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) . " ABSTRACT

This thesis fulfills a threefold purpose. First,

it develops an imp%oved methodology £8r the statistical cost

analysis of a sample of hospitals. .Second, it investigates

the cost strﬁéture 6¥Na sample of 101 Ontario hospitals - ' .

during 1971. fhird, it examines policy prbgrammgs which

%

- . N . Y .
would increaSefhospital efficiency. and reduce hospital

-
-

output to socially optimal levels.

ImproGements-in the methodology of statistical

-

LY

cost analysis can be'achieved in the areas of output defi-

[y

nition and the specification and estimation of cost egqua-

* \/ ©

tions. Hﬁspital output is‘sérvices {({case~-types) whenever

the hoépitai cost variable excludes (includes)’thg

remuneratioh of attending physicians. -Initial specificéﬁion . .
should'fOrmula;e a total cost equation‘QB}ch reflects due
.atfehtion baid éé the for; as well as the'cbmprehensiveness

of explanatory variables. Precise estimation should in=

_corporéte preliminary a ériori aggregations, the principal

“components, technique ahd stepwise .regression. : ~1}

Departmental costs are explained by services

while all héspital costs are explained first by services

.then by_case-types. The cost parameters estimated in de-

.

- / ) . . - .
partmental cost equations for individual services are .

..

emp;oyeh as weights in coﬂstxucting the output indices uée&ﬁf

in the service cost equation. All cost equations are

-

ﬁefficieﬁtly estimated in ap average cost form. which avoids .

]

Y

e . .
iii : - .



“structure, of ° hOiPltal costs. Capac1ty~related costs (40 -

.tion policy whlch favours small hospltals in order

héteroscedésticitya ' The degree of égplaﬁa¢i0n~of costs isg -
. N R . . .\ .
greater and estimates of cost coefficients more precise than

w

those of other cdst studies. Serviges and case—typés ex-
plain hospital costs equally welf.and 1nd1cate a similayr
percent) are somewhat‘larger while ¢ombined stay—related

(35 percent) and adﬂission-related (25 percent) "costs are

- somewhat smaller than those indicated in other ‘studies.

Economies of scale are indicated for nuclear medicine and

electrocaraiography'(ECG), but they dre . globally offset by

l . . N ] * ‘ ) ’ ! - -
diseconomies of scale in intra-hospital patient transportar

4]

tion and coordination so that standardized average costs in
typiéai large (l,OOO—bed)‘hospitals exceed those of small

{100-bed) .hospitals by 8 percent. Scale-efficient hospi-
tals providiﬁg both}nuclqép medicine and- ECG are no larger

than 100. beds. B

Hesbital regulators are encouraged to achiéve cost
saV1ngs through increased hosp1tal efficiency and optimal
Output reductlons. Incredsed scale-eff1c1ency and the

- . S
elimination of excess'capacity would result in savings

. '3 :
equiValeﬁ? to 10 percent of all hospital costs. They are

achieved GErough a centrallzatlon of nuclear medicine and

.

ECG which exglclts economles of scale,,a hospltal construc-

, -
P

av01d-.

as

' ospltallclosure)., Reductlons of admissions and” ave age

-
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length of stay (perhaps by 7 percent) would ;esult'in a net

o4

social'gggefif (éerhaps 5 percent of all ﬁospi&gl'costs) if
"they yére-gchipveq throdﬁh.capaci¥y closure (rather than
adﬁinistrative %iat, reimbursement disincentives for hospi—
‘tals or usger charges for patienﬁs). Finélly statisticai
cost  estimates of thé unit costs of indiVidualﬁserViqeé or
case-typeg hight be used in the incentive reimburseﬁéht of
hospitals'in order to promote incrgzgsé allocative aﬁq X=-
efficiency. However,- the poséibility of inaccuracies in
statistical cost estimates requires ‘that the hbspital
regulator revise dowﬁward (upwara) the”reimbursement rate
of aﬁy outp;t for which un}t costs are,suffic;ently‘over—

estimated (underestimated) as to result in an undesirable

jncrease (decrgase) in production.”
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- © . I. INTRODUCTION /

The’ study of hospital economics is relatively new,

- - - -

there hav1ng elapsed llttle more than a decade since 1ts

«a

blrth. The structure of hospital costs is one issue,

however, which is already controversial in that researchers
,“ : P

such as Ingbar and Taylor (1968), Evans {1971) .and Lave,
¢ S . :

LaQe and Silverman (1972) differ in their views of the

-

appropriate-definition of hospital output, fghe-importance

-of capac¢ity costs and the éxistence of economies of scale.

It is an_important issue in view of the increasing involve-

ment+of goverﬁment in the tégulation of the hospital

3

industry. Knowledge of the structure ef hospital costs is
vital‘to a cost-benefit anal§sis of policies which seek to
curtail patient length of_atay and admissions; to close
de51gnated hospltals,;to reallocate special facilities

among hospltals; to exqrcise control- over the constructibn

- -

of addltlons tq exlstlng hospltals or of new hegspitals;

and even to adopt cost- based incentive r51mbursement .
schemes for hospitals.
The purpose of this study is threefold:; to

deve'lop an improved-meéhodology for the determination of

the structure of hospital costs in terms of the relative'

importance of stay~-, ‘admission- and capacity-related costs,

- . . . " S
the minimum fixed costs and any economigs of scale associ- -
-

ated with providing specific services and any overall -

economies -of scale$ to determine the .¢ost structure’of a

»,
<
) ”

[3 .
o - ‘
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sample of Qntario hospitals‘dﬁring i97l; and to examine the’

policy implications of the indicated structure'of‘hospipal

“costs.  The vehicle used in achieving these objgctives will

<

be é statistical cost analeisl which incorporates. consider- -
able improvemEnts over earlier cost studies in the areas of
output definition and the specification Qﬁd,estimation of

the hospital cost equation. StafistiCal cost anélysié is

thought to be superior‘to alternatfge,hethods of determin-

ing the structufe of hospital costs such as engineering

By

cost studies,2 profitability studies> and the survivor
. A
technique4 because it is better suited to the'multi-product,

not—far—profit nature of the hospital induétr?js

The three major areas in which improvements can be

made in hospital cost analysi’ are examined -in the jext

three chapters. First, the choice pof output-definition is
4

AN

seen as dependent upon institutional arrangements between
hospitals énd attending physicians: .If attending physicigns

are salaried or fee-for-service hospital staff members, as

is approximately the case in the United Kingdom, then hospi-

-’

"~ tal output is "caée—types”. If attending physicians are

priga%e practitioners, as is approximately the case in

Canada, then hospital output is "sexvicés" ‘(which together
, togecher

0}

with the inputs of attending physicians fesult in the pro-

ductién of illness remissién for "case-types"). . E o
Second, thé'speci%ication of hoépital cost

equati&ns is examined; It should.proceea syétematically

and without everdue regard for anticipated problems in

L}
°

LY
1

- . .
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eStimatfbngéuch a§~the inéfficiencf and imprecision arising
:&om heteroscedasticity and multicoliinearity réspectively.
-In particular éhe hospital cost equation should be specified
iﬁ a totél cosé form (although lateér modified to improve

the efficiency of estimatipn) in order to ensure the most
plausible forms for stay- and‘occupancy—related variables,
and’it should incorporate all plausible corrections for
productmheterogeneity—(élthough later modifiedto ihcreaSe
the preéision of eétimatiqn).

Thifd} the- methodology ﬁsed.in;estimating'the
hospital cost equation is examined. Ordigary least squares
is typically applied to a weighted (usually average)
form of the:cost equation in order to avoid‘the ineffici;nt
estimation arlsihg‘from hetérqscedastic error gérms, but
only if sté%istical tests confirm thé need fér and valiﬁity
of the weighting'écheme. A syntheS&§%of.severai aggregation
techniques is applied to explanatory variables in’order to

reduce the-‘imprecision of estimation arising from multi- o

.
1]

.coliineé}ity among the many plausible explanatory variables.

Theoretically and empirically derived a‘priori information

. facilitate the'éggregation of certain explanatory variables;

for example, service output indicds might be. produced for a .

service cost analysis by weighting selected groups of serv- ~

ices by the cost coefficients derived from departmental

cost analyses. The principal\cpmponenté technique can be

used to reduce the mean square .error of parameter .estimates.

The stepwise regreSSiod'technique can-also be used,

»

-

3
2
X
]
i
3
&
i
;

i
¥
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‘particularly if it a%oids;selectiv;ﬁy bias by evaluating

. explanatory variables in terms of their principal component

parameter and standard error estimates. .

A statistical cost analys;s_bf'a sample of 101 =
Ontario general hospitals is pursued in Chapter V using
l97l‘data. Improveménts in theékey areas.of output

definition and. the specificafion and estimation of hospitail

cost equations are incorporated into the analysis of de-

ﬂ\,,

_pértmental, service and case-type costs. A superior degree \\

of explanation and signi'ficance of cost coefficients are -
‘obtained for all cost categories. The degree of explanation
of hospital costs and-the insight&s into hospital cost

structure are found to be relatively insensitive tq the

‘‘choice of the service or case~type output definition for

~ .

the Ontario sample {but not necessérily for other samples) .
In relation to earlier cost studies, the indicated struc-
ture of hospi£a1 costs suggests larger capacity-related

cosﬁs (40 pefcent of all hospital costs) and smaller stay-

‘and admission-related costs (35 and 25 percent respectively

of all hospital costs). Minimum fixed costs are apparent-
for one small department (nuclear medicine) and economies

of scale for two small departments (nuclear medicine andi‘
ECG). They are, however, globally unimportant in relation-
to the diseconémieé of scalé‘:hqught to be associated with'
the large scale activitiés of intra-hospital patient trans-
pdrtation and general administration {standardized per diem
¢ésts‘ar§ almost 8-percent ﬂighér in laréé 1,000~-bed than

e —— e e e e et et e

N
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N\

in small 100-bed hospitals). o

The policy~implicatioﬁ$ of the inhicated étructuﬁe
of hospital costs ére discussed in a final chapter. They
diffgi from.those 6f other studies in that they are more
specific and in one case contra%ting (they recommend a
small hospital construction policy). Costisavings which are

of unambiguous net social benefit can_be achieved through

policy programmes which would increase hospital efficiency

.through a restructuring of 'special service and bed capacity.

Economies of scale ih ECG and nuclear medicine could be

.exploited through pooling atrangements within groups of s

geographically proximate hospitals. Diseconomies of scale

in intra-hospital-patient Fransportation and coordination
could be.avoided through a‘hgspital construction-policy
which'discouraged‘additionslto exi;ting large hospitals and
ensured that ne@uhospitals Qere small (100-300 beds). Ex-
cess special Sefvice and bed capacity (perhaps'one-sixth of
all capacity) could be reduced through closure of specified

-

hospitals and increased utilization of other hospitals.
. - . o

Overall savings from increaééd.écale-efficiency‘and the-
. ]

elimination of excess caﬁacity would be about 10 mercent °

of all hospital costs. .

Cost savings which would be of less than propor-
tionate net social.benefit could be .achieved through
St \

opfimal'oﬁﬁput reductioﬁs‘(pexhaps 7 percent). In partice-

ular, reductions in (elective) admissions and average length

of stay could be achieved through administfative'fiat,



&

" ) h ' ) B .\$

. . * ¢ ) 2 L
cap&bity closure, reimbursSement disincentives for hospitals

+

or user charges for patierts. Sincelcapacit§ costs are a

. substantial fraction (40 percent) bf all hosﬁital costs,t

output reductions would result in greatly enhancel savings

if achieved through a proportignate capacity closure.

A final policy application of hospital cost

analysis occurs imt the'incentive reimbursement of hospitals,
Greater accuracy in estimating the unit costs of individual

-

services or case-types ensures that a cost-based reimburse-

4

\\ment scheme would provide incentives for increased allo-

cative and X-efficiency. However, it is recognized that
4

the hospital regulator must be prepared to monitor the

output levels and decreasé (increase)- the reimbursement
rates of services or case-types for‘which unit costs are

sufficiently overestimated (underestimated) as to result

in undesirably large increases (gecreases) in output levels.

~—
B
0y
Y
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. Footnotes

1. See Johnstén‘(1966). Ali recent héspitai coé?.stuéies 8
utilize stati%%ical-cogt analysis.

2. See Bain (1954) and-Haldi and Whitcomb (1967).

3. See Scherer (1971, 79-82). ;

4. See Stigler (1958) and Shepherd (1967). . -

5. Hellinger® (1975) examines specificatiords for hospitai;
production functions. . However, the not-for-profit

" nature of the hospital introduces the possibility of

non-duality between production and cost functions.
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o II. OUTPUT.%gﬁ €0STS IN HOSPITAL COST ANALYSIS

, p : ;
N "’ ) . . .

A \ . :\ . A . ! ’ /

1. Introduction R

.5

In his. discussion of hospital‘putput, Sylvestér

Berki (1972, 31) asserts that "Many if not most hospital

~cost studies’ have floundered on the appropriate'definition

1)

of those outputs whose costs arefto be measured. Despite

the perspfeacity of his observation, however, he subse-

L

‘quently fails to generalize his discnssion'from a criticism

of selected deflnltlons of hosp1t7{ output "to the formula-
tlon of géneral crlterla for chod51ng amon;\hgternatlve
definitions of outlput for the analysis of the costs of a
sample‘of hospitals.

Berki sudgests that a "patient-day" definition

of hospital output is inappropriate because patient-days

- of hospital cafe displsy considerab%e variation in per diem-

service levels or in the diagnoses of patients and are ,

therefore heterogeneous in terms of resources consumed

and related costs. He objects to a "servic%"'definition

4

O£ final hospital output on the grounds that services are

dn input (along with the resources of attending physicians)
into the illness remission of patients suffering from

1llnesses falllnq into various dlagnostlc categorles (or
{.

As ‘an alternatlve, he advocates a "case-

"case-~ types")

"typeW definition of final hospital output by virtue of its

L . v . i -

homogeneity and fiﬂality. He fails, however, to formulate

general criteria foi evaluating these three (and other)
3 %

i

.
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» A -

definitions of hospital output. : . *

f”‘ " Sugh criteria migﬁt be statéd in- terms of two

I -

“obvious requirements. First individual outputs in the

-

vechr of outputs defined tp be'thatoof the hospltal must
-

be homogeneous across all hospltals;‘ Second,.there must

"\

estt a correspondence between the vector of input levels

$ -

associated with the observed level of hospiﬁal costs and

- - . - R S
that associated with the output - patient-days, services

or case-types - defined to be no more and no less that of ~

I3

,the'hospital.l The first criderion would clearly disqual-

*
"ify a patient-day definition of hospltal output since the

3 -
resources consumed in the per diem treatment of serlously
ill patients exceed those consumed in the per diem treat-

ment of othetr patients. Although the first criterion is

typicaIIy)met‘by a sufficiently disaggregated taxomomy of

servioéﬁ or case-types, the sec¢ond criterion does provide

-

a basig, for choosing between the service and case-type
definitions of hospital output. It would not, however,
always favour the case-type definition of output advocated

by Berki. ‘It would in fact favour the service definition

of output if oﬁserxed hospiﬁal costs excluded the remunera-

tion of attending physicians.
Having stated the.gdeneral criteria which should
pertain to the selection of a definition of output

approprxate to hospltal cost analy51s,‘1t ‘is the purpose of

)

thls chapter to apply these cr1ter1a in prOV1d1ng rules

for thedselection of an appropriate deflnltlon of hospital
A ] ‘ ) .

/
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outp%t {especially services®or case-types). The primary

o
~—r -

result ié‘straightforward: if observed hospital costs
totally excude thé remuneration of attendiﬁg physicians,

hospital output 1is services; if observed hospital costé“

totally include the remuneration of attending physicians,

hospital output 'is case-types. Sincé, however, observed
E . .

hospital costs often ‘include some but not all of the

remuneration of attending physicians, the cost varpiable

L]

may have to be computed as observed hospital cosps less

any relmbursement of attending phy51c1ans by hoééitals

(in a service cost analysis) or g us any relmbursement of

attending physicians from non—hOSpltal sources (in a case- -

~ - 9

type cost“analygis). o

In orﬁer to demonstrate the significance of
these rules an examination of the primary organlzatlonal
features of the ﬁospital is:réquired. The hospital is a
cémposite of a number of factors of production, including
the labour of ndréing staff,Jteéhhicians‘and maipténance
personnel; material such as medicatiqn, d;eésings and food;
capital such as building, beds and X-ray equipment; |

miscéllaneous inputs such as land and energy; and the time

. .
1nputs of staff phy51c1ans. ‘ . ’

r
v »

Phy31c1ans in general, whethelr salaried or fee-
for-service hospltal staff members. or prlvate practitioners
who bill patients eor their insurance agencies separately}

fulfill three broadly-defined functions within the

» * ‘ ]
hospital. First, pathologists, radiologists and

10
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cardioloéists undertake highly technical duties, primarily
interpretatiVe, in the laboratory, radiology and electro-
cardiography kECG) departments. They are‘genérally sa}aried

or fee-for-service hospital staff members. Second,

R

gyrgeons, obste};ib?éns and anaestﬁesiologists undertake
therapeutic prﬁqedures which, in combination with the
‘ope}ating and éé&%lery room faci;ities.and.ggrsing'staff
provided by the hos%italf’result in‘surgical pperations and“
deliveries. They are usually salaried staff members in
British hospitals bﬁt private,practitibnérs in North
Américan hospitals.2 Third, attendang physicians, who may
be general practitioners or specialists, are respousfblé

for determining the length of stay of p;tients, tﬁe
diagnostic .tests, for example X-rays, laboratory tests and
ECG's, which patients are to receive while in hospital,

the final-diagnosis of patients, and the therapy which
patients are to'reéeive, for example therapeutic X-ray,
physiotherapy, surgery or delivery. In Erief, attending
physicians are responsible for combining their resou}ces,
"primarily in the form of their time, with hospital services,
for which they generate the<éemand, in*rder to produée

illness remission in patients. As is the case for sur-

geons, oObstetricians and anaesthgsiologists, attending
physicians are generally sdflaried staff members in British

hospitals’and private practitioners in North Americ¢an

hospitals.

.Whether the factor composite’which is des;gnated
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‘as a hospital includes or excludes the resources of attend-

ing physiciaﬁé is ‘undoubtedly the organizational feature

which most differentiates the hospital industries of the

.wvarious national economies. It is also the consideration

.

which~most effects the appropriatenegﬁkof possible
definitions of hospital output for kost analysis.

If the hospital factor com;osite exéludes the
resources'éfiattending pﬁysicians, and this ekclusion is
in turn reflecﬁed»in hospital costs, then service:’are the .
end result of Hbspital aétivity and the definition of
final output appropriate to the analysis of observed
hosbital costs. Services include the days of ward care,"—
laboratory tests, surgery, deliveryh3 physiothérapy.
et cetera provided b;ftﬁe hospital.

Since both the resources of attending physicrans
and hospital services are necessary in producing illness

-

remission in patients, it is only when the hospital factor

‘composite includes the resources of attending physicians,

-
and this inclusion is in turn reflected in hospital costs,

»

that case-types, or, more properly, the illness remission
of patients in such aiagnostic or case-type categories as
pneumonia, canCer‘and‘appendicitis, are the end result of
hospital écﬁivity and the definition of hospital output
which is relevant ggr hospital cost analysis; .o

, Keeping in mind these distinctioﬁs, thg dig-
cussion of the next secﬁion will examine the definition of

output in hospital cost analysis. It is suggested that
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many cost studies have selected questionable'optput defini-

®

tions, which is not sugprising in view of their failure to

x -

apply the criterion of correspondence between the input

‘

levels associated with hbspital output and thése:associatéd
with the hospital cost variable. It will also Ee seen
that in most.oiganﬁéétional contexts, which in 'general lie
between the stylized North American and British hospital
industrie§, a conceptual correspondénce between output‘
;nd'the d?péndent cost variables must be'qpntrived £hr6ugh
adjustments (in the form of the addition or subtraction
of the remuneration of atéehding physicians\derivedvfrom
non-hospital or hospital sources respectively) to the
reported values of hospital costs prior to cost analysis.
The dependent cdst vafiable in a case-type cost analysis
should, in theory, include the remuneration of all |
attending physicians. It should exclude the remuneration
of all attending ﬁhysicians in a service cost analysis.
A‘;oncluding section will develdp two models of
hospital behaviour which further clarify the contexts-
within which thg service and case-type definitions of

output are approprijiate. The two modelstalso demonstrate

the manner in which hbspital output-cost relations are

‘behavioural rather than purely technical.

‘2. Output and Cost Variables in.Hospital Cost Analysis

Although several, ostenéibly different defini-

tions of hospital output have been employed in hospjital

cost studies, only the two already mentioned, services éﬁd

13
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case—types,:ere conceptually distihguishable. For\examble,
Martin FeldsFeLn kl9é§) suggests the case (admission) and
patie&%—week as pqssible definitions of hospital 6utput;
.8since, however, he correctéﬁfor case—mi¥ in both his. per

case and per patient-week cost equations, he implicitly

-
.
-

uses a case-type output definition. Both Berry (1970) and

®

Francisco (l970) use .a pat%ent—day definition of hospital

output; since both ‘authors grdup hospitals for regression
v\ . . ’

pufposesiby similarity of facilities or service capabili-
tlés, they 1mp11c1tly use a serv1ceroutput deflnltlon.
Cghen (1970) uses a weighted patient-day definition of

,5hospital output; since the eomponents of the weighted

. “ .
patient-day output index are service output levels, he also

4 . »

uses a seryice outpyt definition.
That tqf othut definitions used in hospital
cost studies may not alwéys correspond on a cbncebtuel

level to the hospital costs being analyied is harély

surprlélng Bearing in mind the'organizational differences
. B .

between British and North “American-hospitals, especially

in terms of thé preponderance of salaried staff members

among the atteeding physicians in British hospitalsy

it seems implausih1e>that the'énalysts of British and
Aﬁerican hospital costs are both cerrect in using case-
type qptput definitions. _Since Britisﬁ hospital costs
include the remunefatioh of attending physicians, Feldstein
is* correct in ﬁsing the case-type

s
Since North American hospital costs largely‘exclude the

output definition.
' A

s

- P
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remuneration of attending phyéicians, Evans (1971) and
Lave, Lave and Silverman (1972) are incorrect in their
M . - .
use of a case-type output definition to the extent that
. - .

observed hospital costs understate actual case-type costs.

v, .

PN

Other @5rth American hospital cost analysts

have used a service definition of hoséital output. How-
S

ever, to the extent that observed hospital costs include

even a small fraction of the remuneration of attending

physicians, they overstate actual service costs. For
: 4]

example, since Kushner (1969) fails to]exclude from his
cost variable all remuneration-of attending physicians
(that fa;iing under’£he category of the office of the
medical staff), he also fails to establis@ é coﬁéeptual

correspondence in terms of inputs between his (service)

.
L]

output and cost variables.

Although case-type$ are a more appropriate defini-

tion of final output within®the context of the entire health

-

‘sector, the§ are only-appropriate for hospité%‘cost analysis

‘.in two instances. They are app;opriaté‘first in the insti-

L

tutional séttings for which observed hospital costs include
the remuneration of all attending physicians; orvsegond, if
the cost_vériaple to be explained is cdmputed‘as observgd
hospital costs4p1us au;esﬁiméte;pfythe Yemuneration oanny

non-staff attending physicians. (i.e. private prac¢titioners).

Services can be defined as hospital output in

-,

o

two instances. They are appropriate first in institutional’

settings for which observed hospital'costs exclude the

]
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" delivery are defined as hospital services; otherwise the

16

remuneration of attending physigians; or second, if the
cost variable to be explained is.computed as oﬁserved
hospital costs less the remuneration of any staff aEtegding
physicians.‘ If pﬁysicians ﬁe:forming therapeutic pro-
cedures, es?ecially surgeons, obstetricians and anaes-

-

thesiologists, are salaried staff members, surgeryignd .
.

provision of operating and delivery room facilifies and

v

nursing staff are defined as hbspital services.

The consequences of either an inappropriate
choice of.oufput de}inition, given the reported value of
hospitalﬂcosts}'or alternatively an incorrect computétion
Jof the Eost variable for‘a given choice of ouﬁput'defini—
tion, ware "twofdld. If the case—tybe caél variable (either
observed hospital cosfs alone‘or augmented by an estimate
of the remuneration of non-staff. attending physicians) . | =
undefstates actual égse—type cosfs by féiling to include
the remunefation of all non-staff attending physicians, -
then thé case;type cos;'aﬁélysis will generate downwardly
biased case-type cost coefficiénts. In addition, 4inter-
hospital comparisons éf coéts, standardjzed for’cage—types,
will be Biased since hospitals for which omitted remuner-
atién is reiaéively small will appear more costly.

° e

If the service cost variable (either observed

hospital costs_alone or redyced by an estimate of the

remuneration of .any - staff attending physicdians) over-

states actual service costs by failing to exclude the




remuneration of all staff attending-physi&ians, then a

service cost analysis will generate upwardly biased

.service cost coefficients. 1In addition, inter-hospital

comparisoné of costs, standardized for services, will be‘
biased since ho!%itals fin%wggéh the includéd remuneration
-1s large will appear more costly.

p g | An additional problem in outpﬁf definition, or

rather in the formulation of”the dependent. cost variable .

for the given output definition, is specific»to‘case—type
cost analysis. ' Most case-type cost_énalysﬁé have limited
their cost analysis to an examination of in-patient costs
since case-type claséifications éypicall?‘extend to in-
patien£s énly‘ However, the in—patiegt cost vériable
l _ has been computed in a manner which to;sqme extent invali-

dates the cost analysis. In—pafient costs have been éom—-
puted as oﬁserved hospital costs less an estimate of out—y
patieng‘costs.' They therefofeyunderstate the ‘actual. case-
related costs of those patients admitted as in-patients
dgring their episodes of illness by fhe‘costs qf any
out-patient care which ié.used as a substitupe;‘usually“
b . pre-ad&issiop or %ost—discharge/ for in-patient care.5

fhe consequgnces’of the failuré of in:patient

" cost estimates to i?clude\all case-related costs, or
alternatively, to exclude g}om observeg hospital costs - S

- only the cost of treating patients on a purely out—patient‘ 

. basis during their episodes of illnéss, are twofold.

First, case-type cost parameters areAd6théi6I§“535§é§T”““~***w~w4




Second, {nter—hospital comparisons of in;patient costs,

standardized for ca?e;types, are biased since hospitals'
failing to make ;eiatively frequent partial substitutions
of out-patient for in-patient care use more resources

in in-pégiént care and therefore appear more ‘costly.

. | Case-type cost studies shou'ld take one of two
poséible approaches to avoid ‘this pitfall. First, they
'should dndeavour to classifyvby case-type both in-patients
and those patients treated on a purely out—pétient basis,
and then analyze all hospital costs. If this is not
possible and the analysis is fe%tricted €0 ip—patieﬂQ
costs, they dhould boﬁpute case-type in—patieﬁt costs
as observed hospital costs less only the cosﬁs of tfeating
any patients on a purely out:patient basis during their

episodes of illness.

. The next section will formalige much of the

previous discussion of service and case-type output

definition by developing‘tw0'altérnative-models'of hespital.

behaviour. It will also make explicit the manner in which

hospital cost-output relations, or cost functions, are

behavioural rather than purely technical. To the extent

that cost functions are behaviourhl rather than technical,
- . - ; ‘ -
the meaning of cost functions for policy purposes becomes
e ambiguoug. However, the scope for technically inefficient

.
. . el

behaviour may be circumscribed, particularly through the

reimbursdgment mechanism.
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3. The B@ngcural Nature of the lospital Cost-Output .
Relation -

The behavioural nature of hospital cost functions.
was originally postulated by Evans (1971, 200-201). He
recognizes "the possib;lity of systematic dive;gences
between observed and "minimal" costs due tJ the behaviour
patterns of hospitils." He asserts that the not-for-profit
nature of the hospital will allow the hospital decision-
maker td indulge himself in forms of behaviour which
incfease hospital costé.b Hence the empirical rsﬁults of
cost analysis can only be viewed as "behavioutal" cost-
output relations.

Evang is ng£.alone in his"appreciation of the
cost implications of the Mbot-for-profit nature of
hOSpitalé.‘ Other_authors‘have, in fact, been‘céncerned
Qith the cost, output, quality, growth and even pricing
_implications of the not-for-profit nature of the hospital.. -
For example, Newhouse (1970) was concerned with the
iﬁplications of the utility maximization of the decision-
maker in the not-for-profit hospital. He constructs a

model in which the hospitalidéciéion—maker maximizes his

' *

utility which' depends upon outpuf duantity (patient—days)

and quality (as measured by the utilization of certain
) féctors of'production, nbtably professional persénnel and
complex capital assets). Hé views the 6ptimization as
being constrained by the demand for hospital care and‘both
 minimum quality and'grofit restrictions. He predicts

s
#




;

that costs are typically higher in not;for—profit than
in proprietary hospitals. -
Joseph (1974) constructs a similar but more
elaborate model in which the e#pected number of patients
turned away as a result of insufficient excess ca?acity
becomes an additional variahle affecting (dis)utility.
Hospitalg are more costly within the noﬁ—for—profit bon~

- text because not only do decision-makers gain satisfaction

from the quality of.hospital gare, but they also maintain
excess capacity in order to avoid the dissatisfaction

associated with turning patients awai.

.

Most -other models of hospital behaviour are
similar to those of Newhouse and Joseph, usually differing
only in terms of rtheir designation of prestigioﬁs, quality=-

producing inputs. They are summarized by both Joseph

+« ©

and Jacobs (1974).
One model differs from these models because it °*

questions the inevitability of the enhanced quality and
ineffic{ency outcomes of the not-for-profit nature of the °

hospital. It does this through its explanation of how
‘the not~for-profit characteristic of hospitals became
commonp lace even .before the era of pubiic ownership of

hospiﬁals. Pauly and Redisch (1973) suggest an élterna—

“tive model of not-for-profit behaviour. They view the :
hospital as a physicians' cooperative which provides.
services which, together with the time inputs of

qtients,
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an

maximum income for physicians,,and a break-even for
hospitals. Since physicians have dé facto control of the
“shospital, they will limit .the extegt to whlch the hospltal
administrator indulges himself in enhanced quality and
resultant cost increases, since phy51C1ans incomes would
oéherwise be reduced. The model is inyaluable in that it~
not only provides an eéonomic rationale for the not-for-
profit characteristic g;d sugéests‘limitatioﬁs on the
behavioural scope for hospital inefficiency, but it also
ekamines the relationship, long-ne ted both in the
modeliing and cost analysis of ho piftals, between hospitals
and physicians.6 ) . 'K\J/
- In order both to examine rther the question of
butpUt definition in hospital -cost anaiysiS'and also t?
facilitate the discussion of the behavioural nature of
hospital cbst functions, two hodels of héspital behaviour
will be developed. They admit the possibility of pot-for-l
profit behayiour and attempt to capturf the polar e;trem;s
~of the organizaﬁional arfangements beffeen‘hospitals and
attending'physicianst“ In the first model, the "service
centre" modél, attending physiciéns are privéte érac—

. , f"'
titioners. ' In the second model, tle "complete organism"7

R £ T TP S, R

model, they are salaried hospital house staff.
A number of economic agents‘ha?e some dealings
in the hospital industry. Attending physicians undertake

personal diagnostic and prescriptive activities and in-so

:
b
]
#
k]
i
i
k]
]
b
“
B

‘doing generate the demand for hospital,services. A
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Referring physicians have exclusive dominion in determining
‘whgther patients are tp be admitted and their aqtion;_are

exogenous to’both the -hospital and attending physicians. ;
~ Patients play a purely passive role and consent to any tests | ‘

or treatment recommended by referring and attending phyéi-

cians. Government or some other third party establishes re- R

. imbursement guidelines for hospital services or case-types.
Finally, cﬂaritable agencies, through the financiéi‘limits
of‘theff philantﬁropy, together with solvency réquiréments, )
eétablish a minimum profitycbndition for the hospital.

The ;irst model of hospital beéhaviour, the

service centre model, views each economic agent as acting

independently. In particular, attending pﬁysicians are .
private practitioners who direct bill the patient or his

insurance agency for their personal services. The second

model,'ﬁhe complete organism model,'bomgines within the
hoséital its felources as a §ervice centfé with those of
attending physicians. Aﬁtending physicians aré salaried .

. or fee-for-service hospital staff members. The first moael
approximates the iﬁstitutional setting of North American ’

hospitals, the second that of British hdspitals.

The service centre model restricts the hospital

ldeciéion—maker to maximizing his utility, U, through -

selection of I input levels, {Fi}, both productive, {FE},
ol . C

.

and unproductive, {Ff}. Productive and unproductive input

levels affect utility both directly and indirectly through

their effect on profits,'P. ‘Unproductive input levels

s e o ¥ TT e
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might take the form of excess capacity, deluxe inputs, or

LA

overpaid staff members, and their indirect contribution to .
utlllty through proflts is always negative. - Hospital
output is deflned as the vector of J service output levels,
{s$}, which are”exogenously determined by attendlng '
physic}ans. Technolpgy is captured by a trausformatipn
function, T, of productive inputs into services. Profits
age determined as the excess of hospital reimbursement,

I

z pﬁS], over costs, L r. F Minimum profits are defined
i=1 . Li=1

as P . In symbols, the hospital decision-maker seeks to

maximize U (P, {FE}, {F?})

w.r.t.  {FP'%)
. 1
s.t. (1) T ({'F‘i’}, {sg’}) = 0 )
J I
- (2) P = Z p S - Z 4 =
. - j=1 3 3 i=1
" >
(3) PP

.

For well-~behaved preferences and technology,

. * .
‘there exist optimal input levels, {Fi ({S§}; {ri},
. ‘. ‘ * *r
{p.}, P.)} i.e. the sum of {FE"} and {FY }, and a
J m i B
PR . 4
behavioural rather than a technical relation between costs
~ ‘ I * .
~and service output, I r. Fl . This cost-output relation
i=1 ’ :

implies that service output gives rise to oniy'those-eosts

-which -are reflected in payments to those factors which

’ “a

constitute the hospital as a service centre; specifically,

°

}

o
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service costs excluﬂé the remuneration of attending
physicians. The cost function will be behavioural to the
extent that the choice- of input léﬁels,is allocatively

and X~inefficient. Inefficiency occurs whenever outlays

. - [ nﬂ- -
on productive inputs exceed minimum costs and non-

productive input levels are pesitive. The extent of this

.,

-

inefficiency is, however, constrained both by the
importance of profits to utility levels apd by the levels
of reimbursement rates and minimum profits.

The complete organism model ascribes gr@ater,

latitude to the hospital decision-maker in his wtility-

maximization. The model allows him to select productive

Y

‘and unproductive levels of the T input levels {Fg} and

{FE}, normally associated;with the hospitai in its role of
a service centre; produétive and unproductive levels of K
aétendingAphysician inputs, {Ai} and {A;}; and product{vé

-

and unproductive {(totally unhecessary) levels of J .

services, {S?} and {§?}. Technology, T, dictates the

transformation of prodfictive services and physician.inputs
N,

into L exogenously-determined case-type output levels,

{C§}. Profits, P, are the excess of reimbursement,

L ° I K e
L p,C,, over costs I r.F» + L q,A;, and tﬁéy must
- LR 9 e S | —.kTk :

=1 S i=T k=1

r

exceed some minimum level, Pm. "In symbols, thé decision-

maker seeks to

A .
maximize U (P, (F5), {R]), (a3}, {ag), (s51,-(si}

[y

¢,




P.,u Pru p.,u
vg.r.t. {Fi }o {Ak },‘{sj }

L}

' P —
s.t. (1) T ({Fi}, {sj}) = 0

' p P Oy =
(2)' T ({sj}, {a}, {c)hy =0

A .
L - 5 I K
(3)' P= XL p,C; - L r.F. -\I qA
, , =1 278 =1 1 ‘kﬁl k'k
" >
| _—
(4) P = P
The process involved in equation (2)' includes '

)

the ?ctivity of service demand generatien, which, in
i contrast to the assumption of the service centre moéel,y
is entirely within hospital control. As a result, the
hospital decision-maker has greater scope for his
indulgence in utility-maximizing allocative and X-
inefficiency.
For well-behavea'preferences and technplogy,
there exist 0p£ima1 service centre and attendipg physician

input Tevels, ’ .

. .
LI

* O.
{r, dcgls {ryd, {q}, {pg}, P )} and

{a, (ng}, {r e g}, {pg}, P )} respectively,
as well as optimal service output levels,

‘ ‘. »

* [o) : .
{Sj ({egt: {ryd, {q ). {pg}, P )Y

The relationship between case-type output levels and
I R K

*
hospital costs, Z r.F; + I q.A, (which exceed
o7 . iti kK'k . -,
I i=1 k=1
service costs,l riFi ), implies that case-type output
i=1 !

/




levels give rise to those costs reflected in payments to

both service centre inputs and attending‘ph§§ig}ans. The

cost functlon is behavioural rather than technlé;i\tQ\Fhe

extent that the choice of 1nput levels is allocatively and
X-inefficient. Inefficiency occurs whenever outlays on
.producﬁive inputs excggd minimum costs.and unproductive
input and service lévels are po;itiVe. Although the chPe
for inefficiency is greater in the complete oxganism
model, it is nonetheless constrained by the importance of
profits to utility levels and by the levels of reim-
bursement rates:and minimum profits.

Rarely 'will actual institutional arrangements in
the hospital industry under investigation fulfill the
assumptions of either the service centre or complete
organism model, particularly in terms of the complete
"excluSLOn from or 1nclu51on in reported hospital costs
of the remuneration of attending~physicians. Therefore a
cost’ analysis must adjust the reported value of hOSpifal
costs downward by the reported value of. any included
remuneration, or upward by an estimate of excluded remuner-
if the respective servicé‘;f case~-type definitipng of out-
put are to be employed. | |

Inter-hosq}tal cost differences (even standard-
ized for outpgt)lcannot necessarily be interpreted as
arising from inherent efficiency diffe/rences,8 since
'differences in reimbursement schemes could account for

‘

such differences. Cost comparisons of hospitals in




different political jurisdictions, for.exampl% those

undertaken by Berry (1970) in his study of a large sample
of U.S. hospitals, are illegitimate to the extent that
different reimbursement écheﬁgs prevail in diéférent’
states. Clearly cost:analysis should.be restfiéted to a
sample subjected td the same reimbursement scheme, or a
sample in which corrections can be made for type of
reimbursement scheme. ‘

. 9

4. Summary

A definition of hospital outpuf which 1is
suitable for cost analysis must meet two requirements.
First, indiviéual ou;puts must be homogeneous across
hospitals. Second, the vector of input levels which aré
reflected in the hospital cost variable must éorrésﬁond
to the vector of input levels which result in the vector
of output levels. Services and case-types are alternativé
definitions of ho§pital output which generally meet the
first criterion. Servicesﬁmeet the secdnd criterion only
if the hospital cong\ariable comple#ly excludes the
remuneration of attending physicians. Caéé—types meet
the second criterion only if the hospital cost variable
includes the remuneratib% of all staffvand non-staff ’
‘attending phyéicians: In an analysis of in-patient costs
oﬁly, case-types meet the second criterion only if the in-
pgtient costfyériaﬁle aiso includes the co;ts‘of any
treaﬁment réceived_by in-patients during thdir episodé§

-
2
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of illﬁess, especially pre—admissibn and poSt—éischarge,

(

in out-patient departments.

5 :
Models of hospital behaviour can be developed

in order to depictethe relationship between services

and case-types and to suggest the "behavioural" rgther

than purely technical nature of th'hospital cost egquation.
Service ceftre models exclude Qtténding physicians and
regquire that hospital output_be services; Complete.
organism médelg include attending physicians who combiné
their reseurces with the services produced by the hospital
in order to préduce case-types. Althéugh not—-for-profit
behaviour intrdduces the scope for a%locative and
X-inefficiency,into_poth models, any rqsiduai profit
motfvation, aléng with restg}cti;e reimburéement guide-
lines and minimum profitability,\iimit the extent to Yhich”
the hgspital cost function is bghaviourai and thereﬁéfé —
vindicate a technical interbretation of the results of e

N

hospital. cost analysis.

s
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Footnotes

’

-

1. Pauly and Redisch £l973, 98) raise the same issdé_:'
,whenlthey aséert that Jempir;cally observed %OSt
curves [relating hospital coéts to *‘case-type A@ﬁpyt]
may be.misleading, if we add [or rather recognize that
hospi;§1 costs fail to fully;refleFt]Pphysician E
input.” | . o
i)

2. See Klarman:(1965, 132-133) for a comparison of the

Britgsh and U.S. hospital industries. . p
3. If the hospital fails to maintain a salaried staff of

surgeons, bbstetricians and anaesthesiologists, it

can only provide the facilities gnd nursing staff of : ° .
Oper?ting and'delivery room rather than the full-
fledged services of surgery and delivery. *
4. The weighted patient-day output, WPD,, Qf the 'j th
hoépital is.cémputed usingiinformation on'hospitél“
outéut of I services, Sij' and the average CoFt of

each service, AC;, for the entire sample.

Specifically, ‘ A : .
' - "I — l ’ ’
WPDj = _E (éCi/ACl) Sij‘ where
) i=] .
i = 1 for ward care as measured by patient-days.

v

5. Davis and Russell (1972) have detected such
 substitution possibilities. ) ' -
6. Melvin Reder (1965) is exceptional in this respect.
: . w4 - .
7. ertlip Jacobs (1974) distinguishes between "organism"

ian@ "exchange"” mbdgls of hospitél‘behaviour in which

-
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decision-making is respectively centralized and

decentralized among,hospital'trustees, administrators,
’ ’
staff, patients and physicians. Since many organism

quels exclude phjsicians, the term "complete organism"

was devised in order to differentiate organism models

which include physicians.

“

. [ ]
For example those cost differences arising from returns

to scale or factor market imperfections.

N .

\
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III. THE SPECIFICATION OF ﬁOSPITAL COST EQUATIONS

1. 1Introduction , .

The specification of %ospital cost equations

créates problems in hospifal cogt‘analysis in addition to
thosé associated with output definition. Specified forms
of hospital cost equafions in the literature have been
unsatisfactory in seveéral important¥res§ects. They have
employed. questionable forms for cert&in key variables,
especially occupanéy rate and length of stay. Some ha&e’
de—emphésized the over&helmihg imbortance'of attaining
product homogeneity through a sufficient number of ogtput
corrections. Finally, departmental, service and caseftypé
cost equations are open to pagticular criticisms of their
specifications. For eiample; case-type cost studié§ haéé
not always examined with sufficient care the need fof and )
selection of corrections for iilness séver&&y beyond
those implied.by_the case-type c}assification of patients.
Each of the two general déficiéncies will be

»

discussed and remedies proposed in the sections which.

[

£l
]

follow. A concluding section will discuss problems in \L\k/.

specification which are specific to departmental, service

-
*

and ‘case-type cost analysis. . .

Y . .

~ e 0B 4 4l

2. Thé Form of variables Included in Hospital Cost

Equations . .
‘In order to better establish the importance ‘of

" gspecifying plausible forms for variables in cost equations{‘

-
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our discussion begins by specifying a total cost eqﬁation
which assumes linearity in special services or case-types
similar ﬁo that implicit in most previou;fhospital cost
studies.v Unlike these studies, however, ‘it extends the
linearity of total éosts“in capacity ana output to the
total rated paﬁient-days (or rated bed—daysf, éatient—dafs ,i o
and admissions variables as well as the special,servicé and
case—t?pe output corrections.
The justificaﬁidn for the linear form_of total
there are constant returns to scale and no interactions {;’

N I

production, or incgreasing or dggreasing returns to scale
| u 1 ‘ L, oasing e .

cost equations is twofold. First, to-the extent that -

®,

and productién iﬁ{éraé;ions;whié?’a;é controlled for
regressibn pdf§3§ésqﬁa tot;l ;ost eq;ation which is linear
in output ‘and capacity is qu%te realistic. Second; to =
the extent that inter-hospital variations in output mix E
are sméll, the linear form of the total cost equatioﬁ is
a good,aéprOXimation of underlying cost conditions.

Whether hospital output is defined as :services
or case-types, it .is well recognized that there exist the
possibilities of facpor indivisibilities, short-term or

1

quasi-fixed capacity, returns to scale, and interactions
in:production. ~These give rise to resﬁective minimum
fixed costs éﬁﬁc), capacity costs, economies of ééale, and
interdepeﬁdent ma;&inalJcosté'among outputs. If the total,

" cost equation is linear in output)'tﬁe variables required

4o control for each of these-"sources of inter-hospital cost

b e Sl R g e

ot
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e
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variation include dummy constants, capacity measures such
2B ‘ ot

as rated patient-days (R), polynomials°in output or

capacity, and cross-product output terms, respectively.

In addition, if hospital.output is defined to

be services, marginal costs arise from the provision of
7

ward service as measured by total patient-days (P), theé

. . .. b) .
service "admission and discharge" as measured by total

admissions (A), and orher (special) services,

A
(Sj, j =1, ...J), such as laboratory tests, X-rays and

deliveries. If hospital output is defined to be case-

types, marginal costs arise from the treatment of all

patients (on the assumption of a standard diagnosis such

as "normal delivery") as measured by total admissions, (A),

any differential treatment required by patients of non-

standard diagnostic category, as measured by non-standard

case-types, (CZ’ =1, ...L), and, assumihg comple-

mentarity between ward and special services, the total days

+

of s%ay of all patients (P), since length of stay is only

imperfectly related to case-type classification due to

differences in illness severity. ‘ ’

¥

-

A service cost equation might therefore be

written as follows:

(1) TC_ = a;R + bP + cA + mfc
- N n J ' I J . ,
+ I anR + I djsj + I z eijsisj + errsr

n=2 j=1 i=1l j=1 ifj




Similarly a case-typg cost equation might be

. >
written as follows: . N

(2) TC_ = ajR + b'P + C'A + mfc’

N' L . - L L o
. 0 z d2 CR + I L e lekC2 + error ]

n=2 =1 k=1 2=1 k#4

.

Heteroscedasticityl of the error terms is to
be expecéed, since large hospitals will surely have
unexplained costs oﬁ a greater magnitude than those of
small hospitals. Therefore effiéient estimation2 typically

requires the reformulation of total cost équations*prior

to regression.: The usual result is an average cost
équation—béfwrated”patient-day (TC/R), per patient-day or
per diem (TC/fQ, or* per édmission (TC/A).
o . .
For simplicity of exposition, let us consider
’ ) versions of the ;Qrvice‘and case—-type EOSt.equations which
are truncated to iﬁcluée only the first three terms.
Then eqdétiOns (l{ and (2) can be expressed in aygrage cost
fd}m in ordé; to determine the ‘implied forms of key
variables'such as occupancy rate and length of stay. By
dividing truncated total cost équétions by R, P and A
- - respectively, and remembering that occupancy or utilization
rate is defined as>U=P/R, and lepbth‘of stay is defined as

L=P/A, the following average c05t3equations result:

(3) . TC/R

it

a+b0+cU/L
(4). TC/P.= a/U+bic/L RS

(5)

TC/A = aL/U+bL+c




It is obvious that there is no average cost
¢, equation which admits linear forms in both occupancy rate

t
and length of stay. The per diem cost €quation admits

neither. Average cost equations which are linear in both
occupancy fate and length of stay are therefore incon-

" sistent with a (highly plausible) total cost eéuation which
is linear ;n rated patient-days, actual patieﬁt—days and
admissions.

The alternative specifications of average cost
equations appearing in studies done by authors.such as -

: | Ingbar and -Taylor (1968), Ro (1968), Evans--(1971) and

Lave e£. al. (1972) are ques}ionable in several respects.
First,_since they’émploy linear forms for both occupanc}
.;ate and léngth of stay in their averagé cost equations,
they éfe generally inconsistent with a total'cbst

equatioﬂ whicﬁ is liﬁear in rated patient—déys, actual
gpatient-days and admissions. . Second, at least two authors
recégnize bﬁt are unable to correct the shortcomings of

! . .

using a linear épecificapion for accupancy rate in per .diem

and per admission cost equations. Both Ro (1968, 227) and -
Evéns (1971, 210) recognize that the linear'corrections for
,occupancy rate’ ' in their per dieﬁ and per admission cost
equations fail to reflect the liklihood that' the reduétion

in average costs associated with a éiven ihcrgaée (5

percent) in occupancy rates will be larger when occupancy ‘

rates are low (50 percent) rather than high (90 percent).

They might have avoided this shortcoming by specifying

-
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reciprocal rather than linear forms of occupancy rate.
Third, most authors fail to adequately justify the %orm

of variables appearing in theirfspgcificationé. Evidencng
for £his dssertion is provided by.cqmparinq tﬁe two
alﬁernative cost equations useQ'by most authbrs (for
exampie, the per rated patient-day and per diem cost
equations specified by Ingbar and Taylor). Béth equations
typically employ the same (linear) form of occupancy

rate and length of stay, and thereby suggest without
justificaEion*and perﬁapé without the intention of the
authors. that two different total cost equations apply to
the same sample of hospitals. .

In order to rectify this deficiency in
specification, cost studies should undertake the initiai
specification of their cost equation in total form. The
linear form sugéested above is an obvious possibility.
Only afterwards sﬁauld they weight the total cost equations
for efficient estimation. |

!

¢.

3. Product Homogeneity in Hospital Cost Anilxsis

Product homogeneity across hospitals in cost
analysis can be achieved by inclpding sufficiently numerous
and detailed output variables in cost equations to control *
for_éll.output—related sources of systematic inter-

‘hospital cost variation. This procedure is desirablé not
‘only fof the estimatiqp'of the étructure of hospital .costs

but also for .inter-hospital comparisons of standardized

PO




it is knqwn that large hospitals produce outputs of

e

costs; althougﬁ the latter may still be possible if
informétion is available on the nature‘of any remaining
product heterogeneity.' For example, if large hospitals .
appear to have iower“ﬁ;apd§;@i§ggAgosts_qn_;he basis of
an insufficiently detailed output classification and if
higher quality énd~costliness than do small hospitals,
then large hospitals are unambiguously less costly thén
small hospitals:

Product homogeneity may not always be attainable

in hospital cost analysis for two reasons. First, the

‘most detailed‘output classification available may still

be inadéquate for product -homogeneity. -Second, the number
of outpu{.correCtion§ actually employed may be less than
that of the most detailed output classification available
because the latter is thought to ge so large in relation
to sample size as to result in multicollinearity and the
imprecise estimation it entails, or even insufficient
degrees of freedom for éstimation.

. The hospital cost anaifst tyﬁically has no

\

éontrol over the évailability of a detailed output classi-
fication, at least in the short run. 'If the best available
output claésification is still too'aggfegated, he may
proéeédtwith his examination of hospital costs, perhaps
employing quality indices to control ‘for unremoved o

product heterogeneity, and always issuing the necessary

caveats. If sufficient information is available on any

37
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residual product heterogeneity, he may still be able to

make some inter-hospital comparisons of standardized

9

costs.

The cost analyst should never sacrifice output

. >

corrections in order to mitigate the impact of insufficient-'

degrees of freedom or multicollinearity.

one or more legitimate aggregation techniques (discussed

in the next chapter) to reduce the dimensionality of the °

He should employ

data mdﬁrix and achieve more precise estimation,

especially those techniques that generate and use a Efiori,

information or aggregate independent variables using sound

statistical techniques. He should never ignore "minor"

_output corrections or aggregate .independent variables on

the basis of highly subjective or arbitrary criteria.

Many examples of such ‘guestionable aggregation
b4 g

technigques can be found throughout the hospital cost

literature. Martin Feldstein (1968, 3?—39) beginé his

case-type cost analysis by specifying 33 detailed case-

~

types which he then reduces to 9 aggreewated case-types

in order to bqth'permit computation by . a small4capacity

computer and increase the precision of estimation which

was otherwise limited by multicollinéarity. 'Although he

.suggests the possibility of aggregating the detailed case-

types on the basis of similarity of the cost coefficients

from thé.full regression, he chooses instead to aggregate

»

case-types on the basis of his (layman's?) perception of

simiiarity of medical character. By using such an

-

s
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arbitrary criterioh for agéregatiné case-types he may
forego any réasonable degree of product homogeneity in
his cost analysis.
) A further example is found in the study done by
Ro (1968). éo begins his service cost analysis by
specifying 25 output variables which” he believes will]‘

affect hospital costs. He subdivides these variables

i t@fsix,gioups: size-volume, capacity utilization, scope -

BE

He requires that a minimum of one variable from each group

;e

be included in the cost equation, and then undertakes

services, technology, exopgenous and (teaching) dummy.

stepwise regression on the remaining var%ables in each
group. He ‘does this to redu;e the numbe} of variables and
attendant multicollinearity without as much "selectivity
bias"4 as usually accompénies stepwise regression.
However, ;he crudeness of his aggfegations is recognizéd,
especidlly in the preliminary categorization of variables,
since he resorts to using a quality index jn both his per
diem and pe; admission cost-eqﬁation. He measures
quality inversely as the number of patient-days per hospi-
tal personnel, agé in so doing he hnfofunately cofrects
for an input (lgbour) énd therefore biase; his cost ‘
analysis to the exééntkthat labour and other factors of
production are substitutes. |

A further example of qhestionable aggregation

L J

:technique which results in a loss of product homogeneity

is found in the study done by Kushner (1969). He regresses

~
£}

oA
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"hotel-type" hospital costs (ward nursing costs, dietary
expenses, and laundry and llﬁen and housekeeping costs) on
alternative polynomials in ‘actual and rated patient-days.

By so doing he fails to recognize that some components of .

. . . . — .
hotel-type costs are incurred in the provision ©f services

other than ward service, especially laboratory, radiclogy,

operating‘and delivery room services. _.In addition, he

regresseé'al} hospital costs on broadly-defined services,
of .

for éxample: déyS(aﬁ ward care, X-rays and lagérator&/tests
undiffereﬁtiated by type. 'In neither of his cost analyses
did he ;nvestigate all possible output correcéioné. He
'feduces multicoilinearity but failé tO'achiéve product
homogeneity.

,\Aothe}rauthors have shown much moré concern for

the need tb achieve broduct‘homogeneity and h;ve therefore
selected alternqtive aggregation feéhniques‘for deéling .
with ﬁulticollineariéy. However, they have not always .
investigated all possible corrections4necessary for

product homogeneity.” For exampie, Evans fails to examine
corrections in his case-type cost analysis for indirect
teaching costé'or the costs of preferred gccommodation.
Perhaps the enthusiasm of many cost analysts for'the - P,

speculative introductgion of such "characteristic"5 :

variables 'is dampened by their awareness of multicollinear-

«
o

4 '
.- , Clearly the initial speécification of hospital
cost equations should include all.available output

-
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- M .
corrections while temporarily ignoring the poséibiiity of
imprecisé estimatioh arising frgy multicollinearity. If
it does not, product homdgenelity may be unnecessarily
sacrificed, since valid empirical techniquesldo~e£ist for
reducing the dimensionality of t?e data matrix to a level .

—
commensurate with precise (andsrelatively unbiased)

»

estimation. - .

A

"

4. Departmental, Service and Case-Type Cost Equations-

All cost equations should adhereéto the general
guidelines for specification oﬁtliﬁed in the previous
sections. In addition, departmehtal, service and‘base;
type cost equations pfésent specification problems par-
ticular to §rganizational leQels and institutional contexts.

a. Departmental Cost Equations

Individual hospital departménts include ward

. i

- serviceé, newborn nur%ery, laboratory, radiology, physical

medicine and rehabilitation, emergency ward, operating and

recovery room, and delivery room. Minor departments are

-
]

sometimes separately organized for électrocardiography .
- .

(ECGY, electroencephalography (EEG), and nuclear medicine.

Whenever minor départménts are not separately organized,
0 ° ’ .

major‘departments, especially the-laboratory and -
radioclogy deé&rtment, provide any relatei‘services.
In most North American hospitals, the operating

and delivery room provide the facilities and nursing

staff used by" surgeons and obstetricians who are privileged

Ld

f
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private~prac€itioners. . In those hospitals, however, where

surgeons and obstetriclans are salaried hospital staff

mémbers, the aépartments should be designated as surgery

LSy

P 3 -
and delivery respectively. Costs should include the re-

=

Al
muneration of medical as well as nursing.staff, and output

is defined as comp leted %urgical and obstetrical procedures

’ @ B
(differentiated by type) rather than the provision of )
facilities and nursing staff.

Individual hospital departmean provide a number

of services and their cost equaeions should therefore

i

;ncorporaof detailed output corrections. For example, ' .
the laboratory provides variohs types of laboratory tests
(bacterlology, blochemlstry, blood bank, cytopatholo?y,
haematology, hlstopathology and urlnaly51s), aut0p31esm

and sometimes ECG, EEG and nuclear medicine. 'Physical ]

-
)

medicine and rehabllitation'pgiziges~physiotherapy-and L

occupational and speech Ehera Y. .,By way of contrast,(

Feldstein (1968, 81-86) re¢gresses departmental costs oo\hw_x\\\N“f

. »

polynomials in bed capacity and cases per bed per, year
rather than detailed sékvice outputs. Ingbar and Taylor .
{1968, 67-73) regress departméntél costs on the same set of

highly aégrégated service variables used in their service

cost regression. Cohen (1973) regressésrdepartmental c05t§

on a polynomial in a_uni-dimensional output measure -
. R

A{laboratory tests for laboratory, X-rays. for radiology)

-
and teachind affiliation.

> >

The service outputs of departments are not




L

always read}ly identifiable. ECG, EEG and nuclear medicine
are provided by the laboratery in one hospital, by the.
radiology debartment in'anothef, and by a separately
ogganizeé @epartment in a third. Needless to say, outbuté
must be assigned t6 individual departments prior to cost
analysis. Certain obstetrical an@ minor surgical pro-
cedures may be performed in tﬁé operaiing room, delivery
‘room, or emergency ward, déﬁgnding upon the hospital. If
it is impossible to identify the department providing >
'these fapilifies or sqpuices, departments may havé to be
. aggregaﬁea in ordér to produce an unambiguous correséén-
dence between output and costs.
> The largeéteahd moét complex departmeﬂt-within
the hospital‘is that 6f ward service. Not only do wards
.brovide stay;related sefvices proportional to patiént—days;
,yhether short- or long-term, intensive care, medical, ‘
surgical, obstetric, “psychiatrié or paediatric, but they,
provfde a number of admission-related services which

include the services "admission and discharge" and trips

oS

off-ward to special service départments such as radiology

or the operating .room: o

’

It is espécially important” to include in depart-

mental cost equations variables which reffect depart-

mental- cost structures: for example, capacity measures

such as rated patient-days for ward service, bassinets

L £ - N
set up for newborn nursery,. and number of operating -
. ., : » N
rooms for surgery; a dummy variable valued at unity if

]
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the department exists, zero otherwise; a-polynomial in

departmental output or capacity;’ departmental teaching

measures, for'example the number of technicians‘trained ,
by the laboratory, output variables for closely related .
departments to capture any lnteractlons. and

proxies for unremoved product heterogeneity, for example
! : .
medical teaching affiliation. The signg, magnitudes and

significances of the estimated coefficients of these
, g
variables provide insights into the overalK;structure of

~hospital costs which might be impossible from the service

cost equation as a result of insufficient degrees of

freedom or irremediable multicollinearity. These insights,

moreover, can be used to restrict the service cost

<

equation to an empirically manageable form.

Ideally the costs of individual departments .Y

‘should include both direct staff and material 'and indirect

.

Qverhead costs. However, the latter, if reported, may

\

be unreliaole,-and’if unreported, may not be imputable

with acceptable aCcuracy. Overhead costs are evaluated -
by Anderson (1974) as a markupy determined by prlor
measurement,(on dlrect costs, and by Cohen (1973) as the

same fractlon ?f all hospltal overhead costs as' that of

departmental to hospital income. 1In the absence of an .

-
a

accurate estimate of overhead/(indirect)‘costs of each
C S . .
~départment, Feldstein is constrained to comparing reported

(direct) éepartmental costs &ith output ' This last

~

Aprocedure provxdes some insights 1nto the structure of




departmental costs {i.e. the structure of the direct

- .

cost component) and theée insights will be unbiased to

the extent that overheads gre complements with direct
'ihputs, or differences in substitdtion\?cross hospitals
and services are small and randomly di§tributed. ,Iﬁ
addition, to the extent that the distribution of overheads

a3

aﬁong the outputs of a department is approximated by a
constant mark-up on direct gosts, direct cost equations
imply restrictions on the form of the service cost

eguation. ..

b. The Service Cost Equation

Thg initial specification of the service cost
equation shouid include all variables thought to contribute
tb departmentallcosts, as well as any variébles affecting
overéll hospital costs, for example teaching activity or
preferred accommodation. It should adhere to thg general
guidelines specifiéd in the previous sections. /%he

specification may be subsequently modified by aggrega4ions

whicH incorporate the results of the departmental cost

regressions.’ .
.Segvice costs should exclude from total hospitai

costs the remuneration of attending physicians and any

Y

othér costs unrelated to service production, for example.
4

=

the costs of education, research, and (self-financing)

coffee shops and parking. They should also be adjusted for

any factor price differences other than those arising- from

-

-differences in factor quality. For example, the interest




component of capital costs may be highly variable among

’

hospitals because -some hospitals have ready access to
low or even zero-price charitablé funds. Hence service
costs might besf exclude interest costs, particularly if
they are small and infreqﬁently observed and if capital
is thought to be complementary to othér factors of pro-

duction.

*

c.. The Case-Type Cost Equation

Cage-type output variables include the numbers
of patients treated in each homogenous case~type category,
as well as corrections fof the structure of hospital
costs similar éo those outlined in the brevious seqtions,
especially capacity méasures; durmmy variables and poly- -
nomials in output or size fo; specific. case-types. If
thelcaseftype classification is of sych a sufficiently
aggregated naturé that all hospitals report approximately
proportionate positive output in af{ case-type categories,
a single capacity measure (rated patient—days),‘dummy
vaéiable (valued at unity for all hospitals) and poly-
némial (in total admissions, patient~days or rated patient-
days) are plausible corrections for #he structure of
‘ hospital costs. If inter-h&bpital comparisohs of standard-
ized costs are to be iﬁterpréted as inter—hospi%al
differences in efficiency,'the value qf.the‘capacitQ ¢
variable must be viewed as éxogenous.to hoséitals, perhaps

as a result of either éxpgeneib& of case-mix. and patient

' . Y .
length of stay or the administrative fiat of tlie hospital
' . -

.
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regulator. Otherwise the maintenanée by the hospital of
caéacity considered by the regulator to be excessive for
its case load should be viewed as an indicatiog of
inefficieﬁcy in addition to that suégested by positive
cost residual;.

Séecifications of case-type co§t equations
should'égrefuily investigate corréctions for illness sever-
ity beyond thoseAimplied by the case—-type classification
of patients in order to avoid biasing the cost analysls.
They should avoid using corrections fér illness severity,
for exémple the variables "numbers of patients having
major or minor surgery" emploYed by Lave, Lave and .
Silverman (1975), which also correct for a service
(surgery). To the extént that surdery is a substitute for
éther services, especially dhemo—,'radio- and physio-
therap}, in treating certain case-types, case-type cost
coefficients will be downwardly biased and inter-
hosp%tal comparisons of standardized éosts will be biased
in favour of hospitals making such substitutions. Should
a.need be indicatea for such ambiguous corrections for
illness severity, a critical reappraisal of the case~-type
output classification might be in order. For exampie, the
Case—type.claésification used Ey-Lave et. al. (Yhiﬁh

employed only 17.categories$ seems overly aggregative when
campared with'thef33'catego;ies,employed by Feldstein

< - .

.(1968) and the 41 employed by Evans (1971).

The most frequently utilized correction for

!
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illness severity in case-type cost analysis has been the

total patient-days varigble, which takes the form of a

length of stay correction in average cost equations.

- 4

While it is true that extended lengths of stay, corrected
: »

-

for case-mix, may signify that ward care is substituted .
‘ 5 , ,
for special services within a hospital, the valueé and

statistical significance of the cbefficient of the length
of stay variable used by Evans and by Lave et. al. and .

the excess length of stay variable used in 'the per ad-

»

mission cost analysis of Chapter V suggest that an

extended length of stay is primarily the result of illness
severity. Length of stay has proved to be a necessary
correction for illness severity in all case-type cost .

analyses to date, regardless of the number of categories

in the case-type classification.

An additional correction for illness severity

is implied by corrections for the -age-sex composition

of hospital pagients. However, detailed age-sex correc-

tions by case- e are sO numerous as to be empiric?l;y
unmanégeable, since the number of corrections eguals the
product of the number of age-sex and case€-type class—
ificgtions. Aggregated age-éex coirect?ons unreiated to
case—fype were uéed by Evans in his per admission cost

equation, but their impact op hospital costs is necessarily
ambiguous. Since the primary impact of -age-sex composition

on costs appears to occur thrdugh length of stay .

P
.

differences, as was evident in Evans' study when he found

’

-




Q that age-sex corrections were X?significant in his per
\\\ diem cost equation, then the need for age-sex corrections
N "is not obvious in any event. ‘ |
~ ’ In orde; that the cése-type cost coeffiéients
\\\5eflect stay- and capacity-related costs as well as ad-
~ . -

~

miééiQP—related costs, the corrections for to;al patient-
days agd'rgFed patient-days might be alternatively
expressed ag\“éXCes§ patient-days" and "unused rated
patient-days" respec;ively. The former is computed %or
each hospital by algesraiqally‘summing the differences
between the length of stay of each patient and the
average length of stay for patiénts of that diagnosis

g

across all hospitals. The latter is éomputed'for each

T~

5 hospital as the difference between rated and total patient-
N days. The cost coefficient of the excess patient-
day variable will reflect the per diem costs of both the //<

, normal ward and extra ward=ind special services provided

s

to patients during extra days of stay.
"Ideally the case-type cost variable shou%d‘

include the remunération of all attending physicians as

}
Iy
P
2
&

well as the service-related costs of the hospital. The

case-type outpat classification should extend to both

\

those pa%ients admitted as in-patients during their

‘episodes of illness and those patients treated on a purely

out~patient basis. In practice this has not.been possible

due to lack ©f data; in particular, case-type costs have

excluded some of'the.rémuneration of attending physicians, '

-

.




and the cost‘analysié has been confined to in—patienf costs
alone. :

If case-type co;ts are computed as observed
hospital costs, and if observeé hospital costs include fhe
major portion of the remuneration of all,attehding physi-
éians (i.e. salaried staff outnumber priva£e practitioﬁg;s),
then the case~type cost analysis;will minimally understate.
true dasé—ﬁype cost coefficients and will permit valid
inter-hospital comparisons of standardized costs if the
omitted remuneration is small and randomly distributed
. across ho;pitals. If however, observgd hospitél'costs
exclude the major pqrtipn of the remuneration of attending“
physicians (i.e. private practitioners outnumber salaried
staff), and particularly when the omitted remuneration is
ﬂot randomly distributed" (e.g. only teaching hospifals
: maintain salafied staff), case-type costs should be computed

as observea hospital costs less thel}emﬁnerétibn of éal;ried
medical staff. The case-type cost analysis will more sub-
stantially understate true case-type cost coefficieﬁ%s'
but will ‘permit wvalid intethospital‘compérisons of. stand-
ardized costs ;% any”substifution between physician and
\ .hospital servicés in treating caée—types is small and
. - randomly distributed acrogs hospitalsf

If the caée;tYpe classification extendé to in-

patients alone, then the case:tyée cost analysig might be.

restricted to in-patients alone.. However, the in-patient

éase-type cost variable should include not only reported,

.




ip—patient costs but also the costs of any out-patient
treatment_which is receivéd, usually pre-admiésioniof
post—discha;ge, by in-patients dqriﬁg their episodes of
illness. In practice it may not be possible to identify
the recipient of out-patient care, so case—typq in-patient
costs are frequenfiy‘computed as observed hospital costs
l?ss an éstimate of all out-patiént costs. Estimated out-
patient costs might be computed .as out-patisent income or
out-patient services weigﬂte /by'the service cost para-
meters estimaLed in a p%ior/service coét analysis.' They
should not be compuﬁed as thg repofted values of organized
out-patient and emergency costsAalone, éince out—patiént
costs also inclﬁde the much larger costs of out-patient
services provided.in special service departments such as
the laboratory and radiél y'department.7 The value of in-
patient costs computed alzzotai less éut—éatient costs
understétes'actual in-patient case-type costs and cost
parameters, but ;f the understatement is small and

randomly distributed across hospitals, valid inter~

hospital comparisons of standardized costs may stili be

" possible. _ : ol
5. Summary

The specification of hospital cost equations
should proceed without overdue regard for anticipated
probleﬁs in estimation (although care must subsequently

be taken to weight the total cost equation in order to
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reduce the inefficiency of estimation associated with

heteroscedasticity and to aggregate explanatory variables

in order to reduce the imprecision of estimation associated

with mukticollinearity). The specification of a total
rather ;haA average cost eqﬁation seems more likely to
ensure plausible forms for such key va:iaﬁles as occupancy
rate and length of stay in the (equ%valent) average cost
equatjon. Given the plausibility of a total cost equation
which is linear in rated patient;days, actual patient-days
and admissions, the linear form of both occupancy rate and

LY

length of stay in per fated patient-day, per diem and
-per’adm;ssion cost eguations is questiodnable; reciprocal
forms of occupancy rate and length of stay might be B
especiallyldesirable in the per diem cost equation. The
specification of the hospital'cost equation éhou}d
injtially iqcludé all plausible corrections for outputl,
heterogeneity and only afterward should relatively un-
biased aggregations pe pursued in order to increasé the
precision of estimation while main£§ining product homo-
geneity.

Departmental, service and case-type coé;
"equations must cont;ol for the structure of hospital costs
by admitting corrections ﬁor.ﬁinimum fixed costs, gapaciﬁy_
costs and économies of scale as wéll as for output‘mix.
Cost variables should be adjusted to offset any factor

price differences other than those arising from differ-

ences in factgf\quglity. Departments provide services

52
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and departmental costs should include a reliable imputation
- - f"\) o
of overheads if possible. Service costs should entirely  ~— — -

exclude the remuneration of attending physicians. Case-
type costs should include the remuneration of all staff
and non—staff attending physiciaqs.' In addition, a case-
type analysis of in-patient costs should ensute thét the
in-patient cost variable includes any episode-related |

out-patient costs. Finally, in order to avoid biasing

the cost analysis, case-type cost equations should

carefully -investigate (and avoid if possible) any

corrections for illness severity (such as the .incidence
N )
f surgery) which potentially correct for an input

L4

‘(eébecially services which are substitutes for other

services, for example some types of/surgery with radio-

L3

therapy) into the illness remission of case-types.




Footnotes

1.

[
This is reflected in variance-covariance matkices

.

for error terms which are’diagonal but not scalar-
diagonal mgtrices. Typically a priori information
indicates a relationship between the variancés of
the error term and one or more of the independent

variables. The}e are several statistical tests for

this phenomendn. See Johnston (1972, 214-221).
Efficient estimation requires the application of
generalized least squares. See Johnston (1972, ‘

208-211). - , o

'Multicollinearity exists when there is significant

. i . . . .
correlation between (linear combinations of} inde-

pendent variables. See Johnston (1972, 159-168) .
. i’ .
Selectivity bias arises when regressors are non-

N 1 ]
orthogonal and the results of stepwise regression,
in terms of which variables are retained as being
statistically significantson the basis of an F-test

of incremental Rz, are4s¢nsitive to the order in which

additional variables are introduced into the regressiorn,
. - \

4
s

This term was introduced by Lave, Lave and Silverman
(1972) to designate those Variab;¢s~which were not, '
, % 4

strictly speaking, output corrections (either case-

types or services). .

- .
The values of coefficients are highly comparable to

the marginal costs of a_ patient-day of ward care which

- e ”
are estimated in the service cost analysis of

-

*
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Chapter V.

Evans (1971) appears to have missed this point and_ -~

so his estimate of out-patient costs grossly

understatég actual out-patient costs.




Iv. MULTICOLLINEARITY IN HOSPITAL COST ANALYSIS

¥
* .

.9

1

1. Introduction o v

. . Multicollinearityl is a third problem in
hospitéﬁ cost analysis. It arises whenever, for a given -«

sample, explanatory variables are highly collinear or,

. alternatively, (lihear combindtions of) expléhatory vari-

ables are highly correlated. It can best be detected
through an examination of the size distribution of the

eigenvalues associated with the correlation matrix of the

explanatory va_triables.z' If the number of‘genya{ues_

{there are as many eigenvalues as explanatory variables)

fournd to be insignificantly aifferent from zero3 is lagge
in relation to: the number of,explanatdry variables, tHen

a high deggee of multicollinearity is present; If one
» )

OF more eigenvalues is zero, then multicolf!!earity is

-

perfect.
The consequences of multicollinearity are
several. As Johnston (1972, 160) points out:

"l. The precision of estimation falls so that it
becomes very difficult, if not impossible to
disentangle the relatlive. influences of the
various X [explanatoryl] *variables. The" loss
of precision has three aspects: specific
estimates may. have very large errors; these
errors may be hlghly*tbrrelpted, one ‘with *
another; and the sampting variances of the
coefficients will be very large.

2. Investigatdrs are sometimes led to drop
variables incorrectly from an analysis
becaude ¢heir coefficients are not signif--
icantly different from zero, but the true, -
situaticdn may be not that a variable has’
no effect but gimply that the set of sample

°56
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data has not enabled us to -pick it up.

! 3. Estimates of coefficients become very
' sensitive to particular sets of sample
data, and the addition-of a few more
observations can sometimes producte
‘e dramatic shifts in some of the
coefficients." R
Multicollinearity is an especially serious pro-

. ’ b "
blem in hospital cost analysis as a result of the large -
-number of initialiy'specified eiplanatory variables in

: L]

. relation to sample size. For exahple, Ingbar and Taylor

= 61968) initially spec1fy over 100 service output varlables

as potentially determining 144 observed values of hospltal S

costs; Cohen (1970) defines 15 service output variables
" (which were aggregates of 26 more homoéeneous services)

in his explanatipn'of 46 observed values of hospital costs;

3 "

Evans (1971) épecif;es 41 case-type, 20 age-sex, and

several characteristic variables (length of stay, ' O

occupancy rate, rated bed capacity) as determinants of
185 observed values Of hospital costs; and Lave, Lave and
Silverm?n (1972) specify 17 case-type and 15 character- J

. istic variables as determinants of 65 observed values of .

hospital costs.
. Since multicollinearity is the result of both *~ .

. the aat% and‘the.specified'form of the cost equation, the
hospital cost analyst may réepond“to it by expanding his .

data base or changing the cost:equation so that regression

estimates of key parameters are shary@hed, However, ‘he may ",'
P .

not be able to pursue the former course of actlon, since

"in many sxtuatlons,the econometr1c1an has no cont ol over




*

to ‘the suggestion that he expand his data in the same .

‘the cost equation if he is to reduce multicollinearity.

by aggregatlng explanatory variables ‘through the use of __

'termé of .the largeness of‘thé reduction in the variance /

-

1

his data";} moreover, he may £ind it difficult to determine

-
-

the manner in which any additional data.can be used.to

reduce the standard: errors of estimate &f parameters; and

he may in any event find that additional data reduce multi- ..

collinearity little or not at all.
E . ) . ) B
. The hospital cost analyst might in fact react

5 P

manner in whiéh the French mob must haVe reacted to a ¢

2
L

recommendatioﬁ that they eat cake instead of oread. He o et
is already confronted with a data set whlch barely prov1des
syfficient degrees of freedom to est;mate the initially
specified form of the model, let alone mioimize multi-
. - s L] - :
collinearityr"ﬁe therefore typically acquires and uses
all available-gata even before he begins to worry ebout ‘ <

multicollinearity. Hence.he must resort. to respecifying’

The cost analyst seeks a revised specification
of his cost equation which permits more pregise-estimates
of key parameters (i.e. parameters have smaller .mean .

sguare errors). He typically ﬁodlfles his speclflcatlon

one or more of the technlques dlscusdéd in the next’ %

section. His agqregat;on technique can be defended in

.

»

of parameter estinates in relation to any bias (i.e.. any

net reduction in the mean square errors of parameter - .

4 . ‘e t

estimates). ',,, . o ‘ . \.c

o
.




Y

8

Too little attention has been given to a con-
structive criticism of aggregation technique in hospital
cost analysis. Criticism of the many techniques will be

provided in the next section. An Emproyed respons€ to

multicollinearity, which synthesizes several aggregation

‘techniques, will be outlined in a concluding section.

-

2. Aggregation Techniques: Responses to
Multicollinearity

There are ~#lmost as many different approaches to
dealing with the multicollinearity problem as there are

hosp{tél-cost studies.' Eight approaches can be differ-
entiated,;inéluding'the intuitive a priori aggregation
employed by Feldstein and Kuéhner (mentioned‘{n the
previous chapter). Each seems to rely almost exclusively

on a single aggregation technique.: Each will be discussed

within the Yyntext of the study in which it is (best)

-

applied. Particular attention is paid to the extent of ™

J~anY“bias introduced into estimates of cost “parameters by

’,

aggregation techniqueé. - T -

a. Intuitive A Priori Aggreyjation

\Many cost analysts undertake "plausible" impiicit
a priori aggrggations of explanatory variables by opting
for an output’ claséification less detailed than its
availabile §1ternativeé. Fof éxample,‘gvans (1971f employs‘
an’ output clégsificétioﬁ which includes 41 case-types which
are anvaggregation provided by the Ontario Hospital

Services Commission of 260 Ontario Broad Code case-types.
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Lave, Lave and Silverman (1972) use a égse—yype classi-
fication which aggregates th% 1,006 I.C.D.A. (Internati?nal
Classification of Diseases, Adapted)‘case—typeé into a

mere 17 case-types. These authors are justified in opting

for the aggregated case-type classificati only if the

triteria used by medidal experts in ge case-type
v ;

-

aggregations coincide with similar mar t criteria.

In some cases ﬁospital'cost a delibex-
ately aggregate explanatory variableé‘us‘ "other
criteria than their own perceptions of simllar costliness.
For example, Martiﬁ Fe{dstein aggregates 33 case-types
into 9 on the basis of what he calls "medical simiianity";
Kusﬁner aggregates the detailed service outputs reported
‘'by Ontario hospitals into’broadly'defined service cate-
gories by ek;ludiné available output corréctions for thé
g;fferent t?pes of laboratory tests, X-rays, et cetera.
Hospifal cost aﬁalysts can be criticized whenever they-

[ ]
make "intuitive" a priori aggregations which unnecessarily

q

. i -
detract from product homogeneity and tHereby introduce the

possibility of substantial bias into their analysis.

b. The Facilities’ Approach oo

. - Berry (1970f and Francisco (1970) wse the
facilities approaéh in their attempts to finesse the
problem of multicollinearity{ This approach involves éub-:
FiGiding the hospital sample iﬁto sub—sémplés within which
‘hospitgls provid; eitBer the same ‘combination 6r total ’

number of "facilities" ,(the capabilities of-providiﬂg

s




such broadly-defined serQices as surgery, laboratory, -
X-ray, et cetgra). ‘They then re;;éss, for hospitals in
each\sub—sampie, per diem costs on é‘constant, dccupancy
rate, and .a reciprocal term and polynomial in total
patient-days. For example, Francisco subdivides a sample
of 1,329 U.S. hospitals into 25 groups (each having at
least 30 hospdtals) on £he basis of their providing thel

A

same combination of 17 different facilities. He points
- out the incidence of a'negative coefficient for total
patient-days. in 22 of the 25 esfimated per diem cost
equations'in order to demonstrate the existence of econom-
ies of’scale in the geﬁeral hospital industry.

fhe facilities approach makes one very critical
assumpt-ioh which seems unrealistic. It assumes that
hospitals providing the same éombinétioh of facilities all
provide ser;ices ina£he same prOportiohs, for example -
.10 physiotherapy treatmehts, .03 X-ray treatments, .09
ECG's, et cekgra'pei patient—dgy; ~Unless this assumption

is borne out by sample properties, the facilities approach

provides a biased and inadequdte explanation of hospital

L

costs, since hoépitals providing a greater per diem volume.

2

of each service will appear more costly, and the R will ®

be low. ‘A modified version of the facilities approach

undertaken by Francisco illustrates this last point: his

L

regression of per diem costs (for the entire sample) on

17 dqummy variables (one. for’each total number of facili-

ties) yields an R? of only .5, which is—inferior -{assuming. . .

<

.
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' c. Stepwise Regression

'regression in that they reject any statistically in- .- .

‘most studies reject a dummy constant in equivalent total

‘ cost form (or reciprocal output term in average cost form);

62

2 of .7 achieved by Ingbar

comparable samples) to the R
and Taylor (1968) through their appiication of factor
analysis in their study @f the per diem costs of hospital

services. ' -

.

Stepwise regfession begins by regressing
hospital costs on a subset of qll bossibl?'gxplanatory
variables,“in particular those that are ;Fheoreticaily’
obvious". It then includes additional éxpianatory

variables if they increase the R2

of the equation in a°
stafistically significant manner. The technique is'valid
if explanatory varidbles are orthogonal ér, alternatively, ‘

if multicollinearity is absent: However, it admits

"selectivity bias"_ipto the regression in that it will‘
incorrectly reject certain explanatory variables in the

presence of multicollinearity; moreover, the identity of. '
réjected,variables is sensitive to tﬁe initial choice,of

"theoretically obvious" variables.

. [

’
Almost-all hospital cost studies use stepwise

significant variables for which inclusion canmot be

strongly justified on a theoretical basis. For example,

o -

sone reject polynomials in output; and others reject such

characteristic varfiables as rural location or religious

affiliation. They are justified in doing this only to

.
L




the extent that multicollinearity is weak and little
theoretical support can be found for including statisti-
cally insignificant variables inAthe regression.

‘One study, however, relies almost entirely on
stepwise regression to reduce multicollinearity. Ro (1968)
begins by subdividing 27 service and.characteristic . |
variables into 6 groups: sjize-volume, caoacity utili-
zation, scope of services, technology, exogeneous and
dumnmy (education). He selects one variable from each
group for regression purposes, that which is most highly
correlated with per diem costs. He then introduces (snd
rejects) all remaining variables using the stepwise
techniqgue. |

Several criticisms are possible. The output
corrections implied by the 27 explanatory variables are
overly cruue; for example, X-rays are:uudifferentiated‘
by type (tuberculosis, fluoroscopic, cineradiographic

-

et cetera). Some output corrections are questionable as
[ ]

they correct for 1nputs rather than outputs. For example,

S personnel per 100 beds corrects for factor mix as well as

output complexity and, as a result, the cost analy51s
is blased in that hospltals substltutlng labour for capltal
appear less costly. “The ch01ce of 6 groups is arbltrary,
|
as is the rationale for initially 1nc}ud1ng in the

regression only one variable from each group. Finally,

~—

. the stepwise technigue is generally suspect in view of

the presence of multicollinearity.

N
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d. Factor Analysis )

. i
Factor ana.lysis6 is a specific type of cluster

analysis.7 It seeks to replace the original set of %

independent variables with a subset which are both orth&-
\

B i & i
gonal and capture the preponderance of the variation in |
the origindl set of independent variables. :
Factor adalysis Begins by generating a normalized
| .

t

’ ! , L ‘
data matrix of’n observations on k explanatory variables,
1

X. It next computes the correlation matrix of the data r

matrix, X'X. It then computes the k x k matrix of
normalized eigenvectors, A, and k eigenvalues, A (in !

diagonal form), where A'X'XA =-A.. It -4Ahen computes the

¥

mutually orthogonal factors or principal components of

.

the data, Z = XA, which fully reflect the variation in
the'data. It then "jdentifies" 2 factors (£ < k) for '

which factor loadings of (or correlations with) ekplana-

\

tory variables are large (for example in excess of .3). .

» = ! "
Finally it retains-for cost regressions the 2 explanatory
rafiables, one per identified factor, which have the

highest factor loadiAgsu8

Both 1ngbaﬂ and-Taylor (r96§) and Lave, Lave
and Silverman (1972) use factor.analysis in their cost
studies. The latter apply’the technique to case-type

variables only. 'They all admit that theé criteria for

idéntifying factors are subjective. -However, théy fail

to fully recognize the bias created by the under-

représgqtationzin the cost regression €f those variables




which are poorly correlated with identified factors: They

also fail td obtain inﬁormation on the structure of -

-~

hospital costs which is as interprefable or as detailed as

éossible for policy applications (see subsection g below) .

e. Average Cost Aggregation - :

Cohen (1970) aggregates the- 15 service outputs

of each sample hospital, Sij,uwhere i refers to service

and j to hospital, to produce a weighted patient-day output
index, where weights aré the average cost of each service

* ' in relation to that of a day °§ ward care (the service

for which i = 1). He.implicitly proceeds as follows: ) i
first, the total cost  of the jth hospital, TCj, are

. R . ’ L ]
related to service output in the following manner:

-

. 15

(1) Ty = mfc + iElaisij + g * ]

whqfe a. is the ;verage unit cost for all 46 sample - g
ho§pitals of providing the itplservicewand uj is a random %
error. In symbolé, | | ' '%l
X

2) 4, = 4? TC /42 S.. :

e SIS B

Equation (1) can be rewri}ten as follows:

L 3
P2 20 T T S N

: t15
(3) TCj = mfc + al.E (ai/al)Sij ¢ uy
- i=1
or (4) ‘T?j = mfcl+ aiWPDj + uj

where WPDj is the weighted patient-day output of the jth
- .

Q

hospital. Equation (4) is now estipated.




-

A number of criticisms’ are possible. First, by
‘implic%tly Opting‘fpr the cost model given by éé:ation (1),
éohen assumes an overly '\plisti_c structure of hospital
v costs. Specifically he assumes negligible capacity costs
- ,or equal utilization rates for services; factof indivisi-
bilities for, only‘tnose serviqeé which are common to all

hospitals; dnd when he specifies an additional squared

- term in weighted patient-day output, returns to scale

which are of a similar magniﬁude fér all services.
Second, he accepts as accurate the reported full coéts éf
each, service by hosﬁitals, TCij;'td the ?xtent that over-
heads are on average imputed by hospitals to specific
serviees in an arbitrary manner, he eméloys inaccurate

\

and therefore admits bias into

' average cost weights, a;
the cost regression.

y£., Similar Marginal Cost Aggregation

Althouép Martin ‘Feldstein (1968, 39) first
. suggests the use of similar marginal cost aggregation,_/

Lave,'Lave and Silverman (1972) are'the.first to eﬁploy‘it
in hogpital cost analysis. They begin by regressing thé
4967 per admission costs for 65 hospitals on the fullnsef .
of 17 case-type and 15 characteristic variables. They
-thén sort the case-type variables into 5 groups on tﬁe

S .' basis of similar magnitudes of estimated cost coefficients.
Specifically‘théy view,ll‘c;se-typeé as having costs which

' .are insigniffcantly different from the numeraire case- -

» type; 3 case-types as having'cosgs which are $5-$10 above

- . - *
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those of the numeraire; one case-type as having costs
sés above those of the numefaire; and two. case-types as
having costs $45-$184 below those of the ﬂumeraire. tor a
differént data set (1968, in order to eliminate pretest
bias), they thenvadd total case-types-within. each group
for each hoépital in order to generaﬁe the five aggrggated
case-type variables used :in the regression of 1968 per
admission costs. *

. Similar marginaly cost aggregation as used in
this study 1is of“éuestionable value since it seems espe-

cially likely to introduce bias into the regression. Three

reasons are apparent. First, the use of a specific number

(5) of similar marginal cost cateqories receives no thorough
justification in terms of a trade-off between reduction
-of the variances and unbiasedness of the estimated cost
parameters of‘aggregaEe variables. Second, tge use of

the imprecise case-type cost estimates for 1967 as weicj}_x_.t;sw

1s questionable. Third, aggregatiorX by similar rather

than "actual point estimates of marginal costs is also

+~
4

questionable since it "throws away"™ information. 1In
[

addition, the application of the aggregation technique to

case-type variables does nothing to deal with multi-

,qollinearity among the 15 characterfistic variables.

g. 'Pfincipél components

Evans‘(197l) and Lave, Lave and Silverman use

the principal components technique. Prior to regression

the former replaces 40 case~typé' output corrections with

L]
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.
the 10 principal components (oxr factors) Ebrrespo‘!ing to
the 10 largest eigenvalues, and the 20 age*se§;correcti§ns

- with 6 principal combonents corresponding to the 6 largé@t .
eigenvalues.‘ The latter replace 16 case-type output
i corrections with 5 principal éompéﬁents corresponding to

the largest 5 eigenvalues, Neither replaces the ég;ractér—
istic variables'with principal components and niZther
retrieves estimates fof the cqs% coefficienté of the R
original sset of.case—typekand age-sex variables.

o The rationaie for. using the principal components

.

— . technique is straightforward: the number of mutually or-
4

-

«hogonal principal components used in the regression, &, is

° generally less than the number- of explanatory variables, k.

- I1f the exclusion of one or more principal components results
, . ,

-~

in a reduction in the variances of the parameter estimates

~which 1s large in relation to any bias,,mulficollinearity is

less and estimatibn of the parameters of charaqteristic

Aotnsd @ i B T -

variables is more ptecige (parameter estimates have smaller

.
Y

‘mean sguare errors) e&éﬁ”ﬁould be achieved using straight-

forward ordinary least squares (OLS). . o <

D

The technique as used by Evans and Lave et. al. -

°

- PSP R - honvac, et . o
aun Y T LTy e S T R B

proceeds as follows. First it is conjectured that the -~ .

vector of n hospital costs (in{dqyiation form), y, is .
liﬁear%z';elated.to the normélized‘data matrix, X, of n ob-
servaﬁkons‘on k case—typé éafiaBles, and to the aata matrix
(also in deviation fofﬁ),.w, of n observétions on k'

characteristic variables. .




(5) vy XB + WS + error

Since by the definition of the principal

components,

-~

(6) 2 = XA, then for A orthogonal (which must

be the case since A is the matrix of eigenyeetors of X'X),
(7) X = z2a"’.
Substitution.of (7) into (5) gives the résult:
(8) .y = ZA'B + WS + error

N
Y

ox, €9) vy

L

Zy .+ W6 + error

v

Now seléct an nx{ subset of the prihncipal

components, 2Z*, which caétures a large portidn of the

« 1§
variation in Z (and X)-which will be thé case if seleetgd' :
principal components have relatively large eigenvalues-and.,
more important,'éxplains Y in a manner which is no worse

: . £ "t
in a.statistigally significant sense than does Z(and. X)-

which will be the “case if excluded principal componentsg

are statistically insignificant. Finaliy regress ajp /{///”

equation of the form:

. 4//< ’ . —
(10) y = Z*¥?~¥ Wé* + error*

-

If the principal component aggregations; have
been undertakén in_ a manner which results in reductions

in the;varianées of the estimates of & (the parameters of
. L}

69



.3

LN

the characterjstic variables) which are large in relation

to any bilas (for example, by 1nclud1ng in the regre551on

.

” . only those prlnc1pal components which have large elgen—
values or are statistically significant), estimates of

¢ will be more precise (have smaller mean square errors)
'; ') K -
than those found using OLS alone.
..

It- should be noted: at this point thag'it is”

possible to retrieve "prinéipal‘component" estimates of

e "the parameters (B) and standard errors for the case-fype L,

Pt}

variables. Such’a procedﬁré'woulé oreatly increase the
interpretakility of regression results, and would encourage
> : the application of the primcipal .components techpique=to s

all coadlinear variables (both X:aqp W) . Althoughkneither
' gvans or. Lave t./al. use this procedure, Kendall (1957)

.

recommends it while‘McCailum (1970) and Cheng and Iglarsh ‘ .

(1976) suggest that its judicious use will result 1n

estimates of the parameters of the original model (in

2 . . d h N . -
this ‘case, the vector B) whlch~are more precxse (have

t

R smallér\mean sguare errors) than the stralghtforward ‘OLS

estrmatesf’ However, Johnston (1972, €\§¥ﬁ3}) p01nts out ’ B

that . the retrleval procedure should b% reserved for

LT - applications where multlcori;ﬁegzzt§/ﬁs less than perfect,
© . ”» >

- The redrreval or "unscrambling“ step of the («

-~ ‘ ’pr1n01pa1 components technlque proceeds as’ follows. ~

*  First, since it is defln;tionally the case that (for y* the
. '~ OLS estimates of yf}x o . 'J . ' “ -
, . s . .

.(ll. Y* = A*' B*' ’ . ’ -




ol . . -t N
then for A* orthonorinal (any n x £ partition'of A is. -~

&

necessari%y orthonormal)

(12) B* = A*y*

¢ - . ¢
A . '

: e . - >
-and B*. are the principal compenent estimates of B. -

<

Next it is noted that the variance-covariance™

~ N s
~

matrixg of B*, I is related to that of-y*,¥ -, as-

BB’ , YY
pvg

followsg . ' >

. . A Axy x 1
(13) LBB A LYYA

P Y - ) ' ' -
B . v ~ )
and the vector of standard errors of egtimate of B*!SB) iqm

forped from the square roots of the diagonal eléments of
. . - - .
ZEB' Finélly, the ?—statistics ofsthe principal conponient

estlmates of B are. found by, palrw1se lelSlOn of the
elements of B* by those of S e

A number of criticisms are possible of the
. L ”~ ! N : )
manner in which Evans’aﬁd~Lave et. al. employ the principal

’ ' * N - . . 3 e .
components technique. The criteria which thhey use in

L] a . . . >

deEermininQ‘the identity of the principai compohents

which are to be inolgded in.and those that are to be

. N * . .

et . Y : . N
excluded from the regression seem vague Or arbitrary. Feor

T ’example,qlpans falls to speclfy the level of statlstlcal

., Q
51gn1f1cance sed- in excludxng prlnclpal component

’ . »

regressors (surpglslngly large totals of 30 caseﬂtype
and 13 age-sex pr1nc1pa1 components are expluded) “Lave

et. al. fail. to even dlSCuSB'the crlterla used in excludlng

A}

K

ll of 16 principal cdhp&nents. In both cases,vthe aufhons

. . -~
. , , ‘ . .

3




o Fw -

o N '
o . ) K . 1 .

~include "a number of principal components which captures a

mere 70 percent of the variation in the explanatory vari-

ablee. ) : s

Nelther study takes any steps to reduce\multl—
.
" colllnearlty among the characterlstlc varlables They

should loglcally have extended the appllcatlon of the

pr1nc1pa1 components technique .to encompass the. character-
e 3 . N
istic as well as case-type and age—-sex variables. They )

might then hawve used the "unscrambling" process implied -

by equations (12) and (13) to retrieve parameter estimates
.. and standard errors for all ekplanatory variablés. By

so doing they would have sharpened the, estimates of the | .

coefficients of the characteristic variables while main-

taining interpretahrlity and even extending it to the

-

case-type cosé)coefficients.

L)
e
o

. h. Information Theory- -

Eeans and Walker (1972) apply ttiis technique in
their case-type cost analysiS'of ontdrio and B.C. hospitele. T
They consfruct“complexity and spec;alization ihdices for’ % |
N »5. each sample hospital They compute the former by welghtlng
‘ each case-tybe by the extent to which 1ts 1nc1denoe ‘ . s
| throughout the.sample<1s non-un1form,_w1th non—uﬂlformly |

e distributed (infrequeht) case-types receiving a large. . .
eI \ )

welght.and unlformly dlstrlbuted (common) case-types

- ’

; rece1v1ng a’ low weight. They compute the latter hy

-, weighting each case—type by the logarlthm of its frequensy
o 4
» in 1nd1v1dua1 hospftals in- relatxon to 1ts fpequency in the
" . . T A - .Y

N . . ,-’ - B
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‘ type costs wh;ch is invariant with respect to case type.

by employxng the Speblallzatlon index in their cost

of unusnal case-types are treated Slnce lnfrequency L T A

73

v

. N - s ’ -
entire sample, so that hospitals treating disproportionate

numbers of infrequent case-types have.a high specialization

*
.
D T Y P UL TR rrpape rapon 0 - S

index. " They then regress per admission .costs for each

hospital on the complexityyénd/or,specialiiation'index
. ’ .
along with a number of characteristic variables such as : <

teaching affiliation and occupancy r
Several criticisms are pfssible.s First, the . b

authors attach weights to case-tlypes which are the out-

comes of a very strong and poten 1ally unreallstlc .

r

nctlonllsvlogarlthmic.

© LIS . !

assumption: that the 1nfq;ma€10n

Second, by employing the ‘complexity index in the.cost . N
équatioh they implicitiy assume that the'complexity “ -

- " . R ¢
weight of each case-type has an lmpact on marglnal case- ) L

For example; if only one hospltal in the’ sample treats‘ .- .

case¥typefx'(wh1ch is k percent of-all hospltallze case-
types), while anotheg.ﬁs the only hospitai treating case-
type y (which is dlso k percent of all hospitalized casé-

types), then the welghts for case-types x and y would be

}dent;cal. Unless the two case-types had 51m11ar marglnal

costs, case—type cost analys1s would be blased‘ Thlrd,

equatlon, the authors‘dhﬂdcltly ant1c1pate that hospatal !
‘ . L.
costs arefalways hlgher whenever dlsproportionate ngmberSv

and costlxness of case typea aze conpelvably relared

through a complek‘rather than sxmple monotonlc functloqvl
e Y

[
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form, the relevance of the specialization 'index to an
. . / 4
explanation of hospitpl costs is questionable. Finally,
' / mi . .’
the technique is pethaps overly aggregative in dealing e

with multicollinearity in that it reduces .information on
. ) . '
hospital output of 98 case-types to one or two output ',

indices. . % .

3. A Synthesized Approach to Multicollinedrity

- No single aggregatlon technlque seems to be .

. entlrely satisfactory in modifying the hospital cost

“

equation so as to reduce the standard errors of estimate

) N < ‘;' L] . -
of cost parameters in a relatively unbiased manner.. A new
- ’
Y #~

app;oach is needed. It must‘av?id both the tendency to'
rely on a single technique and the subjectivity or darbi-
. . - L} ~

trariness characteristic of the application of most tech- -
njgqués. -

s " The approach‘found to be most satisfactory (&0
'the next chapter) in deallng with qpltlcolllnearlty begln;

by specifying a cost equatlo? which is as detalled ‘as
the data permit. In. partlcular, it spec1f1es output.and
: , ’ *
» : .
related structural varxables for homogeneous case—types

v - of services. It should employ a case-type or servxce
taxonomy Wthh adheres to the-prﬁhcxple of SlMllarlty of

productlon ‘technique. e AR

. - . - N . Lo -
' . . .

- ' The approaib next undertakes any exclu51ons or.

: 'aggregatlons whlch Can be strongly'gustlfled on ‘& theoret— i a
N A . .
W deal level. "For example, if medical 301ence suggests v .
¢ N '

- that two case—type taxonOmlﬁg, one 'less detalled than’ the - °

' - ‘, K . - u . , ..
‘

4 - . . , " ’ . , 4 ) 3 ' :."‘




gate‘into an output index the'different types'of laboratory

O

other (compare the 41 Relative Stay Index and 260 Ontario

l A ]
Board Ceode case-types), explain hospital costs in a similar -
manner, then it should employ the less detailed.taxonomy

for regression purposes. Similarly, it might use a stand- °~ | -

-ardized or weighted Service output taxonomy (previously de-

veloped by medical science) for ceftain broadly-defined—

types of laboratory testé 6r physiotherapy procedures,
rather than more detailed output taxonomies. .Finally, if

hospitalsTare entitled to reimburfement at competitive wage

*

rates’ for both lay and,noh—lay staff members, even though *
portions of the¢salariés of ‘the latter afe appropriated for .

"good works", it can initially exclude corrections for re-

ligious affiliation on an riori basis.10 ' .
A ¢ [ )

The approaéh then undertakes any exclu51ons or

aggregatlons Wthh can be soundly 3ust1f1ed on an emplrlcal

7

basis, For example, it can restrict the form of the sérvice-
cost equation by using any insights into the costs Of- - )

ferent ‘types of laboratdry services (haematology, blood

bank, ur1nalysxs, autopsy, et cetera) prov1ded by analysis

.
of the COStS‘Of the laboratory department Itdban aggre- .

s€rvices by similar or actual values‘of marginal costs in

rélatlon to those of a departmental numeralre (such as a
: y
standard ‘unit of urlnaly51s) It might exclude some

optput cgrrectlons,altogetherrlf their cost coefficients

in the departmentdl cost analysis“'were small and

statistically insignificant. However, if reported




-~ ’ *
A
»

departmental. costs exclude overheads, it must sub-
. ) ‘

sequently ensure that-aggregations and exclusions %emain

.

valid in the regression of all hospital costs. It can
do this by ihcludiné corrections for non-numeraine or
excluded outputs in a stepw15e manner de51gned to detect

statlstlcally significant dlfferences in the 1n01dences of

overheads among the outputs of a department.

The;approach must next construct a set of

-

principal components which correspond to all explanatory

Qariables emerging from the preliminary aggregation stage.

It regresses'hOSPﬁtal costs on. as many principal components:

as are_ important in explaining the variation among the -
explanatory_yariabies'(i.e: have relati&ely large eigeﬁ—
Values)_and, in a statisticaily significant manner, £ﬁé L
variation in hospital costs. It might determine statisti-

S
- cal significance through an F-test of the’ 1ncremental R2

v

assoc1ated w1th the 1ntroductlon of addltlonal prlnC1pal
component regressors {in descending order of eigenvalue,
since elgenvalues reflect .the contribution of related

L] .*

pr1nc1pal components,to the’ varlatlon in ‘the explanatory e

varlableso C It theh computes'principal compoﬁehtJestimates
of the cost coeff1c1ents of the explanatory varlables,

B*, by linearly transformlng the estlmated cost coef‘-

- . .

' J o~ - . , . .,‘,
ficients of the principal compgnents,:y* ¢subsection 2.g. ~. .

f

. N4 « ~ ~ ¢ ""4"( . . . A , .
confirmg\ that B* = A*y*, where A*.are the relevant eigéen-
prs}h£¢the correletion‘mgtrik of the explanatory - S

| . @ ’

variables). ’It also retrieves’standardferrors of éstimate.

®

-2




“
and T—stétisticéll for the B* 's {again see' subsection

2.9.).

The objective of the application of ' the
principal components technique as an intermediate step in -
estimation is to generate estimates of B which are more

precise or which have smaller mean square érrors than the

straightforward OLS estimates.. The minimum mean square —~

. ‘ _ .
error (ofjparameter estimates) criterion for determinlng
the identity of the principal components to be included-in

the regression 1s difficult to apply in the usual case of

unknown true parameter values (B). Gu1de11nes suggested by

-

McCallum (1970, 111) and Cheng'and Iglarsh (1976, 230-233)

for applying the cr{terion include recomnend;tions that

included prrnclpal qomponents demonstrate stetistical_‘
signifieance in,explaining’the-dependent variabie,'excluded

principal componentis héve relatiﬁely small eigenvalues, énd

the'p%dnéipal comp ent estimates (B*) fall w1th1n the pre-

.

specified confidence 1ntervaI§\foi parameter values Whlch

are suggested by Erlorl 1nforma ion.. The flrst two.
%

guldellnes are synthe€sized by the requlrement that 1nc1uded

~pr1nc1pal components.be statlstlcally significant on the

’ v

.basis:of an F-test 'of the incremental Rz-eSSobiated'with
grﬂups of pr1ncxpa1 components lntroduceg 1nto<tho regres—
- gion in descendlng order of elgenvalue. The th1rd guide-
11ne appears 1n“thls study to be redundant since the. :
_ further qddltlon (or deletlon) of pr1nc1pa1 cgmponents seems.
L -

unwarranted in terms of any needﬁto alter the signs of

- ®
’ M ‘. ‘ ’
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-

L.

.technique reduce-multicollinearity in’'a relatively unbiased

coefflélents to a prlorl signs or the magnltudes of coef-
f;gleﬁts to values more consistent w1th a prlorl lnforma—
tlon.

For example, the principal component'estlmates

‘- found.for the service cost equation by including the fifst_.

9 principal components as regressors (justified by the first
two guidelines) are as or more consistent with expectations

of a priori sign and with parameter valu€s estimated in

departmental cost analyses than are the pr1n01pal component

estlmates found by including more (or less) principal

components as regressors. oo

5.

The approach next excludes from further con-
’ a
sideration any explanatory variables for which a strong
theoretical case and statistical significance are absent..

It also repeaté the regression, includingnandutesting-for

the significancegrof any ,explanatory variables which were
L ‘ . .

excluded from the initidl regression as arfesult of a weak
theoretical or empirical }ustlflcatlon (and retalns them

4
1f statlstlcally 51gn1flcant) It is Justlfied 1n uSLng

both backward and forward stepwise regre551on to the extent
\

manner. The approach ghen‘espimates the cost equatich in .

its final form, again using principal components ‘as an’ .,
‘ L 2 N B o Y ) . ,. .

intermediate stage in estimation. o G s s

N .
"

[y

The overall approach seems to évoﬁd'the sub-. -~

1] - L]

Jectlvlty and arbltrarlness gﬁSOClated with any s;ngle

that preliminary aggregations and the'prlnc1pal cémponents .

technlque

It is able to do this because it applles each

'

.,

~ co u .

-
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< technique in an objective manner. For example, principal
components are retained in the regressiocn if they are siqt
nificant at the 5 percent level. This objectivity is in ‘
turm made‘possible by the fact that the overall approach
is,‘through its diversity, able to avoid placing the
entire onus in dealing with multicollinearity upon é %ingle
aggregation technique. Diwversity therefore facilitates
the production of more precise estimates of the hoepital

cost structure.

4. Summarxl .

Multicollinearity results in imprecise esti-
mation. It is especially severe in hespital cost analysis

becéhse the number of output corrections‘is usually large

(._"\

~in relation to sample size.® Approaches to dealing with

multicollinearity (aside from modsfyihg the composition

o N L4

of the sample) in hospital cost analysis include the use

" of aggregation techniques such as intuitive a priori - L,

,aggregation, the facilities approach, ste;*Tae regreseion,

3

factor ana1y51s, average and marginal cost aggregation, -
principal components and 1nformation theory. Each has

def1c1en¢1es but the most serious is the 1lkellh00d
3 -
. that 1t$ exc1u51ve use introduces. substantial bias- into | . o

a $ o e

'jestimated cost coeff1C1ents whenever a iarge redu@tion ig

’
2% "

-to be undertaken in the variances of parameter esttmates
» . ~ 9 ‘“I -
(which are large.as a result of multicollinearity) In -~

‘addition, most technlques result in. an- insuff1C1ently




interpretable cost analysis.

i

* An alternative approach to dealing with multi-

,icollinearity synthesizes several aggregation téopniques

P‘)and thereby rgduces the need for using any single technique

' -:. . 4 .
to such an extent as to introduce substantial bias into

the estimation.- Vé?iables,fof which the theoretical case

CEY

for inclusion is weak, for example religious affiliation,
. o

-

are fnitially excluded from the regression. Groups of

-

service output variables are aggregated‘into output indYces

for the servicé'costfanalysis by weighting'them by the

' 5

cost coefficients estimated for them in prior dgéaptméﬁtal

s

cost apalyses. Primcipal compbnents is used as'an ‘inter-

mediate.séep {in order to maintain interpretability) in’

¢

" the estimation of ald departﬂéntal,,service,and case-type

cost equatigﬁs. Finally, stepwise. regression is used,.
KR

’

both backward ahd forward, to eliminate any statistically

f‘insigﬁfkicant d theoretically unjustifiable‘?xplanatory

oyéfiaﬁles.‘ The synthesized approagh is thought to result

in parameter estimates which are more‘brecise (have

smaller mean square errors) than those achieved using

P

ordimary least squares either straightforwardIQ or it
- conjunction with any single aggregation technique. )

v

o

80

—

s

s fady sbe Stfog

"




r e -

or

Footnotes

1.

.

10.

See Johnston (1972, 159-168) for a general discussion

of multicollinearity and a review of theylite{?%yre.

7

See Johnston (1972, 102-105) for a discussion of the
manner in which the eigenvalues (and eigenvectors) of -

a matrix are computed. The terms "&igen", "latent",

>

and !"characteristic" are intefchangeable when
réferring to roots (values) and vectors.

See Johnston (1972, 327) for a test which identifies
eigenvalues'which are (suffiEiently alike to-be)

treated as having true.xﬁlues which are -equal to zero.

’

TQé existence Of ko such eféenyalues suggests .that

variation of the explanatory variables is negligible
in .the corresponding ko dimensions,

See Johnston (1972, 165-168) for a discussion of this

-

point and the use of additional data in "best breaking )

the multicollinearity dgadlock™.

See Wonnacott and Wonnacott (1976,_309-312).

See Scott (1966). :

See Bijnen (1973). P

This description Gf the procedure is developed in
Jobnston (1972, 322-331). o
éee‘the next section: for a discussion of thé criteria
which should be met in thel"judic}ous" use of the
prinéipai compongnts technique.

An objection can arise if it is conceivable that

‘religious-affiliated hospitals show a "labour bias".

R

-
o - o,
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11.

'cgmponent estimates are relatively unbiased.

v

in prodﬁctipn in order to augment funds available for
good~WoﬂuL~‘If this were the case, religiéus-
affiliated hosbita%s would be allocatively inefficient
and more (réther than less) costly than other
hospitals. ‘However, the.observation that religious-
affiliated hospitars émploy large numbers of fully-
paid (lay) nursing personnel suggests, that low-=wage
non-lay nursing personnel are scarce. Ther;fore
religious-affiliated hospitals are confronted with the
same-margynal conditions for the employment of labour
as are other hospitals. iThis bossibility, along wi;h
minimum (repotted) profitabif&éy constraints\‘anyr
dif;iculty in substituting labour for other factors of
production, agd the statistical insignificance for
religious affiliation in explaining costs. (found in
the next chapter), all suggest that Jlabouf bias"

is negligible and that religioug!affiliateé-ﬁospitalé
have the same cost structure as other hospitals. |

The ratios of principal component estimates to

-

standard errors are, strictly speaking, interpretable

as T-statistics only to the extent that prin®ipal




pe . V. A HOSPITAL COST ANALYSIS, ONTARIO, 1971

1. 1Introduction® .

The statistical'COSt analysis of a sample of
hospitals should not only accurately éxplain the structure
of hospital costs bﬁt also should provide information
which is sufficiently reliable as t¢ be employéd in the
cost-benefit analysis of hospigal policy issues. It is
therefore of considerable ipportance that the -cost i
analySLS successfully overcome problems in. the areds of .
output definition® and the)specifioation,i?d estimatidon ofs

the hospital cost equation. ‘

-~

Solutions to these prqQblems in hospital cost .
analysis are outlined in the previous th;ee chapéers: In |
particular, if and only if the cost variable sxciﬁdes the
remuneration of atténding phys}ciéns should services be
defined as hospital output.' If the cost varlable includes
the remuneratlon of attendlng phy5101ans; then case-types
are defined as nospltal output. The approprlate specifi-

-

cation of hospital cost eguations*initiall&‘formulates .

them in a total cost'for; which incorporates‘all plausible ' 7
——— - dutput corrections. Only afterward does 1t modlfy the

cost equation in order to deal with heteroscedast1c1ty (by~

weighting, usually resulting ,in an average cost form) and

y:
o’

. 4 . b :
- with multicollinearity (by aggregating). '~ Finally, multi-

collinearity should be confronted with a diversified -

v aggregation approach which incorporates Eheoretically and

L 4




. empirically justified a priori aggregatiohs, the princip’al9

components tedhnique employed as an intermediate stegp ip

[ - . - bl » .

estimation, and stepwise regression.

Alternative departmental, service and case-type
R . ? ] .

explanations of hospita; costs can be compafed with thdbe i

- -

explanations of hospital costs achieved in. other studiesﬁ

in order to determlne the merlts of the proposed solutlons

to problems in hospltal cost analysls. They also prov1de

insights into the §tructure,of,ﬁospitel costs, eepeclally .
the relative‘iqportanqe of stey*, admission- and cdpaciﬁx:: | ]
‘frelated costs, minimum fixed .costs, economies\of‘soale agd ’
any’indirect teachi;g costsL " These insights are of lole). TN

-

sdaderable importance . for hospita{ policy. w -
g Our COS@j;nalysiS of a selected sample of - . A .
- . Ontario hospitels during 1971 will ;nveetigate and'compare'
three cg;t-ogtput,relatlo;sh?ps. First, it will examiné
themrelatiohship peteeen the service output and reported-
costs of individual hospital depertmemts such as ward/fﬁ
- 1 -service,,laborqtory and fadio}dgy. -Sedbnd, it willyexa%ine

the relationship’between'service output and‘costs which

are computed as reported %pspltal costs excludlng the 5 },’

n
- remuneratign of. attendlngvghy51c1ans. Third, 1t w111—» o

examine the xelatlonshlp between’ casertype output and ‘ .
. ,' Ty ",
. . costs. HoweVer, as a result of data deflclenc1es it wilt - (L

'12 restrlct the case-type cost ana1y31s to Ln-patlents ~and . ,
; P Yo thE'hOSEltal componeut of case7type costs (whlch o o~
'’ L 2 -
excludes the physician componen tof case-type costs - the . -

-
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- are suggested by the service cost analysis. - -

e e .
" the structure of the largest (hospital) component of

. . . .
PR )
-
- . . ‘ .
. - - ”
¢ - . - . B
o L. BRN ’ .

remunerat on\5¥\e_ nding physicians).

- * The examih&tﬁehief departmental costs has a

—

threefold purpose. Fifgt, it provides #nsights into the

‘structure of,reported departmental costs. Second, it

[y

' ~ : : , .
facilitatés empirically justifiaed a:Qriori agyregations
in the service cost equation in the form f'output indices

and,exc1q51ons. Third, it provxdes a means”of conflrmlng
: ' N
the insights into the structure of hospital costs which

The service cost analysis is the most important
v ’
of the three cost analyses for two reasons. First, the
L]

data are most favourable to acCurate measurement of the

service output and cost variables. Second, our hospital

sample approximate% the "service centre" rather than the_'

"complete organism® model in that the preﬁonderance of
.attending physicians are private praétitiohers. The .
' serv1ce .cost analySLS is therefore thought to prov1de the

_most accurate 1n51ghts into the structure. of hospital

»
M O

e
costs.

-

h

The case—type cost analy51s is restrxcted to an
examlhetlon of the hospital component of case—type costs

since data on the remuneratlon of attend1ng-physxc1ans are

generellfﬁunavailable: The;anelysisnof'she hospital

. g N
component of case-type costs (which, as a result af ‘data.

- : G
deficiences; computationally coincides with service costs)

o ‘, .,

PN ., -y ~
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. has a threefold purpose. First, it provides insights,into
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case—type costs (Wthh arg\unbalsad to the extent\that :
. “ S

T d
. hosp1ta1 and phySLCian inputs are complements in the T

K]
-

productlon of case—type 1llness-rem1551on, or any ;ntet—
hospital differences .in substitution small and raudomly
distributed, and any inter-hgspital differences in the
behaviouf ofpattending'physicians are small &nd randomly
q}str}outed)..lggcond, it provides a means of furthe£
coﬁfitming the insigﬁts.into‘the structuré of hospital
.costs which ére»suggeSted by"the seruice cost equation.
Third, it faciiitates an eyaluation of the empiticai
val}dity of the altefnative service and case-type output

definitions in explainiﬁo related hospital costs. v

The discussion will proceed by first outlining
" the pkellmlnary stages of the cost analysis:. the ch01ce

of ‘'sample, data sources and propertles, cost and output

Y

vaE%ables and regression: technlﬁﬁe it then presents
. and interprets the results of the departmental,‘service

‘and case-type cost regressions. Finally, it examines the

relative empirical appropriateness of the service-and

case-type definitions of output in hospital cost analysis.

] :
An examination of the policy implications of the estimated

structure of. hospital costs is postponed UNtll the next

chapter.

2. Preliminary Stages of Cost Analysis‘”’

’

a. Sample Selectlon
Y

HOSpltal cost analysis seeks to examlne the

’

~.

e -




o relafionship bétwegn hBSpital costs and homoéeneous outputs
~for a'gfven leVel of,technplogy an&,facté; priéés. HeHEéy\\\\\i
it,musf ensure n9t,6nly that individual SerQice or caser

- type outputs are homogené%us'(ofisimilar guality), bu£ also

-‘ﬂhat'sample hospitals face the same téchnology and féctor -

prices. It should therefore draw<the §amp1e from the séme

% geopolitical area. In addition, although it éan.be pooled
chésfseqtibnal'time'seriés (observatiéns on.a\huﬁbef\g;-

- hospitals are méﬁe‘at.diffe;eﬁt points inlﬁime), it i
typically is ﬁurely cross-sectional (observations on a
number of hospitals are'made‘gt-thé éame.point in time),
since in the former case there arises the need fof addi-
tional corre;tions reflecting the-change over time ih
,zeéﬁ;ology, factor prices and gutput qualityf‘“ ' - -

A number of readily verifiable properties should

be aséocia;ed with the chosen geopolitical area. ' Technol- -
ogy should be uniform as a résult of iﬁth gggd,in{ormational
flows and similar legal restrictions on. feasible hospital

pro%uction~te¢hniqu¢s. Factor mérkets should bg.homogeneous
as a\result of similar.eduéational ana licensing require-

ments, and indﬁstry-wide uﬂionizatibn (or lack of it) for

Aon-meCE:al staff} and,idgntical prices (as a result of sim-

ilar tes, tariffs and transportation'éosts) should prevail

for non-labour inputs. In addition, Z}milar quality of
éervice and case-type output for @1l Hospitals is further
. assured by uniform legal'restrictions, reimbursement

guidelines ‘and patient bharacteristicé.

-

~
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The cost analy51s should exclude or make necessary )

allowances for any candidate hospltals within the chosen
geopolltlcal area whlch present anomalies in terms of tech-
»
It mjight rest}idt

factor prices and output quality

nology, A ’

the hospital sample to short-term general hospitals by ex-

cluding chronlq care, psychiatric and .other specialized hos-
(for which costs could be separately analyzed). It

pitals
might restrict tFe sample to a' size range for which service

or case-type output is relatively uniform.
The sample employed in’ this study consists of 101

Ontario Hospital Services CommiSsion (OHSC) Group A and
All but 10 of the total

B general hospitals during 1971.
of 111 OHSC Group A (teaching).and B (non-teaching)

hospitals (ranglng 1n 51ze from 100 to 1,000 beds) granted
Approx1mately

the perm1s51on necessary for data access.

one hospital in six 'is a teaching hospital involved in the
Almost all

training of medical interns and residents.
hospitals are involved in the training of nurses, nursing

and laboratory and radiology

«

aides and assistants,
Almost one-half of all hospitals have some

technicians.
minor involvement in long-term chronic and convalescent

" care.
"Phe sample is dellberately drawn from a srnqle
Slnce Ontario

geopolltical area—the prov1nce of Ontarlo.
(which prov1des the largest prOV1nc1al sample‘of hospitals
»

within Canada) is relatlvely homogeneous with respect to

techn0109y, factor markets, populatlon and leglslatlve




g than 100 beds are. excluded from the sampl
. sogsto believe that they produce rf'ower qual}f& ougput than
ouf s oo
. larger hospitals. .The major,’reaspns for this belief are the

differentiation in geles between \1311 and large hospitals -
_which is suggested by ‘the failure of smalluhospitals to al-
- ways provide such basic services as laboratory'or to treat\
certaln complex case-types; the frequency wiﬁh which small
hospltals transfer. serlously }il case-types to larger,

. -better-equipped hospitqls; the observatipn that small hospi-

tals are under-involved in teaching programmes and over-

invelved in .long-~ term chronlc care, and the separate cate-

gorlzatlon by the OHSC™ ofusmall hospitals as 'Group cC.

[3

b:. Data Sources and Properties 3 y ) .

-
%

Data for the year 1971 are drawn from a number

.

of sources. Data on service production, costs and
characteristic variables are obtained from Statistics

. -}'\ - . . .
and HS;Z2 which are submitted annually
. « - ~F

-hospitals. Summaries were obtained from‘

Canada Borms HS—-

by all Cénedi'
the OH (since subsumed:by the Ontario Ministry Qf Heaf%hy
df the number of surgical ?rdcedures (in "each ef,26

ries) performed in each sample hosﬁital, Summaries
of total admissions amd days of stanyor.patient in each
"of 4@ case-type cat gories'are available fior each hospitel
'in the Relative Stey Inder Study.3 N .

~

A number of consultations were undertaken in

W, ' N




ordgr pofclariﬁz/reéortihg‘and medical terminongy and
‘hospital practices. At various'£imes throﬁghout the‘stuhy
" consultations were held’witH-officials_of the  OHSC;
Qp/ﬁespital accoﬁntantsl nﬁrsing gtaff an&hiabératory and
;Tbé radlology personnel oY hospltals in London, Ontarlo, and
physicians in “the Depgﬁtment of EpldemloIOgy of the ’
- University of Western Ontarlo.
| The data have a number of éesirable pxopefties.
Repdrting conventiops are well-established, és Ontar;o

hospitals have been required to.submit annual reports

[y

during ast several decades and to follow standardigzed

accounti procedures.4 Instructions and definitiomns for
: | ) )
the anngay reports are sufficiently. detailed and compre- -
. . v
*hensive to be intelligible to even outside researchers.

.

The data are quite detailed if for no other reason than ’

[ .
their use in the reimbursement of hospitals since the-
. -  }

introductioﬁ of the provincial hoépithlizationischeme

during the late 1950's.

However, the data are still deficient in several’

. N 4
f;specps. Some hospitals report output but not costs f
some departments; for example, one hospital failed to
\ A, “

. - ! , R ’A -
report the incidence of nursing costs anidng %gpartments

such as yard service, newborn nursery, delivery room et

cetera.’ Clearly the departmental cost analysis has to e

‘

exclude such hospitals. .

Other haspitals report some of the costs for a

particular service under ‘one departmental'cateéory and the

-

- . s
=, . n ’
. f . . . v
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pretation of ECG's as the only expenditures under the

. heading of ECG Departmentai Expense| - Since the remaining

'ECG costs (teghnician salafie§ and buppliés and other

LA
i

expegseé)fare certainly positive, further examination of

the data is in order. As ECG outpput in such cases is.

reported by the laboratory, it is [apparent that the total

. expenditures reborted‘by the laboratory include the non-
‘\ - N N -

medical portion of ECG cogts. Inj,suchh cases, the analysis
of the costs of the ECG department m t exclude any hospi- -
) tals ascribing EGG costs to more| than one department, and

an gnalysis of laboratbry costs must exclude an estimate

of any _ incurred ECG costs.

iy

" A8 is discussed in Chapter II, the reported values

< )

. - of departmental costs;exclude verheads' sugch as house—

keeplngigxpense and buildlng m 1ntenance and dep ealatlon.‘
- . iSlncetany attemgt to lmpute (o} e;heads to departments seems
s, arbiﬁfgry, departmental: cost 4nalysis is adcordingly

restricted to an examination pf the relaticdhship between .

e e s axo: ..
the direct.costs an&\service output . of individual hespital

o

departments.

The distinction de between in- and out-patient

.2 , /

services in certain debar nts, esbecially the emergency,
’ M . - ¥ ’ 3 ' . ) 0 ’ )
ward, is Sometimes arbitrayy, since hospitals exercise
some discretion &n classi ing patients for reimbursement

purpbses. If, for examplge, the services rendered to inf‘

)
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and out-patients by the emergency.ward. differ, and if . . s

patient clagsification is somewhat arbitrary, the analysis
of the costs' of the emergency ward-is biased in ®hat any

net tendency to favour either the in-patient._ or out—patient oo

cla551f1cation w1ll result in cost parameters for that

cladsification which are biased in the direction of the

-

‘service and case-type-cost’ analxs1s. The direct costs of

dost pafameters of the disfavoured classification.

The case—type output data fail to dist}nguish
between patients hav1ng 51ngle and- multiple diagnoses.
They therefore do not permit armaximun degree of product
homogeneity unless, of course, tne dnlikely,possibilit&
arises that the pattern of multiple diagnoses is similar

-

among all hospitals.

an

" The data report the remuneration of‘only those

5
&

- " . . .
attending physicians who are salaried staff members. THey .
. ‘\9 = ‘ . .
therefore do not permit a good estimate of total case-t

costs.

R AR

N . All defigjencies asidey the data are- far superior

-

to those available ‘or used in previous hospital costa

N
£ PO L

studies. They are, in fact, more than adequate in some‘

cases. For example, the detailed surgical procedures data

,prove to be unnecessary in explaining ‘the . (hospital portion

of the) costs of the=operating room. -Unfortunately, .the

N

sample gize does not share a similar over*adéquacy.

Cost Variables

-
<

' Cost- variables are needed for departmental,

- " ) !
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.

. individual depa}tments are compuﬁed as the sum of reported

ES
S

knursiné and technician salaries and §upgiiés and other $‘
expense. In addiﬁioh, laboratdry; radiolog}, ECG, ' EEG
and nuclear medicine costs includé.thé:reported remunera-

" tion 6f related medical staff (patﬁologists,‘radiologists
gnd.cardiologists). The costs of the operating and
delivery room and emefgency ward are é;mbined sin;e there
is’aﬂ overlap in their provision of certain obstetrical
annd minor surgical procedﬁres. Thé costs of ECG, éEG.and
nuclear medicine are subjected to‘aepartméﬁtal cost
qnélysis qnlyfif departments are separately organized. The
cosgs 6fgthe laboratory and kadiolbgy department ;xclude
estimates of the sts of any ECG, EEG or nuéigar meéicine
they provide; t%Zie.estimates are computéé using the cost
parémeters obtained from the prior cost analysis of all
separétely'organizediECG, EEG and nuc1e5¥7mediéine depart-

menis.‘ . | | ’
The'costs of providingthospital‘se;vices are
computed asﬂreported’opératiqg costs of the hospital 1egs
two @ajor and se&eral minor cos£’categoiies. - The first
fmajqf cost cate?ory,thél oﬁ?the office of the medical

' staéf, iélexc}uded since the diagnostic and'prescriptive

activities of service demand generation by attending

p£YSicé;ns aﬁé thoughﬁ to be’iargelx;cémplementary to .

’ - X -
‘service“ﬁqaﬁuction in-producing the illness remission of

) case—types.s ‘The second majdr cost category, that of

eaucatioﬂ, is excluded since the in—hbspital training of - -

N

Xy o R L - -

.93
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medical interns and‘fesidents, nursiﬁé staff.and teéh—
‘nicians is/only weakly related to service proéudtion.
Howe;e;,'recognizihg the possibility of substantial
indirect éosts of teaching'proggammes, a teaching activity

variable is included as an explanatory variable in sub-

‘

sequent cost analysis. Sevgral mindr cbst categories are
excluded since they are unrelated (in their approximately
self—éinancing form) to service production: coffee shop, ,
parking and ambulance service. Other minor cost cate-

gories are excluded in order to avoid factor price:

variation: for exampié, interést'costs are excluded sincé

", .
they are small and highly sensitive tg\qgafiderations of

external (charitable) financin%y; and anaesthgtic gas costs
. . . N -
are excluded as anaesthetic gases (largely complementary
’o \ »
to other inputs) are often provided by private-ffirattice

anaesthesiologists rather than the hospital (as is

suggested by the observation that a significant number of

“

.hospitals reported no expenditures for anaesthetic gases).

One additional minor cost is excluded as a result of antici-
pated problems in e'stimatio‘ji; since only 20 hospitals report ‘

output and costs in the provision of 23 different types of

’

organized out-patient clinics, and since related costs are
well less than one percent of all hospital costs, then

the service cost analysis excludes the costs:. and output of

_the organized out-patient department. ’

- k]

Case-type costs are incurred as a result of the

combined activitieé of service production (by hospitals)

5 ~
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and servide demand gemeration ﬁby attending physicians).‘

- . -~ -

Ho&ever, the reported Qélues of hospital costs in the

sample.do not include (even a.fraction of) the remdneratiph’. ¢
.of attend&ng'physician§-§n_9 of 10 cases; in addition,
éstimates of excluded remuneration are unavailable, There- _
fore the hosgitél component of case-type costs, which is
dgfined ko exclude the reﬁpneration of attending physicians,
becomes the object of ‘the case—tyée cost analysis.

The hospital coﬁponent of case—éype costs is
computed as th;‘reported‘operating costs of-hospltals less
the reported repuneration of attending ph§sicians (féund
under the headfngng the ogfice of the medical,sfaff),

* education costs and other minor cost categories similarly
excluded in the service cost analysis. Alt@éugh thé.firs;
exclusion aggravates the downwérd‘bias in case-type cost
coefficients,'if minimizes or eveh-eliminates the bias in
inter—hospital compgrisons of sE?ndardized costs, since A <
hospitals repérting expenditures'for_the office of thg‘ .

medical staff will no longer appear more costly. the{

exclusions have already beén defended.

Since the case-type classification extends to

in-patients only,.fhe case-type cost analysis‘is further

>

restricted to an examination of in-patient costs.. 1In- ®

‘pat;ent costs are ¢gompugfed as case-type costs less an
estimate of out—p?t costs. but*patient costs are
alternatively comp ggias‘reported out-patient income or
as an estimate of out-patient costs which is derived as

1}

. . P .




the sum of the products of reporggd.dut~patient service;
and the out-patient service cost'ﬁarameters estimated in

a prior service cost analysis. The former'estimate of
out-patient costs averages one pércent less thd@ the iattef;
they both haQe ﬁﬁi admissiqn coeffiicients of var%ation of

33'percent; and tﬁey are significantly correlated in the

per admission form (p = &

In-patient case-type costs are further adjusted

to exclude an estimatéﬁof the costs of long-term chronic

N

care. This is done for two reasons. First, the case-type

. : ~
classification includes sHort-term in-patients only. Sec-

ond, no obvious correction for long-term chronic care seems

appropriate, since the per diem services received by chronic
., ,./ ® .

N N
. care patients are neither identifiable nor homogeneous (in

\ & ’ :
view of the variation in approved per diem charges of $20

- : o .
to $50). Laong-term chronic care costs are computed as the

reported value of long-term chronic care income.

,‘ Exclusions from both service and case-type cost -

~variables do limit the scope of the cost analysis. However,

they may noﬁgtheless permit a re;atively unbiased exami-
nation of the defined level of costs:which is ﬁltima£eiy
moré,wbrthwhile than a biased eiaminatibn_of observed

hospitaﬁicosts. .Moreover; they do not prevent a separate

examination of the excluded cost c?tegories in the event

of subsequent data improvements.

d. Exglanatégy variables -

Explanatory variables are also specified for

g4




 Output variables capture the variable costsLasSoéiateq '

therapy, ﬂpaid hours of occupationaﬂlerapy and visits to

<

departmental, service and c§§§—type cost equations. Iheyf

are classified as either output or characteristic variable§d

-

with services or case-types, the minimum fixed costs .

" associatéd with.,any factor indivisibilities, the quasi-

. A -
fixed costs associated with any short-term fixed capacity,

an® the economies of scale associated with any returns to
- , .- .
sqaleg Characteristic variables capture cost d;fferences -

arising from the sbillover effects of teaching programmes, .
® ° v
quality differences associated with medical affiliation or

* N "e . ® . !
rural location, and any factox price differences associated
| ]

with religious affiliation. .

Reported seryices for'individual departments
generally permit detaileé and usually obvious'correctibns.

fof departmental outpuﬁ. For example, reported'éutput fo;

ﬁhe follqwidﬁ departments iS’differentiated~#y in—patient ’ :
and’Oui—pALient classif%catiqn: physical meaicine and -
rehabilitation, whighlprovides weighted unit; of‘physip-
speech therapf; the'laboratory, which provides stgndafd
units of”seven types of laﬁoratory tests as well as autop- '
sies; and the ward service déparpment,‘yhich p?oéides seven
types-of patientfdéy service, admission and discharge,
and‘"tripé off-ward"' (computed as the number 5firounqrtrips
pétients make to the radiology, EEG, phfsigal medicine and
rehabilitation, and other special service’departménts),'

L * N .\ - ‘ .
Capacity variables are available for a minority



» : ’ N .?“ ‘- ) : / ' .ﬂ‘ -,
of departments.- The capacity of the newborn nursery is -
reported as ba551nets set up, that of the operatlng‘room -~
as the_number of operatlng rooms, and*the capacxty of wapd:

services as rated patient-days (rated beds:x 365), with

additional corrections possible for rated obstetrical,

s 7

intensive care and other patient-days. Proxies for capacity
appear to take the fotm of rated patient;days in the case '
of pﬁysicdl_eedicine and rehabLlitation ang combined

"~ operating, and deliV%ery room and emergency ward--{the rated

~

patient-days varlable is marginally significant and ie
. responsible for abcut 10 oeroent of depargmentalrcosts). .
No'capacity variables_(or good proxiee) are available for.
laboratory, radlology, ECG, #EEG and nuclear med101ne.
Characteristic varlables prove to be generally
unimportant at the departmental level W1th_the 51pg1e
exception of medical teaching ag&ivity (which, as , ’

dlscuésed below, brobably proxies for unremoved prodoct .
. :
" heterogeneity). The insignificance of fural location is
not surptising in view of the exclusion of land from ) {
’departmental’oosts. - The insiéﬁificance of religious
afﬁiliatiop is also not surprising4in‘viewgof‘the eqoal
'relmbursement of hospitals for lay and non-lay personnei
The 1n519n1flcance ‘of training act1v1ty in the. laboratory
and‘tadlology 1s consistent with the v;ew‘that students LT
-

. 5
acquiring general training (for which skills are readily

adaptable, to otheg employers) pay fon their trainiﬁg;By

v

acceptiné‘%ages less than their,productivity.? ' .o : o .

© ‘ _ /
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-




o ' ‘
-
p

- Explanatory variables. in the service cost
equation initially include all those found to be
. ' ™) :
statistically significant in the departmental cost
T .

equations. In order to reduce mulEicollinearity using the

approach outlined in Section 3 of the pre@ious chaptér,'

variables for éach_of fouf (groups of related) departments
(newborn nursery; laboratory and ECG; tradiology, EEG and

nuclear medicine; and physical medicine and rehabili-

El -

tation) appeér in aggregated form. They are comb#ied -into

output- indices, with weights equal to their marginal
costs in relation to that of a departméntal numeraire

(a2 newborn patient-day, standard laboratory unit, out-

-t

patient X-ray and weightéd physiotherapy unit respectively).
For example, the estimated form ef the physic§1

medicine and rehabilitation cost equation is given by
equationu(l), - ‘
(1) tc_ = aiPU + a

p OH+a3SV+a

2 4R + er;or.

wheré'tcp are the reported costs of physical .medicine and

rehabilitation, PU is weighted-units’of physipotherapy,

v ’ <>

"OH is paid hours of occupafionél thérapyh'év is wvisits to ©

speech therapy, and R is rated'patieht;déxg (a proxy for

_capacity).

. Equation (1) can be rewritten as follows:

e ) oo a, - ag ay -
{1) tcp = al(PU + i OH +.§— v + 5—»R) + error
1 - % ' :

1 s .

99

= "il"’":».‘\h”“ S N
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An. output index for physical médiciﬁe.and'

rahabilitation can therefore be computed as foll@ws;

(2) OI_ =PU+ —= OH + —= SV + — R
P 21 i SR |

Explanatofy variables found to be statistically

insignificant in departmental cost equations are introduced

into the service cost equation in a stepwise manner. Aall

excepf private and semi-private patient-days of preferred

accommodation retain their insignificance and are therefore

» - .

excluded from the final form of the service cost equation.
. i - : ?

In addition, variabies representing numbérs of autoﬁsies,

ECG's, EEC'S, nuclea£ mgdiéine visits, paid hours of . s
occupatiOndi therapy and speech therapy visits are épecula—
ti;ely introduced into the\service cést equafion; their »

insignificance confirms tﬁe validity of the four output

indices (a similar procedure warned against the use:of

L

. output indices for ward service, dperating and delivery

© «

room and emergency ward). ) .

The explanatory wvariables included in the case-

PR Y . B

type cost eguatién'ére a totallshort~term admissions
vafiaﬁle (defined résidugliy ass having a normal délivéfy
diagnoéis)}'thé nunibers o} admissiqns in each of 40 non-
étahdatd case-type categories (seelTable\S), long-term

convalescent patient-dSYs, private and semi-private

patieﬁf%days,”and several structural &nd chafhcteristic_

. 3 o
variables. A typical non-standard case-type has unit
(stay-, admission- and capacity-related) costs equal to

a

o #MJM‘;&;‘A{.L&#';‘-‘“ SO
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~ LW . _ .. i
the algebraic sum-of the cost coefficienht oﬁ the total
short-term admissions variable and that of the relevant
non-standard case-type cutput variable. : ,,g
’

The long-term convalescent patient—days.variablé

LY

_ captures the treatment costs of patients other than short-
. N\ - :
term admissioni/izgpresénted by the total admissions and
case—typekgafﬁht variables) and long;terﬁ chronic care

-

adé;Fsions (for which costs are excluded). Structural

variables inciqde a correction for capacity (unused rated
pgtient-days, computed as rated less actual patient-days)
na for returns to scale (squared rated patient;da§s).‘

. /Characteristic variables are several: 'a.corfecyion for

the indirect costs of medical teaching programmes (teaching

expense); a correction for illness severity (rural rated -

pat%en;-days, where hospitals are ru;al if located in a |

municipality of less than 20,000); and a fUrther'correcﬁion

for illness severity'(excess patient—days: co;fécted for |
' .case-mix). In symbols, the excess patient—@ays variable

is computed as' follows for the jth hospital.

41 - 101 101
(3), XpD. = _§¢ (P,.~-C.. L P.,,/ I C..,)
. J T=1 13 Tij k=1 ik k=1 %k ~

where XPDj.aré.the exceés patient-days of hospital j,,Pij

and Ci are the total patient:g?ys and patients respec-

3

tively of case-type i in hospital j, and Pi and C-i are

k k
the total patient-days and patients respectively of case-
type i in hospital k. T q

As is indicated by their insignificance in the




2

t’pef diem cost equation of Evans (1971), age-sex corrections

,are though to be unnecessary. Not only are they ambiguous

in the aggregated form and overly numerous in the dis-
- * ) .u
aggregated form, but they are largely redundant as long as

a correction is made in the cost equation for length of

;stay (excess patient-days).

Alternative corrections are available for both-

. PP

capacity and the illness sevet}ty rgflected in differential
length of stay-rated patient-=days and actual patient-days
respectively. However, tbe use of these alternative
corrections‘doeg not permit case-type cost coefficients to
‘reflect capacity-,and stay—reléted costs as well as :
admission—rélated costs.:;.

e. - Regression Technique

' )
The straightforward application of ordinary

least squares {(OLS) in astimating total. cost egquations
generally results in inefficient and imprecise parameter

estimates in hospital cest analysis. Inefficient parameter

estimates occur as a'resulﬁ'of heteroscedasticity - a

diagonal but not dcalar-diagonal matrix.of resiBlual

L]

variances. Imprecise. parameter. estimates occur as a

result of multicollinearity among the éxplanatory

Variaéizs. - . '

] - . » ’ .
- Heteroscedasticity in hospital cost analysis is
suspected for two reasons. First, intuition suggests

. that large. hospitals have large tdtal costs and therefore

tend to have large qmexplained cost components; for

‘>
L 4

102
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example, the cost impact os/qtstrlke by noft-medical workers .
against. a subset of hospitals will be greater for large
& than small hospitals. Second, statistical-tests such as ‘ :
the Goldfield and Quandéjor glejser test7 (;sing'OLS or - J
> Theil BLUS residuals) suggesr that the absolute?hggnitude
of total cost residuals are direotly related to hospitel
size. . \\( ‘; D o hd
- The hospital cost analyst typicallj‘responas\ro
heteroscedasticity by regressrng the cost equatlon in an
average form. For-example, he specifi®s the radlology -
‘ cost equation in a per X-ray form; kaboratory costs in a‘
per stahdard laboratory unlt form; .and serv1ce or case- .
type cost equatlons in a per dlem, per rated patient-day
or per admission form. By regressing average cost equa-
tions he is using weighted leagt squares (WLS). He is

[ L

correct in doing this if the residuals of the average

cost equation are'homoscedastig:- An iterative logarithmic

Glejser test of the residuals (both OLS and BLUS) of

. averade cost equations does confirm that the adoption of

-

average cost forms ls an appropriate response to hetero-

s >,

scedasticity. Hence all departmental; service and case--
type equations are estimated igzgn\averﬁée cost form, *
Multicollinearity is evident in virtually all . I

cost equations: It‘isfespeoial}y severe if a small mihority

T .
of the k principal components. captures a large fraction of

- the variation among the k explanatory variables; alter-
natively, it is .especially severe if the.sgm‘of a

»
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]
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small minority of k eigenvalues approaches k. It is most. .

" severe in the case-type cost equation, for which as few

as 16 of»ali‘@S eigenvalues sum to 36. It . is least severe NS

~

in the departmental cost eqﬁations for which sample sizes .

are large in relation to the number of explanatory vari-

K3

ables. It is of intermediate severity in the service. cost

equation for which the number of”?xplanatogy variables (18)

is kept to a minimum through the judiéidus use of the: output -,

‘indices and exclusions implied by the depar%@enfal cost

z
- - 2

equations’.

-~
g ¢

. . " In addition to any aggregations and éxclusiops
' e #  justified on a theoretical or empirical basis, the principal"
...~ . components technique is employed ‘as an intermediate step

I in -cost regression in order to déél'with multicollinearity

.
-

All explanatory i}ndependept)ﬂvériables are represented by s

e the corresponding set of mutually orthggonal principal . .
« components. Thé cost reg¥ession employs &s\gegressors

O ° -

only as manylﬁrincipai cémppnents as are statigtically

-

[

. significantﬁ9 on.the basis of an F-test of,thg incremental

Rz associated with groups-of additional princi 1 omponenta’g
inkroduced into the regression in descending order of
, . .

eigenvalues. The "unscrambling" procedure (linear trans- .

_formation using the, relevant subset of eigenvectors of’

the correlation matrix of the explanatory variables)

- ' describeﬁ in the‘pievious~chépter is then applied to the -
7 . estimated coefficients and. variances of the principal
gomponent regressors. The reéuifs a;e'eétimates of the 2.

-
(

‘
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‘coeff1c1ents of‘the exp anatory varlables which are more

precise (have smaller an square errors) than the straight-

-

forward DLS'gstlmates. In_.addition, standard errors and
T—statiétics'can alsé e computed. See the .previous .
[

chapter, espec1ally s bsectlon 2. g., *section 3, and foot-

note 11 for further e planatloh { -

Finally, st pw1se reqgression is used, first back-
ward then “forward, to ev;luate explanatory variables for “

] ‘case for inclusLQ:}:s weak. Backward
is used extensively ‘departmentel cost

estimation .is reasonably precise). 1In

which the theoretica

sg@pﬂise regression |

eéeations (for whicﬂ
particular, a numbegr of initially specified output correc-
tiens,.fon‘example,,obstetric;‘pediatric and psychiatrie"

patient-days in the ward service.cost equation, are elim-

ice cést equati n in order to evaluate output indices, o
output varlablys 1n1t1a11y excluded on the ba51s of insig-

. nificance in e departmental cost analysis (for example,
- private and s mr—prlvate patient—-days of ward care) and

characteristjie variables (for example,”medical'teaching ex-

i .pensg and ryral rated'patient—days) It is also used, but

e less extensjqely, in the casevtype cost equatlon in order ;
’to evaluate characterlstlc varlables such as excess pat1ent-
‘days and medical teaching expense and structural variables

such ag unised rared‘patient-dayéf squared rated patientf ‘

days ind' a constant term for minimum fixed costs.

AT

B

N
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3. ~Regreé§ion Results

- . Y i -

a. General Inée;pretation-of Tables -

All cost equations are estimated in an average
. ° .

i

cogﬁ.foxm (with the-d}visor o%%pgtal costs and all in-

»

deperident variables (IV) being the reéression‘weiéht, RW)

-and ﬁqét employ the principal components technigue as an

(
inter te stage in estimation. However, the independent
! ,

.variables &nd corresponding cost coefficients (&C)

presented in Tables 2A~2I, 3 andu4 (see also Table 1 for a
key to'éymbols and Table S for éase—;ype 5ef&nitions) can
be interpreted aé:thoée of total cost equations. "For
example an estimate of the total costs (TCj) of ward
services in the jth hospital is obtained from Table 2A as

the sum of the products of CC and IV. .

) 'l; ' 6 M : . _-i
(4) "TC. = I CC. IV T '
] j=1 133 -~ '

or $10.21 timés'totai patient-days, plus $1.87 times rated
paiieﬁf—days, minus $4.43 times lonthérm patiént—days, and
so~on. | , ‘ X N -

| Important propertles of the explangtory vqﬁlables
are also presented in the tables The coefficients of
variation (standard &eviatiqn'div1ded by the mean) among
sample hospitals of the weighieé indepeﬁdent variables (;&
divided by RW) grelgiven by the values of WCV. The levels
of statistical significance .0f the independéht variables

can be determlned through an 1nVest1gat19n of their T-

statlstlcs, TS. The percentage of total costs

14
o
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7% TABLE 1 °

- "HOSPITAL COST ANALYSIS: KEY TO SYMBOLS

a =,
¥ _ .
— .
Symbol : Definition
RW .Regression weight: +total cost and all in-
. dependent variables are divided by Rw prior
to estimation -, . .
v Independent variable-'in the total cost
. gquation R )
WCV Weighted coefficient of variation (%) =
+ Standard deviation variable
. of
mean RW
©ccC Estimated cost coefficient ($) T
| TS T-statistic of CC - o )
PAC Percent of all costs ascrlbed to variable
. WCVd * Coefficient of varlatlon of average costs
N Y - stumber of observatlons in the sample
NV “Number ofelndepenﬂent varlables in the total
cost equatlon
NPC Number of principal compcnent variables used
) in the regression, pilus one
PAV -« Percent of variation Ln the welghted ‘inde-
pendent variables captured by NPC-1° )
principal component varlables LT 3
§2‘ l:Coeff1c1ent of multlple correlation,” corrected
for degrees 'of freedom, of'the regresslon (in
- weighted form)
X . »
PD Patient—days . .
. . . . ‘_‘ L' >
i/p In-patient ‘ . ? . .
o/p »Out-patient' -
o1 Output Index o
- NB Newborn -
OR Operating Room T '
- o L ’
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TABLE 2A - WARD SERVICE COST COEFFICIENTS | o
. RW v WCV cc s | Ppac
Total PD | Total PD* -10.21 | 8.6 | @4
Wevy = 11 Rated PD 10 1.87 2.2 14 )
N = 98 Long-term PD 171 -4.43 -5.6 -2
NV = 6 Intensive Care' 83 19..04 2.1 2
PD
LNPC =5 Admissions 20 7.05 *2.5 4
‘/PAV = 96 Trips of f-ward 31 3.70 2.4 7
&% = .55 (Rated PD)? 68 | .00000768 | 6.0 | 10
4
: . \
. L4 N .
TABLE 28 - NEWBORN NURSERY COST COEFFICIENTS
RW s IV wev T cc TS PAC | )
Total NBPD | Total NBPD 10.18 12.0 73
Ly WOV = 23 Bassinets 37 1.48 4.5 22
Set up’ L]
- - =
N = 94 Medical Teach- | 273 .021 3.0 4
ing Costs " ..
NV < 3 / )
.. 5‘;
1
r
3
5

© e e s, v
.
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.. TABLE 2C - - OPERATING AND DELIVERY ROOM AND
% EMERGENCY WARD COST COEFFICIENTS
RW v Wev cc TS PAC.
Rated PD i/p surgical 36 2671 6.5 33
procedures ) .
Wev, = 26 o/p operations | 130 19.40 3.7 5
. in' the OR '
N = 94 Number of OR 29 | 7050.73 2.1 10
(main suites)
NV = 8~ - Deliveries 50 |* 46.28 3.4 12
NPC = 7 Emergency 45 3.75 6.5 22
Visits :
P, - .
PAV = 97 Rated PD .250 1.0 7
& = .71 ' (Rated PD)? 68 1.00000148 | 4.2 8
A
Medical teach-~ 230 . 055 2.5 3
ing costs
) " TABLE 2D - EHYSTCAL ?%%}E INE AND REHABILITATION
RW v WCV cc TS PAC
‘Rated PD Weighted Physi-| 35.| .138 6.8. 67
. otherapy Units .
. - ‘
wcvd = 48 Paid hours of 136 3.28 3.4 12
: occupational - :
therapy
N = 92 'Visits to - 261 | 7.04 2.1 5
speech therapy
NV = 4 . Rated PD .083 1.7 15




t&_:_-" N . <,
‘€ . , , .
TABLE "2E - LABORATQBX,COST'COEFFICIENTS
RW Iv WCv CcC * TS PAC
. / » : ‘
) Total Stan- .Total ‘Stant . .071 4.8 63
© 1 dard Units dard Units )
- v(/‘ .
WCv, = 18 Haematology 26 .060 1.5 10
N = 93 Biochemistry 26 .047 1.8 12
. NV = 7 Histoigthology 44 [ .077 1.5 6
,NPC = 7 Cytopathology - 123 .257 2.3 4
PAV = 100 . Automated 282 -.010 -1.2 -1.
| Units -
R? = .16 . Autopsies 66 145.50 / 1.9 5
TABLE 2F - TRADIOLOGY COST COEFFICIENTS
RW v WCV ‘cC TS PAC
) Total X-rays|Total X-rays 6.66 18.7 73
. WCV, = 16  |i/p X-rays 34 | 3.87 4.3 12
. N = 93 Miniature T.B. 117 -4.22 ~3.2 -3
: Screening
X-rays
NV = 7 Fluoroscopic 38 7.33 4.4 8
X-rays - 1 .
- ’ <
“ NPC = 5 Cineradio- 37 36.37 3.6 2
graphic X-rays
»
PAV = 85 (Total X-raYs)2 67 |.00000771 3.1 4
R%'= .47 Medical Teach- | 238 .064 7.9 4
ing Costs :

- 110
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TABLE 2G - ECG COST COEFFICIENTS

~

RW . . Wev cc TS . PAC
Total Stan- } Total Stan- .247 15.6 110
dard Units | dard Units ' -

o - . . [}
Wevy = 21 o/p Units 54 167 2:5 .| 14
N =39 . | (Units)? - 64 |-.000000173 | -3.7 | -24
N=3 ¢ '
NPC = 3 ) ‘
PAV = 100 . .
R% = .32
, R ‘
( . .
. ! -
. TABLE 2H - EEG COST COEFFICIENTS
" RW o wev| - ce | TS PAC
’ ‘ B n - -
Total Stan- | Total Stan- - N .153 - 8.0 81
dard Unifs- | dard Unit§ ’ : T
Wevy = 26\. 6/p Units , 48 .083 2.1 19
N = 28 N <
NV = 2 \\\ ’ . T
NPC = 2 - -
5
PAV = 100
- y .
R% = .14 \

111
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o

COST COEFFICIENTS

TABLE 2I - NUCLEAR MEDICINE

RW ) Iv WCV CC - TS PAC
— Z a
Total 'Visits|Total Visits 21.15 15.7 128
Wev, = 64 “lunity 279 | 5702.23 ,11:3 7
“4& = 25 (Total vieits)2| 87 |-.000837 -3.9 | -a5
NV = 4 Medical Tea*h— |176 .017° 2.7 | 10
) ing Costs .
NPC = 4 - <
. PAV = 100 .
®2 = .90
: o,
.

b}

s S i e
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TABLE 3 - SERVICE COST COEFFICIENTS, ONTARIO, 1971

‘ : —

RW v Wev | CC TS |PAC
‘Total PD | Total PD . 16.07 [4.2 | 26
WeV, = 16 | Rated PD 10 9.20 |3.8 | 18
N = 101 - | Long-term PD 167 | =-8.73 #5.0 | -1
NV = 19 Intensive Care PD 85 | 48.89 12.2 i "2
NPC = 10 | NB Nursery OI 45 | 11.87 |2.5 = 2
PAV = 87 Semi-Private PD 28 6.67 14.0 5
R% = :82 Private PD 61 10.87 3.0 2

‘Admissions 20 | 2r.25 (2.6 ] 3
Trips off-ward: - 31 7.55 3.0 4
@ < ;

i/p surgical 33 34.90 ;2.4 3
pracedures ‘

o/p operations 127 | 36.64 ;1.3 .1
in the OR ' :

Numbgr of OR 32 | 36663.33; 3.6 4

- (main suites) :

Deliveries 49 46.49 1.2 1
Physical Medicine 39 .279 ['1.9 | 2
and Rehabilitation:0IX :
- Laboratory and: ECG OI 32 .083 |13.3 9
Radiology, EEG and: T 32 9.96 | 9.1 9
Nuclear Medicine OI : .
, ' Emergency Visits 46 4.20 |1.9 | =2
(Rated PD)? 67 | .0000166/5.8 |
Medical Teaching Costs | 239 .780 |8.0 | 2

P
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explained in each table by individual indeéendent varigbles

)

‘is given by PAC. For the ith independent variable,

N, '
CCiIVij/.Z TCj) X lOO%

(5) PAC, = (
e 1 j=1

I~

3

-Lérge values of WCV and PAC for an'ihdependent variable

suggest its importance iq‘explaining the inter-hospital

M a M ‘!
variation in total costs.

Other ;tqtistical;propefties are given at the
leﬁt—hgnd_side of'eéchftaﬁle.. The'coéfficient of variation
among sample hospitals of the weighted Kaveraggi‘COSt
variable (total .costs divided by RW) 1is given/by WCVd: The
sémple siZe, N, is always less than the maximum- of iOl,for
individﬁal departments ag‘a result of the ﬁon—existencé'of'

separately organized/p;&reporting departments in some

hospitals. The total.number of independent va;iébles )

employed in the total cost equation is NV. The. number of -

principal tomponents (having the smallest eigenvalues)
excluded from the average cost regression is NV-NPC. The
percentage of thesvariation in'theﬂweighted independent

variables captured by the included principal'éomponents is

PAV. Findlly, the coefficient of multiple determination,

corrected for degrees of freedom, ﬁz,'givés‘an indication of .

the goodness of fit of the average cost equation. A good
fit for the equivalent total cost equation:is indicated by

a large value of. the R2 in relation to WCV,.

-,
3

b. Departmental Cost Analxgis

Most departmental cost equations are estimated

118
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using an obvious regression weight. For example, ward

éervice uses total ﬁatientfdays,‘laboratorymuses«standafd

. . laboratory units and radiology ‘uses total X-rays. Ho&ever,
l"combined".departments such as physical medicine and reha-

> bilitation use rated-patient-days, since no.obvious basis ‘.

. can be-establishéd for choosing among the outputs of physio:

! tﬁérapy, occupational therapy and speech therapy, aﬂd rated
patient—days does~acﬁieve statistical significance as a
'proxy,for capacity. All cost équ;tions seem to be effi- -
ciéntly estimated since a Glejser Eest'of the average cost
. residuals. indicates £he{r homoscedasticity. |

. ot .;-‘ Departmental cost equations are estimated in a
| mannei which excludés few (if any) pfincipal*compoﬁen£s.
‘This is not surprising in view 6? the fewness of explana- M
- tory variablesAin relation to sample size. The rqﬂiplogy n(
‘cost eqpéfion is estimateé with the most.speétéculér use of -
the principal components technique since two principal
. " components are excluded on the basis 6f statistical
' insignificance at éhe 10 and 40 pe;cént level. |
All degé;tmentdl cost coefficients are statisti-
éally significégtAkﬁsing a one-téiléd teé%) at the 2.5 per-
- . cent level with the 'general exceptiéh of thenlaborato;yfcost
coeffivients and the specific excepfion of those of ;he.rat—
ed patient-days variables. in Tables 2C and:ZD. Laboraﬁory

tost coefficients are significant at the 5 to 10 percent

\\ , level, while the coefficients of rated pdtient—aays; a proxy
\\ for capacity, ate'significant at the 5 to 15 percent level.

\ . ) . P
¢ @

0
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Quasi-fixed or capacity costs are indicated for
a‘department whenever an obvious of*prde capacity measure
has a positive and etatistically significant coefficient.

. Capacity'costs are indicated by the.rated patieﬁt?days
variable for ward service, physical medicine and rehabilita-
tion} and comblned oPerathg and éeilvery room and emergency

ward; by bassinets set up for newborn nursery:; and by the

number of operating rooms for operating room services.

; Capacity costs form a significant part of all departhental
costs: 14 percent:for ward ser&ice, 15 percent for physical

medicine and }eﬁabilitation, a total of 37 percent for

. o
combined‘operat&pg and delivery room and emergency ward,

land 22 percent for newborn nursery.

Minimum flxed costs (reflectlng factor 1nd1v151-
bilities) are apparent in only ‘one department, that of
nuclear medle}ﬂe. Costs of approx1mdteEy $S 700 are
incurred by a hoepltal in prgviding the ba51c‘capab11ity
for nuclegr ﬁedicine services. They are about 25 percent
. . - of all nuclear medicine costs in typical small output
hOSpltals and 2.5 percent in typlcal large output hospltals.

A significant coeff1c1ent for- a squared term in
. departmental output or rated patlent-days can\pe viewed as

’indicating thevabsenee of constant returns to seale.' How~-
ever, if the adequacy of,departmental output corrections

' for product mix is suspect, it may algo suggest unremoved

~
P

product heterogeneity.’ L. ‘ .
‘ The“negatiﬁe‘cost coefficients fbr squ,red'units

}
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of ECG and nuclear medicine visits are thought to indicate

,ecbnomies of scale.' The reasons for this are threefold.

First, output is thought to be highly standardized in .
these departments, especially ECG. Second, any residual

product heterogenelty wouild gend to produce EOSlthE coef-

e - — ﬂf—‘,.+ e e—

ficients for squared output, since the ‘consensus’ of opinion

- )
is that output complexity increases with departmental
. —_— » )
output. Third, increasing returns to scale due to special-

'

ization are quite plausible in highly tecHhical producgisﬂ/“\\

* \

processes. The standardized per unit costs of ECG and -

nuclear medicine are approximately 40 percent -less in typi-
cal large outéut thgp'in typical small oﬁtput héspitélsf

The,positive coefficient of squared rated

a

'patlent days for "ward servicdes is thought to reflect dls—

economies of scale. The reasons for thlé assertion are

. el - -,

twofold. First, departmental output is thought to be

adequately standardigzed, since additional corrections,
. ’ : ' . - .
(surgical, obstetric, psychiatric and pediatric or

narrowly-defined diagnoses per Table 5) for patient-day

y & 4

output nelther are statlstlcally 51gn1f1cant nor\51gn1f1—

cantly affect the coefficients of Table 2A. Second, dis-

-

economies of scale in ward service are plausible to the

extent that inter~departmental ccordination“and trans-
, . -
portation costs (between wards and special serv;ce.departf

‘ments) are dlsproportlonately higher in large (L,OOO-bed) o

) 11

"hospitals than in small (lOO;bed) hospitals. Standard—

ized per diem costs for ward services are 15 percent ;
B
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higher in large than in small hospitals.

Vo The positive coefficient for the squared terms
L}

in X-rays (Table 2F) and rated patiefnt-days (Table 2C) are
ha ¥

) “.thought to Trndicate unremoved product heterogeneity. The

5
@

reasons for this are twofold. First, unremoved product

-

heterogeneity is plausible for both radiology and combined

operdtihé and delivery room and emergency ward in view of
the possible inédequacy of ¢orreétions for ouﬁput mix.
! : Second, the consensus is that output compléxi£y and depart-
mental output are posigively cbrqelated. Standardized
unit costs for radiology and cdmbfned operating .and
delivery .room and emergency ward are respectively 6 and 12
percent higher in typical large than in typical small out-
put hospitals. .
L. A positive and significant coefficient for
medical’teaching expense might be the résult of the iﬁ-

direct costs of teaching programmes or .unremoved product

heterodeneity. It is thought that the former cause is

. .

. impfobable at the departmental lewvel for two reasons.
Fi¥st, the.indirect costs of teaching programmes primarily
take the-form of ove}heéd éosts which a;e excluded,froﬁ

- reported departmental co%tsf’ Second, the teachiﬁg expense
variable is not significapt for two of the laréest hospital
departments (ward service.and 1§borato;y) for which in-

direct teaching costs should be at least as important as

for other departments. Hence, as a result of output

complexity, standardize® unit costs in teaching hospitals




123
s - s
are 26 percént higher for newborn nurserf, 10 pércent ‘
higheér for radiology, 25 peréent higher for nuclear medi-
cihéq and 10 percent higher for combined operating anq .
delivery room and emefgency wardl' .
| The uﬁit costs of services différ‘between in-

patients and out-pét??nté for several departments. _ The'

costs of providing thé Aadllities and nursing staff of the
- LT » i

N\

operating room are about 35 percent higher for an in-
patient than an out-patient operation. The cos£ of an X-
ray are about 50 pereent higher £or ‘an in—patient-than.an
oﬁgipatient. The costs of standard units of ECG and EEG
are respectively 70 and 50 percent higher for out-patients

P

than in-patients. This last finding contrasts with ‘the

'.figst two."Ip is eépeciglly surprising in view of tﬁe
highl? standardi;éEZQutput measureé for ECG and EEG which
are implied by the "stqnaard unit" system. A possible ex-
planation might be that the considerable involvement of the
ECG and EEG departments in out—éatient activities imposes *
extré scheduling and administrative costs at the depart-
mental leve1. ‘ |

The results of ahe de;artmen;al cost ‘analysis
are rnot feadily comparﬁble with those of Inébar and Taylor
(1968) and Cohen (1973), since Ingbar and Taylor explain
the bosts of individ®al departments by using the same set
of serv}ce variables used in the explahatiOn d"pll hospi- ) |

tal césisJ and Cohen fails to make very detailed (h®mo-

geneous) output corrections. However, the results of this
T . s i




-addition, the significance levels of estimated cost coef-

analysis presented next. Results for newborn nursery;

S , 124

cos€ analyéis are superior in at least one respect -

whenever dependent variablesfare compa{gble, cost eqﬁations
have greater explan;tory pqﬁer. For egample, the §2 of the
radiology «ost equa&ion is .47 while that fouﬁd by Cohen is

2

only .04, and the R® of tHe ward service cost equation is

.55 while that found by Ingbar and Taylor is ‘'only .46.. In

ticients are more acceptable which suggests that paramgter

¥

estimates are more precise.
It is interesting to compare the results of the

departmental cost analysis with those of the 'service cost .

labo;étory and ECG; radiology, EEG and nuclear medicine;

and physical medicine and rehabilitatiqp are necessarily

simiiar as a result of the (justifiabléy\use of the output
indices in the sérvice cost analysis. Resulgs for other

serviges are also highlf compérable with one exception-,
preferred accommddatib5 has_an impact on servicée costs but -
none onvreporteﬁ ward service costs. “Since reported serv-. .

‘ice costs includg housekeeping and depreciation costs,
- "‘ r2
\ .

_whereas.reported ward sérvice costs do not, this finding

is easily reconciled,

c.” Service Cost Analxsisw ; - .

l
The results’of the service cost analysis are

presented in Tablé 3. 3Total patient-days is the regression

weight{rfhplying that the service cost equation is esti- -
. »

mated in per diem form. Although rated patient-days and

S b, 4

S ACE

[,
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4
-

admlSSlons also appea to be sultable as regreSSLOn weights

{(in so far as heteros edast1c1ty is av01ded), their use

seems to result in lesgs prec1se estimation (assuming an

f

. ‘ lntermedlate pr1nc1paﬂ compopents'stage of estimation). 1In

“wr~4L“:Lwﬂwwrff”

particular, the per ated patient-day ard per a7ﬁission var-
iation in costs and fn the independent variabl%é is such :
that 13 and 16 prlncipal components must be 1ncluded in re-

v

gre551ons (whereas oply 9 are needed in the pér diem cost

<

equatlon) if they aQe to adequately explain hospltal costs.

The use of the principal components technique

seems to be especially fruitful in the service cost re-

R

gression. ‘Thé'nine principal components included in the
. ’

- regression accéunt or 87 percen’t12 of the per ‘diem var-
iation among the independent variables. They permit an

R? which is as largelas that achieéved by including all 18

principal components; (or indepﬁpdeht variables) in thé

regression. Not surprisingly, F-tests of the.incremental
" 4

R2 captuyed by the excluded principal components (intro:-
} *  duced by groups in dgscending order o eigenvaiue) con- //f’

N

firmed the insignifiqgance of excluded principal components

at_the 5 percent levegl. The effects 'of including all ) :1

principal components |(which is equivaleht to using straight-
- r_,’

L

forward OLS without the intermediate principal components

( ¢

stage) are tfwofold:. |[first, @o reduce the T-statistics

(and precifsion) of estimated coefficients; and second, to

- result iﬁ litﬁle‘change in estimated pardmeters other than

offset 1ng changes in{ the parameters of two sets of-hlghly

Tre——

‘\\\

- *\ ————




‘collinear independent variables - deliveries and newgorn

e

patient-days, and admissions‘énd rated patient-days.

Estimated ctoefficients are quite robust. They

.

fail to change by more than a small fraction of their

standafa errors of estimate in any of the féllowing cases:

. when the regression weight is rated patiegt—days or ad-

//”/\ mMissions; when the service cost sariable is modified to

-

include one or more of the initially excluded cost cate-
gories such as interest expense; when the service cost

variable and independent variables are modified -to encom- -
pass in-patient services only; and when the sample egcludes

©

teaching hdspitals.

[

! The major sources of inter-hospital variation

-

in per diem costs can be determined by an examination of

-

the coefficients, significance levels and factor loadings
of the principal Eomponents corresponding to the largegt.
eigenvalues of the'correlation matrix of the per diem
values of the'independent Variab}es:‘:The fi¥rst three -

principal coﬁpopents explain 80 percent of the variation °

-

in per diem costs and capture 25, .20 and 10 percent
respectively of the per diem variation among the inde-

-. pendent variables. Their coefficients are trelatively

’

large and their T-statistics are impressive .--20.1, 5.3

and 4.4 frespectively.. Their factor loadings (correiations“

-

| wffﬁbinagpendént variables) suggest that hospitals have;

per. diem costs above the mean ($57.90) if they provide

e above-average:amounts of radiOIOgy, laboratory, surgery or .

|
A

IR R




obstetric care,‘if:they are large or involved in ﬁedical

' teaching, if they have below—average occupancy rates, or

if they are minimally involved in long-term chronic.and
,cbnvalescent caré. - . )

In §eneral, the signs and'magnitudés of the

Sérvice cost céefficients are réadily defensible and their
significance levels quite reasonable. In particular,, the
coefficients of all resource-consuming activities are
positive (inciuding the net cost coefficient, $16.07 +
$9.20 - $8 73, of long-term patient—days). The magnitudes

of the cost coeff1c1ents of all. output variables, including

the output indices, are moderately larger than those found

-
[

in the departmental cost analysis, which simply reflects .
the }ncidence of.indirect or overhéad'costs among
ser§ices; ~Finally, 311 cost coefficients are significant .,
at the 5 percent'level,~except those for deliveries aﬁd
out-patient operations which are significant at the 10
pércent level. |

The results of the service and departmental
‘cost équétiong are highly pomparable with the exception of
the large anbstatlstlcally significant coefflclents for
private and seml—prlvate patient-days and medical teachlng‘
expense, which again simply reflect the inc!hsion of over-

head'coéts in the service cost variable. In all other

t4

: . .
‘cases explanatory variables have the same relative

importance in explaining service cpsts as they have in -

.

explaining departmental costs.
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In analyzing the structure cf hospital costs
it s extremely useful for policy purposes to determlne
the relative 1mportance of s:ay- admission- and capacity-
related costs. In order to accomplish this, independent
variables have to be appropriately categorized and then
assigned typical values. Stay-related costs wouldﬂtheh be
calculated as the sum‘cf the products of typical values
of the stay-related variables and their estimated cost
coefficients. Admission- and capacity-related costs would
be similarly calculated. -Each cos£>category could then pé,
compared with the total costs of the typical hcspital. -

In ﬁhe service cost equation, purely stay-
related variables ipclude total aﬁd newborh patient-days
(the latter °is a coméonent ‘of the newborn nurserj,output:.
index). Admission-related éariables include admi;sionsf
trips off-ward, in- and out-patient ope¥h¢ions, deliveries
and emergency visits. Capacity-related variables include
rated patlent days £wh1ch also appears as a‘component of
the phy51cal medlclne and rehabilitatiom output’ lndex),

ba531nets set up (a further-ccmponent of thé newborn

nursery output index) and the number ot operating rooms’.

14 o L]

Since appropriate capacity measures are- unavailable for

\ - . » -
the remaining services (laboratory, radiology, and long-.
term, inteﬁsive care, private'and semi-private ward sérvs

ices); the corresponding output variables have to be inter-

preted as .including a capacity dimensior. In such cases-

it is assumed that 40 éercent of output costs are capacity-

-

- . -
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related (which is the same proportion as for the mosf
important hospitql acfivity, ward service). ﬁence, 60
percent of laboratory and fadioloéj costs are admission-
related and 40 percent capacity—reiatedh while 60 percent
of non-standard ward service costs areestéy—related and
.4‘"0 percent capacity-related. '
Using tYpical values for independent variables,
stay-, admiséion— and- capacity-related costs are 35, 25
and 40 percent respégtively of all hospital‘costs. In the
study done by Evans (1971),'théy ére 46, 40 and- 14 percent
of‘a}l costs; in_éhe studi done by Lave, Lave and(g:iverman
(1972), they are 50, lBigpd:32-pe;cenE'of all costs. 1In
additibnziéﬂe cgpa¢}£¥Zdégés,éssociated with ward seryice
a;e 20<perc € of all hospital,costs. The values found in 4
this study suggest tha; a'lo peﬁcent reduction in ieﬁé%ﬁ
of stay wéuld reduce hospital-;osts‘byﬁ3.5 percent,‘or byv‘ "
5.5 percent if 10 percen£ of beds were also ﬁlosedx A
10 pe;cent reduétion in aéﬁissions would reduce both stay-
,and admission—related'costs by 10 percent,‘so‘hpspital 3
costs would fall by 6 percent, or by alﬁost the.full 10
' percent if 1Q percent of capacity were 'also ciosed. The
closure of an entire hospital, assuming that patients
were subsequently‘treated in pfeviously under—utilized
hospitals, would permit cost savings in the form of the
capacity cé;ts of the closed hoépital, or 40 percent of
its tetal costs. | ‘ C ' . N

It is true that the economies of scale for ECG

2



&

and nuclear medicine (which are implicit in the laboratory

and radiolrogy output indices) are important at the depart-

=2 & ) -
mental level. It is also true that the minimum fixed

costs far nuclear medicine are important at the depart-

‘ -
mental level. However, because both ECG and nuclear medi-

cing are small departments, overall standardized per diem

costs in hospitals pquidiE& large amounts of ECG and
nuclear medicine are at most 2 percent lower than in typi-
cal small output hospitﬁz\.

By way of contrast, overall diseconomies of

scale are implied‘by the positive coef?icient for squared

rated patient-days. It must ke remembered, however, that

the squared rated patient-days variable- proxies for un-

removed product heterogeneity in the'operatinglroom cost
equation as well as indicates diseconomies of séale‘in the-
ward service cost equation. If the éoéfficient of the
squéred rated patient-days variable in the éervice cost

equation (.0000166) is apportioned among ward service

.and operating room in accordance with its departmental

values (.00000768 and .00000148), 84 percent of its value,
or'.6000140, is attributable to diseéonomies&qf-scale.
Diseconomies of scale are such that standafdized per diem
costs are about 8 percént‘ﬁigher in large (1,000~bed) than
;n small klOO—bed) hospitals. Assuming that large hospitals
providellarge amounts, of ECG and nuclear medicine while

small hospitals do not, net .diseconomies are such that

standardized per diem costs are perhaps 7.percent higher

-
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in largé than in small hospitqls? They compare.™in magni-
tude and exceed in statistical significance those found

in the case-type cost analysis of Evans.13

Substantial indirect teaching costs are indi-

cated by the positive coefficient (.780) for medical

teaching expense in the service cost equation, since -only

w

.a small portion of the coeffickgﬁ% is reasonably attribut-
" able to the unremoved product hetérogeneity indicated in
the departmental cost equations (tdtal coefficient values
for medicél teaching expense were .157). They result in
standardized per diem costs which are about 5 perceﬁt
higher ,in teaching than in non-teaching hospitals, thch
comp;fes with the results of Léve7 Lave and Siiverman.14
The ‘results of the service cost analysis are
generally quite satisfactory{ The éervice cost variable
is carefully calculateq so as to exclude the remuneration
of attending physicians. Specification is systematic and
sensitive to the forms in which key variables are®included.
Estimation is made precise through both a priori-
aggregations and the principél components teéhnique. The
degree of explanation of.costs is the highest yet achieved

(the‘i2 equals .82, compared with .56 in the service cost -

analysis of Ingbar an% Taylor and .62 in the case-type

cost analyses of Evans). Clearly an'improved meéhodologx

is attained, along with powerful'insights into the
structure of hospital costs which are important for policy

purposes.




Despite the shortcomings of restricting the
case-type cost analysis to the hospital component of case-
type costs, the results of the case:type cost analysis pre-
sented next confirm all of the ﬁnéights into the structuré~
of hospital costs which are provided by the service cost
analysis. - In particulaf, they suggest the same relative
importance for stay-, admission- and capacity-related
costs, returns to scale'and indirect teaching costs. In
addition, they indicaté a similar magnitude for the unex-
plaineq portion of case-type and service costs, suggesting
that an evaluation of the relative cost performance or

efficiency of hospltals in this sa@ple 1s somewhat insensi-

tive to the ch01ce of service or case-type output defini-

tions.

d. Case-Type Cost Analysis

The results of an analysis of the hospital

component of casq—ty@e costs for in-patients are presented

»
.

in Table 4. The case-type cost variable is computed using

two alternative procedures. ln—pafienﬁ case-type costs are

”

computed as the costs of all patients less either an
estimate of out-patient costs (derived fromfthe service

- cost anélysis)'or out-patient income. The values of the

e

alternative lndpatlent case- type cost variables are hlghly

comparable. The case—type cost coeff1c1ents and T—'
‘y/lu*‘; ”

statistics corresponding to the flr&t value/ ¢f in-patient

costs are 1ndlcatea by the superscript "a" anpd to the

132




e Total short-term admissions is the regression
weight in both daseftype cost équat;0n57 implying that

equations are estimated in per admission form.“ Total
k* patient-days or rated patient-days would also have beéﬁ

{

suitable regression weights in dealing with hetero-

scedasticity, but their use would have created a redundancy
o A o . o
for the excess patient-~days:- or unugsed rated patient-days

variabies‘already included in the regression.

The‘princiéal components t¢¢hnique seems léss
power{ul in déaling with multicolliﬂearity than it }s,in\
‘the~serviéé cogé analysis. Because the case-type cost
anaiysié,makes’few empirically justified a priori _
‘aggregations, the number -of explanatory variables is much
N ’ larger £49 compared to.19). At least 24. of the ﬁaximum
of 48 principal compdnents‘(repfesenting 91 percent of the

per admission variation among the independent variables)

must be included in the regression, (in keeping with an F-

-

test of the incremental R2 associated with groups of
principal components introduced into the reéression in’

. descending order of eigenvalues). The retention of such
a large numbgr 6f principal components is bound to re-
igtroduce into the regression a large amount.of the m%ltij
collinearity among the independent variableé, as can be |
verified.bj'an examination‘of the low values of the T-
statistics  of many of the 40 non-standard case-t§pes.

An examination:of the major sources of inter-

hospital variation in per admission case-type costs

[y

ae
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proceeds “in a manner similar to that outlined for the serv-

X

ice cost analysis. Hospitals have per admission costs
above‘the mean (about‘é484) if they treat disproportienate‘
number of patlents dlagnOSed as sufferlng from such costly
allments as malignant neoplasms (cancer) or dlseases of the
central nervous system, if they are laFge or 1nvolved;1n

medical teaching, if they have below-average occupancy

. _ - : \
rates, or if they are m1nima%T§/involved in long=term’ con-

B ./
. valescent care.

‘

Esﬁimated coefficients for thOSe independent

variables other than the case-type varlabies are hlghly
B
significant. All but one, rural rated patlent—days, are

significant at, the one percent -level. They are-also robust

with respect to the alternative definitions of in-patient

i

costs, to the 'inclusion in case-type costs of such ini-
tially excluded cost categories as‘interest,expense, and -
to the exclu51on from the sample of teachlng hOSpltalS.

Also, as w1ll be seen below, they mely a structure of

hospital costs which is similé?\tofthat suggested by thé//</

e

service cost equation, which adds- to the plausibility of

i
the results of both cost analyses. '

The estimated coeff1c1ents of the case- type

varlagles are in general not hlghly 51gn1f1cant. This is

{

probably the result of residual colllnearlty, since the,

alternative explanation pof extremely variable marglnal

+

costs for individual case-types seems  implausible. However,

* the case-type cost coefficients'do seem to be reasonably |

~
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robust witH respect tq the alternative_definitions of

- in-patient costs. The marginal cost of- a particular ‘case-

A}

type, for .example NBMISC (40) is the alqebraic sum of its
coefficient and that of the short-term admissions variable,
i.e., - $116.23 + $290.23 =.$174.00 (using the first - »

4

definition of in—patiené costs). The marginal costs of’

host case-uypes,‘especially those that haQe ; reasonable
statistical significance, appear to be plausible with few
exceptions.

The structﬁre’of case-type costs is determinate,
but in a less direct manner than for service costs, sirice
the case—t&pe cost coéfficients reflect stay- and-capacity—

. \
related costs as well as admission-related costs.

. [ .
Capacity-related costs can nonetheless he computed by first

noting ‘that the costs of (rated-total) patient-days are 6

3

- percent of .all costs and that one hoébital bed in six

_was unoccupied during 1971. ﬂThis suggests that capacity

costs are about 36 percent of all costs (assuming sténdard

accommodation for all patients), or 40 percen£ of all
. - 6

costs {(assuming the typical mix of standard and preferred
accommodation). Stay-related costs can be computed by

first noting that one day of over-stay by a patient cosﬁs

-

approximately $25. Since the ﬁypical patient stays about’
9 days, then the stay-related costs of a patieng might be -
$225 of the total costs of $484, or 46 percent of all

costs. However, if patients receive any admission-related

services during over=stays,-stay-related costs are less

S -

¢ ' .

"
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than 46 percent of all costs. Admission-related costs
are computed residually -as being at least 14 percent of »
S R A S LA 2

'all case-type costs. , -

_Net diseconomies of scale are indicated by the
coefficient (approximately .0000150) of squared rated
patient—da&s. “They imply that standardized per admission
~cos£s are 8 peréent higher in laréé than in small hospitals.

. +* ) Substantial indirect costs for medical teaching

“%Eogrammes are undoubtedly indicated by the positive

“ coefficient (about .60) for medical teaching expense. They

%”.f imply that standardized QPr.admission costs are about 6

percent higher in .teaching than ,in non-teaching hOSpiﬁals.
| . The negative coefficient of rural rated patient—
‘days ind;catgsVthat’standardized per admission costs are
-ébout‘z\percent lower in rural than in urban hospitais. It
reflects differences in illness severity and treatment
.patterns rather than lower factor priées, since land costs
are excluded from the apalyéis and rural location islinéig—
nificant in the seévice éqsf equation. |
- The case-type cost equation is reasonably satis-
factbry.ekcépt_for the imprecision of thg‘gase;type cost
coefficieﬁts, Tﬁé degree to which costs afg’expla{ﬂgd, as
reflectgd'in the_ﬁz, is marginaily higher than those
achieved by Evané (and without the use of age—sex variables)
and Lavq,jLave and SilQerman (and witﬁou£<£he use of either

age or surgical vaffgb;es). Clearly an improved metjod-

ology in formulating thé cost variable, in specification,

‘. “ =

RN
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and in estimation tecﬁnique.;s again achieved.
) A comparison of the service and case-type cost
analysis is made in the next section. As the reader might
~ guess, the alternative éost analyses perform equally well
in' most respects, although the service cost anéiysis does

seem to permit greater overall precision in estimating

cost coefficients. B : .

4. A Comparison of Service and Case-Type CoOst Analvsis

The service definition of hospitafneutpu; is
advocated in Chapter II as being the output definition
appropéiété to aﬂ examingiion of a cost variable ?pmputed
as observed hoépital costs,; exclusive of thé remuneration
of attendiﬁg.physicians. The case-type deﬁinition:of

vhospitgiloutput is, strictly speaking, inappropriate to
an examin;tion of this cost variable, since case-type
cosfs are properly compqted as hoééital costs incluéive
of the remuneration of attendiné physicians. !
‘ In spite of this objection to using ghe case-—
type definition of hospital output, a case-type cost
analfSis was undertaken in which case-type outpu; was
used to explain the "hospital component" of case-type
costs, or observed héspital costs exclusi§e of the
remuneration of attepding physicians.r Such a case-type
,cost'anglysis leads to downwardly biased estimates of
-ase-type FOSt coefficients sincé.although the total

- cost variable includes the preponderance of case-type

[
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costs (the hospital cbmponent incurred in serviece pro-

duction), it excludes the ;ema;ning case-type costs (the Lo

s

physigian component incurred %n service demand genération)‘
Mofeover, it may result in biased insights into the’
structure of hospitalrcosgs_(tne relative cost impacts of

. .
the independent varfabrﬁsg”aﬁg biaseq_iaﬁer-héspital
comparisons of standardized costs (as reflacted in cost
residuals). It does this to the extent that the inpuﬁs“
of hoépi%als (employed iﬁhservice produqtion) ané ofi
physicians (employed in service demand.gene;ation'agd the
éerformance of surgiaal and obstetrical procedures) are
imperfect cémplements and to the extent that the behaviour
patte}ns.of attending physiaians (in service demand genera-

tion) differ among hospitals..

Whether the various types of.bias in case-type
cost analysis actuajﬁy}@ccur must to a great extent depend
upon sample properties. Although the, downward bias in

case-type cost coefficients is inevitable as a result of

the exclusion (fyom the hospital component of case*tybe

costs) of -the remuneration of attendinyg physicians, the
biaa in structyral ihﬁights and in inter—hospiﬁal compari-
sons of standardized costs may bé'neéliqible given certain .
sample properties. 1In partlcular, bias will be mltlgated

if hospltal and phy5101an inputs are hléhly complementary, o /j
or any substltutlon between these inputs small and randomly
dlstrlbuted among hospltals. Bias will be furtKer reduced

1f the behav1our patterns of physicians in service demand
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generation either are similar or any differences in them
‘are small and randoml& distributed among hospitals.

The clase-type cost analysis does seem to be

[

vindicated by sgmple properties. It suggests a structure
of hospital costs which is'simglaf to that implied by the
service cost a al&sis for the relative.importénce of stéy—,
*admission- and‘cabacity—related costs, diseconomies of
scale and the indirect costs of teaching pfogrammes. In'

additidn,”it roduces an explanation of costs which is

. . . : .
as good as that of the service,cost analysis (estimated

e .

per admission| cost equations, corrected for either case- ° ‘

types or services, both have ﬁz of .92). Moreover, it .

. EY

generates per admission cost residuals for individual

\hospita1§ (indicators of poor relative cost performance

or inefficiéhcy if positive) which é}e highly corrélatédf'
(o = .60) with those of the servide cost anaiisis. ‘
' Case-types'are aévcé;ted by Evans kl97l, 201-‘

208) as the definition of output most appropriate to
h ) . N T3
hospital cost analysis. On the basis of this cost a;;I;;;;>\_y -

they are no more appippriate in an empirical sense than
. . —

are serVicés. In fact, they may be less appropriate to thé ~

.

extent that the precision of estimated cost coefficients

is lower as a result of the lérge numbers of case-type.

* -

output vériables (ahd principal components) needed to

explain costs. 1In.addition, they do not permit the -

. Pl

locational insightg needed for the exploitation of returns

to scale in specific productiodn activities (ECG, nuclear

-
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medicine and ward service). Finally, in a conceptual
sense, case-types are less appropriate than are services
in an examination of hospital costs exclusive of thé

remuneration of attending physicians.

5.‘ Summary
A statistigcal eost analygis of & gample of 101
Ontagio general hospitals during 1971 incorporates impyove-=-
ments in output definition and the specification, and
estimation of hospital cost equ:tions. Departmental;
servi;; and case-type costs are analysea (althoﬁgh, és a
resylt of\iata deficiénéies, departmental costs exclude
any relatéa‘bverhead'costs ;nd case-type costs exclude the
remuneration of attending physicians). Cost equations are
speéifiegrin a total coét férm which, with the exception-
of - squared capacity=terms desighea to caéﬁure anyféconomies
of écale, include ail output and characteristic variables
in linear form. All cost équations are estim#ted in an -
average costmform (in order to avoid'hgterOSCedasti%ity)

using the principal components technique as an intermediate

.step (in order tp -increase the precision of estimation

while still maintaining interpretabilityd. In addition,

estimated departmental cost equations are -used to impose

aggregativé restrictions on the explanqtofy variables

entering into the service cbst equation. 1 s

a

A h&ghef“dégree of explanation™of costs and

precision of estimation are obtained than were achieved in
=T . , .
” L . r -
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comparable earlier studies. The insights ®nto the struc- .
ture of hospital costs which afe provided by al}ernati;e
departmental, service and éase—type cost'equatiops_are
remarkably consistent. Since.stay;, admission- and

capacity-related costs are estimated to be about 35, 25

»

and 40 percent respectively of all costs, a laréer portion
4
of all hospital costs are capacity-related or quasi-fixed
’ than suggested by othex studies. Reductions of capacity

are therefore more beneficial and reductions of output

- &

less beneficial than previously thought. Although econo-

mies of scale exist in two small departments (ECG and

LA

nuclear medicine),'overall diseconomies of scale (prob-

2

'ably in intra-hospital patient transpp{tation and

coordination) are of sufficient magnitude to result in

- ’

¥ standardized per diem costs about 8 percent higher in
large (l,OQO—bed) than in small (100-bed) hospitals.

Although it was necessary (as a result of data
deficienéies) to exclude the remuneration of attending .

_physicians from the case-type swcost variable, alternative

a,

case-type and sérvicé,cost-analySes explain hospital
costs eéually'weIl and suggest a similar structure of

hospital ‘costs. However, the service cost analysis permits
more precise estimation since output corrections are fewer

(R L
BN

ds a result of algreater,number of available a priori
aggregétions. ‘In &ﬁdition,‘sample properties may not

-

always‘empiricallyivindicate the use of case-types in

eiblaining a cost variable ﬁoreﬁclosely approximating
. . ! R

-

B
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*
: service than case-type costs. For these two reasons,
, service cost analysis is generally preferred to case-type
. I . ° . .
cost analysis for North Americdn hospitals.
L -
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Foo;notes 1
1. Homogeneity 15 suggested by.béth casual empiricism

.and other considerations. A number of dummy variébles
controlling for hospital age had oﬁly small and -
statistically ihsiénificant céeffiéients in cost
equations, and so differéncés in technology and
vintage of capita} seém unimportant. Aiso see Kushner
(1969) for confirmation of the inter-hospital

similarity of nursing salaries in Ontario.

2. An explanation of these forms can be found in 1971 .

Instructions and Definitions for the ‘Annual Return of

\

Hospitals, Form HS-1 Facilities and Services and Form

HS-2 Financial (Ottawa: Statistics Canada - Departpent

of National Health and Welfare)..

3. See 1971 Edition, the Relative Stay Index Report
(Toronto: Ontario Hospital Services Commission). 1

4. These are presented in Cani‘&an Hospital Accounting

Manual: Accounting and Statistical Prodedures for

Canadian Hospitals (Toronto: Canadian Hospital

Association, 1968).

5. See_Chaptér II, in particular the discussion of the

manner in which the activities of service production

”—‘;“iby“hcspitals7‘and service:demand-geﬂe%at;@nv(by
attending‘physipifns) result in the illness fémissionu

of case~types. o . C | .

6. See Mincer (1962) .for further discusgion.
‘. . ] .o .
7. See Johnston (1972, 21}8-221). The latter test permits- |

4




11.

12,

13,

14.

s -

greater use of available degrees of freedom and so is
preferred in hospital cost anal&sis. '

Both Kushner (1969) and Cohen (1970) fail to correct
for heteroscedasticity and therefore regress to£al cost
equations. | '

All statistical tests are conducted at the 5 percent
level unless otherwise gtated.

The number of standard units to be assigned to each

different laboratory test is established by the

' Statistics Canada publication, Schedule of Unit

values for Clinica‘hLaborato:y Procedures.'

Starkweather (1973) and Williamson (1967) provide
empirical and theoretical'reasons for this belief.

I1f the weighted independént variables. had been
orthogonal, the first nine pricipdl components
(oﬁe-half of the total) would have captured 50 percent

of the variation among the weighted independent vari-

ables.

Lave, Lave gnd Silverman (1972) found no significaﬁt
retujhﬁ to gcale.

"Evans (1971) did not control for teaching activity

in hils cost e§uation.
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VI. POLICY IMPLICATIONS OF STATISTICAL COST ANAQ}SIS

-

1. Introduction ‘ -

<

The policy ihplications of the .structure of

hospital costs which is indicated by statistical cost

2

analysis should be formulated within’a benefit-cost frame-

[0 .

work. Benefit- cqst analy51s suggests that a particular
policy (for ‘xample a reduction in the average length of

stay of hospital patients) should be pursued to the point’

jtﬁgg’marginal social benefits aré-jd?f‘éqgal to marginal

\eocial.costs (for example the combined benefits to the

&

patient and society of an extra dﬁy of stay éhoulq be just
as large as its Ttosts). In order to formulate policy
recommendations it is therefore important to identify and

quantify the benefits and costs associated with practicable

¢

policy programmes. The greater the divergence between
marglnal soc1al beneflts and costs in the pre-policy situa-:
tion, the more hlghly recommended are policies aimed at
transformlng the 51tuatlon ;nto‘qne in‘which such diver-

gences are eliminated. . ‘

It is argued that the situation in the ontario

hospital industry is one in which hospital costs are exces-
sive as a result ¢of both inefficiéncy and output levels -

o

which are too large (in the sense that marglnal social costs

'exceed beneflts). It is therefore the case that net soc1al

gain can be derived from poL1c1es whlch-promote efficiency

-~

and optimal output reductions. ' )

TN s
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Inefficiency in the hospital indugtry takes many

T forms. Allocative and X-inefficiency are suggested in .
studies done for comparable hospital industries by Kaitz

(1968), Gré;nfield (1973), Ogur (1974) and Granfield (1975).

They arefalso Puggested in this study by a standard error’

of esti@ate which-is sufficiently large (5 percent) in re;

lation Ep standardized hgspital ﬁosts as to s;ggest inter-
i hospitalldifferenbeé in X- and allocative efficiency in

addltlon to any deficiencies of output deflnltlon" Scale

)
|

1neff1c1€ncy in the form of diseconomies of scale is sug- !

gested Qy Starkweathe; (1973) and by the observation that-
over Sijercent of hospital caéacity in this study is pro-
vided b§ hospitals which are larger than the scale-efficien;
lOO-éOd bedvéize. %xcess capacity costs are suggested by a
standagd deviation which is large (9 percent) in relation

69 to thglmean(83 pefcent) of occupancy rates and by the obser—
vatioﬁ that a significagg-numbervof sample hospital§ {about
10 pdfcent) opefate at or near full capacity without sig-

o

nifiéaﬁtly higher standardized costs.

Excessive output levels are suggested by several

’

congiderations. The absence of coinsurance. - a requirement
that patients insured under the Ontario Health Insurance

Pl@n'\OHIP) pay a portion of the costs of theif¥ hospital
B }, - \
treatment --suggests that (in the. absence of externalities _

1

and inelastic demand) output of Ontarlo hospltals is N
exce551ve. Beck (1974) asserts ‘that the introduction in

Saskatchewan (during 1968) of usdt charges which were about |




one-third of all (per diem} coéts,reduced the demand for
health services in ggnéral (and hospitai admission iA

~ particular) by an estimated 7 percent. Hence the demand
for hospital admission is by no means entirely priée—

‘inelastic and zero-pricing does in fact encourage hospital-

ization.
© %

: E§cessive admissions,4iength of stay and speéial
services are thé tesult of physician as well as patient Be—
haviour. They permit income and uytility augﬁentation for
physicians who wish to %ncrease their billings, reduce mal-
practiceiinsurance premiums and fulfill their. humanitarian
aépirgtions (perhaps somewhat questionably iﬁ-light of
recent media discussions of the alarming increase in certain

3
types of electiye surgery such as hysterectomy). Ample

' -excess capéciﬁy ameong Ontario hospitals ensures that the

. hospita;izatiop ﬁiansﬁof“patients énd physicians are

immunized from ény'sefious non~pri£e rationing imposed by

gueuing. ’ . .

Strong,eVidence”of excessive length of stay is
provided by the introduction of the Relative Stay Index

‘Studies by the OHSC. Some hospitals have a standardized

length of stgy‘(correctlng for case-ﬁlx and age-sex compo—_

sition, even among hospltals of similar size and teaching’
status) whlch is 45 percent’hlgher than the average. Sgph

hospltals are encouraged by the Studies) to avold any

Unnecessary overstays.

W
*s

Hospital cost reéductions which are achieved ‘ .

O i e & - Moot S
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through increased efficiency (undertaken in such a manner

“as to leave quality and accessibility unchanged while

1

ignoring‘any loss of satisfaction to the hospital decisioh—

maker) dre of unambiguous social benefit.

*

- cost reductions which are achleved through reduced output

. !
In comparlson,;

levels produce on a dollar- for -dollar basis a smaller netx
social benefit, since patient health status will fall (and/

or the output and costs of health sector institutions pro-

viding substitute treatment might se). Assuming a linear

demand schedule for the health status provided by hospitalé,'

the same reduction in hgspital costs 'is only one-half as ;

beneficial when achieved through optimal outth reductions |
: , \
(those that would be achieved by moving from zero to full

user charges)

N

¢

4
i
i
1
i

rather than increased efficiency (usihg the

reduction in consumer(surplus arising from fewer hospital- -~
. . ;
izations as a measure of the social welfare. loss associated

with~the expected reduction of health status).

i
i
-4
In order to .

ensure the maximum social benefit from output reductions

P

whenever thé,optimgl output reductions are unknown, the L

hosgpital regulator should reduce output in small decrements ; e
while constantly monitoring and evaluating any ‘increases in

other health sector costs and any reductions -in patient

- |
health status. The last decrement undertaken should pro- e

duce cost savings which are ﬁust equal to the combined ) i
»éollar value of corresponding changes in other health sector VT

costs and patient health status.

The discussion of the next two sections recoqpends

’. -
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that.ﬁoépital regﬁlatqrs pursue policy programmes which fe-
duce hos§i£al costs ‘threugh increased efficiency and decre- _
'héntslin hospital output. Inéreasea efficiency would’pérmit
cost. savings equal to about 10 percent of total hospital
costs. It would be achieved through a restructuring of the
héspitél industry in terms of'tﬁ?‘nﬁmbér,'size distribution
and allocation of special éervice facilities and thé number

and size distribution of hospitals which would best exploit
}

economies of scale (through pooling 6r céntralization of
facilities for ECG and nuclear medicine),‘avoid disecosiomies
of scale in intra-hospital patient transportation and

. cBordinatioﬁ (through a small hospital constructidn policy),
and more fully utilize both speciai service and general bed
‘capacity kthrough closure of as much as one-sixth oflex—

i'sting capacity, perhaps in the form of entire hospitals).
’ /] 4
Reductions in output should be undertaken whenever the
marginal social (hospital) costs avoided are thought to be'
large in relation to any marginal social benefits_foregone

i ,
(especially in the form of patient health status). Modest

' reductions (of perhaps 7‘percént) in average léﬁgth'of stay
and in the numbe# of elecfive admissions, especially if
accompanied by the closurg«df hospital capaéity, would
result in proportionate‘éosg savings and proportionatély
‘smaller reductions in patient health statué., Administrdtive
fiat, hospital reimbursement ingentiVes, user charges or
-qﬁpacity closure could.bg used to achrevevdesixébie output

and cost’reductions. . ?

-
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The discussion of an additional section deals with
the increa§éd allocativesand X—éfficiency (and resultant
cost savings) and other advantages (especially greater
horizontal equity or more equal tgéatment) which might de- .
rive from an incentive reimbursement scheme for hospitals
Which uses statistical cdég.estimates {(for ;ervices or
case-types) as the basis fo;\mu;ti—product hospital reim-
bursement. Although a number of authors, for example Evans
(1971), .Lave, Lave and Silverman (1973) and Walker (1974)
suggest this additional policy application of statisticél
cost analysis, only Lave et. al. explicitly outline an
operational reimbursement scheme. The ﬁerits of this
scheme in'bromoting’increased allocative aﬁd'x—efficiency
‘ére recognized, and an additional recommendation is made
that the hospital regu%ator monitor and counteract through
rate révision any undesirable ohtput charges precipigéted
by.even small inaceuraciesfI;’;tatistical cost analysis.
For example, he should downwardiy revise thé reimbursement
raté.of an output for which costs are sufficjently over-
estimated (and initiai reimbursement éate cdrrespondingly
inflated) as to result in unaesirgble increéses in output

levels. 4 . -

2. Increasing Hospital Efficiency

, Increases in hospital efficiency are of unambigﬁ—‘

ous net social benefit since they reduce the costs but not

the benefits provided by theihospital industry. They can

[
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. \ . . . .
4 : . be achieved through measures designed to promote scale-

< .
efficiency and to eliminafe excess capacity.! In particular,

the hdspital regulator can employ administrative fiat to

reduce and restructure special service and bed- capacity (in

terms of the number, size distribution and allocation of

i

special service facilities among hospitals and the numbe{
and size distribution of hospitals). .The next subsect;pq‘
suggests that the centralization or pooling of ECG ard nuj, )
clear medicine facilities woulé exploit economies of scale
and permit’cosé savings which would be 1 or é percent of
all hospital costs. Reductions in special service capaciéy,
by one-sixth would result in cost savings whicﬁ.would be
about 3 percent of all hospital costs. A copcludidg suﬁj'
section suggests that restrictions on additions to existing
. hospitals and -a construction policy wh%ch'woul% require
that éhy new hospPtals be of the scale-efficiemt 100-300°
bed size would realize cost savings of perhéps 3 percent of

all hospital costs; fhé eIImiﬁation of excess bea capacity
- (perhaps one-sixth of all bed capacity), especially tﬁf;ugh
hoépital c;osurg,mwou%d result in savings of perhap? 4
percent of all hospitai costs. Combined savings from b
scale—efficienci and maximum capac}ty_utilization in ‘the
. provision;af special and ward‘sefyicesvare therefore»as'
mﬁch as 10 ?ercent of all poépital costs.

4 - . . ) ,
a. A Recommended Reo%g@nization of Special Service Capacity

In order to determine the cost-minimizing number,

- . . ",. {-
size distribution and allocation of special service
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facilities among hospitals, assuming a ﬁre—séecified overall
réquirement.for special serviées, the hospital regulator
_must first deterﬁ;ne the magnitudes of aﬁy economies, of
scalé} minimum fixeg costs, capacity.costs and exéess )
capaciFy. The economies of scale which_a;e indicated by

the ECE and'huclear medicine cost equatiohs are sucﬂ that
unit-costs‘for boﬁh ECG and nuclear medicine are about 40
percent lower in typical large output hospitals (500,000

. /

units ECG or 10,000 Z}plts to nuclear medicine per annum)

than in small output. hospltals (50,000 units ECG or 1,000

" visits to nuclear med1c1ne per annum).- In addition, mini-
mum fixed costs of $5700 per.annum éré‘indicated;b;kthé .
fhucleaﬁ medicine cost equatibﬁ. They ;re"about 25 (2.5) ‘
peré‘)¢ of all nuclear medicihe ;6sts in. small (large) .
output hospitals, which implies that costs per nuqlear

- Ipedicine visit are a further 22.5 percent less in large A;-

than in small output hospitals.

It is readily apparent that the total costs of

~ . ) .
providing a pre-specified requirement for ECG and nuclear

medicine would be reduced- if output levels of large oﬁtput .

hoépitals were increased while tﬂose of small output hagpi—\
£als were Qecreased. It is therefore recommended that ECG
: ~ o
andrnuclear ~medicine facilities shéuld be'pooled or central- °
ized so that a minority of hospltals within a geographlcally
’prox1mate group of hosplgéls (e.g. those in Metropolitan

Toronto) wogld §peciali2e in the provisiop of ECG and nu- .

p
-~

’ (] ’ 13 2 o I3
clear medicine to routine ,out-patiénts and to those routine

“**Wm‘mumﬂ-ckv~ R

~ e m—m g



: selected hospi&alg rerce staff and equipment requirements,

" perhaps eliminating them altogether through a pooling

in-patients for whom there is anticipated (ﬁrior to admis- .
« . B -, )
sion) a need fo¥ EEG (e.g. patients having heart disorders)
[ P2 -
and nuclear medicine (e.g. patients having cahce;); In

2

order to ensu?é the continuing accessibility of other

-

patients to ECG (which is provided by all sample.hospitals)
and to niclear medicine (which is provided by one-half of

all sample hospitals), it is further recommended tqat the
remaining hospitals continue to provide ECG and nuclear

. r . R
medicine but at lower output levels than prev%pusly.f\Such

a programme would result in savings w h would be as much

as 2 percent of all hospital costs.

© e .

s

Tt 1% not possible from this study to acchrately ,

determine the ‘:savings which might be realized from the
elimini;ion of excess special service capacity, since esti-

mates of excess capacity and related costs are -not available

4
o

for most departments. However, if as an approximation it

is assumed that excess capacity is one-sixth of all capacity

and capacity costs are-40 percent of all costs (as is true

-

of ward service) and noting that 45.percent of all hospital

costs are directly'attributable to special services, then®
the elimination of excess special service capacity would -

-
-

reduce hospital costs by a fq;tber‘B percent. It is there- .

fore recommended that ﬁhe.hospital fegulgtor reduce special
PR ’ V )
service capacity by as much as' one-sixth (somewhat less if

-

. . e . . ' -
emergency capacity is desired) either by ensuring that e
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arrangement which would divert affected patients to hospi-

talé-specializing in particular services, or by closing
entire hospitals.

Other aﬁ£hors have investigated the increased
efficiency éna cost savings which ﬁight be realized $hrough

a reof&anizatioﬁ'of special service cagacityﬂ - However, none

- has investigated nuclear medicine and only one has investi- )

. gated ECG. Cohen (1973) finds no-écondmies of scalebin ECG.
Since his measure of output is tests~father'than units, .
hdwever, his results do not detréct from our finding:of
economies oflscale an& relateﬂ recommendations for pooling/ ﬂ'
centralization arféngements.. In a@d;tion, Inggar ahd

Taylor (168, 115) supgsrt the recommendation that eﬁcé551
capacity costs in the érovisfon of spédial services should
be eliminated through pooling arrangéme;gsf - b o

b. A Recommended Reorganization of Bed Capacity

I3

In order-to determine the cost-minimizing number

and size distribution (in terms of bed caﬁacity) of hospi-'
¥ o )
tals, assuming a pre-specified need for generalized hospital
. . - - i ¢

" care, the hospital %ggulatgr must determine the mé@nitudes

. Lo, . : .
of any economies of scale, minimum fixed costs, bed capaglty )

o

-costs and excess bed capacity. Diseconomies of scale in

intra-hospital patient trangporta;ion agducoordinatioh are

suggested by the ward, service ‘and case-type, cost equations.. ~.
Sééndardiiéd unit costs in the smallest sa?g&e hospifélé
(100f5eds) are 8 percent -less than those &f the largest

¥

” > . )
sample hospitgls (1,000 beds). Even if all héspitals




o -

provided proportionate amounts of E€G and,nuclear\medicine4
) o a ¢ -

~

(about 1.2°ECG units and .03 visits to nuclear medicine per.

" rated patient-day), small (l00-bed) fospitals would'still

. TN . ’ 7
have (otherwise) standardized unit costs almost 8 percent

. less than‘those of large (1,000-bed) hospitals.l If there

A

Qare substantlal econonmies of scale ©n the "excluded cost

@

categories’ (especrally teaching and research), hospltals-

having a capacity of 100 to 300 beds {the smallest sizetof

@

. sample hospitals involved in medical teaching and reSearchLu -

‘and providing ECG, nuclear medic¢ine, medical teaching pro-

' - {" 3 . 3 » ’ i Q 0
grammes and research facilities would appear most efficient.

It is therefore recommended that the hospital

regulator discourage additions to existing large hospitals.
" ‘ @

He should also direct, that, wherever‘gossible, new hospi-

tals be relatively small (100-300 bed~§ thereby ensdring

¢

that dlseccnomles of scale are avoided and acce551b111ty .

enhanced. Savrngs equal to abpout 3 percent of\all hospltar‘
costs\woald result.® 1In addition, accessibility Qi the
populatlon to hOSpltal care could be enhanced through the
geographlcal dispersion made p0551bla!by a greater number ,
of small hospltals.' | {
Capacity costs are relatlvely large amgpg\ég
‘sample hospltals 51n6b they are about 40 percent. of all ' .
hospltal £costs. » Excess capac1ty is also. substantial,

sxnce occupancy rates of sample hospltals had a mean of .

only g3 percent (five- S1xths), a large standard deviation -of

1

-9 percent, and a considerable range (70 ,to 100 percent), and

a——y -
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; significant number (10 percent) of hospitals operaEed at
s or near full capacity (occupancy rate of 100 percent)
without significantly highe: standardized costs.

It is‘therefore further recom?ended'that the
hos;ital regulator pufsue policies which would ensure that
-selected hospiggls reduce staff and equipment by as much as
one-sixth (by a lesser amount if emergency cépacity is

‘ 1

desired), perhaps closing entire wards. He should also

continue with‘ghe current programme of closure of one or

{
more hospitals within a group of geographically proximate

hospitals while diverting affected patiehts to previously
underutilized hospitals. ‘Sav;pgs eqﬁél to 4 percent of all"-
hospital’costs could be achieved.3' Cqmyined savings from

" the elimination of excess bed and speciél service capacity,

. ) . ‘ . «
the pooling of ECG and nuclear medicine facilities and a

0 TR T
o

small hospital construction policy would be as much as 10

X i percent of all hospital costs, or $50 million per agpum.. .

Other authors have invéétigated the benefits which

could be derived f?om the reorganization of hogpital Sed;
Ty . _ capacity. Ingbar and Taylor (19§§, 114-115{.rec9mﬁend the -
§ : "elimination of excess bed‘capacitylﬁhile suggesting that .

;z . ' " hoespital construction policies favouripg particular bed

“
’

) capacities are of little benefit (since they detect no sig-

nificant economies of scale). In the absence of any indica--

-

.- ' ‘ v
. tion of ‘returns of scale, Ro (1968) recommends a large

hospital construction policy (since he feels that the
miﬁadeéuacy—of his corrections for product heterogeneity

[ . . 4§

—




. : . 157

P

masks underlying economies of scale). Evans (1971, 211-212)
. \ ) 3

suggests that neither the elimination of excess capacity nor
hospital construction policies favoring specific bed capaci-

- (
ties would be of benefit. None of these results, however, .

ndations for at

presents a serious challenge to our
-legst two reasons. First, the Eost
contrary bélicy recommendations are ffer frpm the . ;
weakhesséé'disoussed in Chapters II - Second, the
intefpretation of the.regression results)of these cost
studies is suspect in at least one case. Evans suggests
that he finds no lar%e or siénificant disernomiés.of scale,
despite coefficieﬁts for rated bed capacity’(in the three
versions of his ber admission cost equation)-which have
T-statistics ranging in value ffom 1.6 to 4.1 and values
such ' that stanéardized per admission costs are 15 percent
Gahigher in 1,000-bed than in';OO—bgd hospitals. It ig

, . .
therefore the case that other cost studies fail to weaken

or in fact strengthen our policy recommendatioﬁs.

3. Reducing Hospital OQutput

Lt Net social benefits from hospital output‘redqu

tions are achieved whenever the decrement in hospital costs

exceeds the sum of any increase in‘the costs of other health
sector institutions}énd tﬁe monetafy yaiue of anf reduction
in paé@eqt'heiéth status. Altﬁbﬁgh Lhe welfarermaximizing~‘
nﬁmbef,‘size and timing of_outpﬁL reductions are theéret-

ically'ﬁpund by opﬁimal control pechniques; the outbut

¥

upon which any ’ kA




-

féductions uqdertéken in practicé\(récognizing the uncer-

; taigty of heélth status and cost information) éhould take
the form of small decrements in ordér to avoid a politically
unwise ovefshdbting of the optimal output reduction. They
can be achieved through édhinistrative‘fiat, capacity
closure or restrietionsaon new construction {(as .a means of
non-price rationing), reimbursement disiﬁcentives for -

'hospitals, or user charges for patients. The magnitudes of

both the marginal and capacity costs of spécific outputs

are key indicators of the desirability of output decrements:
Reductdions in both output and related capacity result in
maximum cost reductions and are especially desirable in

view of the relative importance of capacity-related costs.

Noting that butput and capacity ‘decrements should

]

be small during ‘each step of output reductions, the next

4

PRt

two ‘subséctions suggest that the strongest case for output

reductions (1n the form of fewer admlsSLOns,'espec1ally in

such recently controver51al categorles as electlve hyster-

ectomy, and shorter length of “stay) requires capacity o 1
* closure (perhaps in fpe form of selected.hospital closure).

Output reauctions of the magﬁitude achieved in Saskatchew®n

' 'in'the late 1960's (Zﬁpercent) seem not unreasonable 4since

tbe;,,ultrm’te reversal through the ellmlnatlon of user

P

charges 1n 1971 seemed motivated more by recognltlon of the
regressiveness of user charges rather than a concern with
health status).4 Assuming a linear demand for hospital

services, they would produce social.benefits of about 5.5

. . S .
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perceﬁt of all hospital costs.

a. Reduced Admissions

IThe'hospital cgst savings aésociatea with a re-
duétion.of admissions, assuming a §}opprti9nate capacity
-‘closure, take the form of stay-, adﬁfssiog- and capécity-
related cdsts. Sinée these costs constitute glmost al}
HOSpital costs (excluding only the minimum fixed costs of
providing nuclear mediéine), hésﬁital cost savings are
aﬁpfoximately proportiénage to any reduction in admissions.

/

However, overall cost savings in the health sector would be
less to the extent that out—patient'care were provided by

hospitals and other health sector ipstitﬁtions as a sub- 4
stitute for iﬁ—patient care. Moreover, the net social /
benefit would be reduced even furthe? to the exteht.that //{,
aff;cted patients suffered a loss of health status. |

It is therefore recommended that the hospital
reqgulator undertake only those reductions in admissions ‘

"

w?ich yield 4 net social Benefit. Moreover, he should
effect these redgétioné thrdugh capacity closure. Cdﬁacity
clésure,might take the.form aﬁ a reduction of capacity in-
most-or all hospitals, or the closing of degignated hospi—‘
ti;s among groups of geographically proxim;te hospitals.

. The latter form of capacity closure would_ﬁrbbabiy be mbre

. workable tﬁan the fprmer'and wguld'perhapspbe more e?feciive
in terms -of &iséquraging elective admissions while mini-
mizing hardship for other admissions. .

Alternative means of reducing admissions include
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admihistrative fiat, reimbursement disirncentives for’
hospitals or user charges for patients. However they woula
not be as effective in reducing hospital costs for an obvi- '
ous reason - they would not necessarily produce a propor-
tionate reduction: in capacity, which would in turn imply
- a les§ than proportionate feduction'ih capacity costs.
Totalicost savings could tBgrefore be as little as 60.
perceﬁt of those“savingé associated with capacity closure

(since capacity costs are 40 percent of all hospital costs). .

Moreover,-a less than proportionate reduction in capacity

might encourage increased length of stay and therefore -

result in increased stay-related costs per admission which

-

. would further offset any cost ‘savings.

Regardless of the means by whigh they are
achieved, reductions in admissions should be undertaken in
small decrements. After each such reduction, the hosbital

' regulatér would evaluate health sector cost savings in °

i

Telatioﬁ to the monetary value of any loss in patient

} i " “
. health status, and proceed with further reductions on%y if )

a net marginal social benefit were indicated (i.e. the
|

former e%ceeds the latter). Optimdl overall redhctions in
1 . ..,‘i» . ' ‘ . .
N admissions might be of the order (7 percent) investigated

by Beck (1971, 1).
|
| §Some aﬁthors sugéest that- the hospital cost
savings wﬂ}ch would be foregqne as avresult of égféilﬁre to;b
ensure a;p%opprtioqaté’reduction in capatity whén reducing

admissibnsﬂwould bé even greater than suggested here, while

L]
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other authors suggest tﬁey wouid be less. 1Ingbar énd iaylor
(1968, 107—1083 éugéest that a reduction in admissions
without capacity closure would be of little benefit since
tﬁey detect substanﬁial cagqcity costs. Evans (1971), 206—
207) and Lave, Lave and Silverman (1972, 178) envisage a
more substlntial benefit from reducing édmissions withodc
capacity closure, with sévings being 86 and 68 percent
regpectively of the maximum potential §avings associated

9

"with capacity closure. Sinée the methodology of our cost

v
\

analysis is superior and since no concensus exists among
other studies, our recommendations for reduced admissions

via capacitylclosure are made with considerable confidence.

b. Reduced Length of Stay . / \ )

+

The hospital ‘cost savings assoc1ated with a re-
ductlon in average length of stay, assumlng a proportlonate
reduction in wa{d (bed) capac1ty, take the form of stay—
related costs and that portion of capacity costs asééciatgd
with yard-sérvices: Since thése'costs'are 35 and 20 percent
préspectively of all hospital costs, hospital coest saVings
from a 10 percent (oné day) reduction in average,lenéth of

stay would be about 5.5 percent of all hospital costs. -

However, hospital cost savings would be partially offset

. to the extent that additional special services were providéd

during shorter stays. 1In addition,;dverall cost sévingé
in the health sector would be further reduced to the extent

that out-patlent care were pronded by hospltals and other

health sector Lnstltutlons as a subttltute for in-patient
' - "
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. care. Finally, any'net'social benefit would be fyrther

reduced to the extent that patients suffered a loss of

e

health status.

1t is therefore recommended that the hospltal

~regulator undertake only those reductions in average length'

of stay'whlch yleld a net social benefit. In addition he
should effect’ decreased 1ength of stay through closure of

ward (bed) capacity or even selected hospltals.

Alternative means-of reducing average length of

etay include administrative.fiat, reimbursement disincen=
*wtives for hospitals aﬁd user charges for patients. However,
they.would not be as effective as éapacity closure in -
reducing costs since they would not necessaril¥ result in a
progortionare reduetion in bed capacity. ‘?ofal cést'.
eavings might therefore be as little as 35 percent of all
hospital costs. Moreover, a less tdan proportionate de-

crease in bed capacity might encourage increased admissions,

1

and hence both stay- and admission- related costs, "'which
would further offset any cost savings (and netisocial

benefit if admissions were already at soc1ally optimal

-

levels)

-

L
Regardless-of fhe means by which it is'achieved,
"/ a reduction in average'length of stay-should be undertaken

in small decrements. Each such reduction should be

»

evaluated on a benefit-cost basis (comparing cost savings

with any loss of patient health status), and further re--

. ‘ - . ) .

ductions pursued only if:a net social benefit is indicated.
+
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Optimal overall reductiors in‘averagetlength of stay migﬁt
also be of the order (7 percent) investigated By Beek. Net
.SOClal beneflts«%rom 7 percent reductlons in g;th admls—
sions and length of _s’ mlght be equivalent to 5. 5 percent
of all hospital costs.

Some authors suggest that a reduction in average
. length of stay would generate’considerable cost sévings
even without ceégcity closure. Both Evans (1971, 207) and

a 10 per-

Lave, Lave and Silverman (1972, 178) suggest that
cent reductien in average length'of stay would resPlt in

at least a 5 percent reduction in hospital eosts even.,
w%thout capacity tlésure, and a 6 to 8 percent reduct ion
with capacity closure. Other authors, notably Ingbar and
Tayslor (1968, 107-108), suggest that' reduced length of stay
without capacity closur® would result in little cost sav-
ings. Since the methodology of our study.iSDSuperior,
particularly in ite‘specification of a reciprocal rather
‘than linear'fdrm tor length of stay in per diem cost
equations, and since no consensusvexists among Other/
studies, our recbmmendation thet a'(moderately beneficial)
reduction in average length of stay be pureued via Eggggity

IR
clesure i$ also made with.considerable éonfidenge:

,1,' . T

4/ »

,4. Statistical Cost Analysis in the Incentive
Reimbursement of Hospitals

a

A further pollcy appllcatlon of hospltal cost

analy51s arises from the lncreased third—party and govern-'

-

mental 1nvblvement in the incentive relmbursement -
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especially prOSggct;ve reimbursement - of hospitals. As
Dowiing (1974, {63) describes it,’“Prospective reimburse-
ment - or mogéﬂéccurately, progpective budéet or rate-
éettihg and ééimbursement - is a method of paying hospitals
in which 1) amoﬂht or rates of pa&ment areﬁgstéblished in
advance for the coming year; and 2) hospitals are‘paid

these amounts or rates regardless of the costs they actually

incur". By way of contrast, retrospective reifbursement.

of hospitals results in ngment to hospitals of an amount
equivalent to ceosts actually incurred.
In their discussion of hospital reimbursement,

Lave, Lave and Siivermqn (1973, 85) assert that the ideal

reimbursement scheme must promote efficiency and horizontal

equity among hospitals as well as the continued economic
viability of efficient hospitals.6 In order to achieve
these ends, they suglQest a prospective reimbursement scheme

in which the reimbursement of *an individual hospital is

co. e -
Mk

v -» - - R
computed as the costs which it would have® incurred had it
produced its output at the same level of efficiency or unit
costs (adjusted for inflation) é&perienced on .average by

all hospitals in some previous’}base) year. The scheme

e

— .

would promoié'hofizéﬁtal equity (equal treatment) and

. standardize efficiency le&els anmopg hosbitalé (the latter

varied %5 berceni in the Ontario sample){' It would alsc

" through "regulatorynlag".— the choice of a base year which

would provide the standard for unit costs for several

'subsequent years - provide an incentive for increased levels

oy
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of allocative and* X-efficiency.’

Although absolute efficiency hls best Qarved by a
~p’olic;y which alIOW§ hospitays to retain a large port;gn/(if
not all) of surpluses and requires theh to absorb a\lqrge
portion of def1c1ts, horlzontal equity may not be. Since

@

inter-hospital d1fferences in output quallty,arempo be
expected,‘hospitals produ;ing disproportiona%sfgﬁounts of
low guality outputs may achieve unearned surpluses while
"others will incur uédeseryed deficits. Therefore hosp;tals
would Le.alibwed to retain only a portion of surpluses an
be required fo absorb only part of any deficits in order/to
mitigate the horizontal inequity which arises from inte -
hospital differences in oﬁtput dquality.

-

Statistical cost analysis can play a key role in

the prospective reimbursement of hospitals. It can provide °
» [

-

estimates of the base-year unit costs of individual hospital
outputs which are in turn used as guidelines for their re-

imbursement. However, because these statistical cost

-
-

estlmates are. sen51t1ve to the deficiencies of the spec1f1—
e
catlon and estimation -of the hospltal cost equatlon,

statistical cost analysis may not fulfill its role in an

2

entirely satisfactory manner. . :

One consequence of inaccuracies in statistical

3 . . ‘
cost estimates is immediatgly obvious. .If overestimates of _

the unit costs of some hospital outputs and underestimates
of the unit costs of others occur, the former outputs will

be over-reimbursed and the latter under-reimbursed.

-
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Hospitels providfng‘disproportionate amounts of over-
retmbursed Eervices’will achieve unearned surpluses while
other hospitals incur undeserved deficits. Reimbursement
schemes might therefore allow the flex1b111ty in the treat-
ment of surpluses and def1c1ts advocated by Ldve, Lave and J
Silverﬁan'because there exis%s not only inter-hospital

variation in output gquality but also the possibility of a

L]
combination of inaccuracies in statistical cost estimates
. . 4

n

and iInter-hospital variation in output mix.

- A second consequence of inaccuracies in

h

vwtatistical cost estimation has not yet been appreciated.

Outputs which are over-reimbursed as a result of over-

.unit costs may be disfavoured by hospitals and theirklevéls :

P A~
L, .

estimatesiof their unit, costs may be favouréd by hospitals
y .

and theit levels increased while other outputs‘which are

@

under-reimbursed as a result of underestimates of their

. M ..
*

decreased. ' These predictions are stéaightforward}y obtained
from the theory of profie—makimization by price-taking firms
ender'conditions of ugyardly—sloping marginal eost curves. .
S#énce firms produce at an output level where price equals

Fl . N B
marginal costs, they increase the levels of those outputs

which pkd These "side-effects" of reimbursement

schemes which emhloy statistical cost analysis are therefore -

comparable te the often-discussed side—effects:of poljcies
which questionably move from’ a multiple- to a sihgle-outﬁht

basis for hospiggl reimbursement. - In order to better - .-

- e
o s P
e , N ,




that the prospective per diem reimbursement of hospitals

'through, increased lehgth'of stay under per diem Tei@bufse-

_maximiziﬁg muiti~p;6‘gif firm (empIoYing‘séparable'ﬁroJ
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1

;" |
understand the formeriit will be instructjve to look at the ¢

-

latter side-effects. !

»>
v

- Dowling (1974) infdfmally\digcusses the impact

on_ hospital behaviour,of-prospegtive reimbursement schemes
’ ¥ ’- ; »” * .
employing alternative single or multiple "payment units" or
‘ @ - . : ] T _
rate bases. Abstracting from any inaccuricies in formu-
‘ [y

lati#ng reimbusement rates, he catalogues tHe probable
effects of'using1shchvpayment units'as the patient-day, the |

. o i :
admission and the vector of individual hosplital services..
r L . .

He suggests that hospitai.reimbursement“schémes can affect
both output levels (length of stay, admissions and special

servicés) as well as quality and efficiency in a.qualk- )

$ .

tatively predictable manner.. For exampli' he anéicipates

encourages increased length of stay8 and provides nd dis-

incentive to inefficiency. An earlier study by Pédly and

Drakeﬂ(l9701 provides empirical support for the latter but

1

not the”former prediction.

.
N

The expectation of increased output levels for

the'adbbted rate'basgjvfor example'taéii-patieﬂt—dayé
. ] - ¢ .

ment, and reduced output levels fQ;/prE?“UﬁEputs. is ; ] , :
L o P .
consistent with a model ggﬁwhich tHe hospital is-a'pfofit—

-

duction processes) which experiences productt price chénges;

'“""'*._ L . : ’ - ,' - . Ix3
The effect. of a8opting a single ra%; base is to increase.
b ~ .
- o el Y ’ C
the price of the rdte base variable above initial marginal
- /

' A, ’ -
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"costs and to decrease the price of-othér output bar}ables.; .

)

below rnltlal marglnal costs. The hospltal is therefore

e
[

encouraged to expand productlon of the rate base varlable

and reduce productron of other outputs.
. . " f

-

R o ol [

: The guantitative impact‘oﬁ*output_leVelg of

Y

adopting -a single rate base reimbursement scheme may be
affected if interactions in production are admitted into
. p T ,

the model. For example, if increased length of stay (or a

ceteris paribus reduction in adﬁissione) facilitates the

-
A T

' A ' " P
production of stay—related services,. the hospital deCision—

° 3 ’

maker may to a greater extent: react to per dlem re1mburse—-

o

-

l ment by eneouraging xncreased length of stay (and less than‘

. .
proportionately encouraglng~or even qlscouraglng adfhis= \
égons).'.AOWever, the relevance of sucu_intergctions for
hoggital behaviour is probablyisiight in view of the fiudr N

. ing of no large or statistically significant interactions
. ﬁ , - °
in the cost analysisg of the previous chapter.

The qpantltatlve impadt on hosp1ta1 outpiit of

’

adoptlng«a 51ngle rate base relmbursement scheme may adso

-

be.affected by the 1ntrdauct10n of a deyree of-qot—ﬁor-

proﬁat behav1our 1nto the mo@el For example; hospital . .

dec1ﬂibn-makers mlght derlve satlsfactlon not only from -

proflts but also from ‘the levels of varlous outputs and

~ -
¢ -

lnputs. If bota; patxeﬂt-days (h;gh occupancy rates) are

LR

a dxrect source .of utllxty to. the hosp;tal dec1len-maker,£:///\
\ kel

one ant1c1pates.that his response "to a move from a multlpL

n - -

output to per dieh relmbursement Will greatly exceed that
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. occurring in the urofit—ﬁeximizing‘sitpation.. Howevgr, if
it 1s remehbered that the analysts requiresvthat-the rates
of reimpursement under the multiple—output and per diem'» -
" reimbursement schemes are contrived to yield the same .
overall level of hospital rgimbursehent, the fength of stay
response- of the'hospitai decisiqn;paker’may not be sub- .
etantially greater rn the not-for-pyofit than in the for- - .

.

"profit situation. . . - | ‘//’T

- Inaccuracies in tHe estimates of the unit costs
of if#ividual hospital outputs may, even if a multiple-
output basis for reimbursément is pursued, result in incéen-’ -
tives for output changes similar to those that occur when

] . - 4 ' « ‘. 4 “4-
a move 1s made away from a.multiple- to a 51ngle-output . )
A . E . .
basis for reimbursement. . For example, if the unit costs of

stay related services are overestlmated while those of other

'serv1ces re_underestlmatedQ hospitals may.increase total
) ’ cL s v
patienty-days, primarily through the low-cost route of

' -‘ ) ) ) .
increased leggth of stay rather than increased admissions.
- R 7 - .

-

’ The reimbursement authority is encouraged to use S

statlstlcal gost estlmates in the. 1ncent1ve relmbursement
‘of hospltals, but 1t must ant1c1pate the p9531b111ty and

'effects of 1naccurate estlmatlon. It must monitor output

n L 2N
leuels,_especially such key indicators as gccupancy rate

and length of stay. %t can in Subsequent periods down~
-wardly adjust reimbursemeht'ratEs for outputs experiencing )

dlsproportlonate anreases Ln volume whlie upwardly ad— ‘

)ustlng relmbursement rates for—other outputs. It will
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thereby not bnly promote efficiency and a greater degree

of horfzontal equity but also mitigate .undesirable output

)

changes.

5. Summary ’ ' , . )
The policy implications of statistical cost’ .
« ' r . .
~analysis must be formulated within a benefit-cost framework.

- The reduction of any inefficiencies (allocative, X- and

scale-inefficiency as well as excegss capacity costs)-

unamblguously lncreases the net soc1al beneflt prov1ded by
. A

: the hospltal’lndustry Output and related capac1ty re- .

ductions are less powerful in 1ncrea51ng ‘the net soe#al,

beneflt prov1ded by the hospltal 1ndustry 51nce the beneflts
\,resultlﬁg from hospital cost sav1ngs-are to some extent . \

offset by 1ncreases in other health sector costs and Pe' ‘

ductlons in pata&ht health status In order~t§ ensire a

-

social welfare max1mum, output reductlons should be under-

M »

taken in small décrements as long as related beneflts
N . ) . L] . ) . . . "' 3 .'2
exceed. costs. : : . - . S T -

Cost savings of appfoximately 10 percent of all’

hospital costs céd be’achieved throughAthe‘scale-efficienéy .g
1T .- e

assocxated w;th the- centrallzatlon of ECG and nuclear : j?t‘ .;i

[ A B
medxcxne fac111txes among hospltals and a. small*hospltal ‘
- .8 - .
constructlon policy, and through the. ellmlnatlon of up to -

—
gy

o mg AT
One-Slxth of exxsting spec1a1 servxce and bed capac;ty N ’, o

(perhaps by hospital closnre) Coat savxngs (of less

unambiguous SOClal benef;t) cap be achxeved througg~mEasures e

designed to rednce admigsions and length of stay ﬁ&nd v ;lli




o

related éapacity),'especially capacity .closure and to a
- . / . )

lesser extent admiaﬁstrative fiat, rcimbursement disin-
/ » .

~centives for hosp‘/itals and user charges for patients. s

Output'red?ctions of about 7 .percent would result in cost
3 . v \ .

savings of .a further 11 percent of hospitfal costs, byt a

- )
somewhat smaller increase in the net gocial benefit provided

by the hospital industry. A benéfit-dost analysis of small
decrements in output _may;, ho@ever, suggest a different

value for optimal output reductions:

.
'

Statistieal cost analysis can be used to provide

guideiines for tﬁepformuiationﬂqf reimbursement

-

‘rates fof.
individual hospital outputs (services or case-types) in .

]

an incentive reimbursement séhemq for hospitals.‘ Such a

scheme should incorporate regulatory lad (in order to

promote increased efficiency) as well as some flexibility

.. in thé“ﬁ;eatmént of deficits and s&rplusesajin'brder'tg

. preserve horizéntai equity). It should also counteract

. , P . - -
[ ot . : PR * .
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.
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through rate revision any undesirable output changes which

. T L - .
result froy inaccuracies 1n statisticdl cost analysls._,
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A Y
Footnotes .

The cost—minimizing hospital size is readily derived
from the service cost equation. The discussion of
Chapter V suggests that the coefficient of the squared.
rated patient-day variable is attributable to both
diseconomies of scale and product heterogeneity. That
portion of the coefficient attributable to diseconomies
of scale is .0000140. The coefficients of the squared-
units of ECG and the nuclear medicine squared visits
'and dummy variables (which are implied by the labora-

., tory and radiology output indices and coefficients) co

*are -.000000202, -.00125 and 8527.66 respéctively.

~~The total costs of providing hospital SerV1ces (TC ) -
depend upon the squared, terms in rated patient- dayg (Q),
\unlts of ECG (ECG) and nuclear medicine vists (NMV); the

Capablllty of providing any nuclear medicine; and other
variables listed in Table 3 such as total patient-days,
rated patient-~days and newborn"nursery serv10€

(X i-=1, 2...I). In symbols, ¢
‘ N 2 | 2 ;
(1) TC_ = .0000140Q° - .oooooozozsccz 0012SNMV .
. S |
8527.66 + L a X;-+ error. - .
i=

l ’ -0 -

P ]
r!..iar ' o

—

. For the typical hospltal prov1d1ng ECG and
medlcxne,

-

(2) - ECG = 1.34Q

* ' MY '"' ) ‘ .
NMV = .0265Q - e e

It is hlso true that for the tfpical hospitél,

172

(4)' Xi’= k.Q . : |
. Substltutlng equatlons (Zﬂ, (3) and (4) into (1) gives
the result: . o ' '
) . ‘ . o 2 . I .
(5) TC, = .0000128Q7 -+ 8527.66 +, ‘L ak;Q + error.
v oa - i=] .

.

Now costs per rated patlent-day (R! ) are ﬁrund by

B d1v1ding-equatxon (5) by Q:

- . o

»

o

#

- . e

v
»

i=1; 2...L T

»




.

. i I .

(6) AC. = .0000128Q + 8527.66/Q0 +? % a.k. + error'
S A oy 31 1

- °
- L]

For minimum costs per rated patient-day (or-minimum
total costs for a pre-specified aggregate rated bed
" capacity), dAC/dQ = 0. Substitution of:equation (6)
yields the result: s ' ' ~

(7)  .0000128 - 8527.66/Q2 = 0 , DR

Solving gives Q = 25,811 rated patient-days. Dividing
Q by 365 (days per year) gives the cost-minimizing bed
capacity for an individual hospital as 70.7 beds (which
has a 95 percent confidencge interval of 57 - 93 beds).

Equation (6) suggésts that hospitals of 100 beds have
standardized per rated patient-day costs which are
only $.04 above the cost-minimizing 70-bed- hospital,
while hospitfls of 1,000 beds have costs which are -
~--$4.04 (7 percent above those of a 70-bed hospital).

2. The per annum cost savings which would arise if all
hospitals were of 300 bed capacity {(CS) are computed
as followsz- y '

10

Cs = L

1=

1 - 2 ) 2
.0800140(Q, “ - (300 x 365) ),
1 . o

whereQi is the rated pétien}-déY*cabécity of the itﬁ

hospital. These cost savings can .be expressed as

- .

2 o 101 h ~.
percentage of all hospital costs, L TC.. , - _ '
: - s _ i1 . .

> ]

-

. 3. The relative cést saving of "4 percent’ per annum is .~
found by noting ‘that‘'one bed in six is typically )
;undccupied, 40 percent of all ward costs are capacity-
related, and ward costs are 55 percent of all hpspital

‘costs. Relative cost ' savings (RCS)-are computed as

follows:
. . . v ‘ . " T, . , .
L RCS = % x .40 x .557x'100§ or ‘about 4%. .
N \’ ) » 4‘ _- “'. ‘ a " ‘v'
/A? §§§i?eck (1974, 1). .By regressiveness it is meant that
uses. charges yesulted.ih a greater relatiye reductiaon

of real disposablc income' /(in the form of greatetr direct
~ .outlays on health care. or reduced health status) for
o the poér than the rich. ™~ .

’ . . . P ‘.~




. 5. A7 percbnt reduction in admissions and related
capacity reduces hospital costs by 7 percent. A 7
percent reduction in length of stay and related capacity
reduces hospital costs by 4 percent (stay-related
costs only). . Net social gain is one-half of cost
savings, assuming a linear demand schedule for health
status and optlmallty of the 7 percent output reductlon.
Efficiency is interpreted—ln this' context as
allocative and X-efficiency. Horlzontal “equity or
equal treatmenti((i.e. equally efficient hospltals are
equally. rewarded by the reimbursement scheme) 1is
desirable for réasons of both inherent falrness and
strengthenlng 1ncent1ves for effLCLency. ~

i \ ‘ D

L4

Lave, Lave and Sulverman do not actuaily use the term.

v

regulatory lag", - * . _ ‘ .

He also predicts increased Edmiséions.' This prediction,
howkever; seems to assume medically or admlnlstratlvely
imposed upper limits on length of stay.'which are -
sufficiently restrictive as to require hospitals to
pursue increased total patlent days through the
relatively costlx route of increased length of stay -
and admissions rather than increased lghgth of stay

with. constant or even decreased adm1551ons.

-




G

-

v
1mprec151on assoc1ated with heteroscedastic1ty and multtr

-
-

VII. SUMMARY AND CONCLUSIONS

% e

s

- The study has been successful in attalnlng 1ts
threefold ob]ectlve It developed an lmproved methodology
for the statistital cost analysis used in deterimining the

structure of\hospital costs, It was successful in deter-

mining the st uctore of a sample of (Ontario) hospitals with /

“a . /
a,greater degree of explanation and-'precision of estlmated ,
/
!

cost coefflcxents for the departmental, serv1ce and case- /
type cost categorles analysed. Flnally it utlllzed_Qhe /

/
I

i

insights into-the structure of hospital tosts in the

s

examination of «current hospital policy issues.

” . ) 'J-

1

mation of pital cost equations. The definition of
: A ‘ ,

hospital output should take fu11~écqount of institutional
arrangements- in the hospltal industry. If attending

N r”
phy5101ans are salaried or fee- for- seIVLce hospltal Staff

members, hospltal output lS case-types If attendlng

-

phy51c1ans are private praCtltlo?ers, hospltal output is

v

services. . ' ,

A more careful specification of the hespital cest :::
equatlon proceeds w1thdut overdue regard for ant1d1pated -
] . , .
problems in estlmatlon arlslng from the inefﬂ%c1ency an@ ‘; e

. B .
L Wi ‘ ) Y

» . -
g ] L. L4

'colllnearlty respectlveiy Although the total cost equatlon




-

must ‘usually be reformulated in #&n average form for.effi-'
cient estimat‘iOn,': it better focusses the attention o& the

analyst on the form of'output variables which is most con=<

)

-sistent with prior information on the nature of the under-

lying hospital production process. For example, a totali .

cost equation which is linear in rated and total patient-
days and admissions clearly assumes the absence of returns

to scale and imteractions in produgtion (other than those

»

r'captured by potyhomial and oross—product output terms).

4 .
.

',Assumfng duch. a total cost equation is plausible, the i

8

equivalent per diem cost equatiog,includes reciprocal rather

than the linear terms ' in ogcupancy rate .and length of stay

which have characterized the cost literature. 1In addition,

-

although'auéost ehuation‘including all plausible output

. s

corrections will often have to be.squected to agg}egation

in order to ensure predise estimation, it will usually yield

~g%eatér product homogeneity in its final form than a cost’

»

equatlonewhlch ellmlnates ohe or'monemglgusible output

3 A

;correctlons before fully 1nvestlgat1ng alternatlve methods

-

of ach1ev1ng precise estimatidn.
A synthesis gf aggregation'techniques permit§ es-

°

timation more precise than that achjieved in other hoépitar‘

,cost studles. Erlorlﬂlnformatlon ?hould be qenerated and

used to aggrggate output varuables. Eor-example, prev1-

ously estlmated departmentalicost.equatlons prov1de estl—'

mates df servxce cost coeff1c1ents which can be used to-,

’

. aggregate groups of serv1ces lnto output indices to be used

~a » ‘ . ..

L . . - Lot o ‘ ’ . )




“ ~

in _the explanation of all’hospital costs. The principal
components technique can be used in an intermediate manner o

+ 1n order to yield estimates of cost parameteraﬁwhich are

more precise (have smaller meaq square errors) than those
e * . !“\

achieved by ordinary least squares alone. Stepwise ‘j

%

regfession; used \yn conjuhction with the principal compo-

nentsltechaiquea'can also be used to eliminate theoretically

un}ustifﬁaﬁie and:étatis;ically insignificaht ddtput

cor;:ections in an f)rtllogohal manner (thereby ,avoi_c'iin'g’
selectivity bias) ..

- A statistical cost anh;ysis of a sample of 101

Ontario general hospitals dU{ing 1971 was highly succeesfui.
. . )

.‘ -

Depa}tmental,service and‘case—type cost.equations were

estimated The degree of explanation of hospital costs.was

—_ ’ - () /i
. Higher (fq; example, R2 = .82 for per diem costs) than that ’

v) , ‘
achieved inh c mparable studies done by Evans'(l97l) and

EvanS(and Wa ker (1972) for Ontario and by o%her authors’ . ﬂé
. such as Ingbar and Taylor (1968) for U.S. hospitals. The
N robustness and s;gdlflcance leveis of cost coefficiehte . .

;wete also higher. Services and case-types appear to ex-

plain the costs pf’Ontario hoséitals with equal success

'aqd to indicate a similar structure of hospita}vcosts in N

P

fterms of'stay- admission-'and capacit}—relateé costs'(35f
Ay
‘25 and }6 percent nespectlvely of all hosp1ta1 costs) and
pet dlseconomles of scale (standardlzed per dlem costs were'
'8 percent higher in 1arge 1, OOO—bed than in small log;bed >

hospltals). In addttlon,-the départmentald and service

- - -
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P
P

cost eqﬁations indicated sfgnificant’economies of scale
(although globally unimportant due to smallness of depart-

mental budgets) for nuclear medicine and ECG. <fh\

The pollg? implications of the indicated struc-

e

ture of hospital costs are explored in considerable detail.
Althouéh their divergence from the recommendations of other
studies is primarily one of emphasis, they are contrasting
in at‘least one resgpect - they recommend a small hospital.

construction policy.

It is recommended that the hospital regulator

restructure special service and bed capacity in order to
o \ . <
> . 13 3 k3 . - 4
achieve scale-efficiency and eliminate excess c¢apacity.

ﬁ?po‘oli‘ng of ECG and nuclear medicine facilities within

»

groups of geographically proximate hospitals, a small

hospital (100-300 beds). construction policy, and the elimi-

* nation of excess capacit} (perhaps through closure of some.,

ﬁospitals and increased utilization of others) would result r}

-8

in cost savings (lo‘percent of all hospitai costs) of

unambiguous net'social benefit. ' It is further recommended

\hthat the hospital regulator pursue capac1ty closure (rather
than admlnlstratlve fiat, relmbursement dlSlncentlves for
hospitals or user charges for patlents) in order to reduce

(electlve) admissions and average length of stay (by

perhaps 7 percent) to socrally optlmal levels. Flnally,

it is recommended that the hospital regulator employ 3

-statistical. cost estlmates of the unit costs of services or

case-types as a basis for the incentive reimbursement of

. Jo.
@ ¢ -
L 4 . .

-~
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hospitals. However, it is recognized that he must be pre-
pared to monitor the 0u£put levels and decrease (increase)
the reimburseﬂgnt rates'of those services or case-types

for which unit costs are sufficiently overestimated (under-

' v

estimited) as to result in undesirably large increases

(decreases) jn output levels. '

/

The need fqr further research is apparent.

‘Better standardized output measures are needed'fpf individ-
- .

ual hoépital departments such as the operating and délivery-
rooms. UCapacity measures are needed for many services:
iaborétory,dradiologyrand £he delivery room £o name but a
few. Finally, further inv¥estigation of the sources of
economies of scale in special gervice depa;pménts and
overall diseconomieg of scalT, perhaps through engiﬁeering
cost studies, is not only desirable as a means of corrob-

' - p;ating tﬁg findings of thiélhospital c;st analysis ﬁut

also as a fyrther gquide to policy.

1 ' o
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