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Executive Summary .

‘In this study, a two-output transcendental logarithmiz variable cost function and four
(of five) share eciuations are jointly estimafed by applying full-information maximum likeli-
- hood on a cross-section sample of 65 hospitials from seven provinces in the Philippines. The

'régressipn fesults comply with the inequality conditions (for the translog to be a proper
cost function): The estimated function is found to be monotonic in both factor prices and
outputs, concave in input prices, and convex in outputs.'

.Arhong the variable inputs, drugs and medical supplies are found to have the highest
share (47.8%) of variable costs. The various pefsonnel categories, such as medical residents,
ﬁurses, other medical staff, and non-medical staff, are estimated to have cost shares of
between 11% and 15% percent. Of the two output indices, only the number of out-patient
visits is measured to have a statistically significant impact on costs—although this may be
inferred to be along the declining portion of the short-run average cost curve. (Specifically,
the result indicates that doubling the number of out-patient visits would increase variable
costs only by 54%, which implies that if hospita]s expand the volume of their out-patient
services, they may be able to reduce per unit costs.) The number of in-patient discharges is
found not to have a significant impact on. costs, although this may be due to measurement
~ errors in the variable (in the sense that it does not capture variations in severity of illness
and case mix across hospil:ais). Taken vogether, the regression resuits on input prices and
~ outputs imply that costs are apparently driven by hospital inputs and may have little to do
with the delivery of services.

Of the ten dummy variables which were included as regressors to capture cost variations
arising from differences in hospital type, hospital ownership, and provincial location, only
a ‘hospital’s being located in Bohol turned out to be statistically different from zero. Ap-
parently, there are no systematic differences in variable costs due to facility level (or type),
ownership, or provincial location.

 What are the implications of the hospitals cost structure on the scale and scope of hospital
operations? From the estimated translog cost function, it can be inferred that optimal bed
capacity is about 81 hospital beds and that there are neither economies nor diseconomies of
scope. The first result implies that if the scale of hospital operations were doubled, long-run

per unit costs of hospitals with fewer than 81 beds would probably decrease, while those



with more beds are likely to see higher per unit costs. The second result means that it
apparently would not cost more—though neither would it cost less—for out-patient and in-
patient services to be provided in a single hospital as opposed to these services being offered

in two specialized hospitals.
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Introduction

Hospitals are peréﬁnially among the largest recipients of government and privdte funds |
for health care. Yet, in developing countries, the cost ﬁnd produétion structure of hosﬁitixls
‘rex.nains poorly studied. In part, this neglect has been due to the prevailing thinking among
researchers and policy makers (which is not without empiricz.tl basis) that primary health
care as well as preventive and promotive health interventions are more cost-cflective ways of
'delivering health services. But another aspect of this gap in research has been that, although
thé‘econometric technology to estimate structural cost functions for a hospital system has
been available since the carly 1980s,* data sets with sufficiently detailed information on hos-
‘;.?i'tva.l'costs in developing countries have been difficult to come by. Many hospitals still do not
have good dccounting systems in place; those that do follow differcnt accounting practices,
making it difficult to standardize costs.
| Whatever the reasons for this oversight, the conscquence has been that certain basic
issues relevant to the efficient administration and effective planning of the hospital system,
such as the substitutability or complementarity of hospital inputs, the'optim'al size of hospital
operations relative to outputs, and the scale and scope of hospital services, have remained
unanswered. Other important policy questions which require information on the structure
of hospital costs such as the appropriate allocation of resources between hospital and non-
‘ hospltal activities and the viability of financing stratches mcludmrr cost recovery schemcs
“and hcaILh insurance, cannat be addrcssed as well. '

4

This study attempts to cstimate a structural cost function for Pl)i]ippiné hospitals. -As
such, it represents an initial step at redressing both a research and a policy gap in the heulLH
sector of a developing - country. In tth exercise, a transcendental logarithmic variable cost
function and four (of ﬁve) sharc equatlons arc jointly estimated by applying full-information
ma.ymum likclihood on a cr()ss-scu.lon sample of 65 hospitals from seven provinces in the
Philippines. The results ‘and, interpretation of this regression are provided in }cfxa11>_l.cx- five.

To set the stage for these estimates, an overview of the issues on hospital cost function

*. Since the late sixties, there has been a torrent of studics on the estimation and interpretation of hospital
cost. functions in developed coungrics. Ellis- (1992) estimates that in the last five years uk)nc, at least
3,500 books and articles have been pubhbhcd on the subject.

1
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stimation is undertaken in the next chapter. Chapter three then gives a brief technical
xposition of the theoretical and empirical considerations involved in the estimation of a
tructural variable cost function—particularly one with a transcendental logarithmic form—
nd discusses some of the statistical inferences that csn be drawn from such ostimates.
Shapter four provides some background informationg on the data set and the cost function
'ariables; In chaptér six, some counterfactual predictions on certain aspects of hospital
osts and production for different typ-es of hospitals arc prcscntccl. These include the outpul
lasticities of variable costs, indices of economics or discconomies of scale and scope, and the
conomic efliciency of hospital operations: Finally, the significance and policy implications

f this rescarch activity are discussed in chapter seven.



II

An Overview of the Issues on Hospital Co'st‘ Tunction Estimation

‘I'his chapter is an attempt to take!stock ol recent devejopments in the cconometric
estimation of structural hospital cost fuhctions. Thi:s atﬁention on the literature of the last
ten to fiftcen years is notable because, over the same time period, there has been a marked
shift in the approach used to study hospntal costs. In the carly scventies, hospital cost
estimations were not much more than curve fitting exercises intended to forec@st,costs; since
then, rescarch has taken pains to use microeconomic theory as a basis for the specifications
of cost functions. Given what remains a vast literature, however, it is foolhardy !to undertake
a [ull ’an'd detailed survey. Morcover, scveral excellent reviews are available, e.g.,, Cowing,
Holtmann, and Powers (1983), Wagstall and Barnum (1992), and Barnum and Kutzin (1993).
‘Thus, the tact adopted here is to cull the issues as presented by the surveys and to provide

a sense of what other issues have to be considered to improve future rescarch efforts. -

Recent econometric research on hospital cost functions has tried to address so many issues
that it is helplul to review the basic intent of such investigations. In essence, the estimation
and interpretation of hospital cost functions constitute an attempt to study, under a sel
of behavioral assumptions,* the structure, of costs and production of a sct_of hospitals. A
sampling of the questions addressed by such exercises are: How does average cost behave?
+ Does cost per unit of oulput rise or decline as a hospital produces more output? What is the
level of output at which cost per unit of ouiput is at its lowest level? Are hospilals ﬁrqc[ucz'ng al
this level of output? Since costs are necessarily afected by the technology of the production
process, hospital cost functions also afford another angle from which production-rchted
issues can be examined. Some questions entertained along this line of inquiry are: What
is the optimal size of o hospital? How many beds should a hospilal maintdin? ‘Relative to
current oulput levels, do hospitals have too much capital equipment? Are hospilals technically
efficient? (That is, do they oblain the moagimum levels of output from their inpuls?) Are

they allocatively eﬂ“czem’,t’ (That is, arc they choosing the right combinations and levels of

* Models of hospital behavior mcludc stnndard cost-minimization as well as profit-, out.put- or utility-
maximization (the last of the hospital administrator, of the hospital's board of trustees, or of doctors on the
hospital staff). The emphasis here is on empirical work based on the cost-minimization theory of tho firm,
however, since this has been phe approach generally used to study hospital cost functions over the last ten

years.
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inpuls, given lheir outputs?) On the basis of the patlerns of their costs and produclion alone, ‘
should hospitals offer a wide range of medical services, or should they specialize? Arc there
hospital departinents which are cheaper to operate JOznt7 y than if their services were otherwisc

provided separately in different, more speczalzzed hospztals"

. I;Iosf)itals, howcver, do not fit the economist’s stanclard notion of a firm, and this givés
rise to a host of challenges in properly estimating the cost function of _hospiLﬁls. As a starting
point, éonsider that it is diflicult to even pin down what it is that constitutes a hospital's
output. If it is allowed (extending Grossman [1972]) that, in general, people avail of hospital
services because their health stocks have fallen below some critical level, then perhaps the
restoration of the health stock of its paticnts ought to be regarded as the outputs of a
l)OSjjital (Sce Breyer [1987] and Ellis [1992), for instance). Even this measure falls short,
howevcr in the cases of the terminally-ill, for whom the object of the lnospltal stay may.
be the management of pam before death,* and of patients who undergo elective cosmetic

"enlmncemcnts such as nose reconstructions aind breast implants. Morcover, as Ellis (1992) -

“points out, measuring the improvement in health stocks is difficult, if not, vir Lnally impossible,

“to implement empirically. Health status is multifaceted. Like all components of well-being,
it is a nebulous concept that is not casy to define and 1ﬁeasurc in an 6pqmtim_1a]ly [easible
manner, much less to compare and aggregate across patients. -

- " Because of these problexﬁs, rescarchers have taken instead to using measures of through-
puts or intermediate outputs, such as the number of cases treated, of patient-days served i)cr
hospit‘al department, and of outpatient visitors. This strategy, however, summons a new sel
of problems related to the homogeneity of hospital outputs. Two aspects that have received
wiclésprcad attention in particular are the case mix of hospitals and the qualily of care that
they provide.

A hospital’s case mix relers to the variety of illnesses and dise ascs that arc treated in a
hospltal sctting. In relation to cost function cstimation, the case mix of lxospxtals presents
two problems: (a) Obviously, it hospitals  do not administer to the same kinds of ailments
(or if they [ollow radically c}iﬁcrcnt treatment protocols), then their production and cost
structures ‘are bound to bie ch[FerenL and the)’ ought not to be regarded as belon«rmrr to the

same class of firms. (b) The corrcct specification of the cost funclion requires the mc.luslon

* I am grateful to Orville Solop for this example. It can be argued, however, that assuming: unccrt. ain
outcomes, there is always a last hopc and the probability of recovery is never zero. :



of all the outputs of hospitals in the sct of regressors. Otherwise, the regression equation
runs the risk of b.eing misspecified. | | ’

Given the sheer numbers of diseascs a.nd. cdnditions fqr which patients seck treatment in a
hospital, however, some fbrrﬁ of aggregatiox;of the hospital throughputs is necessary to avoid
running into a degrees of freedom problem (where the émnﬂber of -paramctcrs to be estimated
is greater than, or equal to, the number of observations in the data set) in the estimation of

"the hospital cost function. Unforbunatcl}, the appropriate method of aggregation is still an
unsettled issuc in the literature, although there is no shortage of proposals.

- Breyer (1987) suggests that the case mix issue be handled by grouping patients accord-
ing to an arbitrary (manageable) number of diagnostic catcgorieé and specilying that cach
diagnostic group raise total costs only by a constant. In other words, given N cli'wno‘;Lic

'groups and yi,y2,...,ynv cases per group, the eflect on total costs of these groups'is (,wcn
.'by Z,’:;ldny,, Wagstall and Barnum (1992) note, however that ‘this type of specxﬁcatnon‘
assﬁmcs away the possibility of economies of scope: The costs of jointly producing vari--
ous classes of outputs cannot be lower than the costs of proclucirmg each output catcgory
separately if total cosls arc merely the sum of all outputs. L |

After pointing out that the approach used in other (more standard) markets (\Q])icll is
to deflate the price iveighted sum of a subset of producté by some price index in order to
generate quantity indices of outputs) is’ mappropnate in the case of hospitals because ol
pricc and non-price distortions caused hy different insurance schemes, Lllis (1992) claims
that the usual technique in aggregating hospntal throughputs has been to include a case mix
index in the specification of the hospital cost function.* This case mix index is supposedly
[,enerat,cd by dwxdmfr the severity wcwhted sum of hospital aclmxasxons (m which dnrrnosuc
resource group [DRG] costs arc used as measures of severity weights) by the total numbcr
of admissions. Ellis caumons, howcvcr that a drawback in using such a case nm index is
that, since DRG costs were designed to measure the cost of hospxml resourees used in cach

' dlagnostlc group, the index infects output variables with measures of inputs. '

As for schemes employed in actual hospital cost function studics, these range from simplc

breakdowns of cases into ihe numbcx of out-paticnt visits and of in- -patient admissions (e.g.,

 Wouters (1993]) to more elabomtc stratifications, such as the number of in-patient days

by hospital department and of cmergency room visits, as in Cowing and Holtmann (1983),

* Ellis neglects to cite studies on cost function estimation that use this approach, however.



6

and.frequencies of in-patient days by age group (child vs. non-child) and mode of payment
(Medicare vs. non-Medicare), as in Conrad and Strauss (1983). However the case mix issuc
is handled, given the variety of suggested and implemented methods of aggregation, it is
clear that they are not able to accommodate the s'ame-brczidth of discase categorics as a
specification that is not based on microeconomic theory (See Caragay [1989], for example).
~ Like the case mix problem, the quality of care provided by hospitiﬂs_ has not b(_zen satisfac-
torily dealt with in the empirical literature. Obviously, as Ellis (1992) points-out, hospitals
with high mortality or readmission rates ourrht not to be regarded as havint.r the same (quality _'
of) outputs as hospitals with lower rates. Yet this misspecification is cxactly what happens
“when quallty measures are not included in the sct of regressors of the cost ['unctlon since
throughputs are used as the mecasures of hospital outpats (so that vital information is lost
on the cﬂ‘ectivcndss of treatments). What the appropriate measures of quality are,. 110\»(.\/(.1

is hard to say.. Confoundmg the problem are (a) the inherent uncertainty in the outcomes
of medical treatments, which makes mortality and rcadmlsslon rates indicative but noisy
measures of quality at best; (b) the bundling of (medical an(l non-medical or hotel) services
ina 11osp1Lal stay, each of which may have a qualitative aspect; and (c) the p(.rccptlon of
patients, which arguably may be where quality of care ought ultimately to be judged. Some
measures of quality that have been pro;iosed or used in the literature are: the teaching sta-
tus of hospitals, thé number or propbrtion of specialists on the medical stafl, the location
_land aCCCSSibility of the hospital, the attributes of amenitics (e.g., cleanliness of facilitics,

hospitality of the staff, quality of the food), and the occuz)aricy rate of hospitals.*

., These problcms notwithstanding, rescarch on hospital cost function estimation (rourfhly
“since. 1983) has gencrally proceeded under the assumption that ho:,pmls arc a class of
multl-product firms whose common objective is to minimize costs subject to an oulput
constraint. Cdst—minimizing behavior is. rationalized on the strength of the following ar-
guments: (a) Many hospitals are constituted as non-profit organizations. - As such, these
hospitals may have objectives other than profit-maximization. (b) Cost-minimization is a
necessary condition for p:roﬁt,i- and (budéehconstraincd) output-maximization .0,1‘1(1 is thus a

legitimate objective under a wide varicLy?pf circumstances. (c) Iospitals do not control their

* The occupancy rate of hospitals was used by Fricdman and Pauly (1981) as a measure of quality on the
argument that as admissions appyoach hospital capacity, the resources of the hospitals the to. bc spread

more thinly, thus rcsultlng in lower overall quality of services provided.
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output levels, but mcrely' respond to the demnnd for medical care in their catcllman areas.
(d) It is coxlltended that hospitals do notl exercise monopsonis-tlc powers over inpuls.

‘The specific and technieal details df hospital cost l'urldtion'estirnabion under the as-
sumpl,xon of cost-minimization are discussed in the ncxt; clmpt,cr Tlns overview cannot be
'conSIdered complete, however, \V]Lllout‘. a bricf discussion of the other issues pertinent to
hospltal cost function estimation ‘that will have to be addressed if emplrlcal worl\ on the
subject is Lo become more relevant. These are: the effects on hospital costs (a) of doctors’
fees and the llrlique relationship that exists between doctors and their patients, (b) of various
health insurance schemes, (c) of uncertainty in the contraction of illnesses, in diagnoses of the
| ailmcnt;s, and in trcatment out.co:nes, and (d) of alternative characterizations of hospitals.

Physicians play a curious role in the provision of hospital care.. As noted by Cowing,
Holtmann, and Powers (1983), although doctors supply whatl may _l)c considered imlispcns_-
able ihputs in the treatment of patients in a hospital setting, they are often paid separately
(cither Ly the patients themselves or by the health insurance companies) so that the costs
of their selvices are usually not reflected along with those of other prqductibn factors in
hospital cost figures. In addition, physicians enjoy privileged relationships wil;h,tlleir pa-
tients, which allow them a wide degree of latitude in-the choice of treatment procedures.
It lms_becn alleged that such spccial bond; may cven cause physicians to induce demand
for particular procedures, e.g., deliveries by casarian section for women with higher paying
capacities. Furthermore, there is evidence that the qualifications and reputations of doctors
in the medical stafl of hospitals increase both the costs of and the demand for care.in those
hospitals.  All these aspects pose impor't,ant questions for the correct analysis of hospital
cost‘,s.,

The existence of various health insurance schemes also has wide ranging implicetions
on hospital costs. The payment or reimbursement schemes (e.g., whether by capitation or
fce-for-service) and what is allowed or disallowed under different insurance plaus influence
the strategic belmvior‘ofl bOl’,:ll doctors and hospitals in the provision of medical care. [or
instance, if Medicare cmlmgs are raised, it is possible that laboratory fees and other prices

may 51mply follow suit, rising up to the levels of the ceilings. Or, the frequcncy dlstrllJutlon
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.

cof Iméldical tredt_r_nents may very well be heavily skewed toward those procedures that are
covered ‘by Medicare or other insurance plans.* -
The pervasiveness of uncertainty in health is andther factor whose impact on hospital
costs has not been fully explored. The fime durmg which an illness is. contracted how
accurate]y an illness is diagnosed, and the eflicacy c!l' VaI‘lOUb types of treatment all exert
significant influences on hospital costs. As I‘rledman andl Pauly (1981) hypothesize, when
the number of admitted cases approaches a hospital’s bed capacity, the quality of its scrvices
may sufler: less time and resources may.be devoted to cach palient, thereby incréasing the
probability of a wrong diagnosis or decreasmg the ellicacy of trcatmcnts For a given illncss,
a hospital patient may thus be worse off durmg epidemics. |
Finally, it is not clear that hospitals solely minimize costs; they may also be _pursuing
" other goals, e.g., ma.ximi'zing the welfare of doctors on their stalls and satisfying the desires
of donors or trustees which, under cost-minimization, would appcar as technical or. allocative
' inefficiencics. As has already been pointed out, tlospitals have peculiar aspects that rankle
‘against an economist’s standard notion of a firm. It is diflicult to characterize whal cxactly
hospitals produce. Payments to an important input-—namely, doctors’ services—are not
'custom‘ari,ly considered part of hospital costs. Possibly, all these imply that it is more
appropriate to consider hospitals not as firms but as marketplaces, where a patient who
needs some form of critical health care j;ocs for the bundling of the particular service that

he needs from the diverse set of inputs selling their wares in that marketplace.

* This argument is also another reason why a well-designed method of disaggregating or aggregating the -
case mix of hospitals is important in the specification of a hospital cost function. .
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Hospital Cost Function Estimation:
‘Some Theoretical Considerations and the Translog Variable Cost Function.

ThlS chapter prov1des a brief exposition of some relevant aspects of the theory of cost-
“minimization and discusses in some detail how thcsc considerations enter in the estimation

of a transcendental logarithmic varlable_cost; function for a cross-section of hospitals.

AL Theoretical Considerations
It is p‘osited that a hospital is a multiple output firm whose objective is to minimize the
cost of producing given levels of outputs. The programming problem of such a firm n‘xdy be
stated as: . |
_m;n - WX
_ subject to T(Ix, yoj =0 W
where x is the vector of all inputs; w is.thc vector of all exogenous factor prices; y* is an
N-vector of all outputs, the magnitudes of whose elements are sct at [WOIN_y; and T(-) is an
implicit function which represents the cﬁjment transformation of inputs into outputs.
‘Under rather minimal assumptions about the firm’s technology (sce Varian (1992], lor
'instancg),‘the solution to the programming problem (1) consists of a set of conditional factor
dcfnands x*, which joiqtly minimize the cost of producing oulpuls y al prices w. That is,
x* =x(w,y). - (2)
¢

Returning these conditional demand functions to the cost equation w - x yieias the cost

function:.

w -. x(w, y) =c(w,y) ' (3)

= (W1, Wy, WHLYL Y2 -« 2 UN)-

Thus, the cost functjon gives the minimum cost of producing outputs y at prices w.
Given the assumptions on thie firm’s technology, the cost function is linearly homogencous

and concave in factor prices, convex in outputs, and nondecreasing and continuous in both

outpuls and factor prices.
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Long-Run and Short-Run_Cost Functions

. By construction, the vector x* in equation. (2) contains the cost-minimizing levels of
demand for all inputs. Consequently, equation (3) may be viewed as a long-run cost function
in which all inputs are assumed to be variable. Someﬁnppts, such as buildings and machincs,
however, are long-lived and are difficult to change oxzrer short periods of time. It is therefore

useful analytically to define a restricted eost function
&F = (why k) | ).

where ¢¥ is the minimal variable cost, w¥ is the vector of variable input prices, and k is a
vector of fixed inputs—in which all variables are defined for a given reflerence period, say, a
year. The variable cost function (4) is completely analogous to cquation (3), except that it

assumes cost minimization with respeet to a subsct rather than the full set of inputs.

”I"Iow_ is the variable cost function (4) related to the long-run cost function (3)? Observe
that total (though not necessarily minimal) costs can always be written as the sum of variable

(3

and fixed costs
E=w-x

=W X Wk (5)
= C"('\Vv,y, k) -+ ‘Vk -k
where E is the value of total costs, x* is the: vector of variable inpuﬁs, and w*® 1s the veclor
of prices of the fixed factors. | - |
Mi.nimizi'ng the total cost equation (5) with respect to each clerent of the fixed input
vector k and setting these to zero yiéld the minimal total cost function. Th‘dp is’, B =c(w,y)
il and only if ' | '

dE _ 9c(w",y,K)
ak; - .al:‘

ac®(w,y, k) _ . .
ok, = —wi,. ((r)

+ wy, =0

¥

Equation (6) is the én'velo.pc conditidg. It states that long-run costs are ininimized when

the amounts of fixed inp\jlts é.rc such that (—de” [k )—the savings in variable costs brought
about by the last unit of th:e tth fixed input hired—are just equal to wi,—the marginal
cost of that fixed inbut.l Hence, equation (6) gives the condition for the optimal level of

fixed inputs k*: To minimize long-run costs, fixed inputs k should be cmploycd‘al; levels
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such that equation (6) is satisfied. A‘sccond implication of equation (6) is that it provides
a link between the variable cost function and its long-run kin: When equation (6) holds so
that, in the short-run, fixed factors are hired at levely that minimize long-run costs, the cost

function (3 can in principle be derived from the vari_hblé cost function (4).

An issue in the hospital cost literature concerns wiucu cosu tunceion 1s e more appropri-
ate one to estimate. Cowing, IIoltmann ‘and Powers (1983) recommend using the variable
cost function, particularly when the czammatlon is performed on cross-section data.  They
‘argueythalt it is improbable that in the short-run all firms would be employing all inputs at
‘their long-run cost-minimizing levels or, which is the same thing, that equation (6) holds for
“all firms at any given point in time.* On the other hand,-Wagsta[T and Barni;m(lOQZ) point
out éhat it is diflicult to cleanse total cost data of all fixed costs. Tf:cy claim that this is
.possibly the reason why dc*/0k is positive'and signiﬁcant'\in Cowing and Holtmann’s (1983)
'study: Tor given input prices and a combination of output levels, the employment of vari-
able factors and their costs should decrease as a hospital acquires and exﬁploys more of the
fixed factors—unless variable costs are not rid of all fixed costs. Consequently, \/\’agstaﬂ and
Barnum‘suggest using the total cost equation (5) instead, where the fixed factors enter the
specification twice—as arguments of the \,;ariable cost function ¢” and as components'of fixed
costs w¥.k.** Then, to dctcrmmc whethcr ‘hospitals use fixed mputs at their cost-minimizing
.levclb statistical tests can be performed on whether the estimated fixed cost coeflicients of

the fixed inputs w* are significantly dlﬂerent from zero.

nality and Shephard’s Lemm _
An important aspect about the cost function is that by the principle of duality, given
any cost function, it is possible to rccover the technology that may have generated the cost

function. In other words, information about the firm’s technology is embedded in the cost

* In fact, whether or not equation (6) holds can be subjected to statistical testing procedurcs after the
variable cost function is estimated. For instance, given a sct of values for wy,, t =1,... T an [-test can be

performed to test the hypothesis that de®(w,y, k)/dk, = —wy, for all t.
** A problem with this specificgtion, thougl, is that it may be subject to serious collmcanty problems,

since indices of the fixed factdrs enter twice in the cost equation.
t Note that if w* = 0, then dc/ 0k, = 8c¥(w¥,y,k)/0k, = 0, which implies that the amounts of the fixed
assets employed are consistert with their long-run cost,-minimizing levels. But if w* > 0 (W* < 0), then

Jc/dke =0 > dc¥(w¥, y, k)/ Ok, (Dc/Dky = 0 < dc¥(W",y,k)/dk:), which implics that hospitals underemploy
(overemploy) fixed inputs. Thus, Wagsta(l and Barnum also interpret the test as onc on the approprmtcnc:,s

of the levels of fixed assets given the hospitals’ output levels.



function, so that it is possible—sometimes even casicr—to study the characteristics of the
production pro'cesé using the cost function. |

This proposition—that under cost-minimization the cost function is mcrely the dual
representatxon of the firm’s technology—is proven for t}m general case usmg the mathematical
~ theory of convex sets. In practice, however, the recovery gf the technology from a specific
form of the cost function is customarily c_fonc using Sl:ei)lnafd’s lemma, which states that the
partial derivative of the (variable) cost function with respect to the price of the ith input is

cqual to the the firm’s.conditional factor demand [or that factor:
dc(w,y)

G mEY) fori=, L | g

Given the 1 itiput demand equations in (7), the firm’s transformation function »"J‘(x, y') =0
¢an then be solved, in principle, by eliminating the input prices. »

In the context of structural cost function estimation, however, Shephard’s lemma serves
another purpose. The theorem is used to obtain conditional factor demand functions which,
being functional translormations of the cost function, share manyl ol its pammél;crs. Treal-
\iﬁg the cost function and the conditional demand functions as a systcxﬁ of cquations and
applying system estimation procedures, such as generalized least squares or full-information

maximum likelihood then allow eficiency gains to be achieved in the estimation: of cost

function parameters.

- B. The Transcendental Logarithmic Variable Cost Function

From the theory of cost-minimization, the econometrician can glean the arguments of the
variable cost function. Without any prior knowledge of the functional formn of the hospital’s
underlying transformation function, however, '_hcv runs the risk of misspecilying the foﬁn of
the regresgion equation. One way to get around this problem is to use flexible functional
forms which are second-order Taylor scrics expansions that can locally approximate any
diﬂcrctltiablc function. The idea behind the estimation of flexible functional forms is the
_-followmg Assuming that thp data collected arc those of firins minimizing costs for 1,1vcn
levels of outputs, input pnces and fixed [actors, then if the specification of the regression
equation is such that it can approximate any functional form, it may be possible to allow

the true structure of the variable cost function to cmerge as a result of the estimation,
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provided that the list of regressors is complete. The drawback, however, is that, being local
expansions, ﬂexible functioﬁa] forms yield estimation results that are not valid globally, but
only in the neighborhood of the expansion points (Vita, 1990). . . E

‘The most widely used flexible functional form, pe‘frhap;is ‘becausg it reﬁuires the lcast
- number of parameters to estimate, is the'transcendentalElogé’irithmic (tﬁmslog) variable cost
function. The translog vb.riable cost ﬁmction is a second-order Taylor scries expansion of the
natural logarithm of a normzil_ized variable cost function about the point (Inw*,Iny*,Ink*) =
-(0,0,0), where w* = (w},...,w}), y* = (Wi unhs and k* = (k{,...,k3) -are vectors of fﬁctor

prices, outputs, and fixed factors about which expansion is performed.

Derivation of_‘ the Translog Variable Cost [unctjon
| ~One procedure for deriving the translog variable cost function is as follows: Trans{orm
the variable cost function ¢’(-) of a firm Dby d_ividihg the value of the function as well as the

“variables that enter as arguments by their industry averages (or sample means in the case

of a cross-section sample):

- . X3
= wy, . .,w;!yf,... VYNV R e Rp)

where :
| & = )
Cwy = wi fy fori=1,....1;

Yo = Yn/in forn=1,...,N;
kp =Ko/, fory't:l.....T;
and where 4 is the mean of the ith facl.of prfcc, 7a i the mean of the nth output, and & is -
the mean of the tth fixed factor.
.Noting that a éecond—order Taylor ser‘les.expansion of a [unction f(zy,...,z2) db’oujt the

_point a = (ay,...,az) is gGiven as

| : zoaf, 1 &E o2
[z, yzz) = flew... az) +E§Ii(x, —a)+ 50 D af_-.:c(* —a:)(z¢ - ag),
_ i : z=] z z=1 (=1 ® '

let () = Inc* and a = (Inw*,Iny*,Ink*). Then, the expansion of the function Ine’ at the

“point (Inw*,Iny*,Ink*) can be writlen as
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Inc’*(In wf,...,lnw;,lny;,-...,lny,’v,lnk,',..L.ln'k})

]n uol - ] — _" - 4‘.‘- t?lnc"'
c’*(Inwf,..., Inwy,Ing},...,Ingy,Inky, ... lnkT +E (Inw; -ahnu)

N a1 8|nc"‘ -
+Ea (lny" ]nyn)+z —(In L, k)

Zi Ollnc Inw' = lnw)(inw: —Inw
dInw!dIn j(nwf nwi)(n‘w,j—-nwj)

R D) DECAL I WESRNRNTRRTS
2 dlny3dny;, nys —ngn)(Iny, =Ing,) .

T T

O?Inev* . -, . .

S etk — K )(nk; — )
t rl )

~n_ Plner ) :
#30Y Firmrgmr ol —lnwl)(ny, ~1ng})

+ZE P )k — )
dlnwlc')lnk‘ ) ) © l

" & ne” .
EZ Ty (nva —Ing)(Inkf ~In kD).
=1 t=1 ,

Inyy
>

But by definition @} =7, =k} =1 for all i, n, and ¢, so that In @ = Ing, =Ink; =0 lor all

i, n, and ¢. Hence, the translog variable cost function can be expressed as

Incv*(Inw},...,Inw},Iny},...,Inypn, Inkf;....Inky) -

—lne™ (... 0)+Ea|)c«u Ec’)lnc '-T*'Zg:’::,
+%géalf;lnacl:wj InwiInwj +3 gr?: c')lr?:/,l‘r:?‘;mmlm“lm:"‘ (8)
+%éimi?n& k.' nk; ‘“"'+:22N:alfij‘naclny,, Inwi Iny,
+‘: ‘;%lnw Ink; + i‘i ln’yl::?cl L-vl"y"“"“'

and the regression equation to be estimated can be written as



)
. I N T '
Ine’* = ao+Za.~ Inw] + Zﬁn Iny;, + Z—nlnk:
' I i=1 n=1 t=1 L
+ 3 Za‘-j Inw] Inwj + 2 Z Z Bam Iy} Inyp, + 3 ZE’Y‘; Ink; Ink; )
i=1j=1 ' n=lm=1 t=1 s=1 !
I N 1T N T
-+ Eme Inw; Iny;, + Zzﬂu Inw! Ink; + EZOMIH v Inky,
i=]n=1 i=1 t=1 n=1t=1
where ,
ag =Inc**(0,...,0);
a; =dInc"/dInw] fori=1,...,.T;
Bn =0Inc"*/0Iny, : forn=1,...,N;
ye =dInc"/dInk] fort=1,...,T; ‘
oy = 0% Inc’* /(0 Inw; 8 Inwj) fori=1,....,Jand j=1,...,1;
B =0%Inc"*/(dInyndnyy,) forn=1,....,Nand m=1,...,N;
s =82Inc"/(dInk;dnk;) fort=1,....,Tand s=1,...,7; =
pin =% Inc”/(dnw;dInyj) fori=1,....1 and n=1,...,N; an
One =0%Inc/(@nydink]) forn=1,...,Nandt=1...T.
f_ﬁmglil.x ag unlily Restricti

For equation (9) to be a proper cost function, recall from Scction- A that it must be
linearly’ homogeneous and concave in factor prices, convex in outputs, and nondecreasing
and continuous in both outputs and factor prices. In econometric estimations of the translog
variable cost function, the convention has been to impose restrictions on certain parameters
to. ensure that the equality conditiqns—namcly, homogeneity of degree one in prices and
continuity in both prices and outputs—are satisfied and to check that the estimated modcl
complies with the inequality conditions of monotonicity in both outputs and prices, concavity
in prices, and convexity in outputs.® The details of these restrictions are discussed below.

ConCinuity of the variable cost function in pricés and outputs implies that the function
is non-negative for all non-negative outputs and prices and for given levels of fixed inputs k.
That is, t |

c(\Q,y,k)go forw>0,y >0, and k=k.

* Because of the widespread failure of estimated translog cost functions to show the required propertics,
however, Antle and Capalbo (1 988) report that there is an ongoing trend to develop algorithins which satisfy
these restrictions. It should be noted, though, that this failure in cstimation can also mean that (a) cost-
minimization is not the correct behavioral model that generated the data observed or that (b) there are
. sampling, measurement, or specification errors. Morcover, as Nimfa Mendoza notes in her review of an carlier
version of this report, imposing concavity restrictions effectively eliminates the flexibility of the translog
~ function. If concavity is an important consideration, sotne other functional form such as the generalized

McFadden, should be used instead. :



16

‘Given data that are usually observed on costs, factor prices, outputs, and fixed inputs, this
condition is satisfied trivially. The practice in the estimation of the translog cost functions,
,hoWever, has been to make use of Young’s Theorem swhich provides sullicient, though not

necessary, conditions for continuity, perhaps in order to reduce the number of paramecters to
be estimated:

‘Young’s Theorem. If a function is twice diferentiable;* then its cross partial derivatives
 are equal: | )

20 ' a!u 2 v 2.v
8¢ < for all §{ and 7 and A i

Jw;dw; = Jwow; Do~ Dymdim for all n and m.

Tor the translog variable cost function, the cquivalent conditions for Young's theorem - - -

are 2 '
: 9% 1n ¢ P?lnev* . .
Shverdine; = TuiomeT for all i and j and -(1'0) -
Pinc - e -

for all » and m.

alz\y;81n1,,‘ Olny,‘,c’l‘/m~
Since aij = d?Ine* /(9 Inwdnwy) and Bom = 07111c‘"/(c’)lm,,alm,,,,), Lhe sct of equations in
(10) imply that the coeflicients of the interactions between factor prices and between outputs

are symmetric.** That is,

oy = agy for all i and 5 and ﬁ,,m = Pinn for all = and . ' (11)

'Linearly homogeneity in factor pricés is formally described as

’(Aw,y,k) = Ac¥(w,y, k) for all A »o0.

3

“In the casc of the translog variable cost function, this requires that

1 I 1 I N I T L
zai-l'zzau +ZZP;_¢+ZE5M?~‘ L
im] i=1 j=1 i=l n=1} i=] t=1

]
. Dl(Tereanblht.y of a function at a point 1mpllcs continuity of the function at the point. Thc trans-
- “log function, being a second-order expansion, is twice differentiable in the neighborhood of the point of
npproxnmatlon and therefore pontlnuouq at that point, so that Young's Theorem holds locally. '

** When multlp!ﬁ indices of fixed factors are used and these are assumed to be continuous in the neigh-
borhood of the point of expansion of the translog function, symmetry may be imnposed oh the coelficients
of their interactions as well. Then, 821n ¢ /(0Ink;d1Ink]) = 9?Inc’* /(BInk;@Ink}) and 7y, = 7, for all
t and s. Care should be exercised on this issue, howcvcr, because fixed factors are nxsumcd to be discrete
varinbles.in the variable cost function and, t.h(.orct.xcnlly, n different-variable cost function obtains n.samomu.s

of ixed factors are incremented,
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But the custom has been to impose the following restrictions:

g I
Sast,
i=1

7
N ey=0 " fori=12...,1,
i=t1 - (12)

1
S pn=0 " forn=12...,N,and
i=1

!
S =0 fort=1,2,...,7.
i=1 .

Parenthetically, note that if the coefficients of the interaction terms, ayy, Bumys Tesy Piny
ity One, are all cqual to zero, the translog variable cost function takes on a Cobb-Douglas
form. Thus, whether or not the Cobb-Douglas variable cost function is consistent with a

given data set on costs, input prices, and fixed factors can be subjected to statistical Lesting

procedures.

“A variable cost function that is monotonically nondecreasing in 1acior prices nas wne
property that . . '
c’(w, ¥, k) 2 (W', y,k) for all w > w',

Assuming- the variable cost function to be continuous, this condition is equivalent to

S
- ac¥(w,y, k)

> '=‘ P
D _0' fori=1,2,...,1

Siﬁce, by Slicplmrd’s’ lemma, dc¥/dw; = z:i(w,y,k), monotonicity also implies that. the value
of conditional factor demand functions are non-negative: z; > 0 for i = 1;2,...,?. Hence, for
the trahslog variable cost function, monotonicity implies that

Ow;  w; dlnwy

=E:s.- ..20 fori=1,2,...,1

. wi .

where s; is the share of the ith input in total variable costs.
For c".2 0 and w; > 0,'4a riccessary and sufficient condition for the translog variable cost

function to bg monotonit':aily nondecreasing in factor prices is thcr_cforc that si 2 0, which

implies that for cach i,

I “ N

i T
dlnev* ) ) .
dnw; =S¢ ot EO“J' Ihwj + Zpin Inyy -+ 25;; Ink} > 0.

J=1 -~ n=1 t=1
'
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Recall; however, the translog variable cost; function is expanded at the pomt. Inw! =Ing, =

Ink; = 0. Thus, if & is evaluated at the mean of the sample, the condition for monotonicity

in prices of the translog cost functxon translates into
si=e; 20  fori=12,...,1. - Co(13)

-Analogously, if the translog variable cost function is to bc monotonically m)nclccru\snuJ

in outputs, then a necessary and sufficient condltlon, given the pomL of c‘qmns\on of the

function, is that
C dlnc

dlny,

=p20 forn=1,2,...,N. (14)

Concavity of the variable cost function in factor prices requires that the Ilessian matrix

of cross-price derivatives of the conditional demand functions be negative semidefinite. That

is,
8le a
-—r I’
8""! dun
Q’c " DED Dy
. [ ' 3
“ww . w; duy Qwj o Jwsz dwy S 0
' D.’c I);c D¢ D;: .9.:;:2. ve. s D2
Jundwr Dwidw; Dl Jwy  Juy Tuy

For the translog variable cost {unction, it can be established that, at the péi_nt of ap-

proximation, the diagonal elements of the Hessian matrix can be expressed as' -

v ve ' . ’
d --c—--(a,-;—a.-{-az) fori=1,2,...,1, 15)
dw?

and the o(f-diagonal elements can be given as

0%V oVt .
Jwid;  wiw) (i +eney)  for iz ;. (16)

- IFit is supposed that ¢* > 0 and w; > 0 for all 4, then the sign of cach clement in the Hessian
matrix H,w is determined solely by the terms inside the parenthesis in equations (15) and

(16). Let
ajy —a; +a}
@12 + ajop azz—az-%a%
., = o .

ayr + ooy ayr ooy e app—optaf

Then the Hessian matrix Hue is negative semidefinite if and only if #13,, is negative semidel-

~

inite..
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Fihally, conditions [or convexity ot the cost function in outputs are developed in a manner
similar to that of concavity in lactor pnces Convexity in outputs requires that the Iessian
matrix of second-order partial dcrxva.tlves of the cost function with rcspcct to outputs b(,

_ positive semidefinite. That is,

8¢
o
D e
n,, B3y, Dya dy; >0
_oie oe e, Qe
ondyn. Dvadyn v},
[

At the point of approximation of the translog variable cost functlion, the diagonal ele--

ments of this Ilessian matrix I7,, can be expressed as -

%Y vt 2 ) _ : :
T')‘!}T=F‘(ﬂ"n‘ﬁ".+ﬁ") for ﬂ=1,2,‘..,N, . (17)

and the ofl-diagonal elements can be given as

0 o & (funtfub)  fornm (13)
ay"aym e nm nFm n = m. ‘ . . .

If ¢ >0and y, >0 for all n, the sign of cach element in the Ilessian matrix /1, is determined

solely by the terms inside the parenthesis in cquations (17) and (18). Let

-

By - Py + B} S
Bia+bBife P "ﬂ_z-*-ﬂf

K

= :
Bin+BiBN  Ban+PBBn o Bnn—Pn+BY

"Th'cn the Hessian matrix Hy, is positive semidefinite if and only if 17}, is positive semidefinitc.

Est.inﬁaﬁon _

 The translog variable cost function (9) is converted into a regression equation by'am)en.cl-
" ing to it an additive stochastic disturbance term . The sequence of random variables {e},
¢=1,...,L (where L stands for the size of the regression sample), is usually assumed to be
(ilc_lcn'tlcally). normally and independently distributed (NID) with mean zero and variance o2.
'Ordinary least squares (DLS) can be applied on this regression equation to estimate the
parameters of the trahslc‘ig‘vﬁriable cost function. As mentioned in Section A (on duality

and Shephard’s' lemma), howeVer, additional information may be obtained from the translog
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variable cost function, which can result in efficiency gains in estimation. This takes the form

of the share cquations of the inputs, which is derived using Shephard’s lemmas

. Olnev* ' ! . N . T‘ Cre . ‘
a],,we=5‘=°"~+Z°‘il"wi'_"ZP‘"]'W"'*'Z‘S?‘]“I‘! fOI"l.-"?-l,Z,..‘..,f | (19)

where s; = w :c./c"‘ is thc share of the ith input in total variable costs Adding to cach
share cquation s; a disturbance term v, for i = 1,2, I and £=1,2,...,L with the following

distributional assumptions

£
Ney .
~ NID(0, X)
Ve
where

CH
Te 0'?

B = .
[ P é-a'” 0}2

results in a model with a seemmgly unrelated regression (SUR) structure.
With Lhc cqun]xty restrictions (cquatlon (11)) imposed on its parameters, the tmnslow
variable cost function and any set of I — 1 share equations may be estimated as a system of

equations using f{ull-information maximum likelihood.*

Inferences on the Structure of Costs and Production

Several aspects of hospital costs and pfoduction are usually invesligated using the esti-

mated translog cost function. These include economies (or diseconomles) of scale and scope,
the substitutability between inputs, and whether or not fixed inputs are cmployed accord-
ing to their long-run cost-minimizing levels. How these issues are measured and studied is

discussed below.

Economies of scale are the cost function analog of the elasticity of scale. They are meant
“to answer the question, would unit costs increase, decrease, or stay constant as hospital op-

crations expand?** Tor mul(.iplc output firms, the most commonly used concept of economics

* One share equation has to be thrown nway to avoid singularity in the error terms since tlie intercept of
the share equations sum to unijty. Because of the invariance propert.y of full—mformntlon maximuin likelihood,
-it does not matter which share equation is deleted.
** Given this intent, Wagstafl and Barnum (1992) argue that scale economics are propcrly nn-\lyz(.d only
from a long-run perspective where all inputs are allowed to adjust to unit increases in output levels. This
contention is made in reaction to Gowing and Holtmann (1983) who examined what they called theshort-run

cconories of scale.
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of scale is the ray or overall economies of scale, which measure the relative ih_crease in total
costs of increasing all outputs of the firm by the same proportion.* When the evaluation is
done on the variable cost function, the index of ray scale economies may be given.as

_ 1-5T dlnev/olnk,
'EN (‘Jlnc"/alnyj,,

n=1

where & is the long-run optimal level of the tth fixca imput.

In the translog variable cost function, this translates to

L= (S0 (rb medn kit + Tl Salnw] + 0. Ouednyd) +4 T8 Sl v k']
£E= -
Zv"\t';l (ﬁ" + ﬂ““ lny‘: +Ef=l Pin In ‘LU: + ZT:I 0"‘ In k;) + '15 Zri‘,:-]l Em-’.—:n.)-] ﬁﬂm In yr.n

(20)

where ky' and k3" are the mean-scaled long-run optimal levels of the sth and tth fixed inputs. .
Since Inw] = Iny;, = Inky = 0 for all §, n,.and ¢ at the point of approximation, however, the

index of ray scale economies at that point reduces to

€= 1"*(23;1%‘*'23;1%:1"“"*‘% "r=-l1 T:z+1'7’u“”~'§')

(21)
Er':,ml Bn

Usiﬂg the ray scale index, economies of scale (or declines in long-fun unit costs with the
>xpansion of hospital operations) are said to exist if ¢ > 1; diseconomics of scale (br increases
n long-run average costs associated with the expansion of hospital operétidns) are said to
>xist when e < 1. Hence, based on considcral.ioﬁs about cconomic efliciency alone, a policy
mplication that may be drawn from measures of economies of scale 15 thz'it each hospital

should expand (contract) operations, when scale economies (discconornies) exist.
L] i

'A coneept specific to multiple product firms, economies (discconomies) of scope are said
o exist if the costs of jointly producing different outpuls are less (greater) than if outputs

wre produced separately. Formally, scope economies exist if

C(.’lhvz»---:vN)?C(Uho.--wo)+C(0.1/'2'---.0)+"'+C(0-0.~-;oUN):

1

mnd diseconomies of scope are said to exist when the.direction of inequality goes the other

vay.

* Cowing, Holtmann, and Powers (1083) note, however, that a problem with this concept is that when
e firm’s seale of operations expand, outputs along the same ray may no longer be in the firm’'s least cost
ath, ' ' B
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In the case of the translog varmble cost function, however, it is not appropriate (o
evaluate costs where some outputs are set at zero, since the estlmatcd varmble cost functnon
only has local properties (Vita, 1990). Consequently, the issuc is judged using an indicative

measure: Scope economies are inferred to exist if

g%c?

s £ ) for ns#m
ayna!/m * o

i.e., if the marginal cost of producing y» declines as another output ym is 'pro‘duccd'in greater
quantities, On the other hand, scope disecexlon'ljes are inferred to exist if the direction of
the.inequality goes the other way. '

In the case of the translog variable cost function, the necessary and equivalent condition

for s(.ope cconomics may be written as -

A dlncv* 0 Inc¥
dinydlny:,  Olny, dnym

< 0 for n# m,
‘or, in terms ol ils parameters,

ﬁnm"" (ﬁu +_ Bnn In ?,‘. +ﬂ"m in Ym + Sp;n In t(l'-. -+ 20"‘ In L:)
| - i (22)

(ﬂm -+ ﬁmm In ym +ﬁnm Ins n - zp"" ln 'LU + 20,,,; In ke ) <0 . r()r T # m..

§==] t=1

Bvaluated at'the point of approximation of t.he translog variable cost function; the condition

[or scope economies simplifies to
ﬁnm + ﬁnﬁm <0 ',. for n 95 m. ' (2‘3)

* The policy implicaﬁion of scope cconomies is straightforward, IHospital departiments
(e.g., obstetrics and pediatrics or surgery. and emergency care) or output categorics that arc
“cheaper to produce jointly should be available in one hospital. Hospital departments that

© are more ekpensive to maintain jointly should be offered in different specialized hospitals.

The extent of substitutability or complcm_cn‘tvari Ly in production between pairs of variable
inputs may be studied usiilg the Allen elasticity of substitution (AES), which can be computed
from the variable cost function according to the following formula:

- c"iﬂc“/(c’)w.-c’)wj)
T @ o) @ [owy)

fori=1,2....,Jandj=12...,/].



23
In a translog variable cost functidﬁ, the AES indices cvaluated at the point of expansion

are given by

-—-—g‘v—"“""' —%  for i —_7 .
Qij = o +n o] I (24)
-—-'L-—’-'n a; . fOl‘ i # J. : :

When gi; > 0 (g;; <0), inputs i and j are said to be Allcn substltutes (complements)
| The policy relevance of AES indices is that they ‘allow decision makers to anticipate
possible changes in the mix of inputs used by hospitals as a result of changes in factor price .
ratios:. When inputs i and j are Allen substitutcs (i.c., oi; > 0), an incrcase in the price of .
input i causes hospitals to decrease their employment of input i and hire more of input ;.
When a pair of inputs are Allen complements (i.e., gi; < 0), an increase in the price of cither

input resulls in a decrcase in employment of both factors.

Given the widespread concern on the escalation of medical care costs, one other issue
that has been investigated using hospital cos‘t functions is whether hospitals cmplby_ fixed
i.hj)ﬁ'ts according to their long-run cost-minimizing levels. Specifically, this line of inqui-r_y
has been directed at whether or not hospitals "have too much capital equipment or too mnn)Ir
doctors on their medical staffls—not surprisingly, the two factors which are often blamed for
the increasing costs of hospital care. | |

| | Wagstall and Barnum (1992) note a fine point on this issue: The problem is not whether
outptits should be expanded to fully utilize the fixed inputs, which is a quéstion of cconomics
ofvscale, but whether optimal amounts of the fixed inputs are employed given the output levels

“of hospitals. In other words, the quest{on is whether hospitals are -allocaytively efficient in
their use of the fixed factors. | ' .

T To examine this point, Cowing and Holtmann (1983) propose checking whéther a¢? /o
is not statistically different from —w,.* If —dcJOk < wy (=0c"/Ok > wy), i.e., the savings in
variable costs on the margin due to the employment ol an additional unit of capital are less
than (greatcr than) the margindl cost of capital, then fixed input & is said to be qveremi)loyed
(underemployed). | - _ | . |

If hospitals are found to ovcrcmploy (underutilize) fixed factors, the policy 1mpll(.atxon is

0bv10usl_y to nudge them Lo achust their employment of these factors according to allocatively

efficient levels.

* The objection of Wagstall and Barnum (1992) and our commcnt on their suggcatlon were dlellbb(.(l
c'\rhcr onp. 1l
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This completes the exposition of the theoretical and empirical considerations in ccono-
ietrically estimating a variable cost [unction for a system of hospitals. In the next chapter,
1e data set and variables used are described bricfly. ' The regression results arc then pre-

mnted and interpreted in chapter five.



IV
Data Seh and Variables

Michael M. Alba and Maria Theresd, A. Bugayong

Our data set comes from the Hospital Administrators Survey of the Baseline Studies for
Health Care Finanancing Reform Project, a rescarch initiative consisting of about 26 studics
whose primary aim is to formulate a consistent set of policies interded to reform the country’s
health care financing system. The project is being undertaken jointly by the Department
of Health (Do) and the Philippine Institute for Development Studies (PIDS) under a grang
(rom the World Bank.* o '

“Tive surveys were commissioned by the Baseline Studics project to gather informz'xt_ion on
various aspects of the Philippine health sector. These included a survey of (a) households, of
~ (b) patients and .(c‘)‘médical practitioners in frec-standing and hospital-based clinics, and of
hospitai (d) f)aticxlte and (e) administrators. Conducted between 1991 and 1992, the surveys
covered four rcglons of the country: Region II was selected to represent a low-income arca,
Reglon VII to represent a high- -income area, Regxon X to represent a middle-i -income area,
and the Natlonal Caplhal Region (NCR) to represent a highly urbanized area. In cach of the
regions thh the exceptlon of NCR, ong hlgh- and one low-income province were selected.
Cagayan and Quirino were picked as the ]ngh- and low-incomes provinces in Region II. Cebu
as a high-income province and Bohol as_a low-income province were chosen for Region VIL
And Misatnis Oriental (high-income) zmd Surigao del Norte (low-income) were the provmccs
selected for Region X.**

. ’I‘he's‘tllrvéy of hospital administrators was based on stratilicd random sampling methods
with Hospital ownership (i.e., whether the hospital was a private or public institution) as the
strafify‘ing variable. Somé. 188 hospitals from various provinces of the'country were requested
to participate in the survey. Of these, 159 hospital administrators or their reprcse-ntativ'cs
allowed themselvcs to be’ mthrvnewcd Unfortunately, due to gaps in information provided

by these respondents only 65 met the data qumrcmans of our study.. These 65 hospitals

constitute our regression sample.

* Qrville Solon serves as dlrcctor of the Bascline Studies project.
** [For moro detailed information on these surveys, see Mendoza (1992) z‘md TRENDS (199'3)
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The variables in our data set and their descriptive statistics for the sampie as a wnole
and for various categorics of hospitals are pfescnted in Tables 1 and 2a to 2. As Showu
in those tables, about a third of the hospitals'in our sample are located in Metro Manila,
whereas Cebu and Bohol hospitals each comprise about 4 fifth of the samplc with the rest
located in Cagayan, Misamis Oriental, Quirino, and Surig,ao del Norte. Close to one half of
the hOSplLalb in the sample are'sccondary hospitals; a quarter are primary hospitaiq and 30%
are tertiary (non- l.cachmg or teaching) hospii,aia Privalely-owned hospitals comprise about
46% of the sample. '

In this study, variable costs are del‘ned as the sum of a hoqpntal § expenditmc‘; on labor
services as well as on drugs and medical Sl.lr_pp]les. Other expenses, including those for
depreciation, interest, rents, water and cicctri-city, transportation and communication, and
rcf)airs and mtiintehance—bmost of which went unrcportcd——arc assumed 't;o Bc (quasi )ﬁ\:cd
costs. Annual wages are calculated for four categories of labor inputs—inedical rcsuicnls
nurses, other medical personnel, and non-medical personnei —as the tot'xl annual gross
compensation of the stafl dmded by the number of full-time pcrsonnei in that 1abor catetfm y.
Information necessary to construct a qiLani,ity-wcu,htcd price index of drugs and medical
supplies diépensed was unavailable. In 'its stcad we used the value of drugs and medical
suppiies per paticent, Whlch is defined as annual expenditures on drugs and mcdicai supplics
divided by the total number of patients served. '

Our measures of hospital outputs arc the number of in-patient discharges and the number
of out-patient consultations. Although finer distinctions in in-patient sc_rviC_és would have
" been desirable (to explore scope cconomies more satisfactorily, for example), oiir data were
riddled by missing observations when iri-patiéiwt discharges were disaggregated by hospital
dcpartment or when the number of in-patient days was used as the measure of in-patient
output

"~ The number of ilospitsil beds is our proxy indicator for fixed inputs. ' Given the hetero-
geneity of fixed faclors, this variable is likely to be measured with error. Unfortunately,

there is no other measure that would give us as large a sample as bed capacity,**

* Wages are used as a generic tetm for compensation. In the case of mcdical residents, stipend is the

more legally correct term.
*° In the regression runs, when the number of medical specialists was specified as a second measure of
fixed inputs, serious collmcanty pioblems were gncountered, resulting in the failure of maximum hknhhood

algorithms-to converge.



Tabpto t

Descriptive Statistics of Variables for All Hospitals

Variable Cost

Wage of Medical Residents |
age of Nurses

Wage of Other Medical 'Personnel
. Wage of Non-Medical Personnel
Value of Drugs and Medical Supplies

Total In-Patient Discharges
Total Out-Patient Visits

Numbe_r of Beds

Manila

" Bohol

Cagayan

Cebu

Misamis Criental
Quirino
Surigao del Norte

' Prévalely Owned Hospital

Primary Hospital

Secondary Hospital

Tertiary Non-Teaching Hospital
Tertiary Teaching Hospital

Total Cost of Operations (in Thousand Pesos)

"Tolal Cost less Fixed Cost (in Thousand Peso_s)

Average Annual Stipend of Full-Time Medical Residenis
Average Annual Wage of Full-Time Nurses )

Average Annual Wage of Full-Time Other Medical Personnel
Average Annual Wage of Full-Time Non-Medical Personnel :
Annual Expenditures on Drugs and Medical Supplies Per Patient

" Annual Number of In-Patient Dischﬁrges '

Annual Number of Out- Patient Consultations
Tetal Number of Hospital Beds

1 if located in Metra Manila, 0 otherwise

1 if located in Bohot, 0 otherwise

1 if located in Cagayan, 0 otherwise

1 if located in Cebu, 0 otherwise .

1 if located in Misamis Oriental, O ctherwise
1 if located in Quirino, 0 otherwise ° V

1f located in Surigao det Norte, 0 otherwise

. 1ifa privately owned hospital, 0 otherwise

1 if a primary hospital, 0 otherwise
1 if a secondary hospital, 0 otherwise

"1 if a tertiary non-teaching hospiial.lo otherwise

1 if a tertiary teaching haspita!, 0 otherwise

. Number of Observations = 65

Deviation i

0.0923

0.2917

AR &
19,284.50 41,668.30 311.33
. 9.973.25 20,451.00 241.33
69,867.22 47,719.80 680.40 -
39,273.73 16,757.13 712.88
33,757.19 16,786.86 10.233.82
30,691.53 9,989.12 9,767.59
102,54 121.26 0.63
3,976.57 4,955.00 276
41,487.38 120,924.05 759
87.20 149.04 8
0.3385 0.4769. 0
0.1846 0.3310 0
0.1077 0.3124 0

0.2000 0.4031 0 -
0.0462 0.2115 0
0.0462 0.2115 0.
0.0769 0.2685 0

0.4615 0.5024 0
0.2462 0.4341 0
0.4615 - 0.5024 0
0.2000 0.4031 0

0 R

| 249,421.00
131.608.00

318,532.50
139,495.78

. 145,446.66
58,048.80

746.79

24,608

934,794

. 1,044
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. - . Table2a
i : Descrlptwe Statistics of Variables for anary Hospltals

Total Cost . 7 o - TétalCos!ofOpe:alions(infhouéaﬁdPesos}. _ © 4,664.91 1,089.61 7 311.33 4,034.227:

. . ! . |
Variable Cost . _ Total Cost less Fixed Cost {in Thousand Pesos) N : 1,037.97 : 481.44 ~ 24133 2,089.60 -
Wage of Medical Residents - ' Average Annual Stipend of Full Time Medical Residents ~~ 63,687.15 1870125 1500000  84,000.00 -
‘WageofNurses " _ Average Annual Wage of Full-Time Nurses ® ) o 3837194 0,881.39 12,000.00 47,616.00
Wage of Other Medical Personnel Average Annual Wage of Full-Time Other Medical Personnel - 32,587.78 7,226.12 18,577.50 50,400.00
Wage of Non-Medical Personnel Average Annual Wage of Full-Time Non-Medical Personnel 7 - 29,411.78 10,366.04 10,079.76 43,815.43
Value of Drugs and Medical Supplies Annual Expenditures on Drugs and Medical Supplies Per Patient - 62.57 - 64.31 9.01 263.55

- Total [n-Patient Dlscharges "Annual Number of In-Patient Discharges - . : 1,026.18 481.20 276 - 2,095
Total Cut-Patient Visits : Annual Number of Out- Patient Consuitations - 6,447.63 5,662.92 786 20,717
Number of Beds - - “Total Number of I-:IOSp.ItaI Beds = - 15.56 -+ 5.78.- 8 27 |
Manila .- 1iftocated in Metro Manila, 0 otherwise 0.1250 © 0.3416 ] 11
Bohol . 1if located in Bohol, 0 otherwise 0.1875 0.4031 0 1,
Cagayan. 1if located in Cagayan, 0 otherwise - 0.1875 0.4031 0 1!
Cebu , 1if located in Cebu, 0 otherwise 0.1875 0.4031 Tor 1
Misamis Oriental 1 if located in Misamis Oriental, 0 otherwise .0.1250 0.3416 0 1 |
Quirino - 1if located in Quirino, 0 otherwise v ‘j0.06‘25 0.2500 0 1
Surigao del Norte - 1if focated in Surigao del Norte, 0 otherwise .0.1250 '0.3415 0 1 i
Privately Owned Hospital 1f a privately owned hospital, 0 otherwise . 0.25 0.45 i ’

o
=

- Number of Observations = 16
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4 Table 2b.

Des;riptiye Statistics of Variables for Secondary Hospitals -

—eT

Total Cost
Variable Cost |

Wage of Medical Resm!ents

Wage of Nurees . - ... '
Wage of Other Medical Personnel
Wage of Non-Medica! Personnel
Value of Drugs and Medical Supplies

Total [n-Patient Discharges
Total Out-Patient Visits

- Number of Beds

Manila

Bohol

Cagayan

Cebu

Misamis Orientat
Quirino
Surigao del Norte -

- Privately Owned Hospital

Total Cost of Cperations (in Thousand Pesos)

. Total Cost less Fixed Cost (in Thousand Pescs) :

Average Annual Stipend of Full-Time Medical Residents
Average Annual Wage of Full-Time Nurses

Average Annual Wage of Full-Time Other Medical Personnel
Average Annual Wage of Full-Time Non-Medical Persennel
Annual Expenditures on Drugs and Medical Supplies Per Patient

Annual Number of In-Patient Discharges -
Annual Number of Out- Patient Consultations

Total Number of Hospital Beds -

1 if located in Metro Manila, O otherwise

1 if jocated in Bohol, O otherwise...

1 if located in Cagayan, 0 otherwise

1 if ocated in Cebu, 0 otheswise ..

1 if located in Misamis Oriental, 0 otherwise
1 if located in Quirina, 0 otherwise

1 if located in Surigao del Norte, O otherwise

1 if a privately owned haspital, 0 otherwise

Number of Observations = 30

"‘av!,“ 5 ?«“3

D Jr" -r“‘—", C"‘ .' ‘? I

1

4,628.37

2,410.54

72.271.71
36,524.30
28,812.94

28,296.08 -
7877 .

2,708.43
11,349.40

37.03

0.2667
- 0.2000
0.1333
0.2667
0.0333
0.0333

. 0.0867

0.5333

45,256.09 -
8,356.07
9,238.85
8,499.89

63.08

3,404.99
7,173.81

17.68

0.4498
0.4068
0.3438
0.4498 .
0.1826
0.1826
0.2537

0.5074

603.10

36,000.00

12,480.00
10,233.82
8,767.59
422

421

759 .

Co -
ooooQoo O

o

$396.95

55,941 .70
6,239.52

~ 280,088.00

147,588.40
44,552.00
51,200.00

234.03

16,768
35,040

75
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Table 2¢c
Descrlptlve Statlstlcs of Varlables for Non-Teachmg Hosp:tals

Total Cost " © " Total Cost of Operations:{in Thousand Pesos) o '59,288.80 71,612.50 -668.01 249,421.00
Variable Cost - - Total Cost less Fixed Cost {in Thousand Pesos) - . 29,301.10 - 35,672.20 1,045.44  131,608.00
Wage of Medical Residents . Average Annual Stipend of Full-Time Medical Residents - 83,434.54 7704639 . 68040  318,532.50
Wage of Nurses ’ Average Annual Wage of Full-Time Nurses - 47,025.95 - 32,728.63 712,88 139,495.78
Wage of Other Medical Personnel _ Average Annual Wage of Full-Time Other Medical Personnel 45,341.07 31,812.99 .  16,360.00. 145,446.66
" Wage of Non-Medical Personnel Average Annual Wage of Full-Time Non-Medical Personnel 35,830.48 11,868.45 15,660.00 58,048.80
Value of Drugs and Medical Suppiies Annuat Expenditures on Drugs and Medical Supplies Per Patient , 146.40 149.78 063 - 419.07
Total In-Patient Discharges PP — " 886538 669271 2035 = 24608
Total Qut-Patient Visits Annual Number of Out- Patient Censultations 133,427.38 1249,312.07 3,993 _ 934,794
Number of Beds “Total Number of Hospital Beds ' . 235.54 . 267.27 50 . 1,044
Manila  § itlocated in Metro Manita, © otherwise 0.6154 0.5064 "0 1
Bohol 1if tocated in Bohol, 0 otherwise : . . 0.1539 0.3755 0 1
Cagayan - 1if located in Cagayan, O otherwise -~ 0.0000 0.0000 0 0
Cebu ' 1 if located in Cebu, 0 otherwise - -0.0769 0.2774 O 1
Misamis Oriental "1 if located in Misamis Oriental, 0 otherwise ‘0.00C0 0.c000 - 0 0
Quirino A ~ 1iflocated in Quirino, 0 otherwise " 0.0769 0.2774 0 . 1
Surigao del Norte - 1 if located in Surigao del Norte, O otherwise .0.0769 0.2774 0 1
P'rivatély Owned Hospital 1 if a privately owned h'o_s.pi.l-al. ] ctherwise 03846 - 0.5064 0 1

~ Number of Observations = 13 _




Table 2d - -
Descriptive Statistics of Variables for Teaching Hospitals

Total Cost Totai Cos! of Operations {in Thousand Pesos} 52,879.30 45206.40 : 15,235.0C0  113,546.00

~ Variable Cost : Tote!l»Cost Tess Fixed Cost {in Thousand Pescs) : 29,737.30 15,762.00 9,934.74  52,286.50
Wage of Medicai Residents ~ Average Annual Stipend of Fuli-Time Medical Resideats - : 44,929.15 16,009.67 23,600.00 71,424.00
Wage of Nurses Average Annual Wage of Full-Time Nurses - 38,629.19 4.256.85 31,894.36 43,237.41
Wage of Other Medical Personnel Average Annual Wage of Full-Time Gther Medical Personnel 36,498.44 4,170.85 32,282.39 42,078.59
Wage of Non-Medical Personne! Average Annual Wage of Full-Time Non-Medical Perscnnel 34,947.05 8,227.12 15,927.20 42.045.30
Value of Drugs and Medical Supplies Annual Expenditures on Drugs and Medical Supplies Per Patient 23288 254,89 97.79 746.79
Total In-Patient Dischargés . Annual Number of in-Patient VDischarges . . 7.592.50 4 84349 1,084 13,668
Total Cut-Patient Visits .~ Annuval Number of Out~Patient Consuitations N 86,413.33 - 61,840.54 _— 30‘589' 191,198
Number of Beds : Total Number of Hospitat Beds | 207.67 69.58 .- 150 328 ;
Manila 1 if located in Melro Manila, O otherwise 0.6667 0.5164 o 1
Boho! . 1 if located in Bohol, 0 otherwise 0.1667 0.4083 ] 1
Cagayan 1 if located in Cagayan, O otherwise ' 0.0000 - 0.0000 0 0
Cebu ] 1 if located in Cebu, 0 otherwise 0.1667 : 0.4083 0 1
Misamis Oriental 1 if focated in Misamis Oriental, 0 otherwise _ 0.0000 0.0000 0 Q
Quirinc 1 if located im Quirino, O ctherwise 0.0000 0.0000 0 C
Surigao del Norte : 1 if located in Surigao del Norte, 0 otherwise ) / 0.0000 0.00Q0 b} 0
Privately Owned Hospital . . 1 if 2 privately owned hospital, 0 othenwise ' 0.8333 0.4083 ¢ 1

Number of Observations =6 ;




- Table Ze ] :
" Descriptive Statistics of Variables for Private Hospitals -

TotalCost ~ = “ . Total Cost of Operations (in Thousand Pesos) | .16,890.40. . 32,327.8 476.00  113,546.00
Variable Cost _ = Total Cost less Fixed Cost (in Thousand Pesos) S ~ 10,915.70 17,722.9C - 386.95 58,008.60
Wage of Medical Residents - Average Annual Stipend of Full-Time Medical Residents 65677.32 5261532 2360000 - 318,532.50
Wage of Nurses™ - . ~ Average Annual Wage of Full-Time Nurses’ . o - 37,347.42 - 21,817.33 . 11,700.00  139,495.78
Wage of Other Medical Perscnnel Average Annual Wage of Full-Time Other Medical Pessonnel 34,014.75. 23,324.89 10,800.00 145,446.66
Wage of Non-Medical Personnel Average Annual Wage of Full-Time Non-Medical Personne! 30,396.47 . 12,070.08 12,654.55 58,048.80
Value of Drugs and Medical Supplies Annual Expenditures on Drugs and Medical Supplies Per Patient = 126.42 . 183.05 - - 1.72 746.79
Total In-Patient Discharges Annual Number of in-Patient Discharges 427283 4,417.44 276 - 16,768
Total Out-Patient Visitsr . Annual Number of Out- Patient Consuitation- . 27,333.80 .  41,737.23 759 191,198
Nﬁmber of Beds " Total Number of Hospita! Beds o 7420 80.76 8 329
Manila 1 if located in Metro Manila, O otherwise 0.5667 0.5040 0 1
Bohol 1if located in Bohol, O otherwise . ' -0.2000 0.4068 o 1
Cagayan 1 if located in Cagayan, 0 otherwise 0.0333 0.1826~ 0 1
. Cebu 1iflocated in Cebu, O otherwise - - : 0.1667 - 0.3791 -0 1
Misamis Oriental 1 if located in Misamis Oriental, O otherwis: .0.0333 0.1826 0 1
Quicino ‘ 1 if located in Quirino, 0 otherwise : 0.0000 0.0000 0 0
Surigao del Norte 11 located in Sufigao del Norte, 0 otherwise 0.0000 - 0.0000 0 0
Primary Hospital 1if a primary hospital, O otherwise - 01333 - - 0.3458 0 1
Secondary Hospital - 1 if a secondary hospital, O otherwise .0.5333 - . 0.5074 0 1
Tertiary Non-Teaching Hospita! " 1if a tertiary non-teaching hospital, 0 otherwise 0.1667 .0 03T 0 -1
Tertiary Teaching Hospital -1 f a tertiary teaching hospital, 0 othervrise 7 0.1667 0.3791 0 1

Number of Observations =30




Table 2f

-Descriptive Statistics of Variables for Public Hospitals

Total Cost 7
Variable Cost

Wage of Medical Residents

Wage of Nurses )

Wage of Other-Medical Personne!
Wage of Non-Medical Personnel
Value of Drugs and Medical Supplies

Total In-Patient Discharges
Total Out-Patient\ﬁsits '

Number of Beds

Manila

Bohaol

Cagayan

Cebu

Misamis Criental
Quiring ,

" Surigao del Norte

Primary Hespital

Secondary Hospital

Tertiary Non-Teaching Hosptital
Tertiary Teaching Hospital

Total Cost of Operations (in Thousand Pesas)-
Total Cost less Fixed Cosl {(in Thousand Pesos)

* Average Annual Stipend of Full-Time Mediczt Residents

Average Annual Wage of Full-Time Nurses

Average Annual Wage of Full-Time Other Medical Personnel
Average Annual Wage of Full-Time Non-Medical Personnel
Annual Expendilures on Drugs and Medical Supplies Per Patient

Annual Number of [n-Patient Discharges

~ Annual Numbegof Out—fatie nt Consultations

.. Total Number of Hospital Beds

{ if located in Metro Manila, 0 otherwise

1 if focated in Bohol, 0 otherwise '

1 if localed in Cagayan, 0 ctherwise

1 if located in Cebu, 0 otherwise

1 if located in Misamis Oriental, § otherwise
1 if located in Quiring, 0 otherwise

~ 1iflocated in Surigao del Norte, 0 olherwise

1 if a primary hospilal, @ slherwise

1 if a secondary haspiisf, 0 otherwise

1 if a terliary non-teaching hospital, 0 otherwise
1 if a terdiary teaching hospital, 0 otherwise

Number of Observations = 35 )

21%,337.30
8,165.47

73,458.57
40,924.85
33,536.42
30,944.44

§2.07

3,722.63
5_3,619'.03

98.34

0.1429
0.1714
0.1714
0.2286
0.0571
0.0857
0.1429

0.3429
0.4000
0.2286
0.0286

48,656.30
22,757.80

43,548.02
10,793.05
8,142.06

7,963.73°

- 63.78

5,424.72
160,346.06

189.67

0.3550
0.3824
0.3824
0.4260
0.2355
0.2840
0.35530

0.4816
0.4871
0.4250
0.1690

311.33

241.33

. 680.40
712.88

10,233.82

9,767.59
0.63

454
786

10
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249,421.00
131,608.00

280,088.00 .
67,064.00 -
63,632.14
4381543

263.55 °

24,608
. 834,794

1,044 |
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. Table 2g '

Descriptive Statistics of Variables for Hosp_ifalﬁ in Bohol

Total Cost . Total Cost of Operations (in Thausand Pesas) o 594462 9,319.66 47600  32,756.00
Variaple Cost _ Total Cost less Fixed Cost (in Thousand Pesos) - - 2,976.50. 5,080.90 396.85 18,733.30
Wage of Medicai-Residents - .Average Annual Stipend of F;Jll-'r:me Medical R-esidenls - 70.3':97.00_. . 25,971 .05 -36,000.00 ‘ 143;928.00
Wage of Nurses Average Annual Wage of Full-Time Nurses 31,934.12. 12,361.66 11,700.00 47,328.00
Wage of Other Medical Personnel - Average Annual Wage of Full-Time Other Medical Personnel 29,129.80 12,199.61 10,800.00 50,400.00
Wage of Non-Medical Personnel Average Annual Wage of Full-Time Non-Medica! Personnel 2462022 8,234.10 12,654.55 41,096.00
Value of Drugs and Mgdical Supplies  Annual Expenditures on Drugs and Medical Supplies Per Patient 87.54 76.{1 1.72 263.55
Total In-Patient Diséharges Annual Number of In-Patient Gischarges .. 196117  978.82.. 908 . 4313
' Total Out-Patient Visits Annuat Number of Out- Patient Conéultatjons 10,081.33 14,168.25 759 51,162
Number of Beds - ~ Total Number of Hospial Beds | 5142 4880 19 200
- Privately Owned Hospital " 11 a privately owned hospital, 0 otherwise - 0.5000 0.5222 - G- 1
Primary Hospital - 1if a primary hospital, 0- olherﬁrise 0.2500 0.4523 0 1
Secondary Hospital - - . 1 if a secondary hospital, 0 otherwise - -0.5000 0.5222 0 1
Tertiary Non-Teaching Hospital " 1if a tertiary non-teaching hospital, 0 otherwise . . 0.1667 - 0.3893 0 1
Tertiary Teaching Hospitat. 1 2 tertiary teaching hospital, 0 otherwise 0.0833 - 0.2887 0 1

Number of Observéﬁohs = 12




Table 2h
Descnptwe Statistics of Variables for Hospitals in Cagayan

Total Cost . _ Total Cost of Operations {in Thousand Pesos) 2,894.11 2,393.99 1.086.'21. 7,202.46
Variable Cost 7 : Total Cost less Fixed Cost (in Thousand Pesos) ; 1.923.44 1,489.53 ' 678.27 4,272.02
Wage of Medical Residents Average Anaual Stipend of Full-Time Medical Residents 67,126.63 5,569.08 60,000.00 77,064.00
Wage of Nurses Average Annual Wage of Full-Time Nurses 40,736.05 6,131.73 30,000.00 47,588.40-
Wage of Other Medical Personnel Average Annual Wage of Full-Time Other Medical Personnel 32,845.16 5,124.82 26,997.00 42,169.85
Wage of Non-Medical Personnel Average Annual Wage of Full-Time Non-Medical Personnel “28,781.19 "~ 6,155.78 19,066.67 35,640.00
Value of Drugs and Medical Supplies Annual Expenditures en Drugs and Medica! Supplies Per Patient ' - 38.98 - - 37.98 - - 422 © 93.80
Total In-Patient Discharges - Annua! Number of In-Patient Discharges 1,475.43 . 56287 925 2,660
Total Out-Patient Visits Annual Number of Out- Patient Consultations ) 11,833.29 4,883.67 . 6,724 16,974
Number of Beds Total Number of Hospital Beds - - 2457 12.61 10, 50
Privately Owned Hospital . 1 if a privately owned hospital, 0 otherwise 0.1429 0.3780 c 1
Primary Hospital 1 if a primary hospital, 0 otherwise » 0.4286 0.5345 -0 1
Secondary Hospital 1 if a secondary hespital, O otherwise 0.5714 0.5345 0 1
Tertiary Non-Teaching Hospitat 1 if a tertiary non-teaching hospital, 0 otherwise 0.0000 0.0000 - 0 o
Tertiary Teaching Hospital 1 if a tertiary teaching hospita!, 0 ctherwise 0.0000 0.0000 0 0

Number of Obsewétiohs_? 7




. . Table 2i . s
~Descriptive Statistics of Variables for Hospitals in Cebu

o Total Cost Fota! Cost of Operations (in Thoqsaﬁd Pesos) ' - - 8,134.14 7,148.61 835.19 23,408.00
" Variable Cost _ Total Cost less Fixed Cost (in Thousand Pesos) ) ) 6,301.81 10,642.80 68125  40,119.30
Wage of Medical Residents VAverage Annual Stipend of Full-Time Medical Residents 80,357.63 Si 422.38 41 ;142.85 280,088.00
Wage of Nurses . Average Annuat Wage of Full-Time Nurses 42,926.08 3,009.31 37,500.00 48,800.00
Wage of Other Medical Personnel Average Annual Wage of Full-Time Other Medica! Personnel 32,874.53 8,348.99 . 22,138.29 42,078.59
Wage of Non-Medical Personnel Average Annual Wage of Full-Time Non-Medical Personnel - 32,842.83 6,010.20 22,153.85 42,593.00
- Value of Drugs and Medical Supplies Annuai Expenditures on Drugs arid Medical Supplies Per Patient - 116.21 1063.03 . 10.55 384.96
Totat in-Patient Discharges " Annual Number of In-Patient Discharges ' 305354 426953 483 - 13668 -
Total Qut-Patient Visits Annual Number of Qut- Patient Consultations 21,285.62 32,417.23 3,893 127,1g2
Number of Beds : Total Number of Hospital Beds 53.38 61.91 10 246
Privalely Owned Hospital 1.if a privalely owned hospital, 0 olherwise 0.3846 : 0.5064 ' "0 L 1
Primary Hospital 1 if a primary hospital, 0 otherwise - 0.2308 | .0‘4385 0 1 I
Secondary Hospital 1 if a secondary hospital, 0 olherwise : 0.6154 0.5064 0 1
Tertiary Non-Teaching Hospita! 1 if a tertiary non-leaching hospital, 0 otherwise .. 0.076%9 0.2774 0 1.
Tertiary Teaching Hospital ' - 1if a lenfary teaching hospital, 0 otherwise 0.0769 0.2774 0 1 .

Number of Observations = 13




: Table 2j
Descriptive Statistics of Variables for Hospitals in Misamis Oriental

Total Cost Total Cost of Operations (in Thousand Pesos) . 3,046.94 290202 31133 6,090.76
Variable Cost Total Cost less Fixed Cost (in Thousand Pesos) : 1,773.97 - 1,401.73 241.33 2,950.98
Wage of Medical.Residents - Average Annual Stipend of Full-Time Medical Residents ) 36,388.80 19,977.71 15,000.00 54,566.40
Wage of Nurses : Average Annual Wage of Full-Time Nurses 32,200.00 7,358.25 23,874.00 37.830.00
Wage of Other Medical Personnel Average Annual Wage of Full-Time Other Medical Personnel 303,900.09 10,713.93 18,577.50 38,012.00
Wage of Non-Medical Personnel Average Annual Wage of Full-Time Non-Medical Personnel 27,084.59 14,731.85 10,079.76 35,980.00
- \/a!ue of Drugs and Medical Supplies Annuat Expenditures on Drugs and Medical Supplies Per Patient - 57.49 . 69.32 .11.43 137.22
Total In-Patient Discharges : Annﬁal Number of In-Patient Discharges’ , . 1,370.33 537.12 454 . 2,005
Total Out-Pa_tient Visits Annual Number of Out- Patient Consultations - 11,109.67 9,291.51 2,170 120,717
Number of Beds . Total Number of Hospital Beds 29.33 15. : 5 . 4B
Privately Owned Hospital : 1if a privately owned hospital, 0 otherwise 0.3333 0.57 0 1
Primary Hoﬁpifal . 1"if a primary hospital, 0 otherwise : 0.5557 X 0.5774 0 1
Secondary Hospital ' 1if a secondary hospital, 0 otherwise ©0.3333 0.5774 0 1
Tertiary Non-Teaching Hospital 1 if a tertiary non-teaching hospital, 0 otherwise ) 0.0000 - 0.0000 0 ¢
Tertiary Teaching Hospital 1if a tertiary teaching hospital, 0 otherwise : . 0.0000 0.0000 0 C

Number of Observations = 3




) Table 2k 7 .
Descriptive Statistics of Variables for Hospitals in Metro Manila

Total Cost | - “Total Cost of Operations (in Thousand Pesos) 4458330 - 64,511.90 “663.46  249,421.00
Variable Cost Total Cost less Fixed Cost {in Thousand Pesos) 21,750.70 31,010.30 57262 - 131,608.00
Wage of Medical Residevnls ) Average Annual Stipend of Full-Time Medical Residents 66,587.35 63,139.73 680.40  318,532.50
Wage of Nurses - Average Annual Wage of Full-Time Nurses 41,455.30 . 25,743.94 © 712.88  139,495.78
Wage of Other Medical Personnel Average Annual Wage of Full-Time Other Medical Personnel - 38,584.12 25,930.18 18,933.33  145,446.66
W_age of Non-Medical Personnel Average Annual Wage of Full-Time Non-Medical Personnel 32,870.24 11,861.21 - 14,200.00 58,048.80
Value of Drugs and Medical Supplies - Annual Expenditures on Drugs and Medical Supplies Per Patient - " 137.58 . 175.93 ) 0.63 ° , 746.79
Tota! in-Patient Discharges " Annual Number of In-Patient Discharges ' '7,168.64 6,640.24 2786 24,608
Total Qut-Patient Visits : Annuat Number of Out- Patient Consultations 92,701.14 198,759.64 1,480 934,794
Number of Beds < Total Number of Hospital Beds . . 165.14 ‘ 230.82 . 8 1,044
Privately Owned Hospital 1 if a privately owned hospital, O otherwise 0.7727 0.4289 0 1
' Primafy Hospital i 1ifa primary hospital, O otherwise " 0.0808 0.2842 0 1
Secondary Hospital ‘ 1 it a secondary hospital, O otherwise 0.3636 0.4924 - 0 1
Tertiary Non-Teaching Hospital -~ 1ifa {ertiary non-teaching hospital, 0 otherwise 0.3636 0.4924 0 i
Tertiary Teaching Hospital 1 if a tertiary teaching hospital, 0 otherwise - 0.1818 0.3948 0 1

Number of Observations = 22.




. Table2l' o
Descriptive Statistics of Variables for Hospitals in Quirino

Total Cost | : " Total Cost of Operations (in Thousand Pesos) 7 e7s45 731903 127223 15035.70
Variable Cost Total Cost less Fixed Cost (in Thousand Pesos) . 3,964.97 4,372.36 844.86 8,962.50
- Wége of MedicalrRasidents Average Annual Stipend of Full-Time Medica! Residents ' 86,227.27 22,351.70 7188200 111,981.82
Wage of Nurses Average Annval Wage of Full-Time Nurses 43,015.10 167164 . 41,085.00 44,000.31
Wage of Other Medical Personnel Average Annual Wage of Full-Time Other Medical Personnel , 34,541.89 3,315.21 31,858.67 . 38,248.00
Wage of Non-Medical Personnel . Average Annual Wage of Full-Time Non-Medical Personnel 36,304.12 . 6,967.25 29,070.67  42,970.50
Value of Drugs and Medical Supplies Annual Expendityres on Drugs and Medical Suppiies Per Patient - 80.63 61 .61_ - - 3691 . 151.09
Total in-Patient Discharges ‘ Annual Number of in-Patient Discharges 2,556.33 2,083.17 - 822 4902
Total Out-Patient Visits Annual Number of Out- Patient Consultations ' 17,165.33 11,453.43 5,234 28,072
Number of Beds Total Number of Hospital Beds ' 46.00 47.15 _ 13 - 100
Privately Owned Hospital 1 i a privately cwned hospita!, 0 otherwise 0.0000 0.0000° 0 0
Primary Hospital . " 1if a primary hospital, O otherwise 0.3333 0.5774 0 1
Secondary Hospital o 1 if a secondary hospital, 0 otherwise _ 0.3333 0.5774 0 1
Tertiary Non-Teaching Hospital 1 if a tertiary non-teaching hospital, 0 otherwise 0.3333 0.5774 0 i
Tertiary Teaching Hospital il atertiary teaching hospital, O otherwise . 0.0000 0.0000 0 0

- Number of Observatibns =3




. . Table 2m ] _
" Descriptive Statistics of Variables for Hospitals in Surigao del Norte

5 tq?r |

i Deviation

R TS
Total Cost : " Total Cost of Operations (in Thousand Pesos) ) 9,212.81 ’ 11,294.10 1,583.69 28,838.00
Variable Cost - Total Cost less Fixed Cost (in Thousand Pesos) 4,284.50 5,805.08 861.47 14,459.50
Wage of Medic‘alRe’s'idents' Average Annua! Stipend of Full-Time Medical Residents 7 69,860.00 19,080.75 37,404.00 82,120.00
Wage of Nurses - Average Annual Wage of Full-Time Nurses 37,745.96 13,974.72 13,200.00 47,616.00
Wage of Other Medical Personnel Average Annual Wage of Fuil-Time Other Medical Personnel 28,299.58 10,316.54 10,233.82 35,824.98
Wage of Non-Medical Personnel = Average Annual Wage of Full-Time Non-Medical Personnel - 31,554.08 1345485 ~  §,767.59 43,815.43
.Value of Drugs and Medical Supplies Annual Expenditures on Drugs and Medical Supplies Per Patient 77.97 25.83 46.47 109.49
Total In-Patient Discharges- Annual Number of In-Patient Discharges 3,085.80 3,389.08 649 8,912
" Total Out-Patient Visits Annual Number of Qut- Patient Consultations 18,241.60 25,635.86 2,784 63,605.
Number of Beds Total Number of Hospita Beds - 65.20 - 62.78. 10 163
Privétefy Owned Hospital 1 if a privately owned haspital, 0 otherwise . 0.0000 - . 0.0000 0 0
Primary Hospital 1 if a primary hospital, 0 otherwise : ~ 0.4000 0.5477 0 1
- Secondary Hospital 1 if a secondary hospital, 0 ctherwise 0.4000 - 0.5477 0 1
Tertiary Non-Teaching Hospital 1 if a tertiary non-teaching hospital, 0 otherwise : 0.2000 0.4472 0 1
Tertiary Teaching Hospital " 1ifatertiary teaching hospital, O otherwise _ 0.0000 . ~0.0000 ) 0 0

‘Number of Observations = 5
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Regression Results

~ The regression results of the translog variable cost funetion for the hdspitalé in the
sample are presented in Table 3.* Except for dummy varmbles mtended to capture mtcrcept

changes due to hospital type, hospital ownership, and the location of hospitals, the form of

“the variable cost function whose parameter estimates are reported in Table 3 is ldcntlcal.t(_)

: 'equation (9) of chapter three,** with I=5 N =2, T'=1, and L = 65.

To i improve the precision of the estimates (as well as to increase the degrecs of [reedom),

the translog varlable cost function itself and four of the five share equations were speciﬁcd as a

: system of. equations and full-information maximum likelihood (FIML) procedures (in '1‘SP386)

were used in the estimation. One share equation had to be omitted {rom the equation sytem

to avoid singularity in the error terms; tlns was the cost share of drugs and medical SU])])]]CS

‘The equality conditions for continuity in, both outputs and input prices (equatlon (11)) as

well as linear homogeneity in input prices (equation (12)) were imposed as prior I(.bLllCLl()Hb,

following standard practice in translog cost function estimations.

Inequality Restricti
In gencra] the rcgressnon results seem sound They meet the inequality conditions for

the t.ranlefr variable cost functlon spec1ﬁcd in chaptcr three: The coeflicients of the natural

vlogamhm of input prices (¢ for i = 1,. ..,5) are all estimated to be posxtlve and highly.

significant, and the coefficients of the natural logarithm of the output;s (ﬂ,. for n =1, 2) are

at least non-.ncgat,lve, in effect fulfilling the conditions for monotonicity in factor prices and

oulputs as sLipulaLed in equations (13) and (14). Concavily in input prices and convexity in

“outputs ere also satisfied: The Hessian matrix I, is (weakly) 'negat'iv‘e serhideﬁnite'with'

* Attempts at estimating other specifications were unsuccessful. These include (a) stochastic fronticr
cost functions and (b) an unoptimized cost equation in which, following the suggestion of Wagstafl and

Barnum (1992), the fixed factor enters twicc—as a parameter of the optimized variable cost function as

well as of the fixed cost equation. In the stochastic fronticr specification, the residual variance of Lhe cost
function could not be decomposed into that of the one-sided disturbance term (which is Intended to measure

the magnitude of technical and allocative inefficiency) -and of the two-sided error term (which is meant to

account for the cffects on costs of truly random factors)—a result that is consistent with the Monte Carlo
studies of Aigner, Lovell, and Schimidt (1977) for sample sizes smaller than 100 observations. In the cost
equutlon specification, mcludlng the fixed factor twice in the set of regressors led to serious colhncanty

"problems.

** All equations referred to are ;.hosc of chapter t.hrce
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‘ Table 3 . _,
Translog Hospital Variable Cost Function
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principal minors: Ay = —0.2051 and k¥ = ... = h¥ =0, while the Hessian matrix H,, is (weakly)

positive semidefinite with principal minors: i} =0.1521 and k% =0."

'I‘uming to the intérpretation of the-individual pa‘:raméaters, recall that the input price -
coempients s arc the interéepts of the cost share eﬁuixtions (equation (jls'))).- _ Since the
variables in the translog variable éost function are mean-scaled, however, when the share
equations are evaluated at the sample means of the regressors, the cocfficient estimates also
, repfcsent the cost shares of the various input categories. As such, the ais ought to take
on estimatéd values that lie in the unit interval—which they do in the results. Among the
~ variable mputs, drugs and medical supphcs have the lnghcsb estimated cost share (47.8%),
' although labor services as a whole account. for about 52.2% of variable costs. Surprlsmg,ly '
the cost shares of the various personnel categorles are relatively even, on average accountmg
‘for 11 to 18 perccnt of variable costs. - _'

In Lhc case of the output cocflicients, §; and B, their cstimates can be mLc: preted as
t‘.he output, cl;xstlcxtxes of variable costs (which are monotonic transforms of marginal costs)
when the é.valhatién is performed at the sample. means of the variables.. In this light, the
Nack of statistical 'signiﬁcaxlce of A, and the significant but small magnitude of 3; can be
“taken to mean thdt' variable costs are ré]atively uxi'responsive to small increases in oul.puﬁs'
What £, = 0.544 1mphes for. mstance is that if the number of out-patient visits to. ‘hospitals
‘doubles, variable costs, on average, would increase only by about 54%. In terms bf the more .
cust.omary cost curves, this result suggests that on average the hospitals in the sample are

operatmg at the decreasing portion of their average variable cost curves.**

* Wald tests conducted for each principal minor mdncatc that only Y’ and 4} arc different from zero at

10% level of sxg'mﬁcance

** This interpretation follow's from the well- known result that
. v

o [<l e . decreasing, '
- = ) — as ¢V/fy is at its minimum level, or

Dy > incrensing.
Multiplying through by y/e¢” gnvcsl the result in terms of the output elasticity of variable cost:
_ v ; , . .

. v [ < . decreasing, -
dlnc vy il . - :
= 1 ns cVJy is ut its minimum’level, or »

diny ‘>j . increasing.
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“ Does the estimated cost function ha\-rc a Cobb-Douglas form? Recall {rom chapter three
“that the t,ranslog variable cost functxon takes on the form of a Cobb-Douglas [unctnon when
| the coc(licients of the interaction terms, oy, ﬁ‘ﬂ.,,, Yeey p.,,, '6.,, and 0, (for ij = 1...,5
n,m'=1,2; and ¢t = 1), are found to be jointly not sxgmﬁ_'cantly dlﬂcrent.froms'zqro; Usmg
the Wald test to test this composite hybothesis yiclds a t.;iest statistic of x7, =429.45. Ience,
. the hypothesis that the cst.imatcd'cost-_‘fuilct.ion is no different from a'Cobb-Douglas cost

function is to be rejected for any given significance level.

Doces Hoénﬂnl Type, Ownership, or Locnhon Matte

Ten dummy vanables were included as TCEreSSOors of the varmble cost function to caplure
mtercepb shifts.in variable cost arising frofn dlﬂ'erences in hospital type, hosplt;al ownership,
and provmcml locatxon * But of these dummy variables, only a hospital’s bemg located m" ‘
Bohol turncd out to be sxgmﬁcantly different from zero. This 1mphes that on avemrre there -

-are no significant dillerences in the mtcrcepts of the variable cost flincmons of 'sccondary .
_ lxospft'als and of other ‘types of vhospita]s of go’vernment-oximed and of pfi\'rat‘e lnospitals dnd
of hospltals located in Manila and of those located in other provinces with the exception of
Bohol In the case of Bohol hospltals, the intercept of thelr vanable cost [unctlons turns out

to be lower than'that of Manila hosplt.als

Are there Ecdno_mi s (Diseconomies) of Scale?

Woxi]d avlcrage variable costs declinéfincreasé or keep pace with outp-uts if ilosyaitnls .
were to expand the scale of their operatlons (while maintaining the rclative proportions ol
their outputs)" As discussed in chapter three, this question is answered using the index of

ray scale economies e‘at the long-run optn_mal level of the fixed mput.. For T=1and N =2,

. Incidentally, note too that

dinev | < ' decreasing,
' =0 as marginal cost is < at its minimuin level, or,

diny > increasing.

* Secondary hospitals, pubjic hospitals, and hospitals located in Metro Manila were selccted as the left-out
categaries,. '



7
the ray scale index may be expresscd as:

l - (1 + A1 Inky’)
- En-—l ﬁn
or n terms ot the estimated parameters

1= (0 41926 + 0. 24806 Ink*’)
0.05554 + 0.54369

Thus, the value of ¢ depends on the value of k' , the mean-scaled long-run optimal number.
of hospital bed,s', ‘which unfortunately is'not known. Since &' is the only variai)le with an
unknown value on the right hand side of ¢, however, the value of k*' can be solved for ¢= 1
to derive relative ranges of economies or diseconomics of scale. Usiné the sample mean of

hospital beds (87.2), it can be caleulated that

. | v
€ 1 when. k' { = }8009.
_ >

In other words, if the long;rull optimal size of hospitals in the regression sample is about

Al vV

80 beds; then doubling the scale of hospital operations would correspondingly double their
unit variable costs. If the long-run optimal number of beds turns out to be much less than
éo, then doubling outputs would increase variable costs, but by less than the increase.in
outputs. Finally, if &' >> 80, average variable costs of hospitals in the sample \_vould more

than double if demand for their services doubled.

Are !; 1ere lfggng mies (Diseconomies) of Scope?

Should hospltals offer both in-patient and out-patient care" The mdex of : scope economies
given in equation (23) is calculated to be ~0.0007, but by the Wald test is found to be .
insignificantly different from zero (x} = 00003) Thus, it is apparcntly not cheaper and

nelther is it more expenswe for hospitals to oﬂer both in-patient and out-patxent services -

jointly.

" Table 4 presents the matrix of Allen elasticities of substitution (AES) for the five variable

mput categories considered ip the cost [unction estimation.* Of the s(;atis(;ically signiﬁcant

N

* 'l‘hcsc Allen clasticitics are cz\lculntcd at the pomt. of approximation of the translog vanablc cost function
Jamg cquation (24) .
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Allen Elasticitie_s' -
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" AES indices, the category, drugs and medical supplics, turns out to e an Allen substitute of
all four categories of labor. Medical residents and nurses turn out to be Allcn complements,
_whnle nurses are Allen substitutes of other medical pcrsonnel That drugs. and medlcal sup-
“plies are Allen substitutes of labor servicés iri hospitals and that nurses are Allen substitutes
of other medlcal personnel perhaps suggest that treatment plotocols become more capltal in-
tenswe as wage rates of hospltal personnel rise. For msta.nce, for a given admlssmn bed rest
~and bemg under observation which require intensive nursing services may be discouraged in
favor of more diagnostic tests, which require more drugs and medical supplies, when nurses’
tlme becomes more expensive. Why medical residents and nurses are Allen complements is
'pcrhups because they tend to work in teams. When treatment protocols move away from

nursing services, demand for the services of medical residents also decline.

Do Ilosmtalq hzwe Too Much Bed Qapz{éitx

As dlscussed in chapter three, the issue of whether thcre is too much capital stock in the -
| hospll,al system given the levels of outputs of hospilals is usually mvcstlgatcd by comparing
“the value of ~a¢¥/dk with the optimal return on investment in the fixed factor. The hypothesis
'on this issue is that ac*/dk < 0 (or, equfyalently, dlnc” /dInk = v < 0), sincehlong the same
| isoquant (i.e., hold‘in.g-outputs- fixed), the utilization of variable inputs must decrease as
' amounts of the fixed factor are increrhented :

Ta.ble 3 reports a statxstlcally sngmﬁcant 4 = 0.419. - Cowing and IIoltmann (1983), who
got a sxrmlar rcsult mterpret this to mean that hospntals are ovcrcapltahzed But Wagstalf
‘and Barnum (1992) disagree. Noting that it is 9c/dk > 0 (the partlal derwatwe of total costs
with respect to capital stock) that mdlcatcs overcapitalization, they ar&,uc that ac"/a;. >0is
instead evxdence that variable costs have not been totally rid of fixed costs.

‘ I-Iere, still another mterpretatxon is suggest.ed. Note that the output measures used in
the regreséion do not control for treatment procedures. As new'caﬁital equipmént bgcomeé
available in hospitals,.-howevér, it- may well' be that doctors. change the procedu'fes they
prescribe in favor of uéing the new machines. If 50, even variable costs would be positively
“aflected by“increasin‘g th;e h?spitals' stock of capital.* In other words, it is pbssiblc' that

when a hospital purchases mi:w cquipment, it docs not only incrcase the hospital’s capital

* Formally, let g be some index of quality (e.g., diagnostic acciiracy) which has a positive influence on the
cmployment of variable inputs z, (e.g., the services of medical technologists) and is itself increasing in fixed
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stock but also changes the hospital’s technology. As a result, new isoquants prevail, and to

produce the same output levels, even variable costs increase.

This comp]etes the presentation and mt;erpretatlorﬁ of the regression results In the next
sectlon, the results of some simulation exercises (whlqh were undertaken to mvestlgate the

structure of costs and production of different categonés of hospitals) are presented.’

factors k (e.g., more expensive machines), Then,

% _ . (9= 0z
ok =W\t o ok )

© where dz,/dk is the direct effect of & on the employment of variable inputs and (9z,/8q)(8q/dk) is the
- effect through quality. It is therefcre possible for fixed factors to have a net positive effect on variable costs:
‘their nnpact. on variable cost.s through quality just has to be stronger than their direct effect,
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Counterfactual Simulations

In chapter five, the regression resultsreported in ?I‘abje 3 were interpreted and statistical
~ infererices were made al the point of apﬁmxiination?iof the translog variable cost function.
In those tasks, the effort was greatly simplified by the fact that the translog variable cost
function is a Taylor series éxpansion al Vc_ct.or point 0 of natural logarithms 6( mean-scaled
“variables. Tor at the sample means, the natural logarithms of these va,riablés are zero and
drop out of the formulas and indices used to investigate various aspects ol hospital cost and
production. Tl}is simplification came at the cost, however. Away from the 'smriplc: means—
where specilic categories of hospitals that made up the regression sample. are observed Lo bes
—it is not clear what the picture of costs.and production that cinerges [rom the regression
looks like. | | -

To (partly) redress thi's shortcoming, this chapter reports and interprets the results of six
simulation’ exercises which were pcrformcd (using the estimated parameters of the translog
variable cost fum’:tion-reportcd in Table 3) in order to analyze and compare certain aspects
of costs and production of different categories of hospitals.** The results of these éxerci;ses

are presented in Table 5.

Qutput, Hlaqtlgmgq of V@ngblg Cost,

| How would hospital (vanab]e) costs behave when dcmand for a catcgory of output ser-

vices doubles, holding the levels of other services constant? This question may be answered |
by calculating the output elasticity of variable cost, which may be roughfy defincd as mea-
- suring tllevperccnt change in variable cost resulting [rom a one percent change in an output
' ‘c‘ategory', holding all other variables fixed. In terms of the more customary cost curves, it can

be casily shown that the butput elasticity of variable cost is less than, equal to, or greater

* Had there been sufficiently many hospitals in each category of interest (Leneg by type nnd owncrslup).
© separate regression runs could have been performed and comparisons (across hospital type and ownership)
of t.he structure of hospital costs and production would then have been possible fromn the separate runs.

* The reader is cautioned that .these results. are to be taken as being suggestive of rather than the last
word on the true cost and produgtion structure of hospitals. Because the regression was performed on a
pooled sample of hospitals of diffgrent types and ownership (due to the small number of observations), a
not-too-realistic assumption underlying the estimated cost function is that hospitals in the sample (whether
public or private, whether primary, sccondaty, or tertiary) all have the same structure of cost and production
beyond differences in intercept terms (most of which did not turn out to be statistically significant anyway).
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, Table 5
Results of Sirulation Exercises

3 ;?,-}1" i, ? %ﬁ&%"rﬁ:ﬁ% ' ..‘ AR TS 0 -2-‘?"

sf;.‘! Number of sk 4 .Output Elasuclty,.;a&,;l.‘ong-Ru o : 3 echnlcaﬁg
X Hospztals Auln-patientss ;Outzpatientd Optimgl ,.‘"*'a' of.S Y

St "1;35,;.; Discharges e 2

S b g WSt

Hospital Type - : ' '
Primary Hospitals 16 -0.0876 0.4115 6.29 -0.0693 0.4575 0.4375
Secondary Hospitals ' 30 -0.0090 0.4100 20.95 -0.0375 0.5005 0.5000
~ * Tertiary Non-Teaching Hospitals ) - 13 " 0.1196 " 0.4348 280.91 0.0182 -+ 0.5510, 0.4600
Tertiary Teaching Hospitals ' 6 0.0848 0.5459 340.05. 0.0125 0.4518" 0.5000
Hospital Ownership : .
Private Hospitals KVl 0.0374 | 0.4044 - 47.84 -0.0187 0.5066 0.5000

“Public Hospitals o 35 -0.0209 0.4480 67.51 -0.0432 0.4861 -0.4571
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than zero when the marginal cost of producing the output is decreas‘ing, at its minimum level,
or increasing. Morcover, it can just as easily be shown that the oﬁtfmt clasticity of variable
cost is less than, equal to, or greater than unity when margmal cost is below, mtcrsects or
is above the average variable cost of producing the oui.put,

In the second and thlrd columns of Table 5, the output glasticities of in-patient discharges
and out-pdtient visits are reported for the four hospital-typés as well as for private and public
hospita,,l_s (at the sub-sample means of the hospital categorics). The computed clasticitics arc
all below unity, indicating that the system of hospitals comprising the regression samplé has
cost structures that are hop very responsive to increases in service delivery. Apparently, the
ho‘spih-als arc operating at output levels where average variable costs are declining. Moreover,
the in-paticent cost elasticities of primary, seccondary, and public hospitals are shown Lo be
negative, suggesting that hospltals in these catc5orxcs may be operatmg at the dcclmmg
portions of their marginal cost curves.” '

A posslb]e explanation for the results on in-patient elasticities is that the number of
in-patient discharges may be a poor measure of ])OS])lt.al in-paticnt scrvices. It does not
account for both the patients’ length of stay and the hospital dcpartment. to which they

were admntted These errors-in-variable are known to bias coeﬂicxcnt cstlmates toward 2CrO,

wlnch may have. dnvcn the simulation results.

a2 I"conommq (Dlseconomlesi of Scale

How would hospltal costs behave whcn the scale of hospltal operatlons expand (holdmg

the. servu,cs offered in the same proport.xons)" As mentioned in chapter Lhree this ques-

~tion is 'mswcrcd by ‘the index of ray scale economics or dlscconomlcs €, where cconomics
(dlseconomrcs) of scale are said to exist il e> 1 (e <1). :

' A problem in calculatmg the value: of ¢, however, is that as shown in cquatlons (20)

land (21), it requires the value of the ]ong—run'optnmal level of the ﬁxed input &{, which is

| &,cnerally not known To surmount thls dlﬂicult‘.y, the strategy adopted in the samulatlonq

is to solve for thc value of & for e = 1, gwen the sub-sample means of bed capacity of the

different hosplt.al_categoncs. The numbers. provided in the fourt,h column of Table 5 thus
- * This result is inconsistent wlrh a fundamental prediction of the microcconomic theory of costs, which
states that firins (operated by rationale managers) will not be observed operating at the downward.sloping
portion of their marginal costs beeause, at these output levels, the incremental contribution of ml(huonz\l
outputs to revenues would be greater than their mcrcmcutnl contribution Lo costs.
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indicate the long—run optimal number of beds in each hospital category if there are unit
elasticities of scale (i.e., there are neither economies or diseconomies of scale). If the long-
run optimal bed capacntxes are thought to be lower (lugher) than the numbers, reported
economies (diseconomies) of scale are indicated. '

The long-run optimal number of beds 1mphed by umt clasticities of scale for primary
and secondary as well as prlvate and government hospntals (of Table 5) turns out to be lower
than their (sub-)sample means for bed capacity (sce Tables 2a and 2b and 2e and 20). This
suggests that if the scale of operations is expanded in these hospital categories, long—nm unit
costs are likely to increase. On the other hand, the (sub—)sample means for bed capacity of

“tertiary hospitals (sce Tables 2¢ and 2d) are lower than their long-run ol)tnmal bed capacmcs
al unit (.ln.slluly of scale. This indicates that ceonomics of senle may be realized il hospital -

operalions of tcmary hospitals arc expanded.’

FEconomies_ of Scone

~On the basis of thcnr cost structure, should hospitals ofl'cr bol.h in- pal icnt and ouL-paLan

'servxccs or is it cheaper for hospitals to specialize in one type of service delivery? The lIldlCCS ‘
of scope economies shown in the fifth column of Table § mdlcate that scope economies may
exis} for prlmary and secoudary hospitals as well as for pubhc and private hospxta]s, but '
not. for the tertlary hospitals. The magmtudes of the indices are qultc small, however, and
vmay not be sngmﬁcant,ly different l'rom zero. Hence, there may be neither econonues nor )

,dlseconOmies in the hospitals’ offering m-patlent and out-patient services Jomtly

Capital Dhstlmtx of Variable Cost,

The issue being investigated by the capltal elnstlcmy of variable cost is whether hospi-
tals have too much capltal equipment or bed capacity rclat,lve to their output levels. The
expectatlon here is that the elasticities would be negative since variable costs and the use
of varlable inputs are predlcted to decrease as hospitals employ more of the fixed :factors.

, Just as in the regression results, however, the measured impact of mcreasmg bed capacnty‘
on vanab]e costs is poswlve across all categorles of hospitals. Because case mix and treat-
ment protocols have not: been adequate]y controlled for in the regression and because the
regrcssmn sample consists of ‘cross-section data (so that the rates at which new Leclmology

is. bemg acqmred by hospitals is unaccounted for), what this rcsult means is dilTicult to say.
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That i mcrcasmg capltal cquipment raises varlable cost is not at issue. " What 1s is whether.
this increase in variable cost is actually due to nnprovcmcnts in technology (wln(.h result
in hospitals having cnhunccd capability Lo prevent mort' deaths and treal a wider range of
ailments) rather than to sheer overexpansmn in the; hospltals capll.al sLock Unlortunately,

this is a decomposition that cannot be explored wnth cross-sectlon data

Technical Inefficiency

chhmcal inefficiency is customarlly and more appropriately studied using. sLoclmbtu.
frontxcr funct,xon cstimates. Unlortunately, . with less than a hundred observations in the
sample, cflorts to est.lmatc a stochastic fronucr hospital cost function were unsuccesslul.
Conscquently, what was dong instead was to compare a hospital’ sactuql variable cost and the
value lﬁredictcd‘by the translog varihble cost function estimated. A hospital was décmed to be
techmcally cfficient if its actual variable costs were lower than or equal to predlcted variable |
cost; it was considered to be technically mefﬁcnent if its actual variable costs were lngher than
costs predicted by the estimated cost funct,lon. A shortcoming of this mcthod, howcvcr, is
that since the error term of the cost functioxll is assumed to be identically and independently‘.'
dlstrlbuted as a normal random variable w1th mean zcro, the variable cost [unction estimated
is an avcmge vanable cost function with approxnmatcly half of the hospitals in. the sample -
having actual vanab]e costs that are greater than valucs that would be predxcted by the
estimated cost function.
The numbers reported in the last column of Table 5, m fact, show this to be the case:
50% of secondary, tertiary teaching, and private hosplt'xls are deemed to be tcchmcally mem—
cient. Primary, tertiary non-teaching, aid public hospitals are reported to have only slightly

smaller percentages.
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Conclusion

This report presented and interpreted the regression, results of a translog variable cost
function that was estimated using a cross-section sample of 65 Philippine hospitals of Variou;s

types, ownership, and provincial location. Statistical inferences and simulations-which were

‘based on these regression results were also provided to give some sense of the structure of

costs and production of hospitals in the Philippines. What are we to make of its results?
" Note from Table 1 that, relative to the estimation requirements, the size of the regression
~sample at 65 obscrvixtiom is quitc small. This imposes rather.severe constraints on the

cslimaltion exercise. Ideally, given that m an cconometric estimation of o cost function all

the firms that constitute the regression sample are assumed to have the same structure of _

costs and product)on rcgrcssnons ought to be performed on hospitals that are as much alike

. as possnb]e (e.g., in terms of size and ownerslup), so that the same case mnxes, ‘technology,

and b(.havnoml modes would prevail in the sample. Performing regression runs on subsamples

-of hospn.alb in the data set, however, weuld have cut deeply mto the degrees of frccdom and

- the precision of the parameter estlmates
In addition, it ought to be reahzed that, relative to their thcorehcal constructs the

- cost function variables i in the data set are measured with error. _I_‘or mstance, varlablc‘co:,ts”

do not include outlays for quasi-fixed inj)uts such as utilitics and for a lhisceilally of othet

items. The annual wage. of a typical member of each labor category is derived as the wage

'

bill of that category of labor divided by the number of full-time staff. The pnce of druwb :

“and medical supply is really the ratio of expenditures on, those items (lncluclmg,r inventories) -

to the number of both in-paticnt discharges and out-patient visits. ‘The measures of outputs

themselves do not take account of illncss'scvcrity, case mix, and aggregation (across hospital

departments) issues. And the numbcr of bcds is a poor proxy of the caplbal stock of hoe,pntals“

(but one that maximized sample size). -

Nonethclcss, the regression results generally secem reasonable. The variable cost function

that was estimated conforms to the (unimposed) theoretical requirements of a cost function:

Statistical tests reveal iti to be-mon‘otonically nondecreasing in inpul prices and outputs,

concave in’ hctor prices, and ‘convex in outputs. Key cocflicient estimates, such- as the cost

share of mput,s &, and the oulput clasticity of variable costs ., have the cxpectcd signs with
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magnitudes that are within"the range required by theory. What this suggests is that there
may be enough of a common cost structure shared by hospltals of different sizes, geograplncal
loeatlon and management styles, so. ‘that the estlmatlon ell'ort is not totally invalidated.

Unexpected results can also be explained. For msf ance why By, the coefficient cstimate
of the natural logarithm of m-pa.tlent dlscharges, is not statistically significant and why
'the'outf)ut clasticities for in-patient services of primary, secondary, and tpublic hospitals are
-negat_ive in the simulation results may be attributed to the poor measurement, of,tlle‘output
variable. Relative to its theoretical constf'uct (which is intended to measure in-patient service
'dehvery) the number of in-patient discharges assngns a uniform weight to patients even if
_ they are afllicted with dlfl'ercnt types as well as seventy of illness and even though they may
be using hospital resources at different levels of intensity. Wx_th such Cl’lOI‘b-ll.l-VZ).l‘ldl)lc, it is
- well-known that the coefficient estimate tends to be biased toward zero.
| Why the estimate of 71, the coefficient of the natural logarithm of the number of bede,
I'i'_s positive and significant has' been pre};iously explained as a probable consequence of the
 different rates ab which hespitals are adopting new technology as they ‘expand operatiom
In ‘other words, hospital investments may not be affecting the scale alone, such as when
more machmes are purchased or when more beds or rooms are provided, but may also have
an impact on the quality of capital equipment, such as when the new maclnnes allow more
- accurate diagnoqeq or ear]ler detection of illnesses. Sinl:e the ¢ase mix of hospitals (or the
r'uu:,e as well as thc senousncss of lllnesses handled) and differences in treatment protocols
of: l]OS])lt'lls were not adequately controlled for, it is hard to tell whether the escalation of
‘hespltal vanable ,coste arising [rom expansions of capxtal stock is due‘ to overcapxtahzatxon‘
or to technological improvements. | N |
" What policy irnl)lieatiolms may be drawn from the regression results and the simulation
exercises? The most important message is that policy makcrs and hospital aclmnnstrators
need to ratlonalwe the structure of hospltal costs and operatnons Hospital costs must be
' related to perl‘ormance As it is, (the regression and simulation results show that) supply-
side l"actors, such as labor services and rnedlcal supplies, arc what drive lIOSplt'Ll costs.
Services offered by hospitals apparently have little or no impact on costs. It may not even be
cheaper to maintain out-patlent and in-patient departments jointly in one hospital. As for
the produetxon structure of hospltals pohcy makers need to address whether it is reasonable

that (a) expendltnres on drugs and medical supplies should take up about half of hospltal
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variable costs and (b) prim.ary and secondary hospitals are apparently operating at Qutpﬁt
levels wiicrc long—ruxiuxiit costs are likely to rise if hospital operalions are expanded, while
tertiary hospitals may.be operating on the downwari sloping portion of their long-run unit’
cost curves. | |

' Two initiatives make reforms in the structure o;f l)o§pital costs imperative., Under the
devolution of health services delivery, public hospitals need to prove to local government
units their cconomic viability as well as responsiveness to the health needs of Eheir catchiment
areas. With nﬁtional llealt';h insurance impending, an increasingly important concern for the
'govemmént is that i)ospital costs do not escalate unless there is at least a corresponding
vincréase in value for the services offered. Both initiatives need a detailed understanding

of the nature of hospital costs and production, such as those provided by structural cost

function estimates.
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