfare superior when pi > ¢g. In this case,
the choice of ¢ is below to the social optimum. On the other hand, it is welfare inferior for
p1 > ¢z (8§ is above the social optimum). Therefore, it is not clear whether coordination of

technology choices is welfare improving or not with respect to decentralized choices.

3 An extended model: flexible prices

In this section. a previous assumption is relaxed. We assume heretofore that providers make a
price choice. A two-stage game describes how the ‘market’ works. In the first stage, providers
make their technology choice. Then, in the second stage, they set the prices for their services.

As usual, the model is solved by backward induction.



Following previous section strategy, a major change to the model is now introduced. The
price set by each provider does influence relative demand of patients who have a choice (that
is, patients with iliness of type 6 < #,). In particular, we assume the following functional

form:
g=7 +mn{p2—p) , (17)
\

That is, the.proportion of patients going to provider 1 is a declining function of his price
and an increasing function on rival’s price. The linearity assumption is made for expositional

convenience.'?

Defining A = F(6,)/F(6;), providers’ objective functions can be written as

0 = (0= nim-r)e - a)F) - 30 18)
I = F@) - (o= nlm ~pa)] (2 - ) - 563 (19)

Maximization with respect to own prices yields the following equilibrium solutions forthe

price game:
1
p o= 3 {r+2am +em + A} (20)
1 .
P2 = g {=1+am +2am + 27} @

Given the price equilibrium, the associated value of ¢ is

¢ = ‘70+71(623— c1) + A _ (22)
Straightforward derivations give the following comparative statics results. Upgrading the best
technology available, 83, leads to increases in both prices.’® The intuition is simple: if the
technology of provider 2 improves,the number of captive patients increases. Therefore, the
incentive to set a lower price for i}rovider 2 decreases, since he has a greater stock of captive
demand. Since prices are strategic complements, in equilibrium both prices will be higher.
Conversely, if provider 1 upgrades his technology, -pricé competition between providers is
stiffer and both prices decrease.
This feature is consistent with explanations of rising health care costs based on tech-

nology improvements. The model highlights that not only is the superior quality provider

12The parameters 79 > 0 and 71 > 0 must be set such that ¢ € [0.1]. We assume throughout that sud
conditiens hold: 49 — mv > 0 and 40 + M € 1. For example, 41 = 1/2v,40 = 1/2 satisfy the conditions

stated.
130f course, availability of new treatments may be interpreted as a cost reduction from very high to affordable

levels.
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likely to have a higher price at a better technology Ievel, bat irteraction betmern providers
can also generate higher prices at all levels of heakh delivery (provided prices are strategic
complements) ' _ _

This reveals a source by each technology impravements d3xds riiag costs The diract
effect consists in the availability of new, more costly, techniques It & pointed ovi as the
main element in costs’ spiral by Newhouse (1992). This is certainly tree, ns the exanple of
MRI scanners shows. These technological breakthroughs make avalladble better todwigaes
and equipments and to more people. There is, nonetheless, am indirect e¢fect. This indibvct
effect operates through higher induced prices al intermediate tedmalogy levels. So {ar, zo
account for this effect has been made in the literatire. Its empirical significance is still to be

measured, !4 _
Proceeding back to the first stage, first-order amditions for profit maxmmization im tech-

nology choices are:

‘?9_11_9111 = {;m —c1)9f(91}—t?1 +'rl[ ‘1)F‘ﬂl)é?g 31, %%{g—:
2_19122 = (p2—c2)f(62) = 62+ (p2 — 2)F | jfs”

Rearranging the first expression,

o = 1) (Fou+ (e qn~§{—j—j—§]-m

Given the restrictions placed on 79 and 7, it is the cese thul v + 71{2 ~ ) < 1 <
F(8;)/F(61). Therefore, 111 /06, < 0 and #; = 0 1 e ibrum

Comparison of results with the previous section ¥ nol ¢asy as g is itsell a fimxtion o
technology choices {through equilibrium prices). To gt a leding of the additicoel efeels
introduced by price flexibility, suppose ¢ was equal to pr.evimls seciion value, Thea, a higher
- level of technology is chosen by provider 2 and a provider 1 sets o Jower 6. Providers mant
to move apart in the technology spectrum as a way to 1eax price coxpetd licrL

In the case of flexible prices, the coordination rok of medical asseciations inay be extendedd
to price-setting hehavior. This is probably true for physicisns (Mlesc the: ting categories
of providers in the context of our model are penaal practiiimas and saxxdalists) The
assumption is less tenable in what regards nurses ard plysicians as the tno pcmx’i ders i1

our mode] as each professional association will push forward proposals for paviats - its

145imple, back-of-the-envelope, calculations are not poasbk as ¢1¢ should dwtingrkh differat soreex of
rising prices in intermediate technology providers. Future ernpirical rmeamch ant bhe tapit shonld be purauad

11



members only. Even within medical associations, colleges or boards will be concerned mainly
with  their members. ‘ )

Nevertheless, at the technology-setting stage, definition of practice limits of nurses and
physicians is easier to coordinate. Hence, the natural assumption in this case is non-cooperative
price-setting bellaviof, while coordination may prevail for technology choices.

This means that the second stage (the price game) is similar for both coordinated and
decentralized technoiogy choices. Coordination of deciéions means that the cross-effect of
technology choice is internalized,increasing the technology gap. As before, widening of the

technology difference between providers reduces price competition in the second stage. The

first-order derivatives are:

om . _ Ol 8ps | Ol> Opy
a5, = dPr—)f6) =6 - (- eaf(B) + 5 gt + 5 5 <0
a1l o, Opy | O Opy

a5, = W@ -bta=an + o e

From these expressions, it is clear that coordination adds two new effects. First, there is the
internalization of the loss of margin of provider 2 in the optimal choice of provider 1, as in
the fixed-price model. Second, in both choices, it is now included the effect on the other
provider’s profits from the change in prices induced by technology. This effect is negative in
the condition for the optimal determination of 8; (6I2/8p; x 8p;/36: < 0) and positive in
the condition for the choice of 62{3Il;/9py x dp2/882 > 0). Thus, both effects reinforce the
forces for an increasing gap between technologies. -

The main insight from this section is that price competition motivates a bigger gap in
technologies between providers. This gap is larger under coordinated choices of technology,

as the decision process internalizes negative cross-effects.

4 Technology improvements

Since the bulk of increased costs is attributed to technological .cha.nge, it is of interest to
investigate the comparative statics effects of technology improvements. In the context of
the modél, technology improvements consist in changes in A, the upper bound on medical
knowledge. The discovery of_é > 8 (or the possibility to treat thi.s type of illness at affordable
cost) may give rise to different cases. The possibilities are (i) operation of the new technology
by provider 2, which upgrades his abilities; and (i} a third provider enters the market. These

two cases are explored below.

12



4.1 New possibilities for provider 2

An interesting case occurs when provider 2’s choice of technology is constrained by the existing
medical knowledge (that is, #5 > f2.) Under exogenously determined prices, the optimal value
of 6; remains the same. Discovery of new technologies that allow for the treatment of more
difficult health problems does not have any impact over the technology level of provider 1.

The same is not true with endogenously determined prices. If §; =  and new therapeuti-
cal techniques lead to df; = df > 0, for a constant 81, both prices increase in the price-game
equilibrium.  The effect upon the technology level 6; is more subtle. Take the decentralized
decision process. The effect of an exogenous change in 8 can be found performing a compar-
ative statics exercise (df;/df8). The sign of thié expression is negative. Since we started from
8, = 0, the choice under coordination in technology decisions and price competition does not
change.

The adoption of new technologies has therefore two main eﬂeéts over spending in health
care. First, there is a direct effect: the cost associated with the new ticatn.eiits é,vaila,ble;.*This
is the more visible effect and the one usually mentioned on the measurement of technology
as a justification for rising health care costs. _

Second, there is an indirect effect. This effect works through changes in prices of health
care services. The important point is that all prices rise. There is a natural increase in the
price of the high technology provider, as he upgrades and investment costs have increased.
Since prices are strategic complements, price interaction between providers leads to a price
increase also in the lower technolory providers. This indirect channe! of rising health care
spending seems to have been overlooked in health care growth accounting.!®> Changes in

relative prices of providers may be induced by technological change, and the data does not

contradict this interpretation.!®

4.2 Entry of a higher technoloogy provider

In this subsection, another avenue for technology upgrading is considered. The new technology
is made available to a third provider that enters the market.
For simplification, prices are again exogenously determined.!” Suppose that a new tech-

nology #3 > 67 is made available to another provider. Demar.J for health care services is now

15This is the case, for example, in Newhouse (1992) and Weisbrod [1991).
'%See Phelps (1993, chapter 2). Again, there is a need for empirical research that dlsentang]es the different

forces behind relative price changes.
"Phey could be introduced in a way analogous to previous secticns.
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distributed in the following way:

Dy = qF{6) _ ]
D; = @F(6)+ s [F(62) ~ F(61)]
D3 = F(83) - (q1 + 02) F(82) — 51 [F(62) ~ F(61)]

That is, provider 1 gets a share ¢, of patients with illness of tyoe § < 6,. Provider 2 has
a share gy of patients with # < ¢, and a share s; of patients characterized by 6 (6,,89).
Finally, provider 3 captures all demand above 67 and below f3 and shares (1 — s;) in patients
in (61,02 and (1 — g1 — g2) in patients with 8 < 6.

Under non-cooperative decision making, the first-order conditions for profit maximization
are

a1l
565
)80
86,
a1l
86,

- f(03)(ps —c3) ~ 63 =0

= s1f(f2)(p2—co})— =0
= qf(ii{i;m—a)-6=0

Under the natural assumptions of ¢; < gand s; < 1, as dema.nd is now splitted among a larger
number of providers, technology in the intermediate providers decreases. This brings into the
model two observed effects of introducing new téchnologies: {a) some patients not treated
before have now access to health care {under the new technologies) - this is a demand creation
effect; and (b) the new technology is also used in patients treated under lower technology levels
- demand diversion effect.

Since in this stylized model both intermediate providers decrease their technological con-
tent, it results a greater health expenditure associated with previous patients. Thus, the

effects at work are quite different from the ones associated with technological upgrade of the

highest technology provider.

5 Final remarks

The model showed that besides considerations about technolngical change as an aggregate,
efficiency considerations on the aliocation of dif’fefent levels of technology to distinct providers
also have significance. In particular, it was argued that technology improvements have an
indirect effect that contributs to rising health care costs. T he indirect effect works through

induced changes in prices of intermediate technology providers. This indirect effect adds to

14



the usua] direct effects.of discovery. of more costly technologles, made avmlable toa larger
- number of patients. The a.ooountmg of the indirect effect is still to ‘be made.

‘The rale of medical associations as institutions that. coordinate the choice of t,echnology'.
across providers is also addressed. The internalization of effects across pranders leads to___a_"
too low level of téchnology fof intra-marginal pi'oviders. However, it is not possible t.b-state
_unambiguously whether existence of such coordinating institutions yields welfare gains over

a n_on;ooordinate_d choice of technologies; We found a negatiﬁe relation between the 'strength‘f _
of medma.l aséociations and intermediate tec.hnology levels. It is a.lso-' shown, in the -siniﬁleét
model that who introduces the innovation does matter for technology chomes o
) 'The observed disparities among countries in relative importance of nurses to medlcal
doctors, or general practitioners to specxa.hsts to mention the most obvious examplea hmt
that-a better understandmg of how such choxoes come about is a fruitful r&learch area.
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