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W ", ABSTRACT

$ L '. \1. -’ 1

a ' ks / /
Bulth oere i&nfe of the Jifsest a.nd fe.stest: growing ,activi:ttes

in the' Cenadian ¢ opoiend hoepite.l ‘Services form the lergest part of
e ' the’ netional expendituﬂ on healtg cere. Hospita’l services are- coii

& suling a growing

b of Ca‘da's resouroes and these are limited.

~

.

4 S

\3 It was obsqrvod

oriented economic litereture hn&be":

!mall hn‘t eignificant body of hospitel

dev.elbping Generally, tn'e .
2

, analysis qg hospital oost dete for

A

| litereture concerned itselr‘with -
’the purpoee of determ}ning the 1eve§ at which a hospital's averagb cogt
' reached its lowest level; i.e. the point at which hospital size was -
.optiml ! {In light of the rapidly increasing costs of hospital serw‘rices,
At waﬂ’eoonsidexed thet g | review of the- literature which would consoli-.
dete the existing bedyooé know*dge regarding hospital costs would be |

)e valueble cqntribution. This thesis represents a review of the per-

»
tinent litera C

[y
@

™~

ground ‘egainst which the ecg’nomic literature hes been examined. The .

The theories of’ production and cost provided the empirical back-

liter& was surveyed aﬂ many specn‘ic critioisms have resulted. —

« An overill commentdry on the literature as jﬁt exists a.nd directions for/

' ﬁ#;nre reseerch have been ;lescribed. S, /',
\ ) g (’A ’q—— a ~ AY " °
Thenpr\mery poncluslons ‘of this thesis are: - R

- ot

“1) that there ns m 'concensus in the literatuz‘e ‘that -one particular

)
L4

siz.e is Optimal for a hospital, a.lthough it is o.greed that ,small ‘hos-

pitals are 1ess effic1ent than medium and la.rge size hospitals,

\
\ '2) that consldersble research effort is required to develop the
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tools of econpmgz o.mlysia ‘80 that they can refloct hoapital ucb&v.ttiopw P
", more accur‘atoly; and . . "o t Lo t e
3) that 'micro' e&ngyic analyees at’ tho 1evol of the hdividu&l g
\ e ¢ .
ho:pital ue#equired .o that ‘each community will be able to maximipe .
¢ “ .ﬂ" wﬁ , ‘.0"“. “
its z;eturn for each health dollar spent. . it - iyt
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'grow1ng activ1ties in the econom§ nl

- ‘\

* Since 1957 the manner in which health care serviceg have _been

”prozided in Canada has aubatantially changed. The introduction of

b.go%ernﬁent ospitalization plans was completed in all of she pro-

vincee in 1961 when Quebec 8 plan became operational, In the early

months of 1971 Prince Edward Island became the last province to begin

“to operate a plan insuring medical serﬁlces; i.e. medicare. Health

aervices, which once operated as part of the private sector of the
»economy, are now largely part of the servxces Provided by goverhmént.
Durlng thia period the variety and the compreheneiveneas of health
services made available t"ﬁ‘nadxans have greatly expanded. "Health

care has, for some time, constituted one of the largest and faetest

L N

<3 A

~ L _ ‘ o i

' .- o ' - \. !

i 1Economic Council of Canada, Seventh Annual Rev1ew° Patterns of
Growth, (Ottawa- Queens Prmter, 19?05 P.38. _ /
— - »* -

~_
E R -

-



N / Trends in Health Care Expendituresa

‘:.‘ ; .". .. ' .»..

National Trends <. . o

The rapld expansion in qunr'tit.,' ‘and type of health serv:.ces

a by a
‘rapid increase in the cost of providing these services. (see Tablea
'I-1 and I-2) The amount, epent for: personal heelth care has 1ncreased
from $1,047,403,000 in 1957 to an estimated 84,38? 028 000 in 19?0.
This represents a total 1¥preaae of 418 8 per cent or an average |
annual rate of increade of 11.6 per cent. The extent of the increase
is even more dramatic when expressed in terms of expenditure per |
caplta. Between 1957 and 1970 the Canadian population grew from

B 16 +677,000 to 21, h06 000 pe0p1e~ - an 1ncrease of 128 L per cent.
During the same period the‘expendlture per person on personal héalth :

dare rose‘frod $62.81 to 82

Ol of 326.3 per cent.

The . largest segmggz';« the expendlture for personal health care

'otb

has'beéné}p the aﬁgh'of’gpspltal servlceb. Expenditures on hospital

\ .

‘\\ Rssion in this: sectlon is based npon 1nformatfb Ob-
telnfﬂ>from-{he following sourc®mss R.H.M. Plain, Resource Alldcation

“in tggpﬂedlcal Service larket in Alberta, Sectionn I, An unpublished
report subnitted to the Alberta Health .Gare Insurance Commissionj.
April, 1971; and the Deplirtment of National Health and Welfare,
Research and Statistic 1'®os, as llsted below: : ‘

' "Expdnditures on Rersongl Health Care in Canada, 1957-1969",
.(Octgber, 1970), ‘"Expenditures on Peraonal Health Care in the
Pfovinces of Canada 195?-1969", (November, 1970), and "Expendi-
tures on Health Care in Cauada, 3400-1370", (December, ‘1571),

(0ttawa°« Reséarch and Statlstacs Dlrectorate). .
B . *h

A8 . . o B ,' -

©

T

¢



" DABLE 11 - , . T
EXPENDITURE" ON PERSONAY, RFALTH CARE IN o o
CANADA, 1057 T0 1970 - o .

-

. 4
tam £
Boapital Servicea

Total

’ Year - General and _ Al Personal A
. Allied Special Hospitals ‘ Health Care
1957 . k22,013 587,370 1,047,403
1998 | 462,305 640,608 "-1,144,888
1959 534,728 735,626 1,200,468
1960 640,587 - 847,573 1,443,324
1961 722,057 949,014 1,587,626
1962 811,848 1,05%,181 1,722,778 .
1963 909,762 1,174,887- - 1,921,856
1964 1,015,148 - 1,300,228 2,114,623
1965 1,144,479 1,461,916 - 2,367,051
1966 1,319,048 . 1,668,768 . 2,665,016
1967 1,523,035 1,916,29% . 3,029,129
1968 1,789,968 - 2,218,395 . 3,478,450
1969° 1,997,516 2,464,142 3,875,407 -
1990° 2,278,65% 2,787,356 4,387,028

®In Thousands of dollars.
hPrelim:i;mstry estimates,

Compiled from Department of National Health and Welfare,
Research and Statistics Memos, (Ottawa: Research and Statisticg -
- Directorate). = T -~ . . '

1957 to 1967 data frélni "Expenditures. on Personal H‘lth
Care in Canada -1957-1969", (1970), Table 1. , N i

1968 to 1970 data from "Expenditures on Personal Health [

Care in Canada 1960-1570", (1971), Table 1, o B ’

-~ , l‘

- . . ’ . ) ) Yy . t

i | ‘-:..“
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-

a'Prel:l.m:um.ry -estimates,

";_ . . A ‘ " ’ ; "\\ h, o
- mmEEI2 12 g - o
* PER CAPITA EXPENDITURE ON Pgu.;__somg ﬁmmﬂ S
C cam:mmmmilgs?mm?o{ W'-t .
. R 1 ] ) . .
" ; . n '- s ': : ."
» Hos;::l.tal Serv1ces ‘ At ) | \
- ‘. : Y. 1 Total .
Year General and All Personal
. Allied Special Hoapitals Healtl'x Care |,
1957 - 25.36 ' 35.22 - 62.81
1958 27,007 - 3742 66.87
1959 ~ ® 303 41.98 73,65/
1960 T 35477 47.33 80.59
1961 39.52 5Y.94 . 86.89 |
1968 * . k3.6 | 56.63 d2s5 T
" 1963 47.97 61.95, fTb1.34 A 2
- 1964 52.53 . 67.28 109.42 -
1965 58,16 74.29 ° 120,29
" 1966 65.79 -83.23 . 138.92
1967 74,51 93.75 T 148,19
1968 . 86.17 © 106.80 167.46
1969% 9.72 116.84 183.76
1970 © 106.45 . 130.21 204,94 -

Compiled from Department of Natlonal Health and Velfare.
. Research and Statmstlcs Memos, (Ottawa Research and Statlstlcs RS

. Directorate). ‘ ,
1957 to 1967 data from "Expenditures on Pez:sonal Health o

Care in Canada, 1957-1969"

(1970},

-

Table 3.

1968 to 1970, data from "I:b"pendlturea on Personal Health

-

le

Ca¥e in Canada, 1960-1970", '(1971), Table 3.



or an average Annual rate of increase of 13 per cent, During this

period the pattern of spending on health care has shifted. dhereas

3

o

7

*in 195? 56. 1 per cent of the total equﬂditure on personal\health
care was for hospital serbices, it is estimated that in 1970 the
expenditure for hospital services represented 63 5 per. cent -of the .
total. Dunnng'the 1957 - 1970 period expenditures per pers:f_gn”,
hospital serviceé'rose from 835 22 to $130. 21 or 369.7. -per cent )
The increased expenditures for personal heai%h care and for

. hospital” services consume a growing proportion of Canada <] resources.

‘
i

This trend is illustrated 1n~Table I-3. Tbtal expenditures on per-

sonal health care amounted’tc 3. 18 pér cent of G. N.P.3 in 1957 and

-

Se 19 per cent 1noégzg. an ;ncrease of 163 2 ‘per cent. Expenditures;

on hospital services represented 1.78 per cent of G N.P. in 1957 and

3 30 per. cent in l970 - 1ncrease of 191 o per. cent._i ‘ g

N Prov1ncial Trends CT e ; - N -. o L

<

4

”

.*q The riSing trend of expendituies for personal health care is

»

-

a

,.
-

one which has .been e;perienced in’ every Canadian proVince between< e

195? and 1970 (see Ihble I-h). ‘
R ' ‘ ‘ n'.)\' =
The Province of: Alberta has not remained 1solated from ‘this"

.

trend ‘of . 1ncreasing expenditures forvpersonal health care and for

hospital services. (Refer to Tables 1-5 and I-6) Between 195? andr

© A _ .

h",’

3G.N.P. is a number which represents ‘the .total, currént market :
value of all final goods and servfces produeed within the nation in- .
a given.&par. Gt . Vo : v v

J

R W
v Y3
.. 4



- Compiled from Depar
. Research and Statisti

Directorate). ..

j‘- ’

1957 to 1967 data

PR

_<\‘

tment of Natiomal »Health and Welfare,
cs Memos, (Ottawa: Research and Statisticg et
. : A . o

. from "Expenditures on Personal Health. Care
~ .in Canada, 1957 to 1969", (1970}, (a) Table 4, (b) Table 8 .
: R 196_8 to 1970 data from '"Expenditures on-Personal Health Care
"~ 'dn- Canada, 1960 to 1970", (1971), (a) Table 4, (b) Table 45. o
: oL I . L : : 4 - -

[ 4

4 0, . )
‘e :..fﬁ% ' : ‘ o 6 "
A ) ) '
¢ ‘ , T
T
. TABLE I-3 | ) \
EXPENDITURE ON PERSONAL HEALTH GARE, GANADA, T
1957 T0 1970, PERCENTAGE OF GROSS / ; \ C
'+ NATIONAL PRODUCT AT LARKET PRICES ‘ ,
. Year General and . + A1l . Total - @oN.P..
: Allied Spef§ial Hospitals ~ ‘Personal ($,000)
. Hospitals o Health Care - .
. 1957 129 1.78 3.18 32,907
" 1958 | 1.36 1,88 3,36 34 094
1959 . 1.50 . 2.03 ' 3.56. 36,266
1960  1.70 2.2k 3.82 37,775
1961 e85 . 2.43 k06 T 39,080 .
1962 1,92 2,49 p k.o7: k2,353
1963 2.00 2.58 ° 4,23 45 465
1964 . 2.0k |, 2.61 h25 . 49,783
1965 | 2.08 - . 266 k3l 5k
1966. . 2.15° - L 61,421 -
1967  2.32 Ce2a92 L h62 65,608
1968 2.51 301 - 487 71,388
1969 - 7 2.8k Lo 3ab. L K93 . 78,560 .
19700 2090 . 330 519 .. . 868
. . (\ RS A : - ~
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’?;>-8131 ?3 -which is an, increase ‘of 326 7 per cent.v .

6,732,000 - en_ingreaee_gi;hlﬁ.h per

$82,863,000 to an eﬁ&inap

ceht.: Between 1965' ' '19 R Alberta experienced an average ‘annual

inqrease in expenditure of 13 8 per cent whlch wag the second highest

" rate in Canadaof any of the provinces. p B B .

’

- The pop ation of Alberta rose to 1 604 000 in 1970 from o .

1y 14# OOO 1n 1957 which represents an increase of 140 2 _per cent.

: During this period the expenditure per person -on pereonal health care”
rose fr;n $70.88 to 8216 17 or 305 per cent. . A . -

~ - L

s !

Alberta spent the 1argest proportion of 1ts health care dollars,

.
T e
.’—-

on hoepital servipes which reflects the national experience. -Alberta

e

"vepent sl+7 126, ooo fo hosp;tainernces in 1957 and '$211,301,000 in

1970‘- an 1ncrease of 448 4 per Acent.' Between 1957 and 1970 expendi- : &

-

ture per person for hospital services in Alberta rose from 340.31 to
. . . - . .

Between 1957 and 19?0 total spending on personal health care in

',Alberta 1ncreased'at about the same rate as for the nation as a whole- "

[N

118 per cent {!The total 1ncrease experienced during the same—period .
in hospital services for all’ of Canada exceeded the increase exper—

ienced by Alberta. While Alberta did spend-more per person 1n 1970 L .
- . \ )
for both health care and hospital services than was expended nationally, -
e . ». X
over the 1957 - 1970 period the ra s of increase in Alberta's per

capita expenditure for both health care and hosPital services has been, v,

1’

A



\ { TABIE I-5 . - . .

41
_ EXPENDITURE" ON PERSONAL REALPH CARE IN . | % A

:f ALEERTA; 1957 TO 1970 .
Hospital Services. . O My
S R Total
Year ' General and Lo Al oersonal .
4 A Allied Special Hospitals . “Health Care
34,532 R AL 4 82,863 .
38,379 . @9@' 92,532 ‘
43,593 . © 59,899 102,521 i
' '_4.8,_9'94\' S 65,9;3 ' 12,911 &
55,246 7hk65 .- 7 123,899
62,529 . . 81,728 " 136,2420
S\ 69.479-. . 89,953 . 148,143 - N
. RN '76’519 . h%s337 ) 159’828 .
1965 ' o T107,772) . 176,680
- 1966 L Aad,137 0 202,18
1967 too'148,552 - 236,201
| 1968, 0,754 . 278,743
1969° 189,604 T 307,596
1976 73,366 _ T a3 36733 F
a‘.[n Thousa.nds ‘of dbsl\a: - - "" ’
'bPrlelimln&P'. y es‘tiina‘tes.. e o'i o
COmp:Lled from ,Department of Natlonal Bealth and Welfare,.
Research and Statn.stlcs Memos), (Ot;l:awa Research and Stat:.stlcs
Direétorate). '
' 1957 to 1967 data from-'
| Care in the Provinces of Canada 1957-1969", (1970). Table A9.
: 1968 to 1970 data frok

'S
Ve




P L ‘ o .
. PER CAPITA' EXPENDITURE ON PERSONAL HEALTH. |
- CARE_IN ALEERTA, 1957 TO 1970 ' -
L SRR Y n
*l Hoapltal Serv:.ces L

- o ‘ % Total . T

Year . . General-, and © A1l Personal .

— Allied Special -Hospita‘ls;\ | l;éalt}z Care

1957 129.54 \ R 70.88

1958 .-31.69 5 NN R 7641 °

1959 3ha82. b7,84 = 81.89 |

1960 T37.80 " 50.86 ., .\ 87.12

1961 41.38 © 55.78 . \92.81

1962 ys.s” 59.53 - 9.3

. 1963 o 49.38 . 63.93 1105.29

2964 53.47 68,72 . 111469

1965¢ ' 58.00 - 7%.27 121.%6

1966 67.82 0 . 86.78 \ 13817

1967 7913 7 "99.50 5.;\1::7'21 -

1968 89.85 . 111.68 48230

1969% 97.91 - 1213 /196,80 §

cag70™ T 108,08 4. 13173 0 216117
.‘ < .- B ' . . N ! S a

aPrel:n.m:..netry estlmates. b
, Compiled from Department of Nat:.onal Health and Welfare,
T Resea.rch and Statlstzcs Memos, (Ottawa° Resea.rch and Stat:.st:.cs
~ Directorate). - .
" 1957 to.1967 data from, "Ebcpend:.ture on Persona.l Health
_Care in the Provinces of Canada, 1957-1969" (1970), Table A20.
.. 1968 to 1970 dhta from, "Expenditure on Personal Health
,e_are in Canada 1960-1970", (1971), Tables 26, 30 and 34. '
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considerably less than those for Canada as/a ‘whole. ' '. IR o T
. P N & S . ‘ '
. . : ' R T | t , b l

Reaction to the Increasing Expenditurls |

Dur1ng.l970, the Econom3c gbudbﬁiiof”Canada estimated that it

‘ the increases in expenditures for health care and educatzon contlnued
into the future at thp same_ rates as during the: period 1965 to 1970,
that before the year 2000, "these two areas of actlvity alone would

absorb the entlre potential natlonal product" 4 ;;.'_ Jf_‘ L . S
& \ L .. . . L ."'
Increases in health costs have aroused a conslderable degree of

l

concern in the governments of. Canada, especlally at the provinclal ’
1eve1. Generally. expendltures for health care represent the second ;"
: ¥

largest segment of a provmnelal government's budget dfter education.

.

In Alberta the. prov1nc1al government allocated approxlmately 25 fer ey

y cent of its budget for the prov1slon of health servxces 1n 1971.5 n‘ﬂ o

.D
The Government of Alberta, ‘as have other prov1nc1a1 governmentl, has*

opted for a pollcy of cost control in the pr0v1sion .of health serv1ce§ : ’
in an effort’ to restrain the annual rate of 1norease 1n health care %' r,m
’Uexpenditures.g_ T L - . ' ' . #l V
o o ot .__',, ' A .‘.“ A_"-‘\ : ."‘,:’
4Econom1e Counc1l of Canada, Seventh Annual Report P. 38. “Af ,w;\ T

e 5J.D. Henderson, Health Care De11ve£z in Alberta: Future Pros-
pects, a paper presented to the Health Services Admlnlstratlon Program,
Unlverslty of Alberta, (January, 1571), P. 2. | .o

»

P -

l;J D. Henderson, Healtu Caré Dellvery in Alberta, § 2.
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‘ - The concern of” go#ermnent ?out rapidll increeeing expendi-
‘t

RN

- | only be anticlpa?d ‘a5 thg result ,,of greater eff:.ciency within the ,

of ‘Canada. establ?ished the Qomm

‘.V—-.. . . ! : - . . . . . N
P v . 5 .

i tures in health e.riees ‘from the fact eﬁt—grovmﬁai—and—nat—ionh —

.resources are not limitlese. éasuagdg observation indicates tkat the

- -
'proportion of its resburces which a nation 1is prepared to allocate to.
g e W

the provismn of hea;l.th perv1ces appears to be a great ‘deal less than
100 per “cent. It may now be *hat the current government intereet in

risi.ng health costs mdicates that health expenditures are beginning

~to approach their maxinmm accepta'ble level in proportion to the nation' |

total current resources._ Pgrhaps ﬁrture increases in healt’h care exs=

penditures may 'be onl;y asbgreat as’ any increase in the na%ion's total

resources.' It may now %e thef case that, ,"new or exgnded services 'can o

o.verall ._ (health) systen;u."7 . .‘.
I [ G

. s . . ‘ﬁ

3 'l' v . . ﬂ

” <. _ . .

o The rap:.dly rlsmg cost of health and hosp:.tal care 1s stlmul- ,

L

.
e

atlng ¢ grea{: deal of governmental and academlc study a.nd analysls of

%he problem. : In November, 196:8,~ the Conference of Mlnlsters of Health

° B

~ committee appomted seven task forces composed of people from ‘

health f:.eld to mvestlgate spec1f1c prohlem areas. Four task forces

rev:.ewed varlous aspects of the costs of hospytal serv1ces and three
f

' rev1ewed medlcal sarv:Lces. The reports of the task forces are summa—

Y
' -
.

: 7J oD Henders\on,' Health Care Delivery in Alberta, P. . :

'."
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rized ih the Committee Report of November, 1969.§

13

The Task Force. Report represents the first attempt in Canada

to discuss the problem of rising health and hospital costs. It hhs
Dbeen ohserved about the reports that' "They identify a great many
;specific sources of industry malfunction. Unfortunately the economic
innocence of the Report disables it from developing any consistent'
:.theory or explanation as to why the decision-makers in the (health)
industry behave as they do and thus greatly reduces its ability to -’

recommend effective improvements" 3 .
t.

The Prov1nces of" Ontario and Quebec hgve both- recently conducted
reviews and analyses of their totah,health service systems with a v1ew

to ensuring the de%&yery of comprehensive health serv1ces at reasonable

- ? *
costs.10 The Ontario report 1ncludes economic analyses of various
parts of the health ¢are sector11 but neither report specifically

=

-

@

‘discusses/thé/e;onomic factors operative in the hospital sib-sector.

-

8The Task Force Reports on: The, Cost of Eealth Serv1ces in Canada,

;(Ottawa' Queen's Prlnter, 31969).
¥

""" %R.G. Evans and W.D. “Walker; PubLis Bolicy P oblems. in the< o
- Canhdian Health-Services Industr s, (Vancouvér: U.B.C. Department of

_ Economics, 1970), P.3. « o oL '
| 10Re oris of the Ontario Committee on the Healln Arts, (Toronto'

Queen 8 Printer, . ; and Report of the Commission of Inquiry on
Health and Social Welfare, Part 2, Vol.IV, "Health" Quebec City:

Quebec afficlal Publisher, 1970). '.k___ o . _( .

[

11R.D. Fraser, Selected Econo"c A ects of the Health Care
Sector in Ontarie, A Study for the Commitlee on the Healing Arts,
(Toronto: Queen's Printer,.1970).-' . .
[} ‘. . '-.I }
) ) . : . R
K3
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In Alberta the government has. demonstrated its concern over

lthe rapidly, escalating costs of health'by merging the Departmentsf"
‘ of Health and Social Development so as to achieve a co-ordinated and
integrated government administration,of these areas. The Alberta :
Hospital Serviceslcommission was.created in‘order‘to plan and ad-
'miﬂister the hospital systen'in the province. One of its main func-
;tions is to retard the rapid growth rate of government expenditures
' made to provide hospital services.12

. The health care sector (and the hospital sub-sector) of the

: 4
economy has only recently interested economists as an area for em-

' pirical study. During the past decade the-number of_eoonomio;studies
in the health sector has substantially 1ncreased. Academic interest
- . - \

developed as health expend/tures annually consumed more of‘the nation's

. resources and governments became qore determined to 1nterject economic #
':considerations 1nto the process by which resources are allocated in v
'the health Bector. o o .

. N "L T
;) - o U s
",p' o ., " The Purpose of the'Thesisy"'e RS K ' ;' T

ThlB thesms attempts to shed . light upon the question. cDoes
there exlst a.unique hospital size which can be said to be Optlmal?
The purpose of this thesis is to- cons1der thevpertinent, available

economfb llterature related to thls question and. to evaluate - 1t w1th

!\ .
Dr. J. Bradley, Chairman, Alherta Hospital Services Commission, .
private interv1ew, Edmonton, August 1971. : .

-
T 1)
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the portent for‘public pollcy of the-oonelus;ons in the literature

shall be considered. ' A i " .

Fbrmat

. . " 3
-

‘ %
Chapter II consists ‘of a discusslon of th@ theor1es of pro—
|
duction and cost. Chgpter 111 survqya the economic 11terature deallng

' >
,wlth cost relationshlps in general aamte hospltals. In Chapter IV an

analytical discusslon of the llterature 15 presented. The final chap-
. )

ter, Chapter V., contains a brlef summary y some observatlons and con-

c1u51ons as well as recomnendatlons for future. research dlrectiens.

‘.‘2 f

e



. CHAPTER II . .

. . J\' . . ’ .'
THE THEORIES OF PRODUCTION AND COST "

(\: This Chapter consists of a brief review of the,Theories of :

Production and Coste.

» B

‘The Theory of Productlon

. The term 'production' in economice refers to any process which
cpanges a commodlty or commodities into a different commodlty.1 Two
' commodities. are dlfferent if‘they are not regarded by consumers as

being completely intérchangeable. ‘A production process generally

requires morefthan one‘inpﬁt. -These are usualii’of different qualities

,dependipg upon the nature of the flnal good or 'service.

" [+

-~
.-

The Productlon Functlon .

A productlon functlon refers.to, "the phystcal relation between

a firm's inputs of resource and_lts output of goods or services per
unit of time, leaving prices aside",2 It is defined as "a schedule

’ ., - . PR -
- B . '

1Kelvm Lancaster, Introduction to Mlcroeconomlcs, (Chlcago.
Rand McNally & Co., 1964) P.59.

2Rlchard H. Leftw1ch, ‘The Price System and Resource’ Allocatlon,

(Hlnsdale, III.: Dryden Press Inc., 1970), P. 116.

L4 ’ . . ’ 3 ’ - <

.....



" output that can be produced from any specifzc set of mputs, g1ven ‘
. . . ) &
the! hxisting technology. "3 L - -
¥
A productmn process may be fully expressed by th5~ production

E
function of- the ‘form: . ‘ " '. L -
,- . -f(K,L,M) o -“# \
where Q represents output, K aﬂ;, capital inputs. L all iabour inputs e ) .

-~

a.nd M all other mputs. There are a varlety of dlfferent:.ated 1n-<

puﬁ included -wltha.n each of these three clasmficatlons. Therefore, ,

the general form of the productlon functlon can be eXpressed-

Q=f (Ko Koy Xy o ey X))

- : . * \ . “W; ' )
Q is the output and X;, « . . , X, rédfers .to g1l 6f the various in- .

: ' Coas

puts. S e
‘ ' ‘ - "g, L . Y ’
It is improbable that in the real worl‘d any’ productlon process ¥

A Y

exisgts in. which'there 1s only one input as in the. case:

Q=i‘(L). o e
Most production functious requ:.re a varlety of mputs. It is hlghly e
unllkely that all of the inputs wlll vary %multaneously and in 11ke
prOportlons. Inputs generally vary at dlfferent ra{:f’e”s over tme.

X

For example, it is usually faster to mcrease the lk\%our 1nputwof a
productlon ps?ocess than 1t 1s to construct a new physica.l plant when

an in¢rease in o_utput__ls requlred. Within some lengthy period of
: : , :

\ R

30 E. ‘Ferguson, Mlcroeconomc Theory, (Homewood Ill.. Rlchard
Irw:.n, Inc., 1969), P. 118 ,

.- . ]

L} Y



time, however, it may be expected that all 1nputs will vary; - no
‘ matter how unalterable they may appear to be. That Per;fd of tlme
within whlch every input in a partlcular production procifs is
‘variable is reférred to as the 'long-run' 'Any period of time
within whlch one or'more inputsis fixed - (does not vary) - is |,

referred to as the short-run.u

\,

i

The Short-Run’ | -
| In planning the. short-run operation of most productlon pro-
cesses, planners face a set of production curves slmllar in shape
to those deplcted 1n Flghre 1. These curves represent the output ~.
= produced when there are two or'more inputs but only bne of these .

factors of productlon is allowed to, vary wlthln the perlod under

conslderation, the other 1nputs remaqp constant. The production

function 1n\\§is 81tuatlon is: A £
_' i v \ R ., e ’ “

\ Q=f L, K=K, k=M . o
\ '.. : . . B(_

where cap1tal (K) and’ the remalnlng 1nputs (M) are. cons1dered to be’ h

t

constant. This productlon functlon reflects the economic*'law' of Hi

°

.~D1m1nlsh1ng Marglnal Returns whlch is an axlom that states that°

"If equal 1ncrements of an 1nput are added, the quantltles of other. ‘

inputs held constant ‘the resulting increments to product will de-

Ll
Yo

" crease beyond sone,pornt- that 1s the marglnal product of the 1nput .

&

4Edwln Mansfleld M1croeconomlcs, (New York: W.W. Norton & Cq.;"

Inc., 1970) P..ll?.
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PRODUCT CURVES AND THE
. STAGES' OF PRODUCTION
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—owill diminishm? ‘kThe law assumes that the levea of- technology dqes

~
[

not’ change and that there are at least two inputs ) " .

Flgure l illustrates,the short-run situation. It shows the ,

(o

- total product—anitially—increases'rapidly‘as 1ncreaslng amounts of T v
N the variable input are comhined with the fixed 1nputs. Eventually, '
the law of’ dlminishing marglnal returns beg;ns to take effect and the
total product begins to increase at a declining.rate, flnally “
'%r - decreasing as more units of .the variable :nput are added. Figure 1
‘ illustrates the relationship between the total, average and’ marglnal
products of the varlable input. The marginal proguct of. an 1nput is
always equal to 1ts average product at the m;;i%um level attained by
the average product. When the marginal produot of an: 1nput\hecomes
_ 1ess than zero. then the total product beglns to decrease. _ ,'- : o
" The average product represents the average amount of output
derlved from u51ng a certain amount of variable input in the production ®
. process.w It is calculated by d1v1ding the . total product by the number
| or units of input requlred to produce 1t g-). The marglnal
product represents the change in output which results from a change in
the varlable 1nput. It 15 calculated by d1v1d1ng the change 1n the |
total )product by the assoclated change J.n the variable input- (MP QQ). !
S e

N . ."‘.

The Staées of.Production. >

Lol

o "The relations among total, average and marginal products'are




BN

L o e - | -
- used to define three stages of productio ."6"'Figureﬂlfillustrates

theee three stages. R L.

a1-.

S In_stage_I,th\ axerage_return_to_a_unlt_of_varlable_lnput
(i e. average product) 1ncreases as more unlts of the variable 1nput

are added.7 The average product reaches its maxzmum at the level of

production represented by the d1v1s1on 11ne between stages I and II.
r'd

A ratlonal producer would not operate 1n stage I because the average

product of each.addmtlonal unit of,the variable input_is_greater than |

-

the one before. . o S CL . ' N e

In stage III, 1f addltlonal un1ts of \he\\hniable-input,are

added, the result is a decrease in the totaI amo ttof»outputhprodueed.

The variable input is combined in'uneconomicaliy-large proportions with f

the fixed input(s). In stageVIII the marginal ‘product of the variable
1nput is negatlve and. total product is decllnlng. Even'if the cost of'

the varlable 1nput(s) was zero, the ratlonal producer would not operate

P

anywhere in stage IIT because to do so would result in. decllnlng out-

N put.8 o _';' I o ST ,.a7t =

P “

The ratlonal producer 1n the short-run operates‘somewhere w1th1n o

"\‘

’ stage 11; between the point of maximum average product and zero marglnal-f

;product of the varlable 1nput. Béfore-one can predlct*the speciflc
D

"levei,at whlch a productlon process w111 operate in the short-run, the
' .

'7costs of the various. 1nput factors need to ‘be known.
TP L . - : - S

-

)

Ferguson, Mlcroeconomlc Theory, P.: 130.

< pia.

SIbld., P. 131. : v"‘ ’v; . o - "‘ _ ‘
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The Lohg—Run ‘

In the long-run the shapes of the product curves are deter-

i

mined by the- effects of Economies and Dlseconomles of Scale. In the

R

»a;eww—long-run every 1nput—1£to~a‘production process céan. E"varled end the
’ producer may arrange them in optimal, proportlons. '
Ieoquants ' p
| "An 1soquent is a curue show1ng all possible (efflclent) com-"”
f'binations of 1nputs that are capable of pggducing a certain quantlty
’ of output®. 9 A ﬁunber of isoquants are shbwn in Flgure 2 and each of |
ql, Qs q3 and-qu representsua dlfferent output rate. Flgure 2 shows R
.'the different comblnations of two resources, labour and capltal, wlth . :;‘
~which a flrm can produce equal amounts of output. For example, po;htss T .
along isoquant ql show the comblnatlons of labour and capltal which .
. will produce ql-units of.output Productlon w111 be ql units both‘;p
when Ki un1ts of capltal and L1 units of labour are used’ and also when

'tKé

_of- output is represented by a hlgher 1soquant such as q#.

unlts and L2 unlts of cap1ta1 and labour are used A greater amount

In isoquant mapplng it is assumed that the most efflclent ‘tech~
’rnology avialable is used 1n the product1on process. Two 1soquants,

therefore, w1ll not 1ntersect. it two 1soquants were to- 1ntersect 1t

.(

_ would mean that two dlfferent quantltles of output could be produced

by the same comblnatlon of resources, whlch is 1mp0551b1e under the
10 ~ - . - R :

. 4};,. e n T o . . e ,“" . S
9Mansf1eld, Mlcrbeﬂlc Theo z, P. 132. . - 14
D "o . . .

L 10 Richard H. Leftwich, The Prlce Svsten and Resource Allocat10n,
s (New York: Holt Rlnehart &Qﬁinston, 1961), P.. 128 L .

-\‘

% .
T

assumptlon.

3

‘5 R




’ . FIGUEE 2 ' B
' FULL ISOQUANT MAP AND THE -
Rmzwgm RANGE OF ‘PRODUCTION
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_;nnnn_becauselresounce_anuts can_be technical_substitutes_fornone_another '

3
. K
A

Isoquants slope downward to the right and they are generally

convex to ‘the crlgln.l; The downward slope to the rxght rg;nlts

1%

.

,1nla productlon process. When resources are technical’ substltutes,
~ and less of one is used then more of the other 1nput Must be uéed ‘

to compensate for the loss and 80 malntain the level of production.

- . v
Y

',Isoquants tend to be convex because resources are generally not per- '

.fect technlcal substltutes for one another.' For example, the«more

:labour and the less cap}tal used in a productlon process, the more

| .difflcult 1t becomes to subst1tute additlonal labour for capltal.

This reflects the Pr1n01ple of the D1m1nlshing Marglnal Rate of

Techleal Substltutlon.vp-,' ’ ‘~” A '.~3 S } L
In Figure 2 the Line OC is a 'ray . Such a- ray from the orlgln

“n W -~ '

deflnes a-constant ratlo of the 1nputs for a productlon process.,

In moving along the ray from ¢ towards C, the level of output changes x

.but the 1nput ratio remalns constant..

The'Economlc Reglon of Productlon

e

Generally, 1soquants possess negatlve slopes but they may possess ‘

" posltlvely sloped segments. In Flgure 2 the segments of the Lsoquants‘

.above oA and below OB have posltlve slopes whlch !ndlcate that increases

| in both capltal and’ labour are necessary to maantaan a certaln level ofi |

“productlon. A ratlonal producer would not Operate 1n these two reglons

because the same output can be produced w1th less of both 1nputs and 50

G-

| :v;l'lIbid;,'[‘ R

- 12Ferguson;”Microeconomic Théory,‘?..lsjg-yp-




-————#of the

." regardr;% the 1ndustr1al artslf

for less cost. The zone between OA and OB has been referred to as'ﬂ o o

the "ecotomic region of productlon" 13 and it corresponds to stage II

ee_stageslo£_pnodnctlon,_dlscussed_ahqye. ‘
Technology and Technologlcal ghange ‘ ‘ “ ‘

Technology has ‘been defined as "Society's pool of - knowledge C
.lu, The level of technology avallahle

in a soclety sets a 11m1t upon the amounts and the types of commoditles

B which can be produced from a glven amount of resources. Part I of

’“Figure 3 deplcts the limlt whlch the 1evel of technology imposes on

a productlon ‘process. Isoquant B in Part I illustrates the maxlmum

_'level of output that a partlcular productlon process may adhleve, no - L ey

‘matter how the comblnatlons of labour and capltal are varled when there

-:.productlon represented by 1soquant CZB unobtalnable unless there is a

is no. change in the technology employed 1n the process and the total

'amount of resource 1nputs used does not change. ‘The hlgher level of

A

change 1n the level of technology or. an 1ncrease in the anount of .

: capltal and/br labour ut111zed in the productlon process. ;”‘ ‘f.3>"'ln," f«l.

L 1ncreased 1s through the a_teratlon of productlon functlons due to

-technologlcal change" 5 Technologlcal change results from advances .

~

14

LSRN One of the most 1rportant ways that econom1c welfare is

, . E N

< in knowledge. It takes such forms aS‘:"‘»- i ;"Tj:'“--" R wf“f ST

‘ a) new methods of produclng exlstlng products~_7;‘j;

: ¢

13Mansfleld M1croeconom1cs, P. 135. . .
141b1d., P. 1o._;_.,.

544, p. bo.
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"

b) new techniques of . organxzat1on and mansgement' and
"c) new. products16-l~ T o .

o

The ofTects of technologmcal éhange (otherwlse referred to as
l

1ncreases in the,Jevel of technology) are 1llustrated by comparing! arts

R | and II of Figure S Part I shows the level of production possi

'fbefore a change in. technology is drveloped. Isoquant B represents th » /

.'highest level of gutput whlch can be obtalned from the capital and

i*

labour comblnatlons glven the constraints of. technology and limited re-

sources. - Part II demonstrates "the effect of technologlcal change upon -

the levels of productn.on. The isoquants have shifted £;:ov..raa:rd the origin.

’Isoquant B 1n both Parts I arfd II represents an’ identical level of pro-‘J“

less 1nput \f resources 1s requlred to achleve 1soquant B.l If the

) ductlon, however, 1n Part II after technologlcal change has occurred

A
oe,

identlcal amount of" comblned resources contlnued to be expended 1n pﬁb-

deuctlon after the 1ncrease occurred in the 1eve1 of technology, then - o

total posslble output would r1se to 1soquant c. Isoquant C represents

the new maximum level of output possibge from the glven resources at

B

' the new- level of technology. S d' ';p : .i’j' ;_;

The technologlcal change deplcted in Flgure 3 is a. neutral one.; N

', It 1s descrlbed as neutral because the ratlo of capltal to labour re~ -
. & . -

malns unchanged where there'ls an 1mprovement in the technology. In :

other words, the marg1nal products of both capltalsand labour have o p-
\ .

_.increased by the-same percen;7ge.17 In Figure 3, Part II, the dlstance '

“te

%Ibld., P. .441. .

17Ferguson, Mlcroeconomlc Theory, P. 387.




hetween‘the iéoquants:remains the-samé»thrduéhdut;for each ievel_of
output. . S

&
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iechnoiogical‘chaﬁzé“may‘be biased in that 1t may be described
3—e1ther as capital-uslns or labour-u51ng.18 The two parts of Figure h :

111ustrate each of the- cases of biased technological change., Capital—

using technological change occurs when, at a constant capital-labour w

ratio the marglnal product of capital increases relative to the mar— '
ginal'product-of labour. Such an instance may be représented by the ~

situation in which a mechanized and automated process 1s altered with

H: shows, in the 1nstance of capital-using technologichl change, the slope

y of the 1soquants decreases as ore moves toward the orig;n. This 1mp11es

m . i . L o “.
K for L = L. —
MZPK o

| (MRTS

Similarly, Part II of Figure A 111ustrates the 1soquants in’ cases‘ .

&

of labour-u51ng technological change. Improvement in plant layouts andr
-4'¥he use of higher level management skllls are examples of the factors '
. which may contribute to an incréase in the marglnal product for* Iabour;

' ".relatlve to that for cap1ta1 in instances. of labour-using technologicali

- change. In this case the slope of the 1soquants 1ncrease as one moves o

’ toward the origln and thls reflects an 1ncrease in the marginal rate of

‘technical subst1tut10n.~

Vrysa, - L e

. the result that total output is. increased. A8 Part 1 of Figure L R 3

that there 1s a decline : 1n the marginal rate of techn1ca1 substitution"

e
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) ! FIGURE ’1,+' A ‘ *
BIASED TECHNOLOGICAL CHANGES
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Technologicali

Change -



Change in the level of technology is an’ on501ng procese. The

dquIOPment of new, more"efilclent and. -more-desirable products is a8

continuous as, the increase of productlve capac1ty. Over the long rur,
isoquants tend to. shift to the left as changés ‘in the level of tech-

nology are 1mplemented. ' - ..
. BN ‘ ] : <&
Returns to. Scale ’

4

N

At a g1ven level of’ technology the maxlmum level of output per
unit of tlmé\WhICh a flrm can achieve is determlned by the scale of
_the plant used 1n the. process. "The quantitles of flxed resources .
used determlne the size of the firm's plant, or its scale of Plaat’,’ 19
'The scale of the plant can be altered in-the long run. The change ‘
whlch occurs in the level of productlon as. a result of change in the
 size of- plant is referred to as aj;eturn to scale.
There are three types of returns to scale- which may be encoun— o
tered as the scale of the ilant is. altered ) Flgures 5, 6 and 7 deplct' ' ‘,lfo
'.the three types for productlon processes 1n whlch there are. two re-
source 1nputs- capltal and ‘labour. If the amount of both 1nputs must
' be doubled in order to double the output then" "constant returns to - -
rscale" are present " Since the quantlty'bf output may be measured by
'the d1st§nce of an 1soquant from 1ts orléln, the 1soquants in Flgure 5
1llustrate the 1nstance of constant returns to scale.' Each of the o |
.blsoquants for outputs of 50, lOO and 150 unlts 1ntersects any ray from-

the orlgln, such’ &as QA, at equal dlstances (OD = DC CB).

If the amounts of the 1nputs requlred to double the output is less

: 9Leftw1ch The Price System and Resource Allocatlon, (1961),
P. 140 -

o .. . S . . . )




" FIGURE
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" FIGURE 6
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'ISOQUANT MAP II}LUSTRATING_ .

., INCREASTNG RETURNS TO SCALE

)
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than double then 'increaeing returns to scale’ ardépwesent. -Figd£5fsf B

"°depicts increasing returns tb scale where successzve isoquants become T'~;‘~"” v

close‘together (OD:-DC:—CB). anally,-Flgure 74111ustrates-the case

Al

'of ‘decreasing returns to scale' Decreasing returns are encbuntered -

‘if the amounts of  both inputs must be more ‘than doubled in order to

L)

iy double the output (OD-:DC-=CB).

Economles and Dlseconomaes of Scale

A productlon process generally encounters economies of scale in

tbe long-run as it‘becomes larger.' "That 155 after adjustlng all in- " °

L4

bputs optlmally the unit cost of productlon can be reduced by increaslng

the szze of the piant" 29 As scale is 1ncreased a number of eff1c1en7
cies are-encountereda There is 1ncreased speclallzatlon and d1v1slon
‘ of: labour and the%product1v1ty of labour 1ncreases accordlngly. Ma- .

chxnes whlch are. 1nterdependent in a process but wh1ch have dlfferent

a rates of output, may become more productlve if 1ncreas1ng scale permlts

P

tthem to be. arranged in optlmal comblnatlons. An 1ncrease 1n output may

necessitate the~acqu151t10n ofelarger pleces of equlprent wﬁigh enable
7

more output to be produced faster. Increasedyscale may also eﬁuble a
productlon process to become more automated. Incre881ng scale ena\}es ’

4 '-more unlts of output to be produced from the 1nputs used. I L ,\\.

‘The;effects.of economles of- scale are operatlve»over a range of
. ) ! o d

_plant s1zes.‘ The range varies between industries. At some point,‘J

however-1 in a productlon process 1nef£1c1en01es beg1n to develop when )

2oFer?guson,-.Microec'onomic Theory, P. 211.
. ] - " ) . ’ R W

‘ o8- . . c o R . e . .
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CFIGURE 7 -
ISOQUANT MAP ILLUSTRATING

- DECREASING RETURNS TO SCAIE -
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Hwnjw_; ate_ of ,,,,, lncreases—ln production;~4Eventually, diseﬁonomles of scale

I

' L cause output to\actually decrease when the plant becomes very large.‘

-\ )

Communlcatlon breakdowns and 1ncreasing admlnlstratlve problems are
belleved to be the cause of the dleeconomles of scale often encoun-

tered 1n very large production processes.21 : o _ ,f, s

© 9

In an: isoquant map show;ng the total long-run production process,

2

. -+ it may be antlclpated that near the orlgln the 1soquants would get’

'/'-

closer together as ve moved but from the orlgln. Economles of Bcale
would yleld 1ncrea51ng returns, 1n1t1ally. Then farther outuiiom the
: orlgln the 1nt.ervals ‘en the 1soquant uould beconte: constant as the
| diseconomles equalled the - economles of scale. Mov1ng st111 farther out

from the orlgln, 1ncrea51ng 1ntervals between the 1soquants would be

g encountered. Decreaslng returns bo scale would become predomﬂgant as

e . “5

the diseconomles became excess;ve.

. 'd'..’alibid.,".P. 22, - o o ) | S



The Theory of Cost

. W
-«

'Qijﬁf_:

The cost of. productdon of any good or serv1ce 1nc1udes more
,than Just the total dollar outlay necessary to obtaln the resources

requlred as 1nputs for the productlon process.

- -

. g ”B‘;l ' A.c . ' “ . "... ‘: : ) Lo . i )\;:"::.> S
The Nature'of ‘Cost = - . o . t "‘15‘-.*‘-"‘"’ EE

h It has been suggested that there are two legltlmate ‘costs of

productlon which, under ideal c1rcumstances, are one and the same.aa-
,_. o,v . '
'They ‘are the 'soclal cost of productlon' and the prlvate cost of

productlon" . L - ‘ ‘
"‘ Z;zjr social cost of productlon 1nc1udes those costs whlch are
exter:

to the productlon process and whlch are borne by SOCIth at

large. It 1nc1udes the cost of. ‘the resources utlllzed in the pro-‘

fducthn process. Soclal costs 1nclude ’external' costs such as pollu-h

tlon, whlch may be by-products of productlon. The soclal cost also

1ncludes the alternatlve (or Opportunlty) cost of soclety s resources

K]

"that are utlllzed in a partlcular productlon process. The opportunlty

cost of a productlon process is equal to the value of the goods or ser-'

' wlces whlch could be produced by using the same resources 1n the next

. ’

2Ib:Ld., P. 185. . EREE :

‘ Ferghson suggests that the 'ideal clrcumstance* occurs when the
1ndlv1dual firm or entrepréeneur operates in such a mgnner that the
economic choices made are those whick society would also- make. The . .
"1nd1vidual firm or .entrepreneur maxlmlzes the ‘néet beneflt accruing to
“society as-a consequence of actions taken to soley maxlmlze the net
: beneflts for the f1rm or hlmself. ) . .



-possible alternative»production»process.z)' S .
. _ \
Society -] supply of resources is finite and s0. society seeks

i

“to maximize the return it receives when its limited resources are

expended. There are constraints which inhibit“the ability‘of“society

to maximize its return. These are the constraints of inperfect know—

fledge regarding the future and also the variety of alternative uses E

~to. which the fesources could e, appliea
‘f v The private cost of production refers to the costs incurred by '

the indiVidual entrepreneur in operating a. production process.'f

AThe Cost Function ;;: ' :{ 14 .o A_v } "J | p; : ~-f; -

As with the production,proi;ss which is best described by the

, production function, the cost of production can also be described by a

' function. The ‘cost function is a schedule, table or mathematical ,

equation which shows various relationships between the. firm 8 costs

.and its rate of production. "The firm! 5 production function and the_'

: prices it pays for inputs determine thei¥irm 's cost function.n‘al+ 'The'f .

‘cost of production may be expressed mathematically by the general form.
f (Q P ) C 'i é .132)3‘90'0"-11

.where c represents.the total cost of production, Q the. firm s output
and. P is the price of the various inputs. ;" |

. In‘using the cost funztion, the only costs considered are those

) presumed to be the payments that must be made to obtain the nesource

inputs neéessary for thevproduction process. The price of each input

. 23Lancaster, Introduction to Microeconomics, P. 94-95.viﬂff =

2‘*Mansfield Microeconomics, P. 159.

L .
A : L ~
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f'.ls assumed to be constant no ratter what the quantita purchased ftL" | 'y
is further assumed that in the long-run the. inputs cah beifurchased ?.hr'luh
E ,as and when requlred in any quantlty. These assumptlons 1mp1y perfect‘ |
compet1tlon exlsts in the 1nput markets— 25.. T :
| It may be recalled that the produetlon functlon assures that any fiﬁ-
HQ%;

"‘productlon process operates in the manner whlch 1scmost efflclent glven o

”, the exlstlng technology. From the cost po1nt of v1ew a related assump-

tIon is made. "If there are varlous ways of achieving the same outcome,

-

but w1th dlfferent costs, all declslon makers in the economy will always

choose the 1east-cost method from among those known and avallable to

26

»_them." It should be noted that the most technlcally efflclent manner :

of produclng one un1t of output in & glven set of clrcumstances 1s riot ;

'ﬂ' necessarlly the least cost method. mhe ratlonal flrm or enterprlse

-,mlnlmlzes 1ts costs at’ each level of productlon even 1f it employs a S

-

-J[technology‘whlch'ls less than}optlmallyvefflclenta

T o S - o+

‘;The Short-Run

When plahnlng the short-run Operatlon of a productlon process,
"j most producers operate on. cost curves 51n11ar to. those dep1cted 1n

,-:F:Lgures 8 and 9. REEEE ’

t

In the short-run the producer encounters flxed costs.<
/ -\___._;‘;, e

Fixed costs represent the total unav01dab1e flnanclal obllgatlon e » ;

. of the produc“ during a glven perlod. leed costs 1nclude such SR

-f,items as land, depreclatlon cost of the phy51cal plant and,

'.-aéLancaster,ilntroduction to ﬁicroeconomics,‘P.9§;{(f': ‘
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© ' FIGURE 8-

.+, SHORT-RUN TOTAL COST" GURVES
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frequently, the salaries of top management. In F1gure 8 the total

fixed cost curve is a stralght llne which gé parallel to the hor1-'

—not—vary~w1th—the—levelmof—output_wlthln”l._l__l;;sl
the short-run perlod. TR f7~ iifid'_'- o fé,y | B
"/l The producer also encounters varlable costs in the short-run.
These costs 1ncrease as a producer 1ncreases hlB level of output becauseu
larger quantltles of varlable resources must be comh1ned w1th the flxed
resources to increase productlon. The shapeég; the total varlable cost
curve results from 1ncreas1ng and dlmlnlshlng marginal returns ‘of the” ~-j

, varlable resources. Inltlally the amounts of the- variable resources‘l;‘ o

B such as labour are very small in relatlon to the flxed resources and R

the efflclency of the productlon process is: 1mpa1red. A%.more of the '

varlable resources are added, efflclency 1ncreases and the rate of -],;

increas '1n varlable cost lessens. Eventually, 1f 1t happens that very
large amo?'ts of varlable resources are comblned w1th the flxed re-'¥i?
sources, the law of dlmlnlshlng marglnal returns becomes operatlve.‘_:; r:-‘
Varlable costs begin to 1ncrease more rapldly as productlon 1ncreases.,
No matter what 51ze a plant may. be, production w111 reach full capaclty
at some p01nt. Beyond thls p01nt output cannot be 1ncreased and the '.;2 }:d';
o total varlable cost curve beglns co go stra1ght up. “ | R |

It is p0851ble in a productlon process fbr the law of dlmlnishlng ;J _;;;;

Rl s

marg1nal returns to be * 1n effect at every level of output. In suchehum,;l

'v;a case varlable cost rlses at -an 1ncreaslng rate because it 1s more
A( costly to produce each subsequent unlt of output. (1.e. Maqglnal cost :t i;:-%;
.‘1s r1s1ng over the total ran*e of output). The total varlable cost “”‘-T

o curve In thls 51tuat10n rlses contlnuously throughout 1ts length and, .«;~




eventually, it goes stralght up When full capaclty is’ reached.l_’"

/
II 1t should occur that there are constant marglnal returns

in ar production process then. variable cost will 1ncrease at a constant

-

~————~—ratew*—>i"etnhargxnaifcost—of*productlon*remains“at‘one constant

| level). The total varlable cost curve in this speclal instanCe will
be a stralght 11ne whlch runs contlnuously upward and. to the rlght

f;om the orlgln. L.j»f ‘f.:~'--~*”' ) |

3 Total cost 1n the short-run represents the sum of the flxed o
and varlable costs for each level of output. The total cost curve'
and the total varlable cost curve both have the same shape since an

‘i increase 1n output 1ncreases both varlable cost and total cost by
identlcal amounts.. ‘:’xa-ltf B | :1:' - ;'* |
. Unit Cost Curves '7'7'*’:1vj_ ""‘T.;::f'p' B r;' ?’ i't'.§ h
| There are four types of un1t cost curves which need to be _con-

| sidered in short-run planning. These curves are plotted in the1r |
general forms in Flgure 9.._, o r';-d‘;in‘ R ‘

The average flxed cost for the varlous levels of output is ob-,
o 1_.

talned by leldlng the total flxed cost b} that output. The average e
' /.

flxed cost curve always decllnes as output 1ncreases because the total

{ ¢
flxed cost is spread over more unlts of output. A producer may redpce_

hlB average flxed cost by produclng more unlts of output... ' ~_'</; o

The aVerage varlable cost is calculated by d1v1d1ng the tot_

'J
varlable cost for each level of output by that amount of . output.'

dltlonally the average sarlable cost curve has a ULshape when pl ted.

This shape occurs—because—1n1t1a11y, when 1ncreasing amount of Vi T1ab1e

Tra# o

inputs are comblned w1th the flxed 1nputs, 1ncrea81ng marginal by turns ?1"

. -‘~-°
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are'encéhu:ered and output 1ncreases faster than the rise 1n cost.

”’ .

productlon rlses. When dlmlnlshlng margLnal returns are encountered
fiat hlgher levels of, productlon and the cost.lncreases begln to. exceed
. the productlon 1ncreases more: and more, the average varlable cost
ceases decllning and beglns to” rlse. . | | |
The average cost of productlon is. calculated from the total cost
-'1n a manner slmllar to the way 1n whlch the average varlable cost is
calculated Tradltlonally, the average cost curve 1s also deplcted
as being U-shaped for the same reasons that the average varlable cost ‘
'curve is U-shaped.» The average varlable cost is always less th‘b the
.'average cost because flxed costs are 1ncluded in the average cost. ‘
"Marglnal cost is deflned as the change in total cost resultlng
from a one-unlt change in output" 7 The changes form a U-shaped' .‘
ucurve when plotted Agenerally. The margxnal cost curve bears a unlgue
Hrelatlonshlp to. the average cost curve. Hc.ls.less‘than AC where-AC;
' '.is decrea51ng as output 1ncreases.. MC is greater than‘AC'where AC is':

: 1ncreas1ng as- output 1ncreases.¢ Therefore,’lt follows that MC 1s equal

" to AC at that level of output ‘where AC is- a m1n1mum.~

Ca

"The Optlmum Rate of Output ' ’i"‘ ‘:"“,:“. DR S K?

"Thet 1eve1 of output at whlch the short-run average cost is .

blowest is’ the output at whlch a g1ven scale of plant is most

“”7,eff1c1ent.ﬂ2§ At the low p01nt on the average cost _curve the cost of ’

£

27Leftw:.ch The Prlce System and Resource AlIbcatlon, (1961),

P. 148

281bid., P. 152

.® : : S —_— A R .
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the resource 1nputs per un1t of. output is 1east and‘at thls point the

“—“~*optimum rate of‘output—oocurs;—~There is- a—shorturun—optimal—output

~

level for every scale of plant uherever U-shaped averdge cost curves

are present. -

The shapes of the short-run cost curves reflect the eff1c7ﬁncy

' with'whlch resources_are‘used by the producer. Lo ’

The Long=Run

dIsocost Curves

If Cap1tal (K) and labour (L) are the two- 1nputs in a productlon

’ !
process, the varlous comblnatlons of each which can be purchased may

LTI B8

“be. represented by a straight Lnne. The un1t cost of each 1nput and

also the total dollar outlay allowed‘fbr,the purchase of these 1nputs

by the producer must be knoun. ? Thewstralght llne 1s called an 1socost

“curve. Four 1socost curves are illustrated in Flguré lO

In Flgure lO for purpose of 1llustratlon 1t is assumed that a

- 'producer is prepared to: spend only a- f1n1te amount on 1nputs. Thls

amount may be’ reuresented byn'C' f If a producer were. to only use
& “capltal in the productlon process; and %K represents the un1t cost of
)::..capltal he could purchase /Tk un1t! of capltal. 51m11arly, 1f he%
~'ohl§ used labour he could only. purchase & maximum ‘of /PL uuitsln
Generally4<the producer wouI& use some comblnatlon of'the two,lnputs :

and BO hls total expendlture could be expressed as follows-

C= P L + PKK

~ “Impid., P13 -

o I . o . . iy
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| The 1socost curve which jozns /PK and /PL shows all of the combin~- L '~.‘

”ationé“of cap1ta1 and labour which can be purchas%p for a total outlay

v

of C dollars. Kl’ 1, KZ’ I? and KB’ L3 are 1socost curues atta:nsble

<

‘at varlous qther 1evels of total outlay.
' T

The problem generally faced by ? pj7ducer is that of gettxng the -

LAE TRREEN \

greatest amount of output from the to%al dollar outlay he 15 prepared’

: to make for resources. In terms of 1sohuants ahd 1socosts the pro—

. ducer deelres to be on' the .highest p0581ble 1soquant whlch hlB 1Bocost

curve will permlt. If /PK7 /PL is the maxlmum posazble 1socdat

‘ curve, the producer w111 operate at P01nf A whlch represents the ‘point’
L ! S
where the 1socost curve 1s tangent to the highest attalnable 1soquant.~_ Uy

By using X unlts of cap1ta1 and Y. unlts of labour the’ producer maxi— '

'_.mlzes hls .output from hls total dollanaoutlay.. To use any other comh~

‘4

-;nat;on 3ouldlresult in a decreése 1n.total output because'anp'movewent e .
along the'maXimum isocost‘curve aﬁay fron point A w111 move the pro-
.ducer dpwnwﬁo a 1ower isoquant. The producer operates so that the

ratlo of the marglnal phy81ca1 product of . labour to the price of labour

]

,-15 equai *o the ratlo of the marglnal phys1cal product of capltal to -

-
e I

’thepmeofcapml.. [ L A S

MPP _
By _”?K"
this occurs'at Pbinth. R A‘h' N R

| Under certaln market condltlons a producer may be restrlcted to

&

produc1ng only a certaln amount of output. If a producer werg re~

strlcted to belng able to produce_only_QB_unlts_of_output, he would.o



~

- Ce e L “\gﬁ

'.Ea'

"« attempt to,operate;at point Amgiveh the set of.fector pricgs. For

q3'outputﬂpoint A represents the least cost combination of resources. -
. . . “' . ) “ .' ' ‘ e -..' -t ' N .‘ o ‘ . “ﬁ
Long-Run Cost Curves = . . - g " : f” e

T

‘The 1ong-run;cost curVes»traditidnally possess the generaI‘

shapes as lllustrated in Figure 11, Slmllarly, as wit@wthe production
N curves, the shapes of ‘the long—run coSt curves are determined by the
‘effects of economles or dlseconomies of scale. There ‘are no flxed

‘oosts or average fixed costs 1n the long-run slnce all resources are

consldered»to be varlable. The long—run may be referred to as &

."plannlng horlzon' because decisions whlch a producer makes for the -

' long-run determlne the - short-run pos1tion that the productlon process ”?‘xﬁ_

\ N - R R N B . /,A
W111 occupy 1n the future.so» T ‘ ‘ _ A o ié

7Returns to Scale
Flgure 12 deplcts the shape and relatlonshlp of the cost curves

-of a’ productlon process whlch possesses constant returns to scele.,,?
. R
_Figure 13. 1llustrates the case of 1ncreaslng returns to scale and\‘(

S *

"Figure 14 the 1nstance where decrea81ng returns to scale are in effect. B
= . SY SRR P : . . :
“:The Long-Run Average Cost Curvev T R . LT e

The long—run average cost curve 1s commonly employed 1n analyses S

| of the cost ofcproductlon. The cﬁrve 1s tradltlonally consldered to . "5%@
_ ’Y 4 i - .5»_'. . R

have a U—shape. It shows the mlnlmum cost per unlt of produc1ng at Y fﬁ

' _each level_of output where any deslred scale of plant can be bullt.B; B

' The lowest point on the curv# represents the lowest "level . of average ;.."‘a

C LT U -
R ' . o

) Nansfleld hlcroeconomies;§P, 173 and Ferguson, Microeconoric.
eori P. 198. T T T :

31Mensf1eld, Mlcroecontmics,ffcpl73, . g"{ L .#I‘*ﬂ;’*'““i‘ﬂ“"
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COST CURVES REFLECTING coNsThNT .

RETURNS TO SCALE
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FIGUTT 12

COST CURVES REFLECTING INCREASING.v

‘ RETUQNS 0 SCALE .

-




N - FIGURZ 1L -

COST CURVES REFLECTING DECREASING =~
. - RETURNS T0 SCALE =~ = - - a

Unit

Cost' 

& -
JUUNNEN A , il - — ;
. Cost
~$
.m.
o




cost attalnable and the p01nt at which ‘the: size of the plant 1s . -
:r»,gptlmal._‘ }ﬁ' e ' ' ,v‘d
It is p0551ble to nﬁgard the &ong-run as a’ ‘series of alterhatlve

- short-run sltuatlons 1nto any one of whlch the producer can move.zl”2

:vFlgure 15 111ustrates flve such short-run 51tuatlons. Each SAC

lcurve 15 the Short-run average cost curve for a glven scale plant-
the farther to the rlght the larger the scale plant. The EOlld por—'

"tions of the SAC curves form a long-run average cost curve. A pro-

' ducer would never operate on the broken portlons of the SAC curves

"

:in the long—run because he -can. reduce his average cost by chapglng .~"¢;

" the scale of the plant S :'}: e ) #4, I O+

e . \

_ : In the long-run the scales Qf plant poss1ble are unllmlted
For . each scale one sllghtly smaller or sllghtly larger plant may be ;',: »:5‘} (:j
bullt. Rather than only the f1ve SAC curves of.Figure 15 there is a | L
A multltude of SAC curves and the;r solld portlons form the solid 11ne I
;of ‘the long-run average cost curve. The lng-run cost curvevls con-!'i

a‘51dered to be just tangent to the short-run average cost curves of
s each of the nany pos51ble scales of plant 33 ‘ ‘;5;:‘5 HEREUTE éf?g;
In the long-run 1ncreases in productlon‘are achleved by the

Tconstructlon of larger plants. As mentloned above, the forces causlng

the U-shape of the long—run average cost curve ‘are - those of eccnemles T ”!p”;;

‘"'and diseconomles of scales When the curve" decreaseg as productlon LS

o '-\

R . . . Lo - ~.‘ . P P -

, 32Leftw1ch The Pr1ce System and Resource Allocatlon, (1961), fr.",, ;f}ﬂf
'P. 153. . " T e .

331b1d., P. 153. o
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v smaller. The oppOsite is true when the longbrun average cost curve ,

increases, successxvely larger plants are more efflcient than those

N

',:‘presents ‘an: optlmal scale of plant.

is r151ng. '.b - o ; ',"’af; cpr‘“f'_t?‘:d:?hvw.gw
he Optimum Scale of Plamt | .. e ERA IR
. The optinum sbale of plant is the one whlch i;dof the most ;f *?ﬁ' '
v'efflclent scale posslble. "The opzjguﬁ scale of plant 1s the one
whose short-run average cost curve forms the mlnlmum p01nt of the o o .

,long-run average cost curve."3h‘ In Flgure 15, SACA represents the
N ‘

.1.-opti£al\scale of plant. .h'tth "‘:-.l LR _f tﬁll.'-_ff_',fo§
.l" In cases of contlnuously 1ncrea51ng returns to scale (1.e. con-‘ ,”»'la4t‘5f
‘i{ tinuously decreas1ng LAC curve), the optimal scale of plant cannot %e
vﬁ.achleved because the productlon process cannot operate at a hlgh -
1enough level to reach the mlnlm'h p01nt of the LAC curve. The producer
o has to Operate a scale of plant whlch has hlgher short-run average o
‘ costs than could be p0551b1e 1f the scale nere larger. ‘ K '
; Where decreaslng returns to scale are present (1 e. contlnuously

increasing LAC curve) the optlmal scale of plant also cannot be

achleved. The level of productlon can be decreased towards zero out-

1lﬂ put but output w1ll be equal*to zero before the optlmal scale of plant :

[3

is reached..u

S I

41. Figure 16 111ustrates the 1nstance of constant returns to scale

N 4

'; plant may be con51dered Ehe most deslrable because each SAC curve re—

LA ) - . S

L
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'hThe'Signiflcance of the Long-Run Average Cost Curve

signlficance from the v1ew-p01nt of public golicy mAk1n§

The shape of the long-run average oost curve 1s of great

If an

1ndustry -is such that the 1ong-run average cost curve decreases

contlnuously (i.e. the curve is L-shaped) up to t e level that

';Frepresents all of the market demand for the outpu } then therells

v .

dthe costs of the product would be hlgher slnce .eac

"need for only ‘one f1rm in' the 1ndustry and compet1 1on is not de-

o .

sirable.35 If there is more. than one competlng in such an 1ndustry,.

-

flrm would not

‘be able to produce -an ontput large enough to enable\lt to reach the

lowest p01nt on the long-run average cost curve of the industry.

Tradltlonal economlc theory postulates that th

optlmally-siséd'

‘productlon process is the one whlch operates at that 1evel of pro—
J

'ductlon whlch c01nc1des w1th the lowest p01nt of the quhaped 10ng— 3

#run average cost curve. It has been observed in a 1 'ber of emplrlcal

. studles that in many 1ndustr1es dlseconomles of scale do not occur ’f

'V_:I

o

‘w1th1n the range . oﬂ observat1on currently obtalnable.

"appear to possess a longﬁgun average cost curve whlch 1s elther flat or df7

»L-shaped.3§ In 1ndustr1es such-as»these the_product; ‘

.

optlmal size’ cannot ‘be achleved. -

Whether or not economles and d;seconomles of BC

35Hansfield Mlcroeconomlcs, P. 177.,
- 36 &

For‘a list and. brlef surmary of ‘these stud;es

Feldsteln, Econonlc Analysis for Health Service Efficieficy, (Amsterdam

These 1ndustr1es

process-of

L 3

e occur. in’the
'”prcductloh of hospltal c'erva.ces s ' most 1mportant questlon for those

|

ce elther M. S

.“North Holland I Pub. Co.;- 1967) P. 57—58 or Nansfleld
P. 180-182. i . i

‘.

Vpcroeconomlcs,

-

. tyv

v

[P




. who formulete policies end-plaﬁs fegarding’the delivery of hospital
_ LA

'serv1ces. If the long-run average cost curve for hospltals posse‘.gs
--a U-shape then the optlmal size for all hospltals would be known.

"Planners ahd polmcy rakers coaId then aim to 1ncrease the efelCIQHC)
of the hospltal industry by constructlng new hospltals of only the’

 opt1ma1 size and adgust;ng the 51ze_of‘the_prev;ously existing ones

. 2 0
‘;to thls size. c
The questlon pf what is the shape of hospital cost curves is

: v
,-the one w1th which the 11terature to be rev1ewed 1s concerned



“'Chapter IV contalns a critzcal examlnation of the llterature. .

N ossible: . I) . Total cost tlme-serles, ‘.-1 o

‘1" . : - oo Lo
i L ’ . _'_ . i

' ° . CRITIGAL SURVEY OF THE LITERATURE =~ = '

'characterustlcs from each plece of llterature are also 1nc1uded. *lee-
“the method: of analy51s ‘and, secondly,fron the concluslons if’ the method

iR Before contlnulng, the reader should note that, when a spec1f1— '

fad

4

~ The purpose of th1s chapter is® to survey the economlc litera-A

'ture which deals with cost relatlonshlps in general acute hospltals., B

The llterature has been categorlzed for purposes of organlzatlon
. ‘ L
in. thls thesls by two characterlst1c5° a) the nature of the cost o (

speclficatlon: total or average costs' and b) the nature of the data-

. \ .
ime-series or cross-sectlonal A total of four categci?i’t!&«t&r&~ o

'iI)‘ Totai cost cross-sectional*

. . I1I) Average cost cross-sectlonal, and

IV) Average cost tlme-series.
In Table III-l the economic' llterature is arrayed by category

in the order in whlch 1t will be d1scussed “A number of add1t10na1

perlods in Table III-l are reported as stated 1n each study where f._'

avallable. If not stated the tlme perlod is 1nferred, flrstly,from

was not 1nd1cat1ve. In sumrary, mable III-l is a tabular review of the .-

l’terature.‘ 3

L

catlon is. reported hereafter\\the valué of the standard error appears '

\



5.

¥ S t. < : wA - ..w,
. .. *spaq ?n s3urod umutaty o SN 6T - ¢ ¥ os=X . 0L (2 -
*speq 66¢ - qutod . aguuTy o sN g6 - € T ET $7X. . 0L (T Jeuysmy
. *87900 o&mu?& g7 Sursesaosq T SN . . 420'T /8T &S . sX - 0L T resexy
.« - =l sgreyrdeoy e8rer T I . . _
. ut 8sox hﬁcxﬁw Loy nq sTejtdsoy S A : - S
- TTews ur 390p a3visae Bururiosy, Q' SN tte 2 us 8=X 0L (e - -
I ‘ o . . : S : uTelspIad
. . .wumm 06T :3utod Ssﬂﬁ: 1" SN 2 15 TREE-AEO - ¢ - oL (T 3 ars)
oo _ . o . \ A : |, OL6T
‘ .mvun ommnoam noozump uﬁ& sseanﬁnw 4 SN .62 A q1 S-X 0L | ueyo)
*Sp8q OAT~09T qmmsvon jurod wnutaTy . g N €@ e 41 S-X . DL (2 L96T
.muoa. mmm..omm nwozuop 3utod __3_552 i SN * ¢ ¢ a1 87X, - Ok ,AH =wnoo _
e , m *afuex c._”&ewm. o _ T . #9-09° a.
' Jaao uwoo ommnwbm wﬁmwwnoon T ¢SH=%4 o@ Tyt -g=X ol - n,.nw»mvﬁmh..
by M M : .0>§° © .’.! ) ~ ) o R. .. . ,.‘ .v c
‘18500 wmm.umzw unJI-3I04ys Jo uuu&w IR ' ¢ : - , o 48=T'd
wqawmw.nomv no vo»duwmo dmuﬂmmomw T 2hHe 1 T - -¥s g=I \o._H.i urddsprogcd
. P >t - nH i = wy X g = e =
o AR °F §§  §% ig . F Ef gE.. O F
s d , Q o o o on @ g Qg o
A SUOTINTIU0D ge 5. RBE Eg o TR &F ‘
I . - ’ - 4 0 W ® o b @ S
-~ O [ - =0 Q. 0O e o .0 0
! i ® LI L B BB R
N h ~ : [ A, H Q
B ) o 0. -
L ] . B - \m m.v -
i . THNLVEEITT Ek@ NIIATE QvIngvy :
v ; u = [ .A. ‘ X - . . o N
. 20 .. T-=III dIEVE )



.
- ,
Q. 7 Tt .
A . .
B - ' N N
. .- . . ) -
. . Lo, -
: ) - X ;
. ~
‘ | :
- . ‘
K . . e
N < ; A
*3800 owuho>w ¥l quumdoo hHHsz.
‘ .o>amsﬁonooca s3Tngay .
T e P *s1dwes-jo s3uss
1940 jusssad.ayess jo S9Tiouooy
. . 4
EY X o 4
- *33309 93azese jue3suop
|\ ~97905 o3visre
- mnﬂmaonoov hﬁmzoznﬂamoo IydiTe

", *eaoqw gy

*aTgog 03 mnhzuwn.m1dumnoo Hduammon._
. .. e8xet .vwoomﬂwwumbw wnﬁmdwnowc
. , : @ gTw3Tdsoy Aﬁmam

.Mw.ﬂaﬁﬂ.HQ
. R
\.,- [ .M.\h. ~a.r

o,

wvmn omnmomm nowsuon aqﬁom s:aanﬁ:.

*spaq on ..unaom aaaﬂna:

. _,..v
!

voﬂﬂmbwhm meow %o mwﬂsonoom,

.couaadau honmﬁoﬁmmo qdau S90TA
" =198 30w - vova>onm gre3tdsoy paq

- -

i
|
1
i
{
i
i
_
i

oom.omﬁ muop omH s3urod ummyxey,

JNeom
,xcvs.

T
n.

P93JIoAUT |

xdoz

g

SN

SN

SN

SN

,ﬁnmnﬁm

;‘.¢mm1wn‘

- 490T-24
« 490T~24

99

gectt

Gw.

Gt

82¢*¢T

- oty

°

LT

ULt

64

2/

s=X

"mlae

S=I

. 8=X
S=E -

. s=X,

$~X

X

s=X

L s=X"

B mwx

s=X

S=X

ov
Jm.D<

ov

.ov

oy

14

W

op

o

ov
ov

.\_1._

(& -
: ?aAw]

(T 3 oquy

o

.. .euuag
(€
(e
(T
008ToUBIy
¢
(T
“UFe3IgpTag® z‘
Lxasg
ZoTAey,
3 Jeqdug




5 Ty ; S : 5
‘ . R - " ST - - . R
- ? 3 /'. N - v * ~ E
. = R o - o % i E )
. . 2 - .. - . i
B -~ v - . Mm\ * B Toe
4 N i f .. . s ) ) & . (3
lm‘ - IV\ 3- - . N C .m.v\ em”f . .
. A ‘o : . R . - R
s . C. c - ‘ (S . w &u -
i . - r . . .
v : . w ) ‘ e - _.u ! !
- ) - . K . ’ » a ¢ AL ) !
S -~ : w . , K i
: . : B : . v, ’ v | * -
Tar ;: I - : S
E — » -
..,.Q..\ ’ . .Vu ' M . : EX ' . : o . . ) . A
- A e P8jelg JoN N :
- ’ @ 3 mwdhwleEﬁB +38=1, . !
. P - L B
; N o H.Qﬂo.ﬁu.cwm.lmmo.np .W.lN. , . i
, R ) i )
- . mlmﬁnosH ,nm.qH o . . C
: i z n.:mlu.no&m .u.mmp S 4 o
. el T A < - I - P o
. R vmoo 0wmh0>< uo¢, L RN
- 2 e u.moo H.mpoa WL .
P . ] - : - x . . -
. i . ) B . .QWOMAHG.“>¢&£Q<..
=] \\.. . : . : . ) co - .
A LT \aTnbut. ..4 '
g T umo?%mw.nakﬁ ¥T JuB3SUcO ATawey” T - ¢ - ag.oNeT
. o ) .l.lvnr S A .)Rr.. . .o toe mﬂH nm : .H o< *. 0>.Q..H ..n.,.;.c.
V.SQN.”W. = A . R .,w . ] W ] 0 ¢,_
R - . ' . oL sy, I
B » Ehd - g - N .



co— e ey

in &rentheses 1mmediately beneath each coefﬁclent.. The value of the E E
"t' statistic appeare below the standard error with'mo parenthesq.. :
-occaslonally, the standard error is omitted completely. L :

"n:"i3 Total cqst'timé-séiicg,tigexatuie*" , .
-~"~‘~*‘?aul Feldsteinl S o f‘ «. L2
T R
' Feldstein's work, publlshed in l96f represezéts the earl:l.est |
. l piece of llterature in wh:.ch the techn:.que of regressmn analysm was b
| 'used to study hOSpltal cdst relationshlps. Other economlc analyses ' -&???:f A
"‘perforned at about\the same tlme used relatlvely less sophlstlcated Lwl
TV N

'techniques.z' Little of value a‘ _

ed m the 11terature pr:Lor to 1961
rega.rdlng hospltal cost relat:.ons':"'fz"s'.;. -

In the maln body 51' his work, Feldste:m estimated a short-run

total cbst funct:.on for one 242 bed ‘hoSpltal._ He collected operatlng

L.cost data on.a monthly bas:.s for over two yea.rs. In the, llnear specl_ A

B )

flcathns, whlch he estlma%ed for some hospltal serv1ces, he used
. 'thz xpat:.ent rci’ay as his measure for output. Feldstem acknowledged that .

o '-it was t&ly a surrogate, howevercwHe sum!ned the departmental cost _;
. e

rical Investltlon of the: Marpi
ago: Unlversa.ty of Chlcago, '1'9'

p _‘ estmates to obtam an estimate oi‘ the total monthly operating coS't of
SO
o 'the ent:.re hospltal. In each of the. mdlyldual departmental estlmates’
. - C. T ‘, . e 4 __‘,-’é ": o ‘.
o L | ,» s \‘ o o 4’{ —’:“): .
? . ]PCJ. Feldsteln’ An"Em i) V:a)

v of Hospn,tal Serv1ceb, -

oL 2See H.E. Klarman, rK& - Cojw
* " University Press;. 1965, ~ 'er, 4"Hosp1tals and A]ﬁi
~_.tions", Hospital end“ﬂedlcal Ecofmics, Vol.II, ed. Wfl” MY Re
aé., (Chicago: ‘Hospital Research and Educatmnal Trust\ o

~ 868,. and D. Saathoff and R. Kurtz, "Cost. Per Day’ Com i el
" ‘The Job, Modern Hospltal Vol 99, 1962 P 14-16

- P . - .-—'\,__ ". . s s
e - . . LN . L . B -
. Lot S R :
. . H T ) .
. = Sopo & K
Sy e



'f;day Wi h

3hf average'cost of a patlen doy was 328.?9. tre, the-e’ore, concludcd»

that marglnal cost was apprbxlmately 21 to 27 per cent of average i

A : 0
. AT .

7. 98 (PD + OBPD). During the partlcular Year he studled the ‘= _

— v . M -
e . e . . BN AL T S
\"I P P S
. . . N . .o ' SR ’? R P ¢
'3'Fe1dste1n adJusted the cost aata to rerlect prlce and ﬁage—rate chanbes '
during the year. The follow1ng equathn reflected the coet-output ‘
relatlonships-",’ IR ‘.-. ‘ ;, ' 7:& I ;
'TIIOE '=_ 172,016.92 + ‘F.,.D + 1 56- 'SPD + B 06 OBPD + 3 35 OBD AR
, T+ 2 10 1P + 2.35 XP + 3 21 EKG + .18 PT + b8 @
S .-;».soqst 1t .73 Fct 1 “+ 78, 20 T ;;‘ R n faggg : :
" TMOE < 'total monthly operatlng expense, e : ' - °
»e “PD ; patlent days per month, " RS S ST
‘" MSPD = medical“and‘aurgical-patient-days,l o .;. ;
OBPD" = obstetrlcal patlent days, S
- OBD = nunber ‘of dellverles, E o B
IP = laboratory patlents,‘ . ::, .
. XP o= radlology patients, v U f”%ﬁ
lE§G ~=,EKG patlents, " ‘ “ T .T
) ?TYT= phy51cal therapy patlents, , R ;
0P = number of . operatlons, ' o,
Sf;l = 0.R. monthly supplles expense, . ‘ S o
L * .Fbi;l s monthly food costs, and ; ‘;: '["Ji
B -'..f"\“ - ' . . ’ " “
T =% contlnuous tme var:.able o . o
No value was reported for elther R or Ra:) Each of the coefflclents ‘ o -
'reported above was 51gn111cant at the 5 per cent level in the 1nd1v1-j~ " ‘;-3
dual department estlmates., . “‘,'_, - .‘2." '.{; - SR
' -” feldstem observed that the"marglnal cost of a medlcal-surglcal _ ‘/ o
- S e e de ) e -
- patlent day was $6. 48 (PD + MSPD) and that of an obstetrlcal patlent ' ) ;




- u
o '"_mbeds. Feldsteln felt that future stud1es,d$‘ﬁdsp

= opera'ting“cost'. Since ma.rglnal cost w&"eo much less than average

cost Feldsteln concluded that the hospltal was operatlng on the :

decl;nlng portlon of . the short;gun average cost curve. The bospltal N

_was. not_experlenclng_dlmlnlshlng rarglnalﬂreturns—at—its 51"e of 249 }
V‘osts shculd ®

i .. . ,
- . . . ‘
N

‘;ccncentrate on establishlng the shape of“the average cost -curve. for

each department in 1nd1v1dual hospltals. Thls approach would

~

N prov1de admlnlstrators with the knowledge necessary to operate R ;’af

thelr hospltals as efflclently as pos51ble" 3 C ,"‘ o ': -
S B SRR SN ' o

I = Total G tﬁcﬁgss-Sectional Lite;ature E ""»,..;;,

o CoSRge TS Y o o . . S

" paul Bélastein® .

-Aa llnear relatlcnshlp between total operatlng expense per4year (TOE)

\ .l. B b“ n. '
i
" In an appendlx(to the study discussed above, Feldsteln spe01f1ed

.’ t -

" and the ~number of patlent days per year (PD).‘ He used cost data

:gathered from 51xty U S general hospltals durlng one year.» Vhen-a .

regress1on llne was fltted to the data he obtalned the follbw1ng resu1t°llﬂ

— TOE = 267 692 + 22 86 (PD) R=_-92. RS
e e T a8y . T . m=60. o

of PD 1nd1cated that the result

(1? 9), when calculated conflrmed - '?».'

/.: T ‘wa

3P J. Feldsteln, An Fr"'mm cal Imvebhﬁ;ﬁ-{v’ P.b”,_, ’ R \\__
- ,J-} _ = A VI : - » .
Ibld., P, 60—64 ‘L ‘ ’ '




L .".': : o . S ‘ ‘. .

: q,(} L o "'“; o ) R ;5
that it 1ndeed was highly s1gn1ficant at the 1 per cent level.

Feldsteln’t~conc1u51on was that because there was a p051t1ve '

cOnstant 1n the total cost equat;on, marglnal cosﬁowas less than average

S e -

v ot : - . . . . v ‘ﬂ’ Lot
: ’ '

Ccoet, and therefore, the 1ong-run average coxt curve was decreas1nf ;"\\

over, thearange of hospltals 1ncluded inthe sample, 1.e.,48.to Ls53

beds. ool 4 ) . @ S
e T ‘””‘:,Q* o A L .gﬁ'E; ;:, ; , ~ .
Hercn&"cehen S6 o * e S }
Two stud;es by Cohen are con51dered in this th;_;.‘ h
In a 1967 study, Cohen dlscarded the patlent’day as an accept-
.gw§£lelmeasure of ;utpu:“;nd deVe10p£d 'y comoo51te measure (S ) as/an e
) output surrogate. In do;ng thls, he extended the development of a Y
concept 1n1t1a11y descrlbed by Saathoff and K‘urtz.7 Cohen welghted

.

N »

thlrteen selected hospltal serv1ces by thelr relatlve average costs,
a551gn1ng a value of '1° to the 'adult and pedlatrlcs day" He derlved

hls average cost’ data from direct operatlng'costs and quantlty

B <

statgstlcs for these selected serv1ces “from twenty-three New York C1ty

;-I hospltals whlch were members of the Unlted Hosp1ta1 Fund

o Cohen recognlfld *hat Sk was. not an all 1nc1u51ve measure of the 3

AT
. ' ST
. . .

. 5H A, Cohen, "Varlatlons in 00sts Among Hospltals of leferent ’
Slzes" Southern Bcono.lc Journal Vol. 33,\Nq.§, Jan; - 1967, P. 335—3563

v 6H A. Cohen, "Hospltal CosteCurves_W1th Enpha51s on. heasurlng
Patlent Care' Output", Empirical Studies .in Health Eccnomics, ed. H.E.
Klarman, (Baltlrore. Johns ﬁopllns Press, 1970) P. 279-293‘

-

7D Saathoff and R. Kurtz "Cost Per Day Comparlsons Don‘t Do The'ﬂ
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» variety of hospital services; ‘hovéver, 1~e ‘used it to‘estimate‘ 'twc‘

et

' t:ot'al ‘cc'et funct‘ions. H:Ls purpoee wag to determme whn.ch size. - 0. " '

hospital providem 'ord:mary pat:Lent care' most- effic:.ently. - o

In the fn“st speclflcatlon, Cohen used total cost data from

P

2) = 88 802 6 +19. 05026 55 4+ 000013066 (5

e

1'1) TC = 499 446 3+ 17 16104 8 ; 00002395 (s )

‘ the twenty-three hospltala from whlch he computed S . Secondly, he
estlmated a sm11ar functloq/ usmg cost datgr gatéered from f1fty-

‘ three hcspltale 1ocated in s:.x north-eastern stta.tes.8 He again eme

Y ployed Sk as output. In the second est:.mate Cohen 'also attempted to

"adjust the total cost data for mter-hoqps,tazl wago dlfferentla.ls be—, |
cause he felt that var:.atlons :m salar:.es; were :mduced exogenously to
‘ hosp:l.tals by factors other than s:.ze. He adjusted by elim:matmg cost
| differences attrlbutable to: varlatlons 1n the startn.ng salarles of

'._each hospltal. e,

l\' B} \% . - S : ‘ . o . \ g !

The results of h:.s two analyses were* . R '

(2.33257). (. 000905512)

75 S 4.3 ’j; : J,.‘,
k)z
. (1.76727) *  (,000003908) ‘
N P 11.2 . '«'“—‘_:_“w 33 .‘ R

e,

Cohen reported only the sta.ndard errors however, when computed the

't‘ statletlc, demonstrated that both coefflclents 1n each of the equa-
X Lo S

’t:ions were 51gn:.f1cant at the 1 per cent level. It would appear that .
L I

f/these quadratlc relatmnshipe oould have represented an L-

t:Lvely small, however, Cohen s conclusmn was‘ that the curve had a U-

.

8Cohen sent put survey estlonnalres to 399 hospitals in- s:Lx

ﬁ tes. - Of ‘the 1nty-three that responded tn:u‘ty-flve were located

in New. York Clty. ’

P

.--—-.- I SRS RN ‘ -

’”’shaped average cost #irve. hecause':fm (s ) cgeff l'clents were: rela-
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' “;ghape; : Usins a factor to convert the Sk valuee he had calculated, ;“"fi‘iff'i
_ Cohen found that the mlnlmum«p01nt on ‘the average cost curve fell in 7
B ~jthe 290 to 295 bed range for the fert estlmate and in the 160 to 170 ‘ '; e
7 . bed range for the second.? ' e . e o

N In 1970 Cohen publlshed a second study estlmatlng the relation-' o

7,

':shlp between total cbst and S ' He observed that hlB oompoelte measure

‘alone d1d not adequately reflect differences in output quallty between ‘

fhospltals since 1t 1mp11c1tly assumed~output to be hOmogenous in all g #ﬁu»
S ’,‘ =N . i
. N i L "
._hospltals. To control for quallty dlfferences he 1ntroduced a dummy n !
. < )
‘ varlable 1nto the spe01ficatlon whlch he made equal to '1' when a

O e '
h05p1tal was aseoc1ated w1th ‘a med1cal sphool and equal to 'O' when 1t -};»'

»

[;was not. aff111ated.< The author used cost déta fron twenty-flve New York

Clty hospltals whlch all belonged to the Unlted Hospltal Fund. The :{ fﬂ,vif3=5_
, . Co -
“F;otal cost 1ncluded only the“dlrect costs assoc1ated with the serv1ces

L

"; of?éred routlneiy by these hospltals. All 1nd1rect and non-patlent care

‘Z.tAcosts 1nclud1ng.cap1ta1 cqsts wene excluded. e {nf ff; ;
o R N N
" = 4,100 ooc s .oooosa (sk)2 T R

RO 3 7oo 1000 4,013 () + 00009 (s )2 S R

) ( 006) . ( OOOOOLI') L L ;';‘. FEA .n.= 25 _‘ e ’

R 2 l .‘v.’ K . , 12 5 5 l' A‘ B H . : ..~ ~“ , '-, . -. v ‘H':.i. . .”v l‘
d=1-:: afflllated . i CL )
d=0 : nonafflllated . T T L e LT

R B
- X - ~

- 9Cohen used the conver51on factor 1S —500 patlent days.“ He Lo ”ff'v;:f-
neglected to provide it in his: 1867 study but he provided it in the : . =~ . = ’
1970 study. The conver51on factor was wlthout statlstlcal support..,
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| Although Cohen d1d not report the 't'vstatlstics, when calculated
B they indlcated that the values ef the coefﬁcients of (s“)2 in both

festlmates were hlghly signlflcant et the 1 per cen\\level. The co- N

B jeff1c1ent of the aflelatlon dummy was barely slgnificant at the 5

' pen cent 1eve1L The value of R was only slightly improved by the‘ i!',,v ;?Qv

: -,

- attempt to control for dlfferencee in quallty. ::f
| After he converted Sk into terms of beds Cohen reported that a”
U-shaped average cost curve was 1nd1cated by both est1mates.~ It
°.if.reached a m1n1mum,poznt between 560 and 570 beds when the affillatlon ‘
'fdumﬁy was not used and a mlnimum po;nt between 5#0 and 555 beds when )
Ev‘;the<§ummy was 1ncluded‘1n the estlmate.. Again it was questlbnable ‘_i

: Vthat the average cost curve was not actually L-shaped conslderlng

,‘that the (S )2 coefflclent was 80 sgall: Co .'ff::‘ f;;-

“» b l‘ . '4:"”
_ John Carr and Paul Feldste1n1o - 8 ?f,‘ ft o ':;;-“f J.'ESQ: o
; “ ; " - ‘|~ - . o } X .
A Carr ﬁd Feldsteln collaborated 1n a.n extensmn and an’ elabor-

R _
J'_atlon of Feldsteln 's work. jf Thex used operatlng cost data rbported

Mto the . Amer1can Hosp1ta1 Assoclatlon by 3, 147 non-proflt U.S general .:”

3

. ghospkta1s.- No adJustment ‘was. made to coutrol for depreciatign.(’They SJ
- d1d adgust thelr cost data for geographlc wage dlfferences %gimgﬁtl-,:

' plylng the number of full-t:Le equlvalent employees in: each hospltalg
.lby the aterage yearly wage rate pald bx all of. the hospltals in the -

:haample. ThlB amount they comblned wlth non—payroil costs to glve an.. '

~adjusted total cost f1gure. o L 4

10V.J. Cairr and P.J, Feldsteln,‘. "The Relata.onsh:.p of Cost. to e, sl

Hospltal SlzeA Angiiiry;. Vol.h! Nb.?, June, 1967, P 45-65. . '
f&ﬁﬁ’tghi‘1jP.J.‘Feldste1n, An Empirlcal Investlgatlon, P 69—64.-_}f;';;;';f

A -
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,f;f Carr and Feldsteln performed two separate analyses of thelr data. R
’ In both they specifled a total cost funct1on rn quadratic form and

:used patient daye (PD) to represent 51ze. The ultlmate a1m of thelr

:-onrk vas to estimate the net effecn of hoep1ta1 slze upon the cost of
:, in-hospital care.. | | ". _ : , t |

- b In the flrst analysls Carr and Feldstein estlmated an aggregate, :t,;ffibeg
"vlong-run, total cost functlon for thelr Bample. They 1nc1uded elght o 8

' meaeures of eerv1ee capablllty in. the sPeclflcatlon as dummy varlablee. - - ;ff:

o

{S': ~-f number of serv1ces and faclllties ava;lable.~

w _S.PD e" the number of seruces and faclllties timee the number of o f
0PV’ - the number of . outpatlent vzslts. ; > ‘_ o, "
, T T .
NS ' ~ the presence of a profe551ona1 efhool of nurelng. RPN T -
N . - the number of student nurses.‘ e ‘ 3 tl
’ .:IRPLF- the number of types of 1ﬁ§grnsh1p and. re51dency programs ) )
: offered f.b, R . Ja ' L
. IBf - the number of 1nterns and regldents. -:u“~*:: o .,““fjfjgjiﬁﬁgi”
‘,MS i afflllatlon w1th a medlcal school. "}',ﬁ
The estlmate of the totdl cost functlon was"u' '
e ::"_-307,568 + 3470 PD. 4 0000351, (PD) -31 ;(.s.‘PD)‘.; 23,188 NS .
ST (1.19). 0 (.0000029) o (LO7) (31,593) . -
. ‘ 29. VY 12.1 o 'm_h.h, SR T3
-_‘\_+503’+ m+33 827s+l+81opv-1805N+55347 IRP oy
CTten TGy Gy Tess) (s,asm R
8.2 *-_ 9 3 _’. b1 6 10.1- 5, g el
+17l+ 296 MS T AN .'122:.9.47
Goghy: = T sl
. 3,7 S S SR ;«v-, P :
. . " . " N . e z . B ‘

Although Carr’ and Feldsteln aid not report any 't' statlstlcs,' L e

when calculated they conflrmed thab all“gg the coefflclents were ’

\ - - el e . . S

W L ) Jsu» L
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aignificant at the 1 pér cént 1eve1 except NS the result for whlch was

4

not slgnxflcant even at the 5 per cent level. They attrlbuted the un- -

expected negatlve constant to a hlgh degree of correlatlon between the .

various 1ndependent varlables. They calculated an estlmate of the
average cost functlon by d1v1d1ng the coefflclents of PD PD2 and the
’ constant by the total number of patlent days per year. The other 1n-_
dependent varlables were not 1ncluded 1n thls calculation.. The average:
“cost. equatlon whlch resulted prov1ded a U-shaped curve whlch reached
P its mlnimum p01nt at 190 beds. | - o, |
| In a second analy51s Carr and Feldsteln stratifled thelr sample -

into f1ve serv1ce-capab111ty groups accdrdlng to the number of serv1ces

offered by each hospltal. In d01ng this, they expected to 11m1t t

e?fect whlch the number of serVices had on the cost-slze relatlonship, :._4

o ¢ 0

For each of the flve groups they estlmated 8 total cost functlon u51ng

2 . ,» PR

the same 1ndependent varlables as in the flrst analysls omlttlng only

Se The net result of the stratlflcatlon was. to produce flve shpkt-rd&&n, o

sltuatlons.;2> Table III-2 reports thelr results for the constant'term,,

--"_ﬂ.—l?D"and-PD2 in each group. : w‘,hn;;ﬂ' ' h_lw_ Q e il
The coeff1c1ents of PD were all hlghly 51gn1flcant,at the 1 per -

cent level except for, the PD coeff1c1ent of Groit

signiflcant at’ the 5 per cent level. The coefflclent of PD2 was 51gn1-mv

- .
flcant at the 5 per dent level for Group ZMand at the 1 per cent level o

e
~

. ’ . ,'

B 12See the dlscu551on in Chapter'II regardlng the . 1ong-run average
cost curve.and _in particular, Figure 15 - which illustrates that ‘the
long-run average cost curve is composed of a serles of- short-run curves.




.“. T ke

566

6y

96 al€oooo®
. osgr . 64T0000°~

62l glgr - 97T0000*

1L (yzo000t)
198" 4990000

gt - 2810000°~

¢.m
Amoooooo )

. 0T
(8410000°)

.8 -
(4910000°)

g2

(GT50000°)

ki

T

- §2-02

L 6T-AT

Nm : Qm . . Qnm o A.uﬁd#mﬁov.

mﬂn R
, mnsomm EEE&%

HU“EENm id nbmmbo Qz< ISQD TVIOL zmmamm .

mHmwzoﬁ_..g mEH .mo  SALYNLLST m.zHﬂmé nz< m.mﬁv

k]

: ..,_N-HHH.uum<a . m.4.\ i

mmo?&om .Ho .

uoasaz

-,

-

dnoxp

I3
-



. : 7é."

-~ for. Group 5. ﬁThe authors converted thelr results to average cost per :
'patient day. ' They found evidence which indlcated that dlmlnlshlng “".;,'fyg

marginal returns occurred only for the larger hospltals in Group 5 S

" the hlghest serv1ce—capabllity group, It s conciuded that the level

o

of average cost vas greater the more services a group contalned._

After con51der1ng their results, Carr and Feldsteln concluded o

ER o N

that at the aggregate level, .the average cost/per day inltlally fell o ) - ?
et - . <.
/’as size 1ncreased but probably rose- 1n.very large honltalB. c

P . .
. ‘-7.": R " : ) ¢ . o L, o

: R D- h’aserlB ‘ ' ) ' R . -_ o .1 :':: 4“ ,‘. 4‘ = .

-

Fraser was glven access to cost data gathered bx_the Domiﬁlon f
Bureau»of Statlstlcs from Ty 266 'publlé general and allied speclal

hospltals' in Canada. W1th thls data he est1mated 290 total costvla' N

Fraser used three dlfferent measures ef total cost 1n h1s estl-:

L

: mates: 1) total operatlng cost plus the sum of the éstlmated depre- o ;-7»é‘ﬁ

clatlon on bulldlngs,’land 1mprovements and major equlpment- 2) total fﬁ ’

”[ bperatlng cost plus one—tenth of the total value of plant assets- 3)
total operatlng cost alone. In addltlon, he consldered;four dlfferent

measures of output in hls analyses' 1) patient-days, 2) the number of ‘ fag

K [

'» admiss1ons, 3) the rated bed capaclty, and 4) the pomﬁoslte measure

l ¢£h Fraser, Canadaan Hos ital Cosés Eid Eff1c1enc"_ ial - .
Stud No. 13, Prep&red for the Econamic Council of Canada, (Ottawa: . - .. R
TE?ormatlon Canada; 1971). In his first estimate ,of total- cost Fraser - ..
- inecluded deprec1atlon of land.. Under normal accountlng practlce land ' g

-is normally not depreclated. .

.
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of output ¥y developed by HoA. Cohen descrlbed above.l»l*- In some' of
his equatlons Fraser 1nc1uded dummy varlables to represent the pre- :

_sence_of tralnlng programs for n nurses and 1nterns as. surrogates reu‘gffh (m»!

presentlng quallty. He also 1ncluded a capac1ty utlllzatlon dumry | "Q?,f;ﬁ

»varlable to 1nd1cate the : presence of rigid patterns- of patlent movement . O
2 : ' L o .. . . H
thro hbsp1tals in some estlmates. . ' R

o

, ‘er estimated a number of. long;run total cost relaﬁlonshlps |
_ h.by prov;nce i which he used data reflectlng theﬁh:havxnur'of all

“gei Canadlan H&spltals. He used varlous comblnatlohs of hls three ‘meagures o iﬁ,uﬁﬁ
\\of total cost and‘hls four measures of output. He found that the re~’ '5-;.3 -

G .
A : e - i

iﬂﬂxs obtalned w1th the estlmates 1ncorporat1ng the comp051te measure
‘Pf output ¢s*) vere the most supportlve of his hypothe51s of decrea51ng -

C e average\cost. He employed the composite measure 1n the maaorlty of. hls'

e

estlmates. .

’ N

Fraser grouped the cost data for acute care general hd!pltals and

. ¥
; then estlmated nlnety total cost relatlonshlps u51ng only Sk for. output.

.. .

All but nlne 1ncluded a measure of capltal cost. He stratlfled hlB.

. ".‘.‘.'*',‘.:,-' »
’ sample 1nto n1ne groups accordlns to bed smze and, in effect, analyzed

"t

"-nlne short-run 51tuatlons. ? The groups were as follows' 1—9 beds,

'-310-24 beds 25-49 beds 50-99 beds, 100:199 beds 200;299 beds, 3oo-u99

A

r”’.beds, 5oo-999 beds and 1, ooo Peds, or more.,

. FANN . P >
ey A . L A
T

\._ . . : ’ .

e -;uh.A.?Cohen,,"Varlatlons in Costs Among Hospltals of leferent . -
: Slzes" v

5Append:.x A contalns the ten tables of resdlts obtalned by S

gFraser in hls ana1y51s of acute care general hosp;tals in Canada: .
e T

7 . - .» ”»‘_ . .» . - >~ . | , ‘ - -~ »\v . ‘ . X L . . “‘f’;;‘
‘o PR L . . ‘,' oo : R ~ oo - -'.‘.'u" r-&. oY
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Fraser's results 1nd1cated that in slmple llnear estlmates the ! R
4 ot

' values of ﬁhe coefflclents of S were generally large and hlghly o 1;‘
signlficant at the 1 per cent level for every size’ hospital. Only B *l oL
'the group of 1, 000 ‘beds or more had some, coefflclents which were not st

[ - "m'.: :
at a1l slgnlflcant., The estlmates of the quadratlc relatlonship pro- o

duced results which 1nd1cated ‘that the coeff1c1ents of Sk .were generally

ﬁlarge and slgnlflcant at the 5 per cent level except for the two groups.

of 300-499 beds and 500-999. The coefflclents of (S )é were frequen y ‘e
ks U

negat1ve but 1n almost -every instance, whether. p051t1ve or negat

they were not slgnlficant at the 5 per cent ievel. Fraser s resul

indicated that total operatlng costs were generally r151ng at’ a‘de- RER

37

creaslng rate for almost every size general hospital in Canada There 1

' was not any maaor dlfference between the results usan‘operatahg cost L

0.
-

and thpse wheqh also 1ncluded capmtal costs. S T

o
no

Fraser concluded\that 1t would not be unllkely if. decrea51ng
Mnﬁq’asted for Chnadlan general
-’

‘*hlong-run average cost curves gener_%
5 ﬁith that- of Cohen who concluded

hospltals. Thls conclu51on was at o

* that the average cost curve had a U-shape and that #n, optlmum level of’ ‘{'

B output exlsted.. h Cohen and Fraser uéed S to represent output, ; - f?w_
both speclfled quadratlc total cost relat;onshlps and for both thelfﬂ..'uuggi
0N o ‘q ,
results were sggnlflcant.' Fraser d1d however, have a 1argér sample Y R

whlch llkely contalned far more small and;non-urban hosp1tals than d1d°b -

is

‘ Cohen -] sample. Fraser 5 sample also llkely contalned fewer 1arge451ze

\\hospltals. It could also be that large Canadlan hospltals do not ap-

proach the s1ze of thelr Amerlcan counterparts particularly 1n ‘& Iarg@

'15f'urhan center such as New' York Clty. Fraser dlsaggregated hlS data into - '

7

PR
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n:Lne sme categorles whereas Cohen retamed an aggregate approe(ch. ;
It J.B possible that their dlfi‘erent resuits were re;,dtqd to some of’ . ;
" the. &(‘ferences in data, samples or t\echque. ,' Do e

i‘_’ﬂ«’a e . - —
.TOSQph Kushnerf R R ST PR

‘ o .'.;\ { . o, - . ; . . ':,|

- _r,," . K'ushner prepared two est_:_:.mate§ of & totai, cost functl‘

N - w‘
. data whlch reflected the o;pera%ions of acute‘lca.re gegeral hosplta
\ - .' ' .. L K
\ Ontario. W',- : » .
N . - Iy u'“ e ' e . ’ . - "‘L!
! h;s first Fdntlnmte to ipclude . -y 1. ;'& "
. . lf;._‘ ".v ‘ L4 "" l
ntar!aq. By doing’&thls, he o.. " 5‘?‘
- hoped to4 obtaln a relatlvely more | ',ample w:Lt'h re dtd to S O

A

He ; 5% uz‘ﬁhei' iﬁ&‘eag ﬁfe\h
- of his gost da,ta by excftud'#;éa anouy .

‘ao AJ'_/f,

v the type of pat;enﬁs,ﬁ:o heir 111nes$es and to ,ed.ucatlon prggrams'wﬁth«

v / :
..",g; a.n 1nst1tut10n. '

N

& PR | Lt
o . 2 . - . X o o .
. o 16 P A')\ ﬁ?w Ch o ‘!
R Ja Kushner,_ ! Te in the Gerlerdl- H<§sp1t$0. Indust:;y.,. L :
- Unpubllshed Ph.D. D ) d;oh n‘ta.:‘ ¢ Uni eg;ity of Wesf,er’z}
Oitario, 1969). ' AR o sj
. oL :,.ﬁ‘ﬁ ;‘ };;,' Ty b3 R L,
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S Kuahner developed his own measure of, dutput thg adgusted

patient day (APD).‘. It was 1eq,u1valeut’ o’ the sum ofs the patlent days 0

per_yea.r plu‘s ay ‘v 'Iﬂe equal to seventy-f:.ve pe,r ‘é:ent of the empty; beds : ~

mamtalned d ';H yearr h}y a hospltal. He 1mp11c1t1y ‘a8 umed that .
» & .
some output as always belng produced 1n a hOSpﬁ!al whether or not ,
0 . . '&?) .
s, gt ‘ ’ Y. » '
* i there We re ény opatlents.. In hlB estlmate of the relatlonshlb between P o v
Y -ﬁl" -“" L o N - N "n."”‘,,«

to‘t@; hctel costs aéd ad;}usted pablent days, Kushner speclfied a poly“-
" A

§om1al relat:.onshlp gf the thl.rd degree.,_ No other i*ndepende,nt vari-

V. ¥,

*,c n‘ ables wez'e 1ncluded rn the equatmn. :\ ?’w f L“- C " ' ‘ e f ‘iv\ ,'..*.

‘$~'Z 23 20 AFD < .oooo7593 apn? + .Qooooocoo302§ Apﬁyl’-ft R 97555 1”3 ;f?_ﬁ

Lol T19a79 e kg 098 M“ EEERERE 594. s m=9%, e

&” . . Kushner reported ‘the 't' values f&‘ eac'ﬁ of the three APD terms M E

""f‘, | ih the estlnate. Each estlmateda;oef{lclent was slgnlflcant at \the 1 |

per cent level.‘ H:Ls resu}t suppprted hls H&o‘if’".};sﬁ-that the long-run , ;‘ s

" vsve;;age cgst@ cu;‘}e !or all hosgltals w&‘g U-sh}ge d 'The curve rﬁched . »‘ %{’
" d o o ,..‘ .‘“ Lo R A I

. wfﬁj lfllm.mum g\o:mt at §§9 beds. i v." 2; % ) »‘k "#g = '.'.' 'Z“'ji :.

3? In the" second analys;s, Kushner agaln* spec:,f&awto,tal b h

, : '-relatlonshlp o*t‘ the thﬁ‘d degree..‘v- e' us.ed° data, *gathered fromil]: 17; o L j
.“"'T‘j‘.Ontarlo general hospltals ‘but he dld‘notad‘}ust ‘?ﬁ\éany facterf i | i

-“cludmg the cost of capn.tal. Heﬁused‘the terr'l .potentlal patlent days o ;

~;:(BPD) to represent 61ze. He felt thaf BPD. reflected the actual*ﬁumbe;s cld

' N .@J; e,«ﬂ-&n A e '
it ST REEE - . SN S
P S . , .’ ‘ - '.: d‘: S . . S .
. Im.t:.ally, Kushner spec:.f;ﬁ an equriltlon of flfteen mdependezgt
b ;_-;va.rlables whlch represented output 1n elgh‘g/Sernce areas. 1 I‘%e rest g
.o : ' “ -< E L e "."* AT s & ] s
) - & . S (a : B Y P
o were dummles > »toi,r 1'R:mmept: quallty. Kushner estimated a rglatlon- C e
o BRI "-':,v.' " ’v f - ;
ohould RS AT

N S




o E g e o
! ’ e 4 : h [ ] L T . ‘ .. 72
g ' ‘m. v o = :
W "10510&11)' take". Ris fourth and flnal esmmate upon whlch he' besed o
W om s g'l‘

P

“"?ﬁa conclunﬁ;s was: E ,"; "; ‘-j ».‘f’, v ,.
- »ATG 2h29.6- HED 46, 208 HAT~-~1—11‘ P:h:,B’- 8~877—00Nv- mﬁto—cxm ST —
o maeth L 5*& 47592 b2e8t e
’;+ 2,504 0CC + 739 300 NS 4.2 290 GN + 35 58 peD ¥ 00002395 Iagn -

.,1&4\ . 6,062 . .« 1*o=7 " 20. 76 - ‘* ,.-1 773 .

e ooodoooooo9o31 PPD3 L i ‘ TR 98880 -
PR ¥ R PEREE " SR
where MED o= rat1o of medlcal patients to total patients, S
- . : ‘ MAT =‘rat10 of" matern:.t.yﬂ%at et \
e 'PAEﬁ rat:.o -of paedla;cr}/cl ;ab ; ’ ¢ A 3
kS | ) : CONV ratlo of convelescerlt pat:.&éi"s to total patlents, " \ " i {,b
. B CHR - ratlo of chronlc zpatlen;:‘s.‘go tdtai‘pat‘lents, : R
’OCC = occupa.n%;_ ré.t‘eu, M e .' ,* o ‘..w-.“ S
“: aMS = pres’ené 'ff,, > a medlcal school*- " ) '%» | ., S &
RN ‘GN = ratio of’ graduate nurses tp 'ﬁtal hurs;l.ng étg.ff
' ﬂ : The coxlclents of PPD a.nd“ﬁl—"D3 wé’re both s:.gnlflcant af‘ the 1 7
;_ éer cent level- the 15§D coeff1c1ent é'as hig%ﬁ 1.f1cant. . The PPI')E (':
' coefflcleqj; was not 51gn1f1cant at the 5 ﬁe;~g.e1;’1‘t level. Of the other ‘ . §
L mdqpé;dent varlables only:IS a.nd CHR wer; 51g'n1f1cacrrt3 .The shape %:; ﬁ'
e the tdtal cost cu.rve was sm:.lar 'to th.e flrst one estlxnated by‘Kushnez:-.".‘ "“
,Be conoluded a.galn that the 1ong-rm average co'st c:n've was U—skaped é_g ' '
) "'« and thé’t 1n th;.s case, thg mlm..dum leve}: was(348 %edaT v,‘; ~ /’
,"" Kﬁshner consmered‘ both of hig rfesult)s a.nd’.@nc'lﬁﬂed that the Lo
“ ptmyg hosp:ldﬁl slze was somewhez‘e wztl;ln ﬁthhe -30C to 500 bed r&nge. ‘ ; _b \
et Cia B
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oo 78
’ . “w"",""'"?”*-"‘ I o B
_ *. o ‘HII ‘.;_Average Cost -Crossé-Sect'ioneJ. Literature - -
’ . : s ' N ' [:_:. ‘ '
."‘ -7 ‘.“.p.; . N k . ' ’ ,‘ . A.‘ “d ’ ‘l‘ '-';.‘,. » ‘- " F.A :
. I._L._Ingba.r andL, D.4 Taylorl7 T T T e o e
¥ &ngbar and Taylor performed two separ'ate aggregate analyses of v
.'Q »
hospltal average cost. ‘*‘hey had access to & wide range of cost 1nfor-

B 2

nietiOn supplled by the accredlted general hostltals of Nassachulettes o
wh:.ch ranged .’Ln slze from. thirty-one beds to 331. Inltla.lly, the »
authors hypotheslzed that over 100 varlables mlght affect hosp:.tal a0

costs. 'I'hey reduced these va.riables to s:Lx fectors

wh ch by themselves
- accounted for much of the varlatron in the orlglnal 11 of varlables.

. The s:Lx fact o re used as the independent va.rlables in. the SpGCl-

s flcation. The s:.x weres "

o - y '.,\Y :_- hospltal serv1ce expense per pat:.ent day (PD).Q
g Q 55-5‘ = medﬂfcalﬁnd surglcal .phyéfcal exrense ?ér jPD,i-. *ﬂ .,: -
- o 877 = welghted operat:.ons per Ji:D : %@9.: S — L ’f - T
T g 87’= Outpatlent radloloslcal wel thed flfl. per’ PD,
¥ ; 8 , i gﬂ S .@ -
TS - tie : ' »4“%? C e
- ) D e . %- o 3
.'» 'ii, : ‘ ' ' e
T In the ﬁrst a.na}yms Ingbar a.nd Taylor speclfled-a, quadra.tlc

ey & ' ' '
felatlonshlp. They—uée@ost dgta gathered from seventy—-two ho'.5p1tals

. omb:.ned for the twd years %f 1958‘811? 1959. In a second estlmate they et

\speclfled a s mllar ;;elatlbnshlp, a.mi used combined costs for the years B v Ao
8 - ) N . ,./. Comm T - -,;v n o ‘ . ‘ B ‘,.:.

" T L
L. Ingbar lmd L.D Taylor Hos 'tal Costs in Mai ch'u'sette_s, s
¢ Maﬁs Harﬁh&d Unlvers:Lty z:e:s,sr 9 s -

: - M, $ L
s B R R . PR . 4 .
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§ S e L e,
1962 and 1963 from sixty-seven hospltels. The result fpr the flrst - _ & .
;:, o eet‘imete was"-m:i‘;__.ﬂ : . " | - ‘ - oo I.} ;
__ T=29.86. 01905 55) 2505 03- (577) +13.4 ,(s§8’ -F".%BE s 9‘5> R
- L @35) <'+1°") V<23 TG T
3 3 ¢ Ve 11 % 2158 () b
(1.9 )58‘ CED) x3_8 O N
2. ‘215 '\_‘. 3.3
.;,‘,‘ 3 'I'he second estlmate‘-ylelded the followmg spe01f1cat10n' )
X, =30 83 + 657 (555) + 122.38 Sye) + 13.79 L5gg) +
- 1.96) . (50.76). 9]
. ‘ - C335 T - 2’+l .
"*+3,87( )-1oé .-735<x)
s oo)t%s (7.20) 667
Sl 102 .. floa
- - o ',5; : :
. The i‘esults mdlcated that the average cost curve had an 1nverted

U-shape w}uch peakWt J.SO a.nd 190 beds respectlvely when 1958—9 and

'e\n

1962-3 data were used. The' varlables representlng slze “( ) and (
_ 38 8

.- %&.~

".'were _'both slgnlflcanj: at .the 5 per cent level 1n the flrs\éstimate but
- ‘\ .. .
: "nelther was Q‘J{e'nlflcant ? the s&nd estlmate. The 1nverted U-shape

'was contra.ry to the exoectatlon Qf Ingba.r a.nd T&or. "‘hey concluded
\

. ,'_,,;.'f'however, that smce the 1nverted U. was relatlvely sl;*llow a-.nd smce the .

o coefflclents 1;1 ,t~he second estlmate vere’ not smgnlflca.nt the: results
- ?’ . ' -‘).'?’ s @ Qe ’ /) .
% ﬁ‘ f‘ Questlonable vﬂue ﬁr pm poses of ppllcy formul/atlon. They

Y

"ated that thelr results reflected the fact tha‘t hospitals 1n tf’he

» T, o 3. . .,

. 15@‘ to 2&) bed ra.nge mlght have been pr"ov1d1ng more serv1ces than was.

" “ ' LE et

: necessary fgr maxlmum efflclency- Co ;é' Tl LS
Ce o e ‘ ST v .




AjRalph-Berrila"‘”"'.‘ o j‘]' ; B .’: ) i'-~. | 1 '.‘ 'd . ':_7_”;3
‘,1 ;i _ Fbr h1s study Berry used cost data fron 5 293 non-federal, «

o ¢
,

’~_ short-term U. S general hb p1t Se He ob erved thut in 11ve=tlgat ng
the exlstence of economles of scale -in‘ the hospltal fleld the patlent
- day should not be used as a meaSUre ‘of output. Slnce large hospltals_"

generally offer nore sérvlces t o small ones, he argued that to-. \fj

‘ . .
g} L cdmpare hospltals on the basls of thelr cost per patlent day was’ to

.

actually compare the cost of a varlety of dlfferent 'products' ) In hls

. analysig’Berry attempted to. reduce the varlety of products by stratl-
fylng hls sampleopopulatlon. o e
¢ . N .
Berry observed that ‘an 1nter-relatlonship exlsted“betweln hospltal
L

51ze, average cost and scope of; serv1ces! S&nce hls alm was to exarlne '
ﬁ.

v . ; {: o
S et whlch scope of servmces had onVAVerage cost. He stratlraed th A S
T - "~ S
T sanple by grouplng the hospltals acoordang to whlch conb%natlon of . .'.--ﬁﬁ? ‘

twenty-elght fac111t1es and serv1ces each offered.e The serv1ces and

5o

e facllltles 1nc1uded 1te S‘suchwas an Operatlng room, a 1aboratory, a - ¢

, i - R A
dellvery room and a pharracy. Benry 5 procedure assured“that 1n any B “ﬂf_'

v ® L o e

B one gropp all of the hospltals offered a llke comblnatlon of serv1ces Y
x'v":' ‘ . hx.

'f and fac111t1es, and thaf each prpduceagserv1ce in 1dentlcal prOportlons.i~‘3‘3;g

Out of over 3 OOO groups of hOSpltals Berry/used only those f,'_ ‘t;'f,.

-

"whlch 1nc1uded ten or more hospltals Although thls procedure e11m1n- C “ﬁf

- ¥
3 ated 85 per cent of hlS orlgxnal sample populatlon, 1t pr dsfourty.-

- ‘ . . . ST o S - ]‘“- ". ,‘,‘_ & . . .:'., . ) ”.“{., ~. R _-. . L .
- % 418 u b I < . A
e R. E..Berry "REturns to Scale in. the Product1on of Hospltal R -
‘f.‘ Servi'c s" Health Serv-n.ces Research,«ﬁ\ﬁl 2 "No. 2.,»Spmng 1967, S A
”l P. 123-1390 ¢ ’ e . . ) % -

T N _‘4;;_ <_ - ‘.-. N - -' o :
4 e, ) o DA : B "y ;‘ . . Pe
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R Al .

, b
o groups of h05p1ta1s each honogeneous as._ to_selv1ces'and—factlrties. Y

He spec1fied a smple llnear rela.tlonshlp *tween average cost per ‘

patdent day (Y) and total patlent days (PD) Slnce he stratlfled PR

hls populatlcn, he, :m effect, estlmated fourty short-run average = R ﬁ
varlable cost functlons. (Hls results are presented 1n Table III-3) s
| Berry found that in thlrty-slx of hls-fourty estlmates,

average cost and patlent days were negatlvely correlated. cIn the

same thlrty-sm estm’ates, the coeff1c1ent of - patlent days was nega-
tlve., Us:Lng a 'rule of thumb' whlch requlred that a, coefficn.ent - .

Just exceed the value of ‘its ‘standard error, Berry concluded that

L R

twenty-slx of the thlrty-sa.x negatlve relatlonsha.ps were '51gnlf1-~' o
-is--'»

A R S

-cant'- Berry nade no conclus:.orbs based on the slgnlflcance of the

L 't' values.« Hls conclli'slon was th%t smce. ﬁecllnlng average costs.'-‘

-

| ‘were present m so many of hls est'imates tﬁat éﬁey couid only ha.ve”' T

- . I‘esulted' if ins fact econom.es of scale _prevalled g LT .‘
| Meg the 't' values are cons:Ldered, one flads ttlat one est; : “
mate Vllt;} a pos:.t;we PD coeff1c1ent lS 51gn1flcant at the 1 per cent X

'. ".:‘.J;evel f;veuwlth negatlve PD coefflclents are s)a.gnlflc%t at thel o i,f-‘f.,’
S per cent clevel and one negatlve PD- coef"‘;‘lca&i

"'1s s:.gnlflcant at the ‘-"f-“ o

i3

. . L IR

- 5 per centmevel ThlB hardly stltutes ovzrwhelrrlng suppo& for
Berry s COnclusLon regardlng the prevalance of econcmles of scale B ,i'
"'111 the hosp1tal f1e SN * _.-3
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oy " BERRY'S- nsmxrmms om: THE RELATIONSHIP o

|  EESYNEN AVERAGE COST AND. OUTPUT
: (Grouped by Llle Comblnatlons of - Serv1ces and Fac111t1es)

. =

PR

. .. s

“, Numbep of Services " v
g -'Acé

Group
- In Common

‘f 4

29 41-.0003 PD
| 35. 72-.0008 PD
29.05-:0003 PD .
35. 05-.0006 PD
' 31.83-. oooh pp - 1.
37 02-.0006 PD .
35. 62-.0007 PD 1
'35, 21.,,;0007 m,_; L
27.:48-.0001 B,
hp, 41-.0015 PD

36 71-.0012 D S

[ o

Y
.

0 g o W N

~
B4

,135.92-.0004 PD i'i:»
. 3%k3-,0006 PD :
- 27.83-.0004 PD;
- 58, 63-.0001 PD },
,33 50,0005 BD: -
. 33.58-.0003®D . C.

- 31.48-.0008 PD .

_ ;,_3?.86- 0008 PD . 1

23,93+50003 ppi
k120003 PD N
:22.96+,0003 PD
44,352,000 PD

2 63

o
%
€
‘PQ
;
¥
-9
3
.
B




[N

10 . 3330200005 BD . 146 .. 12

9 30,06-.0004 PD - .84
I 30.99-.0003 PD. .56 - . Ygr2t
8 ,_.38-1‘?'::,0005 FD 100 12
5 s 43.96..0020PD  1.69° 12
9 07 '37.48-.0005BD . 1.35 fa
"9 T+~ 34,80,0004 PD o .06 11
9. . 31.02-.0006 PD - .52 . 11
9. ' 32.05-.0003PD - 115, 1
RERCEE -39.45-.0013 PD - . 110 11
Y'Y 44,23-,0001 PD «,,,119 B E O
0 49.17-.0016 PD  2.46 *+ 10
- 32 ,34~,0004 PD ' ¥ 10
8. " 18.46+.dor6 pp - WOL+ . 10
22 o * e 90+,.oool PD. . .52 10

* - 51gnlflcant at the 1 per cent level

' z - s:.gnlflca.nt at the 5 g,er cent level .‘ -
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Martin Felaeééin19 :

\ ‘
-

. r - ‘ - .‘-" Y - lR
* In a comprehen51ve health study, Fqldsteln devoted one sectlon

84 -

-t

o Martln Feldsteln op1ned that the 'number of cases' Qas supeflof '
.'to any other alternatlve measure for hospltal output because 1t 1n- h f@hgﬁﬁ
‘clude—-koth llve dlscharges and dﬁuﬁhs Subsequently, he speclfled | »
” ' h 1 e;r~and quadratlc forms and hls -
ep:esehted-tﬁeﬁgverage_cestfjer cagp; Cap1ta1
'frbm the ccstadata.i feldsteln used the
) to’ repres t scale as the 1ndependent varlable.
His estlmates 6f the average cost unctlon unadgusted for casehmlx weres -
4(10'.2.)'13'1'",”' - -.'/ R»_=.‘61+.8 ? ,
" b o I ?f177“"7“

. to ‘an’ analy51s of the effects of scale on hospltal average cost. He ‘

L

dgathered hls data from a sample of 177 acute non-teachlng‘hospltals 1n '

\

,England and Wales._ The hospltals ranged 1n size from seventyatwo to

1, 064 beds wlth a mean size of 302 9 beds..

292, @ s

i 38 (10 5)131 RZ‘_.o48" "

ci 2 l+9 16 + 1.92 (10"2) :
‘ 89)

e ey
I S 1.08°

He felt that in any analysns of hospitau

small

| - =3
19M S, Fe1dste1n, Ec““o"*”.J“"’"°*" Sor. Uc=’l"'h °c*v1ce Efflc- dc"‘;_-‘; L
(Amsterdam° North—Hollan ? bllshlng Corpahy, 1067). T N I
?\g;‘,}'ﬂn o f3v1~.a _k*“‘fqv. : e e S . Py



‘cluded general medlcihe, paedlatrics, general surgery, ear-nose-and

.throat ?traumatlc and drthopaedlc surgery, other surgery, gynecology,

l

u;made for'casemik.‘ (1t is 1nterest1ng to note that the coeffzcient ofi SR

-,

.m,‘v

scale was slgnlflcant at the 1l per cent level 1n the ilnear estlnafe.
| Nelther scale coefflclent in the quadratlc estlmate was. slgn;flcant ~—5i;l4e~

The llnear functlon 1nd1oated sllghtly rlslnéahverage costs aqdﬂthe

’ y

quadratlc functlon a weak 1nverted U—shape curve, ) - "f ' ﬂf

- Ta

o In a prellmlnary analysls. Feldsteln had determlned that ha‘could

group alI‘types of cases 1nto nlne dlstlnct categor;es. The nine in- ':j

3 -

;"

N

k Qbstetrlcs and scellaneous. W1th these he developed an 1ndependeﬂt

' . ‘ .
At

~ variable and 1ntroduced 1t 1nto h;g\estlmates as En aggr gated repre- -

'_cost contrlbuted by the ?lne categorfes.- Feldsteln,re--ftlz, ed hls

-~

"‘sentatlon of casemlx. It reflected the var;ous proportlons Qf total

R
flrst two spe01f1catlons and 1n€luded the adJustment for

vk

cF = s .295 (lO ) B1 + PLEl

[

, NG 567) TP
C1—~-.581 (10 ) 131 + .934 (a.o 5) 131 +_‘-P:,i.a'i“
. (1. 728) (1.741) e
. WS L °54 v R
B 'here' rizn = Plzyl + Pzzr2 e P zsg

The R vfuues were’ con51derably larger than for the estlmates 1n x@ﬁ

S a casemlx adyustment was omltted and thls 1ncrease he attrlbuted t 3" ’f ."

i
entlrely to the 1nf1uence of casemlx. The llnear estlmate 1nd1cated a

_sllghtly rlslng average cast curve and the quadratlc speclfnCatlon 1nd1-l.“ jath

'cated that the average ‘cost . curve had a shallow U—shape whlch rgﬁpggd

. fllts mlnlmum level at 310 beds.‘ The scale\tlffflclents 1n both the #°

LR
“4 A . ,. RN :
. P < L S PO ’ to IR R -7

'-~§




"m‘ then estlmated a eeparate average cost’ functlon for eﬂch s;ze group.

’ L '-.. “.f-. " quf.,‘
cent level.

-

.

’ o
He 1n1t1ally d1v1ded the sample 1nto two subgroups. seventy-two to -

; 502 beds and 303 to 1064 beds. Then he d1v1ded it~ 1nto Tour subgroups-.{

‘:h'seventy-two to 117 beds, 118 to 302 beds J}OB to 488 beds‘and h89 to

' :'106# beds. He spec1f1ed ‘a quadratlc equation adjusted fon qgsemlx fq;

'Qlth a. mlnlmum range-of 230 to 350 beds. None of the coeff1c1entswfor'

hgpothesi‘ th;t dlseconomles of scale prevalled among large hosP

-

prov1de .a better model gf the relatlon between 512e and average cost

L} P alv"'

pen,case than the orlglnal slngle equat:.on"2 The dlssaggregated _j-ﬂ,:,}

5

4dt-j§1nates 1nd1cated that the average cost curve had a sllght Urshape 7

\
[}

qapher B1 or B12 was 51gn1f1cant at the 5 per ‘cent: leveL 1n the fUnc~

,r P

\“tions estlmated for the stratlfled subgroups.» . -7}-'3._;“_ v f

N
N

'}'e!ﬁsteln concluded that he could nelther accept nor re;ect Ehe '

¢
based solely on the results oﬁ.hls ana3y51s. Re felt however, that
‘0', * Ah ‘

thewshape of the average cost curve ‘was sllghtly U-shaped reachlng a

’ m;nimum 1n the 250 to 350 bed range.' He also felt that average°cost

1;kely rose silghtly to about the 600 bed level and thennflattened out.'ﬁﬁt“ -

N}

He cdncluded that 1t appeared that medlum slze h05p1tals were at:
St 4& -

_}east

Feldsteln next strat1f1ed h1s data accordlng to bed size, and .ii£$?43§§~5

":,sﬁhgroup He found that, "The more dlssaggregated models do not ag ~f,t




- . . L o ¢ e " . . i X . .
. . ‘- . . ’ . .

-
. ', Feldsteln conmented in hls cqnc1u51on th{t’{he large hospltals

-~

:m his study generally had 1onger lengths of stay than dld the small .

R A .

hospmtals. '@e felt that if the length of sta? could be rednced 1n __

e i e
. la,rge hosp:.tals, economles oi‘ Scale could poss:.bly e - QVer the ene

tire. sme range of all hospg.tals. He btelieved ‘t 3
serlal a.nd socmloglcal problems generally assoc:‘gg * 1arge scale |

organlzatlons whlch acted ln large hospltals to prevent shogter lengths

- of stpy a.nd a lower cost per case.

21 . " » ~ :"."L.
Edgar Franc:Lsco : . _- . .

"_\

¥

ht least thlrty hospltals a.nd was 1eft w1th twenty-flve groups con- ' o o co

-

N tam:.ng 1,328 hospltals. FI‘B.nCchO flrst estmated a“llnear total cost‘ o

functlon for each group._ Although he. d1d not- report hlS results, in e

h:l,s narratlve he provmded a summary I.Ig.s'tot-a.‘]. coet an_a_.lyé;t_,s_.,reyeale,d\ SR E

. 21E w Fraz;c:.sco, "Analys:.s of Cost
General Hosm,tals" ‘Empirical Studies in Hdalth- Econom.c,s, ed, H.E

Klarman, _(Baltlmore- Jolms Hopklns Preso, A ‘ . 32%-3%2, .

ZR Berry, "Returns to SCaJ.e" »‘/. / s




C results were 51gn1f1cant at th—e 5 per ‘cent ]evel fqr c&iy four. R

R B
F‘ranclsco then est.lr‘ate& llnear-averar"e cdst- I‘unctqo ¥al I‘or each
BT e A . o
.y - 9.

'C of the . twenty-flve groups. (see WIe Iﬂ-#) H.e found decreasmg e )

L

: average cest for” twenty—tuo of. the t\ren+~—“1ve grour<~ but 1n orlg °even i

- ° ? &

of the e was the pathenQ day coefflclenc s:Lgnlflcant at the 5 per cent

level. Each of the seven, however, happened to have an average 51ze

of less than flfty-seven bed.. From fhe two analyses of the twenty-'.‘

.

. .r\\.\

N
~; .

flve groups Franclscc concluded that economes of scale appeared lllrely

!

in hospltals w1th relgely few serylces and fac111t1es wlth fewer

than 100 beds He al oncluded that larger hosprtals mth. morer ser-

' - ¢ L
v1ces may well experlence consta.nt returns to scale. Fra.nclsc'o s re:

T . 2 e
B - P

: sults were’ very slmllar to those derlved from Berry s reported results, '_._

ep.pe the 't' values were computed. Of Bérry s fggrty groups, s:hx were"‘j'

s:.gnlflcantly negatlve conpared to Fra.nc:.sco 5" seven of twe'nty-flve.

T ’ —

Slmllar conclus:.ons could te made fz‘om both sets of results\.

Francmco subsequently stratlfled all 1+ 710 hosp:.tals y;th ré"'éard

-

,.'5“:6 to the:Lr total number of servlces and fa0111t1es.' He obtalned s'eventeen i

<o

groups of hospltals and he then estlwated a llnear average cost rela-
% \ﬁ B .

: ‘Qlonsfnp for eéch group.» (See Table III-5) p‘[n flfteen of thely

decreas.mg average cost resulted but on?cy ‘elght 91 these Kad ﬁtlen‘

day coefflclents s:.gnlflbant at the 5 per cent level Of t~he5e elght

Y

- O F"’
seven were gr:eups in. which the average 51ze was 135 beds or. less. Only
\

one’ group of a: larger average slze exniblted. s:.gn:.fa.cantly docreas:mg

' | o I..
"-r"iverage cost These results supported ‘h’is eari:.er ccnclus:,cns,', el F

.....

Ly
. L‘:

'4'4‘ - * n

» Sk

R O S v R
rved that output (patlent days) accounted for llttl;e xﬁttlcn in »

3
. t .
"4

.. 0 .:‘:f' YL . g

Fapm the result of an analy51s he dld net report F‘rancrscp %b- ’5"%
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FRANCISCO'*S ES"‘II\,A’I'ES OF THE RELATIONSHIP

"-"»~, - In Cno n_ — ’ o

EETWEEN. AVERAGE LOST AND OUTPUT

(Qrouped By L11'e Comblnatlons of Services)

,.Nizmber ) ;erv:.ces

Estimate

AN e —
v .' - _-2 - ‘ ‘°
. 2 ¢ o
e .‘!! .
1 ‘:
\'2 o o
6 o
. 7 \“ ) . KR
8 AN
9: |

-
- -
i

o ) N e e S .
© 0 ®®I MM FREO W W W W W N

-

. ‘13
' \;Lr
16

patient days.

33. 17-

k1,27 .
35,44
38.69-
- 36.99-
. 3193~
 hOL12- .
. hiso-
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‘ which represented services and feptiitiee. Subeequently, he developed
an unweighted index of servicee and' facilities CEF) which he reported

to be a satisfaotery substitute for these dummy variablee.

%N

% _For his(third analysie' Francieco used the twenty-five groups.
»

] average coet once he introduced dummy variablee into the epecification if

.

, ' con’ ining 1;328 hospitals. He cqpbined them’ into two groups; - one
_h‘of hospitals o ﬁ!&e services or less and the other of hospitals

‘\gffering 8ix or more. In ‘his linear estimates he included the un- N

- Y . . T /i. : . " : @
Small hospitals . L L L
A Ao 3.2 - B37PD+ LLPEF T - : ‘Re 21
¥ (-5. 5) (’+ 8) . . S | ' n=‘839
‘ Large hospitals L . Y ;‘;
a AC = 39,03.-'.01 PD'+ .74 EF & o R=".15
\ - (L) (3.2) ) © n=L89
A hospitala S, o . I
2904-;.3 PD + 1,78 EF - R M6
(-3.,3) (15. 8) . S -1,326

r ..

weighted index of services and,facilities.

- The results reflected decreasing average cost with incrédases in output
‘for both the small and large hospitals.f\;he rate of decgzase was very
small .and, not significant at the 5 per cent level for large hospitals.
, The coefficient for PD was larger for the smaller hospitals -and it vas
}'nmt:i theu‘l per c- ‘ level. When both la.rge a.nd small‘ hospi-'
tals‘vere bombined, the negative PD coefficient was also significant at

the l per cent level. Francisco concluded that only in small,hospitals

did it appear that output gnificantly influenced the behaviour of the -

| average costofunction.

‘ Francisco concluded from his three analyses that the relationship



o~

between average cost and output was wes ;snd'segetive which jndicated

S k "
'a weak L-siiped average cost curve. /

”

? ' ~

~\-

a\‘-

”

B in the ﬁroportzons.

obtsihed acd‘ls to this datg in his capacity as a senior researcher L

g

‘ with thq Onterio Hospit ices Commission.

Evans replicated the tdchniQuc of M.~ Feldsteinzu dlsoussed .above,
using Ontario data. Some of the funct1ons he estinated reflected the

. ).
ver;stlon in the proportions of the different types of oases tregted in

\

‘,Ontario. Init lly, fourty-one diagnostio categorles were represented

‘25

‘e

_ge eventuslly employed only thlrty categorles
because he fouﬂl that the .estimated size coeffic1ents ylelded 'nonsense'

. Ik
-values w1th fourty—one categorles. Each diagnostlc category was éd-.

rid

\

justdt to reflect the age and sex composltion of the patient load.- Ehe ~

‘categor1es wvere cotverted to proportlons which refiected the percentage '

‘of total -days of ‘care necessitated by each type, of case.

Evans estimated average cost functions for "both averagéacost per
V. :

v

§3R.,Evans,.'Behanoural' Cost Functions for~Hosp1tals, Discussion
Pe.pci\1 No. 38, Department. of Economlcs, (Vancouver° Un1ver51ty of

tish' Columbia, 1970). . - ( | - ;
ysis., '

ZuM. Feldstein, Economic An

5h 1ist of the fourty-one categor1es.appears 1n Footnote No. ll.
Evans, 'Behavioural' Cost Functiona, .(no page number shown). These,

/

" same fourty-one categories are used by 0.H.S.C. to prepare the Relatlve.

Stax Index for Ontarlo hosn1fa1n by which hogpital Penfowqance ic

evaluated. . - Cee ' o

“
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case (anex) and everag)e coet per day (Dayex) focusing oh inpatient. o

care only Evane cglculated ixgpetient coete by Bubtraeting'ihe diredt

. »

eoeté L 11 non—inpetient ecﬁvities reported by eac'h hoepital from
‘o

- ite totaJ, expenditure. The’p included ﬂcatien. reeearch «e_nd'ou&x :
, patient care coete\‘ He did not allecate :]oint coste, genermtedr ﬂ&ds

I

J

C ' Casex = average cost per case,

A

by theee activitiea eucﬁ‘ as(;:he costs- of housekeeping. maintenance ':,'-‘..; .

eervic&s eenior administrative Bale.riee and other 'hotel' e.nd admini-

-

etrative eervicee. (Thie likely .caused erveretatement of inpetient
coete.Q Eve.ne aleo excl&ed depreciation, intereet and otHer capital

costs reported by the hoepitalp £rom the toteﬂ. coef figu.re. :

L
.He estimated equations having thé"é}o forms. " v

'
P J

’ 1) (Gaaex) =a+ le +B XZ + BBY * th- ead S

- -

2) (Dayex) Sa+BX4 BX" + 33! + B,*z vhere .

Dayex = average cost per day, T
L ¢ ’
X = number of rated bede in each hoepital,

N

L Y= totef"’ eccupancy rate,

~

j 2 = acute _care average length of etay.

‘e

_When, INana employed Casex as the independent variable, 'hé obtained

the following results. These equations me.rk,ed“ were adjuated for

- -t

! N

Evens selected the total number of rated bede to- reprre‘eent ecale. ,

v

fz

LY I

* ta |

Lo



Equnt:l.on 1 was adjusted 'for fourty-one diagnostic categories e.nd

- . ) t ._' ‘ -.‘ .
SR v
"'lquntion S A
Ll .“' o
Q. ' . )
o | e BN
3 321,6  .038 .
(2.3) '
. ) .r ‘ * 002 o \.
T .158% °
S (3:2) ° , " ) E
. ) ' ‘ N ﬁ;‘ B v AN ' *
5 2665 327 - -.336-1077 ~ A7 - 185 -
i L (6e3) (5.9) : _ o
<05 . 0.0 oo ‘ s l
% 6 -2539070 | gg 185 o
(1,7) - {.03) . .- |
g ' ' 009, . 0.0 ’ ‘7 ‘ L ‘ '\ ‘&
7, 45-7 0173 . - "'.105 3508 .?99 . v 185 v
: - (7.3) T (3.1) (a8, L
i -°2 R .- - 1.49: s . o
.8 i01 .7l+l+ -10‘6 =3 304 ._8'77 185 .
) . T (163) } (001) (303)1 (809)\9‘?"‘ . . . S’
' 08" 0.0 . 43 34 h "

equations 2 ‘+ 6 e.nd 8 ‘were . adjusted for t%i.rty categories. The slight

o difference betweei the values of R2 for equations 1 and 2 demonstrated

* that little explanatory power was lost _when’ th.u'ty categor:.es were used

A
instead of fourty-onea The co%ff:.cluts of X and Xz vere ‘very small in

evexy ‘est:l.mtte and never signitiée.nt at the 5 per cpnt level, ‘ney also

*
K did not add very much. to the explanstory powe'n of the. speciﬁce,tign.

_ Evans concluded that flat long-nzn e.vera,ge cost curves appee.red likely

¥,

based upon his Casex ﬁhults.

i
K 2N . Y ‘;J



Ei'm eetinnted a siniler /qt of. equetd,' !

.' Equa‘tiun‘ .“s:.gl. x 2y
- .. ‘ / \ R
1Y lmm' ‘. . ;‘
‘t"'.':“ 2 ' W v
2‘15.';‘."?;.‘.. :éB.,? ‘30.3 ‘.‘ 'Eg?l /, ." ’ . - ,, '\ 2
‘{:d ‘.‘;i' ; ,("}i ] ' 0.0 . v ’ ‘ a . ) [ . :,‘.'. '.,
. ""'\k' \ .068 . ) e . / \ Ty 0
AR N (%.2) -
AT | . 02 o g
5 . 27.9 v .0138 -.akBe1070
SR (9.6)  :(9.3)
R4 N '.‘. .001 ,,.0.0 \ . |
% wh o te0135 W ~.0975. -.ouu 397 185
S L 17 I YO -
: - . \” R .001 s . 41 ,. 002 ' . .°1 X
’l'_ ’ . \N\.': RIS TR PRI _} . )
om0 S L0008 6220107 0886 ~.2n9* 185
A . ' (.20) - (1.8) (4) g) . '
B T : .

_ Of those eetingtes marked . eq,uation 1 waa adjusted for fourty- T e\
" one dngnoetic categor:.ee and the balance fcrr thirty. The reeulte were
‘ sim.la.r to those with Casex,-‘ although the degree of- explanatory power

. was generally less overall '.f:he coefflciente of X and x2 \we.re agaln |
K very sma.ll the:u- small .standard errors forewarned that when g ¥ values N
o Wted they would not be signif:.cant.- The mfluence of the
number ‘of beds on the average cost per day was v:.rtua].ly nil. Eva.ns

concluded that{ the average cost curve for Dayex was U-shaped reaﬁing a ' .

min.imum of about 300 to 400 beds and then rising rapidly after 1, OOO
It appeared from the apalyses of both ‘Casex and Dayex tivt the , :

i
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*tht the cesemi: was rehted in so\ne Bamner to chenges.in ehrlse cost

Y

nlthough ‘She relationship vas weeker with Dayex, The rate ofﬁoccu-.‘

\ *

pency end the evenege length of sthy alsq were releted to chenges in '

1verege cost elthou;h these reletionships were not often significant. f.\

f

A review of the very small velues r&b all of the size coefficients and

3.

question es to- whether Evens should heve mude eny conclusions at all

——their—universxi Ixck—or—‘izniricence ii lny neeepteble level begs thz{'

d
regerding.the relstionship between size end eversge cost.’ Evens results
per case were similar. to1$hcse obtained by M. Feldstein in.size.\<

/

f,
direction and significance, however, Evans evoided replicating his

« .

N -}
- lengthy speculstions.
. o ! . ‘ : ' . * BEAN '
- B y ' s .
Iv Average.Cost‘Tine Series Literature - T o
. : ‘ ‘ - . : . : N " , “
. KE‘ R°26 ’ s - - oo, . y '

In the introduction to the report of his anslyLes, Ro hypothd-
\

sized thst certain factors logically were related to the cost of hos-

: pitel cere. The six factors were° 1) size-volume, 2) capacity

utilization. 3) scope\of sﬁgvicgs, #) technolosyy 5) eiogenons

' 7‘variables, ‘and 6) educationel progrems!'—ln his analysis, he considered

. the effects of only the tirst four of thése factors.

Ro s first step was to select surrogate measures to represent

- . * : ‘ ¢

ZGK.K. Ro, "Determinents of Hospital Costs"

_ Yale Economic Essazs,:
VO].. 8 F‘all' 1968, Pc 185-256 ' T . -

&
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,feach of the tour fhctore. Uith regard to the sige~volume factor. he

™~ ~

epeoulated that rour poeeible eurrogetee existed including patient o o
-, da&, ,.umber of bed.e, number of admiseione and v.rthe. By means of .
J 1

etep—wiee regreeeion analysis. ‘he fouid that the number of admisasions

beet repreeented the eize-volume factor.. He similarly developed eur-

'rogatee for each of the other €hree tactore. ' T .

’ Ro employed data which reflected the operationa of !1xty-eight

\ veetern Pennsylvania general:hoepitale over a period of eleven yeare.
3The hoepitals ranged in size from thirty-ei; to ?9# bede. Ro used in-
patient expenses only in calculating the operating coet although. he
did not explain his cost allocation method. (Presumably, Ro has esti-
mated an average variable cost function, since he included no depre-

" ciation or capital coets.,fAlgo. his total coet'calculation possibly
over stated the coete‘associated with inpatient eervicee since "joint

h coeta were not likely allocated fully.) Ro d1v1ded the total cost of
1npatient services by twc d1fferent measures’ of output to obtain his
;dependent varlable. He, combined the data from each hospital for each
of the eleven yéars with the data from all of the other hospltals in - -
the sample. He thus speclfled a 'linear add;tlve form' for the rela-

tlonship between average cost and the independent varlables. The ,

. .
\

basic model Ro used had the following form:

Ly=a+bA 3 bOp + bsPpy + bX,, + U, where; , .
h=1,2,... H =68 r(hospitala) - o _ - .
t=1,2,.,. T=11 (yeara) S e
.!.3 average cost : " . -

. . - . . 2
N . . : e
. . . - .
B . A . .
. . . . . .
. - a



O= occﬁpency rete (capecity utilization eurrogate)

/ " Pa ratio of total petient cere expenees to 1npetient

/ i ' ﬁgpgrnting;expnnnee_ieCope_ot_eerviees—surregate,

U = random error

everage cost per patient day was:

v%‘ -

1

!i = 29,64 -~ .0145 A K\Tb721 0+ .1291 f - +0356 X

.

(.0094)
1.54

(.0096)
7-5'5'

(.0241)

&

(.0032)

11.03

X = petient days per. pereonnel (technology eurrogate3

Ro reported the reeulte of three estimates of the average coe¥
function. The result of the firet eetimate in which Y equale ‘the

R%=.892
n = 68

The relationahip between Y and the sige-volume factor was nega-

three remain
In hie-

' variables which altered the results eomewhat.-

tive, relatively small and not slgnificent at the S per cent levemb The
 coefficients were-signifleant at the 1 per cent level.

"nd~;nalysis of the same aata, Ro introduced two dummy -

One varieble reflected

the proportion of the pOpulation eerved which was urban (U) and the

aecond indacated whether or not a echool of nursing was aasod1ated w1th
b - *

t‘the hospital (N).

!

22.36 - .0196 A~ 0690+ .1518VP - 0346 X
(.0094) (.0238) .

+ 2.2814 N

(.4252)

5.36.-

L

( .0092)
2.13

::s_

737

. ~.y+

>

B,

(,0032)
10.96

¥

0763 U
(.034)

202’+ . "}' :

hzsi
n=_

»

.
>



Once again, the relatmnship between § and tm slze-volmne factor was .
negntive and re ively emnll, however, it was eignificnnt at the 5 per
‘cent level in thie estimate. All of the remainzng five coefficients
'were also significant. The- addition of the ur'banization end nurslng

.,

varinblea only" sllghtly improved the explanatory po‘fr of the equation.

™~

The third estimate of the average, cost function was specitled in

’

alightly dlfferent form than - the firet two. In this estimate, Ro

4
used the inpat:.ent expense per admiesien as the dependent varlable Yz

He a.'l.eo dropped occup#y rate (0) as an independent variable represen-

ting capacity—utihzation and replaced it with turn-over rate (™.

T2 (L2057~ (.1933)  (.2616) ' (.03h) n = 68
2'& ' 9638 6-98 . 5.8“"

The negative_relationship.between‘ YZ and the size-volume factor

N 4

‘was signif:.cant at Rhe 1 per cent level, the other coeff:lcients were
e sim11ar1y signiﬁ%ca.nt. (The 1nterpretation of this relationship is that

_;he average cost v’ one adm.ssmn is equal to 1ts marginal cost plus the

| \Qree other %igiﬂes. It is no wonder the value for R2 is 8o elevated
ind the- &iﬁtionshlp 50 highly s:.gnlflcant )y . |

- . ’ ,
.'méiea ed that economies of scale were present in h;ls sample of hoqpl-

-tals and that hosp1ta1 size was related pos:.tlvely to,gfficiency. The

greater efflclency of largerhspltals -Ro accredlted'to a ;-eater degree

, /
ot spec:.aln.zatl)m and the. employment of’ better/ levels or technology. Ro

.

' 1gnored the fact that his lznear‘ stim te N --ected orly the strongest

- 6 ‘,‘ ’ '

- .. : . Y .
< . e . - . - .
) e 2 . »

= 212,48 - .2982& 1.813 T + 1. 8265 P‘- 1985 X =.918 |
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| [t
relationship hetween average cost-and slne-volume and that it could
" bave aoncelled a positivt relstionship betﬁeen these two‘variables

arong large’ hospitale. His result did not in any wey ehow that U-,

oAt

ehsped everege cost .curves did’ not exiet for the sarple he used id

the long-run.

Judith and Lester Lavel”'2® . - .
In June, 1970§ Leve and Lave reported the results.ofitheir
. ana%ysie of everage cost in the hospitals of Pennsylvtnia in two sep-
' arate journals. The first and main part of the1r work was reported in

the American Economlc Review (AER) while that reported in Inguiry

replicated the analysis uslng different data. ' ]
 The primary aim of Lave and Lave was to .develop a method of est1-
matlng the hospital average cost function which bould overcome the pro-~
.‘hlem associated with the multl-product nature of hospital output. They
wanted to avoid the dlffzculty of belng unable to estimate A 'true’
spec;fxcatlon. They did not want to use an amblguous surrogate output

measure which did not reflect the quality of the variqus hospitals' out-

\

& puts. The ste 3 technlque was to flness the problem associdted wlth
multz-product output by making the assumptlon that over a short per1od

of time the mix of hospital outputs would rema1n constant. They con—

+ -

cluded that 1f the variety and quallty of the output was oonstant in u'
each hospltal they could estimate the short-run averege cost funotldn

homzttingf product-mzx'»altogether from- the speclfzcation. Finally, o

- : . o 'il' )
2?J.R. Lave and L.B. Lave, "Hosp1tal Cost Functlons" Amerlcan .
Economic Rev1ew, Vol. 60 No.3, June, 1970. P. 379-395. . Y

. %83 R. Lave agd L.B. Lave, "Estidated Cost Functions for Pennsyl- -

45‘\ vanza Hosp1tals" Inquiry, Vol. 7, No.2, June, 1970, P.,3-14

‘
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they eeeumed that hospitals cohld be chqrecterized by a eingle cost
function and they pooled their data to estimatalu croSe-e;ption. time
~ .

[
PR

eeries nodel. - . ' A

> ‘

‘ B M .
) Q. In the American Economic" Rev1e!* Lave and Lave/;pplied their .

|,
technique to data gathered from seventy-foﬁr\yeetern Pennsylvania

101

oy

hoapitals over a period of seven years,. Foqfteen sem&-annunl 'obeer-
vations' were made of ‘the costs reported -to Blue Crose of Western R
Pennsylvania by the 1ndividual Hospitals. It was unclear in their B
description of the cost data whether or., not it repreeented inpatient .
costs only or all hospital generated costs 1ncluEing hepreciation or
cost of capital. - e
-

Ebf the analyses reported in- AER, two were relevant to this th931e.

‘In the first, a time series ana1y51s, the Levee specified an equatlon

of the forms . ' ' . -

T

log AC 1t-+ ell a> log Uit 3 log S . LT :

where: i = the i th hospital, . R

- t = aggregate time dummy,
U

utilization rate,

[ - . N 1

S.= size expressed in terms of beds, and R

-

e = random error. .
3 ‘
. They apecified the function in this form to be. consistent with the

ehape that they expected the short-run average cost curve to exhibit.
& fa

i.e. L-shape. The Lave's estimated an average cost function for. each of .

the sefenty-four hospitals. They did .not display these results but dis-_

cussed them briefly in a narrative. They reported that\v\\not one esti-g

’ ' o
;

1
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M .
- .

mate was the value of e less .than 9._'Tne coefficient of'size/rangEd; ;

' .fron -13 4 to 8.5 with a mean “of ~o333 and a .standard deviation of

\
2. #18. In almpst rione of the seventy-four estimates did they find

' the sfhe coefficient to be significant. Théy concluded thai they could

‘say very little about the shape of the short-run average co
' these.results. ? (@hey did, however, persist in making e&cbnclunionrin ,

this regard in their final conclusions. This is noted below.)
- Lave and Lave next reorganized their initial model. They amal-

gamated the time—series data fromnall of the hospitals and they trans-

.‘formed AG, U and S into the index number I, & and K respectively. Their

basic specification

log I 80 + aizt + a log J a3 log K

it

a.;fa

®ite

¢ - Upon this model,.theyGSuilt two expanded specifications. . In” one.

f.the linear time variable was replaced by six annual dummy variables. 2

In the second expan51on, they. also added dummy variables to represent

hospital teaching status, location and the 1nitial values observed for

9

| size, utilization and.average cost..,;kese variables were:

- 13

AT = advanced teaching hospital, :

B teaching hospital,

P = central city location,

AC = average cost,

U= utiliiation'rate,

"M = general metropolitan~location, L

29In a secondary analysis, the Lave's determined that size was -

positively-and significantly related to the rate of .cost iricreases 1n

 hospitals. . -

-

t curve from



/~ . . ’ :'" ‘ . . . | . | 103 .
. A ’ -‘
8= eize in terme of beds., . - \ ‘,. / S
'.l!he resulta—for—theee three—specificattonswere- e
XY
1) log I'= 6,67 = 357 1og J = 006 log K.+ 031t + 0387  R%=.855
, - -11.41. ..22 - 62.19 = 14.81 " 'n =1036
2) log I = 6 503 - .317 log J - .003 log K + .Othl + 042t2
. 4 L7 =15 8.05 ©  16.18
" "+"..067t3-+ -096t), + .1301:5 + '.195t6 + J029F " . RP=.89%
. 24,987 34, 03 bs.367 - 66. 56 18 03 ¢ n=1036
\ '3)‘ 1log I = 6. 638 - .334 log J - 007 log’ K + 045t1 4'-. -091t,,
, I. ~ . ) . - 3‘25

'-12.45 ~.33 . 3.8 _
34t6 - .008t (loﬂc) _—

.4 e139t, + 192t + .25t + .
Coa3% sdst 25 ho” 265 R
4+ 001t jlog U) + .002t (log 8) +. OO?t (AT) + .002t (T)
T .33 Lo o pbs e sk
S - 0k AT (log S) - .006T (log S) '+ 008 AT (P) + .013 AT (M)
) -5. 95 . =36 V156 - 2.08
4+ A000T (P) + .00BT (M) = .QOLt {P) = -.002% (M) %_.025 F. -
227 2343 S -l7 T 3.6k 2.2k

The higha value .of IR2 in equatlon 1) mdlcated that the spec:.ficat:.on e

fitted the pooled t:.me-ser:.es, dross—sectlonal data well and the slgnl-

R .
‘ .f:.cant F-value mdlcated that no explanatory power was lost when the

i

data was pooled. In each of the three speclflcatlons, the size varlable :
~ (K) was kery small, negatlve and not slgmficant. K was a;l.most totally

| unaffected by the addition of the different variables 1n<equat10ns 2
~ . .. . . .o . . . K

and 3. ) . B - . . VT Lo : r /o' ) -
R .

The ma:.n purpose of ‘these analyses was to demonstrate that the

technique of overcomn.ng the prgoblem of the mult:.-product outp(gt was

. .

s

. valld.._., The ’Lave's showed that 11ttle explanatory power was lost when

(S . ’ '.. AY
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‘ the tlme-serles data was’ comblned tq prov1de a cross-sodt1oned study.

A secondary 'spln-off' of their’ work related to the shape of the

haverage cost curve. From results of thelr time-series analyses ‘'of the
seventy-four hospztals, the Lave 8 coneluded that mn the short-run the

d. average cost curve was L~shaped. They concluded from their analyses

_ of the pooled‘data that economles of scale were not very - strong in

hOBpltalS over the long—run if they existed at all. 1i.e, the long-run .

’, . "

average cost curve was nearly flat. CT .t Z .

In In uiry, Lave and Lave agaln employed the seventy-four hos-

pitals from western Pennsylvanla they had used in AER, but they also .?‘
included data from thlrty-flve hOSplt&lS in. eastern Pennsylvanla._ For‘-l

both samples, they obtalned annual observatlons over an 1dent1ca1 seven.

. \

year perlod The purpose of the work reported in Ingulrx was to agaln
.test thelr technlque of analyzlng coet when output was assumed to be
constant.. They estzmated addltlonal functlons for each of the three -

models 1ntnoduced in AER whlch used pooled, cross-sectlon, tlme-serles

..

datao- . ‘3

Lave and Lave performed regre551on analyses, 1n1t1a11y us;ng “cost

row

data firom western Pennsylvanld hospltals only. With each of the three

e

spec1f1catlons the coeff1c1ent of 51ze wag very small and never 51gn1- o

iﬁflpant. They repeated~thesevanalx§g§.uslng only the eastern Pennsyl-: ‘ \\;,i

vania data and they found that ‘the- K coefflclent was larger. negative %

- 3

" and 51gn1f>cant at the 1 per cent level fpr each form of the expres-‘

‘smon. Flnally, the Lave 5 comblned +he cost data from the two portlons

of Pennsylvanla and then re-estlmated each of the three spec1£1catlons.
_(Thélr results for these estlmates are shown - below but only the values

N



105+

<

°

‘10098 '-3.7 .18 o ns= 763
»where K, = eaetern'Pennsylvanie hospitels, and

K
In the basic epeclflcatlon G#l), the value of the K coefficient

was not slgnlflcant where the data was combined completely. In the * -

second -and thlrd expresslons, the affect of 51ze in the two parts of

Pennsylvanla were reporfed as separate 1ndependent varlables. In both

- ’

specificatlons, the two 51ze coefficients were negative but only Kl'

-

representlng eastern Pennsylvania EbspltaIB ‘was’ éigniflcant, (at the
1 per cen level). 4“- '

ol

of varioue aspects of cost 1nf1at10n 1n hospztals and that it hed

\

. univeraal eppllcatlon to other hoepltals._ Speclfically, w1th regard tp

the relatlonsh1p{}etween size and\hverage cost the Lave'e concluded

that the short-run average cost curvezues L-shaped and that in the long-
h

ey were not very strong. These

run, 1f econdmles of scale do exist,

two conclusions were Identlcal to those they reeghed in the Amerlcan

Economlc Rev1ew.
“

E

The Lave 8 end Ro ‘both employed cost data from hospltals 1n

western Pennsylvanla. -Both speclfled an average cost function and both

-
R

= western Pennsylvanla hospltals. o o : .

‘and Lave concluded that the}r technlque permitted the study tdt

1) Tog rgpﬁéiésa - 335 log J - LO47 log K . . R8¢
R SRRt 4§\ -1.59 A ‘n = 763

2) log I = 6.578 - .33k log J - .119 log K} + .001 log K, = R%=.896

| o Coa2k g —oh 2 g e
3) log I = 6.692 - .346 log J - 179 1og Ky =..005 log K,  RP.909:

.
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R combined time-series and ross-eeqtional data in their estimates. -
|

:w____Their_long-run—coaclusions—with“regard_to “the’ shape of the average cost,é%é

hoyever, were different. Lave and Lave concluded the curve was. nearlil_ ‘\i
flat, whereas Ro concluded it was L-shaped It should be observed that / -

Ti these two analyses utzllzed different methods in 1nit1&11y spec1fying

\\ their respectlve equations. Ro performedloovariance analysls to obtaln
thejfactqrs he used as independent variables. The Lava's szmply speli-
}ved variables which they assumed to bextalid Finally, Ro's specifl- . ~.‘
o8 ion was linear whlle Lave and Lave"s wa&ﬁeecond degree. The & - __». -
aif erent resulte obtained 1n these two studies appear to & related in

~ . V-

their\different specif1cat10ns. . CTes , o L ti

. : R I 3 P
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©

be cr1t1c1zed and compared in thlB chapter.. Subsequentlyi a generel

diacuss1on wlll be presented along wlth some comménts and.observatione.

. -, \ . ,

‘\‘_ o - » 5 . '.,'ﬂ,"b 1?" .—;,‘ .Tr‘

e - 2...:- \ . -
Crit1clsm of the Literature” - . _ \ ‘)

‘ ' . l ‘ » T , . k - [.
As Chapter III demonstrated the economic literature related to "

/

the hospital field is var1ed w1th regard to both methods and results

Such varlety may p0551bly 1mp1y that the use of ‘economic technlques of

-

‘analy51s with hospatal data is in an eerly development etage. It mlghtJ

also indicate that problems exist 1n:adequately defzning param tere

.-

' representative of hosp1ta1 actlvitles. (It is. posslble that the-pre-
{

\sently exietlng technlques of ana;ysls could adequately reflect hospital

' 'beha iour if satlsfactory parameters‘were available ). In sp1te of the

vari ty, 1t‘should be- noted that four studies develOped out of prev1ous

*\

3y, . - v . "
lRecently an unpublisheo Ph.D. dlsertatlon'by Dr. D.M. Bak®R was
. t to the author's attention. This thesis dealt with dlsaggregate
. hogpital cost -analysis, A brief discussion of this work is cofitained

in/Appendix II. See D.M. ‘Baker, Hospital Cost Control and Product
ved Factor Analvytic Model of Inpatiént

Bricing with an Erpirically Deri
' ut, unpublished Ph.D. 4 tertation, (Los Angeles, Unlverslty of -

1forn1e; 1973). ..

oughout Chapter IV. reference will be’ made to the various
ieces of literature reviewed in Chapter III. Only where the reference
is to a speclﬁdc part or to a direct quotatlon w1ll ‘it be. annoted.

‘The literature which was reviewed ‘in Chapter III w1ll, inltially. ..

~



. wor either wholly or /in part..égyrr and Feldstein conducted a more
8i

tensive analysis using the a egate, cross—sectional approach Paul

Fbldstein initially had introduced. Frasér repeated Cohen's analysis

U

with the composite measurq'pf output Sk but he subetituted Canadian ’

%
for New York City data., Francisco stratified his‘sgmple b§ like

combinations of serv ':l and facilities in the same manner as Berry,

_‘and Evans replicated'::;;in reldstein 8 study of hospital cost per case

including an adjustment fo% casemix

Criticism of the literature~xill relate to the sample datag »

specifications and parameters. Specific references will be made to the

.literature where it illustrates a p01nt. R o

: v Y o . T
‘Sample Déta . S

© Degree of Aggregation 4

| Throughout the literature aggregate data was most frequently em-

ployed. Carr and Feldstein, Berry and Francisco each used the entire

population of UxS. general hospitals. Frager considered ohe sample ;"-"
vhich included al1 types. of Canadian hospitals and'another repres‘enting'j

all of the acute general hospitals in Canada. Some studias were less )
aggregate because the geographic origin of the &amples was smaller.

' . For example, Lave and Lave, Ro, Evans, Ingbar and Taylor, Kushner and
b ¥

2
'Cohen sampled hospitals 1n specific states or. prov1nces. The litera- ®

ture generally appears to have relied almost entirely upon existing

'sources of hospltal cost data., These sources were almost always third

Lo

" party- payment agencies which collected accounting data for the purpose
of reimbursing hospital costs. Such data did not necessarilf reflect

,hospital operations from the economic viewpoxnt.

— !

.".

sk

A



' ;";:w ‘ aé . !
Certain analysts attempted to reduce somewhat the aggregate

IR

'nature of their aat%g Martin ﬁidstein, Who studied Eritish Nospitals,

b

#ed
1ncluded only noné-teaching institutions in his sample. Kushner' con="

sidered only th$,accreﬁted hospitals of Ontario in one of ‘his analyses

\ apd Ingbar and Taylor the ﬁccredited Massachusettes hospitals only.

g‘.’

Both-Be,nry and Fraqcisco reduced the size of their samples by con-
sidering only thése hos‘pitals with specific combinatione of services
and facilities. Oa.rr and Feldstein, Fraser and Prancisco stratified
thei.r samples aco’o.r:lingﬁ to bed sige, Only two disaggregate analyses -
were to be found in 4he li.terature.3 Gne was }’aul Feldstein's time- )

series analysis of one hos.pital by department. He estimated a_total

' ., cost functign i‘o;t each department and then totalled ‘them to obtain an.

'} v

¢

o

o

5 .

appro?imate total cost. function for the overall hospital.‘

‘Natyre of th& Dats,..

>, . o

Often in the literature, the scale range of the hospitals included _

» 2

]
.in a Qample ylas omitted Reference to Table III-l will show. where in (%' ;

’ \

A ‘_

3
the literature range was not reported. While it may be argued’ that the :
¢ .
'number of beds' is: questionable as an effective measure of scale, if

the results and conclusions are to zbe evaluated and given perspsctive, A

Tayior and Ro, who both reported the ranges °oi‘ their respective samples, o

- ¥

3 fs.iled to ohserve the limitation i‘nherent in'a range. In both studies

o

it was concluded that economies of scalerare continuous over the entire’

AN . i

.
DR - -
R

The second disaggregate study was- that of Dr. D.M. Baker ahich
is discussed in Appendix Ii. S . N

. T e,

~,

: then o?ie needs to know ‘the scale range of the spmple. \h;se illustrate
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@ o

__;_____gggg_g;_poasiblemhoepital—eizee~——The—largeet noepital in Ro's sample
was, ?94 beds.and in the other 330 beds. Both Ingbar and Taylor and Ro
should have~qualified their conclusions. ‘The reported economiee were]%
continuous only within the range of hospitals represented by their
eamplee. In his cross-sectional analy51s of sixty hospxtals, Paul
Fbldatein recognized that he could not make a valid conclusion- regarding
cost behaviour in hospitals larger than 453 beds as thie was the size

| of the largest hospital in his sample.

Geography is. another factor which should temper general acceptance«

of resulte and, conclusions. Martin‘Feldstein -used British hospital
data. Fraser, Evans and Kushner employed Canadian samples and the re-
maining f!terature was. of United States origin, Someeof these used
' samples from specific states or provinces. The resulte of these studieés
‘ reflected various forces present within certain nations and which likely -
.were not shared 1dentically with any other country. Such force could
have-included the historical development of a nation'a hospital? the
political attitudes within'a’ country, the means. by which hospﬁsals were |
financed and the various alternative forms of health care. emphasized
within each country. Aggregate, cross-sectional studies of hospitals
in a particular nation could well produce results not at all related to
situations in'any other country. This -comment merits consideratiOn be-

a

pital field.

ﬂ
&

- ’ . T

" fore the resuﬁts of foreign analyses are/}pplied\to the Canadian hos+ s
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- Specifications - ,, -
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In each piece of 11terature a relationshlp has been speclfied
between cost and some measure of hospltal scale. The speciflcatlons
have taken three ferms. Reference to Table III-l ylll show that six
analysts specified: linear functions. (Fraser also speclfleﬂ a cur-

"v11£near form of the relatlonshlp for some of his- estlmates ) The

balance of‘the 11terature was curvilinear with all but Kushner speci-ﬁ

fyzng equations of the second degree. Kushner utilized a Specification

- of the thzrd degree.

A linear .specification implicitly assumes that average cost w111

be constant or that it w111 1ncrease or decrease at a constant rate,as
r 3

Ascale 1ncreases.‘ The resultlng average cost curve in every linear -

: ana1y51s in the llterature sloped downward to. the rlght 1nd1cat1n§ a

negatlve relatlonshlp.7 Contlnuous economles of scale were elther con-:

 cluded to exist. or elseelnferred. It ia questionable; however, that -

the linear form adequately reflected the true cost-scale relat1onsh1p.
! 4

A linear speclflcatzcm)ls capable of representlng general cost behav- -

Y

iour and may well conceal other behav1our. It 1s probably‘that the -

majorlty of hospltals are of small or redlum sizes and 1t is p0551b1e

that econonzes of scale are present 1n hcspztals of these sizes.. Large

. hosp1tals are fewer in number but. dlseconomles ‘of scale could exlst in

thelr act1v1t1es.. In aggregate, cross-sectlonal analy81s, the 1nf1u-,'
encewof the small and medlum-51zed hospltals, 1f they are more numergps,
may overwhelm~any dlseconomles in large hosp1tals in a 11near specifi-

cation.
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Specifzcations of ehe -second degree permif examinatlon of the

posslbillty that the relat;onshlp between costand scale varies wlth

-

changes in scale. In addition to the three results possible using a

11near speclflcatlon, a’ second degrqe estamate also permlts the influ-

~
.o S .

ence of econonies and dlseconomles to be consldered as sépirate. forces.

. ’
A ©

The results reported in, the 11terature where second: degree
speclflcatlons were employed wdre varled. Carr and Feldstein, Cohen
and- Martin Feldsteln fouqd the average cost curve to be U-shaped, al-

though Feldsfein,, reported that the U-shape was weak in his analysis.
’ R

‘ Fraser fpu!d the aVerage cost curve yas generally L-shaped for most of

his second degree estlmates. Evans concluded the curve was flat and

Lave(and Lave surmlsed that the average cost curve had a weak L—shape.':

Ingbar and Taylor reported the long-run average cost curve had the

. shape. of an inverted-U. As the literature demonstrated equatlons of

' ~more complex form of the relat1onsh1p, Kushner concluded that the long—

.the second degree can yleld a convex or concave ‘curve .or p0551bly a
straight line. Thlrd degree. estlmates, such as Kushner's, permltted
the analyst to observe whether or not ‘there were two trends w1th1n the
overall relatlonshlp between scale and cost, Desplte estlmatlng this

run average cost curve was L-shaped.‘ Thls result might be a. prelim- .

1nary 1ndicatlon that equatlons of the second degree are adequateéfor

' the study of the relatlonshlp between hospltal cost and scale..

',,@'

Reflectlng Quality

- The quality of service and patlent ‘care 11kely varies between

.

«1nd1v1dual hospltals, hetween different types of hospitals and between

]

Lo



hospitals of different,sizes. Quallty arpears to have a somewhat

13,

*“ambiguous 3 relatlonship to cpst in. hospitals. Much of the: ilterature
attempted to ad;just for quality. vanaﬁons ‘nh limited results. 7
Ingbar and Taylor and also Kushner, in his first study, 1nc1uded

_only accredlted hospltals in thelr samples.on the assumptlon that ac-

d1tat10n was a guarantee of quality. Accredltatlon, however, is 7
oEZy

a guarantee that certa1n minimum standards have been met, It may

_be that the quality of care in accredited hospltals is generally

superior to that in non-accredmted hospltals, however, 1t is not llkely— '

that qual1ty is necessarlly completely absent in hospltals which lack
accreditation. W1th1n a group of accredited hospltals, qual1ty may
vary w1dely between individual hOBpltalS because accredltatlon is only
a guarantee of a nlnlmumustandard. S - . |

Another approach observed in thelliteratnrelwas to make the yet
unproven assumptlon that a hosp1tal &SSOCIBted w1th an educatlonal pro-
gram necessar;ly provided a better quallty of care than those whlch were
not. (The questlon of whether or not the presence of students in a -

hospltal acts as a catalyst to improve quality remains unanswvered. It

is posslble that thelr affect 1s to reduce quality.) The -next- step was

5

to 1ntroduce -dummy variables into- the spe01f1catlon)to represent 'qual-\\\

N

ity'. Carr and Feldsteln and Cohen both used 'afflllatlon with a med-
ical school' and Carr and Feldsteln, along with Fraser, 1ncluded the
sponsorship of a school of nurslng and an 1ntern program. Kushner ine

serted a dummy to represent a school of nursing in his Speclflcatlon. N

He also used the ratio of graduate nurses to ‘the total nurslng staff in

~

order to represenfithat the hospltals with more trained nurses on staff'V

@ \m . ] ST ‘ ] \‘
. [ -

o e
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provided ‘better quality care. ‘Carr and Feldsteln aleo represented

114

able assumption. - o . .0 S

quality by including dummies fﬁflecting the abeolute number of interns

and reeidents.in a hoapital and the number of typee of programa'ipr

b .

1nterna and reszdents. Ro utilized a dummy representlng a nursing

echool to indicate quality. Lave and Lave avoided the queation of -

'quallty altogether through the technzquekgf omitting output from their

specification. Thls etep followed from tbeir assumption that output
does not vary in any way in a short term period: , .
Ro included a dummy variable 1n-his Specification which repre-
eented the ratio of petient days to total hospital perabnnel. Presum~
ably,.Ro assumed that care was impﬁoved when the total‘number‘of staff

grew faster than the number of patient days, 1rregardless of-occupaf

tion. In three pieces ‘of literature, the question of quality was not

‘considered in the Speclflcatzons at all-L Paul Feldsteln, Berry and .

Franclsco. In the work of Berry and- Franclsco, where they stratifled

. their respectife samples by the offered comblnat%ons of services and

e
facilities, they might have assumed tHat those hosp1ta15 which offered :

R
more serv1ce, therefore, offered better quality but this 1s a question-

;e

The approach of Martin Feldsteln and also Evans was to assume -

‘ that quality was reflected by the nature of the casemlx. Those hospi-

3 ’

tals with a more difflcult casemix appeared to 'be the ones:-with the

more sophlstlcated equipment and more highly trained staff necessary to

handle it. These hospitala presumably produced a better quality of"

L

i

care. Dummy variable(s) Introduced into the specificatlons represented ‘

the casemix and adjusted output for quality. e
Cost would.appearjto be some function_of quality. 'Ignoring

] \
4
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quality or simply equating_it with educational_programsudoesenot~pre--~jj»—4—

- vide an adequate representation of the. relationship between cost and .
Y

size. - Of the specifications COnsidered, the ones in which casemix was

¢

part of the specification are those in whi¢h quality appeared to be
:_5),

reflected most satisfactorily. '

Parameters #
The Nature of Cosg' ‘ ‘, S ‘.{‘f. |

There were problems observed in the literature related to the ‘
nature of cost- specificly in two areas: 1) operatlng cost, and 2) N I

: capital costs. : - - ‘ghiﬂ

i Qperating Cost = Many hospitals offer more sérv1ces and » '. .o

facilities than simply those required to treat inpatlents only. Some
ler71ces ‘and fac111t1es are shared by 1npat1ents with patients who' may
| be otherw1se cla.sslfled‘.‘s These alternatlve forms .of care could 1nclude
outpatients and ambulatory patlents- educational day care, home care
or self—care programs; mobile treatment unlts- and even hospital-based
community health centers.‘ ”he problem which arose ﬂn the literature was .’
.that costs generated by overall hospital operations ware used in spec1-
fications in which the measure of scale reflected 1npat1ent act1v1ty
only. e.g. patlent day, beds or admissions. It 1s possible that a
biased. result occarred where costs were not generated by 1npat1ent ser-
vices and?facllities alone. o ' ,
If larger hospltals offer proportio%}tely more non-inpatient ser-.

vices than smaller ones, a biased estimate w111 occur where the cost

-‘used.reflects more than s;mply 1npat1ent services. It should.be noted



W

' reduce this bias. ‘They inserted various independent variables 1nto ‘-,j-'“ rh,';

K B S o h ‘ e :‘:115:. :!

-
o
+

that Garr and Feldstein, Fraser, aohen, Ro and Kushner did attempt to -

Ced

their epecifications including the number of outpatient visits, the

“pfeaenée“of‘a’nursing school or 1ntern program or the nuriber of services
~provided.’. They adjusted their independent variables and left cost, the :
dependent variable, ‘intact. These adjuekments were 1nadequate.
Throughout ‘the literatureg cost generally did not appear ‘to be rel&ted | e
in the various: specifications to the'activities which actually generated

the cost. In summary,pit appears that the existing body of hospital

’ economie literature underestimated the economies of scale in large hos-

. pitals.

LN . v Y .
3 . . . . . n

14 Capital Costs -mFixed assetshsuch as a’physical piant and

items of cap1ta1 equipment depreciate 1n value with. time and use. The

cost of cap1ta1 is part of the overall economic cost of the prov151on

‘of hospita1 services. In the literature, capital costs Were generally'

',overlooked, perhaps because such data was not readily available.

k mhroughout almost all of the literature, the cost data was obtained

from a third-party payment agency which recorded only accounting costs

" for purposes of reimburSing operating costs to hospitals. Only Fraser-'

and Kushner (1n hlB first analysis using hotel costs) included the cost

t

of capital 1n their estimates. Neither prov1ded the detail of how they

‘evaluated capital goods nor did they explain their respective methods - Q'-

.-for ‘allocating annnal depreciation, except in one of the methods Fraser

:employed. (He added one-tenth of the ‘value of the, fixed assets onto . ",

) operating cost ) Fraser 8 estimates of the average cost.function were

similar whether tapital costs were included or not.



Another general critlclsm of the llterature is also related to ; L ,:‘;

- the omission of capltal coat.' With two exceptions, the literature ) .

estlmated variable cost_ functions'_whether average “or- totelwcost° long“—ﬂ*—“—iﬁ"

hrun or short-run. Only Fraser and Kushner included cap1ta1 coat and,
therefore, only they est}mated 'true’ average and total cost’ functlons
'reapectlvely. The results and conclu51ons of the remainlng llterature _,, -
bought to be con51dered as estimates of varlable cost functions rather
'than as the total and .average cost functions they purported to be. It
| was a/difflcult task, however, to gudge the amounts of capltal by whlch
these cost functlons were understated w1thout some deta11 of the cap1ta1
costs. The large 51ze constants An the various speclflcatlons 1nd1-
cated in' part that these amounts could well have been substant1al.

" Omitting capltal cost may also produce further bias 1n tne results
‘u‘unless both large and small hospltals have 1dent1ca1 ratlos of output
“to capltal. (If this. ratlo is’ greater in larger hospltals than in ’l . 'i )
smaller ones. and the cost of @al is omltted from the estlmated R .

'functlon, diseconomles of scale in. larger hOBpltalS may be understated.i

eThe reverse is true 1f the ratlo is greater in smaller hospltals. In -

//present day health care, ‘the assumptlon may well be true that larger"’ . {
'hospltals generally have blgger physlcalAnlants than small hospltals

- and'also that they tend to: have more 1tems of equlpment of a complex‘

ﬂand costly nature. If th1s assumptlon is’ true then qulte llkely someo ‘,V ‘ _;;;30
_d1seconom1es o£ scale assoclated w1th large hospltals areginderstated-' | |

'1n the llterature.,



‘The MeasurementTOf'scale I -_ﬁ . ‘i - . -
Every hospital produces a tariety of servzc:s.» The problem in

N s

A -specifying a. cost function is to accurately reflect the relationshln

“*mu;between cost and scal;\\ Throughout the literature, scale has been B . ;

represented in two different fashions. It has either been reported in
terms of output or of capaclty. The measures of capacity were employed
both adjusted and unadjusted for output. The following.lists show low

“ﬁ‘
the literature represented scale. .

* Output e o Capacity - Both
L . - N
Paul Feldstein . Ingbar and Taylor , Fraser .
, Cohen - . < ‘Martin: Feldsteinx\ ‘ Kushner ~ S
Carr and'Feldstein f Evans . o :
. Berry . . : Lave and Lave 3‘
Erancisco S .

-1 Output = The most commonly encountered measure of output in.
,the literature was the patient day K3 although the 'number of ad=
missions' also appeared. These two measures were used as gross repre-

’

. sentations of the total.wolume ‘of hospital serv1ces produced. Their use-
' indicated that an‘assumption of questionable validity had been made. -
1Such ohtput surrogates 1mp11ed that they were standard units of output
each representing a certain quantity and quality of hospital production
B and that these units were comparable between hospitals. Neither of the
. ®

surrogates reflected the various hospital .erv1ces nor’ the effort

directed at patients who were not in the inpatient cla351fication._

. fNeither did they permit recognition of variation in ‘the combinations

‘and quantities of inpatient serv1ces which could be-provided by different :

.'_hospitals. For example, the .services embodied in one patient day unit

— :%.-

—
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at a Red cross outpost hospital are not identical to that of a large

metropolitan teaching facility. The staff and equipment in the urban

Q

hospital ﬁf“ld be more extensive and more sophisticated than at the

119

outpost.« Similarly, although less dramatic, variation”occur between

all hospitals because no two hospitals are exactly alike.

<
1

Hospitals may be defined as multiproduct firms. The services

, they. produce are numerous and. 1nc1ude education, research and’ community

' services,gin addition_to various types of.hgtient care programs'and

3

. services. Hospit -output is heterogeneousiand it taries over time

-

within.an individual hospital and it varies between hospitals. One

&
assumption which underlies the theories of production and cost is that
all output can adequately be measured in terms of one standard unit.

This 1mplies that a firm only produces one good or service. The out-

put of. the hospital field has been described as, "Unmeasurable and even '

to some extent undefineable" 4 Neither the patient day nor the number

of admissions 1s an adequate measure of the heterogeneous output of:

hospitals unless the degree of heterogeniety in the sample is virtually

nilo ) !

‘ Two items in the literature undertook to develop an 1mproved out- '

\

put measure for scale. In\his analysis u51ng total 'hotel' costs,.

Kushner measured output in terms of patient days, however, he made an.

. adjustment which was designed to reflect the effort a hospital made to h

maintain empty beds. Such effort, he claimed was part of the total .

9.R. Lave, "Revlev} of Melhods Used to Study Hospﬁ:al Costa™, =

;g‘ uiry, Vol. 3, No.2, Ma‘y, 1966 P. 59.;,...,

-
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hospital effort. Kushner stated that the cost of an empty bed was

seventy-flve per cent of that of an occupied Jbed irregardless of the i

'1eve1 of hOBpltal operatlon.5 He adjusted his output surrogate to

J-I

;reflect the empty beds by addlng an amount equal to seventy~f1ve per.

\tn

edaily stay. The usefulness of Kushner ] adjustment 1s doubt y be~ .

- 'dustrz, unpublished Ph.D. dlsertatlon,~
. Western Ontarlo, 1969), P. 35. ' :

f-cent of the total empty bed-days to the total number of patient days.

.:Kushner's ad justment 1mp11ed that a hospital would produce output ‘ o ‘ ;

whether Qr not there were any patients in its beds. Stated in other

Aﬁ?terms. an empty hospital would produce output at a rate equal to

‘seventy-five per cent “of the amount it would produce if it was full,

- : .
Kushner's adjusted output was speclfied in & functlon w%;h.hotel costs

only._ It reflected his arbltrary assumptioq.that treatment and educa-' - ’Jﬁ"

tion costs were only twenty-fsve per cent of the cost of a patlent'

vcause the purpose of a hOBplt&l hopefully, 1s to provide serfice to

its patlents. It is difflcult to accept a concept in which an empty R

‘hgigégal is consldered to be productlve.

Cohen approached the problem of hospltal output another way.

computed a composzte measure—for output Sk, whlch was' equal to the sum

~ of the 1ndexed welghts of thlrteen services multlplled by the volume
‘ produced of each serv1ce. A welght of” 'one' was asslgned to the aver-
‘ age cost of a patlent day and the other twelve services were a551gned 1n- |
' dex values according - to the- relatlve slze of their average costs. (The

i concept of a welghted measure whlch would reflect the relatlve volume of

.
\ .

3 eph ‘Kushner, - Economles of Scale in the General Hospital In- -
London, Ontario: University of.
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output in each service deserves further research ) Cohen 5 method

. was unfortunate. however, because he has weighted each service by
, T

its average cost rather than the actual . amount of effort required- to
o -"0 .
. produce one unit. He specified a relationship betWeen total cost and

;~iyweights without question and applied them to his Canadian data. He

ian output surrogate calculated directly from cost rather than output.
Naturally, the R2 values for his. functions vere high reflecting the
close movement of; changes in total cost and Sk 'The.average dollar
costs did not appear to necessarily reflect 'logical' values in terms-l
of either resource inputs6 or patient benefits. Cohen, {or instance,
o assisned a welght‘of .9 o a blood transfusion but laboratory and
- radiology examinations were 07 and .16 respectively and an outpatient
viseit had a weight of .28 Cohen 's weights were queStionable in them= K
'selves aside from the conceptual problem of estimating total cost from .
‘_units derived from average cost. . ‘ '
| Similar criticism and comment may be made with regard to. the
','functions that Fraser estimated in which he employed the composite
measure of output S developed by Cohen. Fraser adopted Cohen ]
.

T.-,"found that functions in which Sk ,was used yielded the highest R2 values
©of any of his four scale measures and, as a result ‘he employed Sk most
. frequently in his sPeCifications. Fraser not only employed a- technique

o)
. which was faulty in- itself but he impliCitly accepted the weights used

" to derive it. These weights were derived under a specific set of 0p- :

erational conditions*in a select group of New York City hospitals. It

was highly unlikely that the weights reflected Canadian values for thesef

5

6,

™~

. lyst attempted to develop -an output measure based on the value. of*,,‘
" re Qurce inputs utilized by diseaSe groupings. .

Baker, Hosnital Co=t Contr01 Ar noted in Appendix II this. o ,"d",



services,

This is not. true necessarily in a hospital. If capacity—is—useu xor_

i scale, this assumption is not required. In,each instance where a
measure of capacity was,employed in the literature the surrogate .“ ‘ 7t‘§iif

. 'numbeér of ds' appeared in some form. Although only Martin Feldstein T
specifical y stated that he used oapacity as a surrcgate for Bcale in

: vorder to avoid the 'regression fallacy', thlB benefit accrued. to each

— -

. capacity study.

output and no adjustment 1s made for the depreciation of capital*items,
the 1nfluence of the regression fallacy is 11kely.- It 1s~probably an
1nfluence in all of the literature discussed above under i QEEBEE ex— |
. cept‘for Fraser and. Kushner. Hospitals operating at a level of Pro-
j~1ductian.in\excess of the optimal level for their scale of plant tend to
fconsume-their capital assets at a faster rate than hcspitals which .
' operate at their optimal level or below 1t. When depreciation is K
omitted from the calculation of total cost hospitals whlch operate be-‘r.
- yond their optimal level may appear to have lower average cost per unit
. .of output than those operatlng at or below the optimal level. Economaesdl
.of scale ’ may be reported for such hospitals which 1n fact are not real |
" because of the excessive consumption of capital.»l _ e ' | )
. M. Feldstein and Evans both reasoned that, uhile cost might well.;

]

: 7ﬁ Feldstein, Economic Analysis for- Health Serv'ce Efficienc’,-
-(Amsterdam North-Holland Publishing Co., 1963), P. S

M . - . Do . . . 5 o N . : . Sy
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- be related to the number of beds, it was elso influenced by «t nature B
. and number of cases treated. They each inserted variables 1nt their

'specifications which represented casemjix and volume. Their results ,‘-. e

"'in one year. Such a capacity measure 1mp1ied that hospital cost behav-

'_Vanalysis..

were similar Each- found that econon1es of scale were weak in hospital
e

(. ) - ..

B

operations. : .
| In his seécond analysis in which ‘he used total - operating costs, o )
Kushner's caﬂ&city variable was potential patient days'. This measure

vas equal to the - total number of beds multiplied by the number of. days B

.iour uih neither influenced by the presence or absence of patients -nor

'by the nature of.their ailments.‘“A similar observation was in order l'
]

:vwith regard to the work of Fraser and also of Ingbar and Taylor, al-=
though 'number of beds' alone represented scale in their studies.
"Studres of hospital cost behaviour in which~a physical capacity surro-
gate was the only measure of scale ignored the 1nfluence of the ‘patient
on cost and their results were accordingly suspeot. Lave and Lave -
'attempted to avoid this difficulty by assuming that in ihe short-run '
the output-mix was fixed and. need not be accounted for in a specifica-.r
tion. In order to represent scale they turned to capacity but they

1

also 1ncluded utilization (output as a percent of capacity) in their

. . . T Y

The capa01ty variable 'number of beds* possibly 1ntroduces a- o .
: _-bias into .the funcfions 1n which it is - used by itself. The number of

‘beds is an 1npat1ent surrogate which does not refleot the variety of

‘other’ servxces ‘and facilities a hdspital may offer.- A hospital's capa-
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city to treat patients is slmply not a functlon of ‘the numbér of its "

o

,nl_“_beds_alone‘__The more_seznlceswa_hospltal provldes_tc-patientsuothe*
than 1npat1ents, the greater the posslblllty when capabity is the

scale surrogate thaf/;ts average cost will .be over-estlmated and its
. . . . i 4
. economies of scale left unobserved.

'y

Overall Criticism - : o . . o o

W

The economic literature in- the hospital field conslsted pri-
' marily of studles of speczfic groups of hospltels at or during speélfic
times.- The technlques of analysls were generally too criﬁe to ade- -L"'l
L quately deflne output; Often functlons were estlmated only in the . |

fert or second degree w1th the result that p0581ble cost behavzour

patterns could have been overlooked. The ma;ority of the results in -F

-

,
the llterature was not statlstlcly significant. Altogether, the

% limitations of the lltenature v1rtually ellmlnated any unlversal‘ap-
pllcation to the practlcallgroblems encountered:by‘hosp;tal‘planners

) and edmlnlstrators.- The 11tereture dléiprovidelsome'useful'anproachesf.
end:directions for future'reseerCh;' In particular;-Paul?Feldstein's |
~diseggrege.te‘study of costvfunction of the departments of ‘one hosplt&l
prov1ded one such dlrectlon for future research._ In only thls one B .gf; l

study d}d a wrlter av01d.¢he assumptlon that the behav1our of every

hosp;tal could be chsracteribeq in one-overall eggregate cost functlon,-ﬂ\-
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" Discussion L. :
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. o ’I

~ The hospital industry is a sub-eector in the health sector

of the tion' economy. In the production of - any ccmmodity,‘in-

'cluding 1tal serv1ces, there is an economlc problem.A The problem_
— : . :
invo : a) determinlng the amount of soclety 8 limited. resources ST

)that is to be used to produce the commod;ty, b) ut11121ng these re-‘

sources to produce the klnd of commodlty the consumers deslre, and

\ -

c) efficlently organ1z1ng the resources to ensure that the.. amount of"
' the commodity produced is the maximim ohtalnable for the resources
'Vexpended.a If the optlmal size for a hospltal could be. determlned,
'then at least part c) of the economlc problem, as it relates to the
hospital field, could be' solved Presumably, the. major purpose behlnd
much of the llterature was to determlne the level at whlch hospltal

'output was maxlmlzed with the avallable resources. (Parts a) and b)

-of the economlc problem Ca\re beyond the scope of thls thesls.)_ )

-

 Queen's Printer, 1970

ort _of the Ontarlo Conmlttee on %he Healing Arts, (Torontoi,
, Vol 1, P.. 109. . - S
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4The ‘Number of Beds as a Representatlon of Hospital Size

te

1

€

‘ The number- of beds in a hosp1ta1 is commonly regarded as a.
measurenent of hosp1tal size. The 'bed' rs ‘a convenlent and readlly
available measure. It can be easlly related to the frequently used
proxy measurement of hospital output. the patlent day. The rela-"

tioushlp between the supply of hosp1ta1 beds and total hosp1ta1 op— .

,erating cost has attracted study. The total cost of hospltal“““eratlons
s ‘

has been found to vary directly w1th the ‘number of beds avallable to

iconsumers.Q This relatlonshlp has led to the concluszon that once a

hospital bed is .made awailable, it w111 be used and that the more beds

made available the higher w111 be the cost in terms of the natlon's‘

'resources. Hospital oost ‘and the number of beds are closely related

t
because staff and facllltles are malntalned, and are avallable at all

times, in enough numbers to fully service most of the beds even ‘when'

bthe occupancy rate is very low. In the short-run,varlatlons 1n the :

.f occupancy rate have only mlnor effects on hosp1tal Operatlng cosfs.

It has been suggested that the ultlmate control of hospltal costs

- _lies in 11m1t1ng of the-ﬂumber of beds avallable for the hospltallzatlon

Thls method of m1n1m121ng or restricting the total emount
‘9‘ =y

'of expenditgpe for hospital serv1ces does not ensure that the resources f

14 - . [ : - . Pl

\

gh. Shain and M.I. Roemer, "Hosp1ta1 Costs’ Relate to the Supply of

h ]

" Beds", Modern Hospital, Vol. 92, No.k, Aprll, 1959, P. 71 and Committee

on the Heallng Arts, Vol. 3, P. 117.

1oSha:Ln and Roemer, "Hosp1ta1 Costs Relate to the Supply of Beds" '
¢ . ,

e .
. e
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; ekpznded'are utilized in anjefficient manner'nor .does it ensure. the -

. such an. érpendlture. +If. there- was -a- knewn optlmal-size—for-a:hosp1ti§;

" actual services produced are the maximum return to be expected from

!

127

and all hospitals were of thls 51ze, %hen the return on expendltures
for hospital services would be at. the optlmal level. The amount the

natlon is prepared to spend to secure hospital serv1ces_will aluays'be

, limited,;’lt.is the job of hospital plamners and administrators to

'_'maximiée the return to the nation;from its.expenditure on~hospital ser-

.. ’ Viceéo

Limitations of the Bed as a Size Heasurement

A :
Al

When the 'bed' is used to represent the size of a hospital the o

assumption is 1mp11c1t that only 1npat1ents are treated there. Hospi=

.

7_tals do, however, offer a varlety of serv1ces to patlents who never

'access to hospltal treatment and dlagnostlc departments and they 1ncur

occupy a bed. These services ‘and fac111t1es may occupy space have

.costs whlch are unrelated to the number of _beds.,

-~ . -

It has been reported that the average number of square feet of

floor Space per’ bed ih hospltals built in- recent years is more than

th1rty per cent hlgher than those bullt before 1950. The same source

V;»per bed than do smaller ones. Varlatlons between hospitals in the num-.v

also found that larger hospltéls have many more square feet avallable

4

?,ber of square feet avallable per ‘bed reveal that there is a wlde var1-

.

| ‘
ation in the value of the 'bed' measure bétreen hospltale of dlfferent -

- /

ages and sizes. The value of 1nter—hosp tal oomparlsons based on the |

11Hospitals4 Vol. 4¥, No. 2, Februarj;'l967,-f;_150;1.

"



-'bed' is, therefore, 1imitéd.~ A hospltal whlch services a.sraller

proportion of 1npttients than another hosp1ta1 in relation to thelr_'

. bed statistics are prepared. The scale of 1ts‘operat10n is' under-
represented‘by this measure. = = : o : v.
9

Ho;p;tal Output

One of the basic assumptlons underlylng thd\Theorles of Produc-

~ tion and Cost is that the output of the product1on procees can be
preciseij mehsuredpiﬁ:pnit terms.; The theories also assure that only
'one commodity.is prodﬁceda The ap 1cat10n of the theorlee of pro-

ductlon and cost to hospltals is a more compllcated task than in an

1ndustry hav1ng one ea51ly 1dent;f1ed and unltlzed outpqt. The dlffl-

: culty arises beoause<the quallty of'serv1ce_offered by hospitals is pot

homogenous'over timeQnor between hospitale. The identification-and ‘

R

treatment of quallty varlatlons 15 one of the most vexlng conceptuai
difflcultles faclng economlsts performlng emplrlcal studles of hospltal
productlon. In-. 1970, the Ontarlo Commlttee on the Heallng Arts be-

. moaned that~ "Were 'unlts of hospltal service' standardlzed, this

f“~respective'pattent*ioads"appears tu*be'lese efficiant when cost per"A

dlfflculty, quallty measurement, would be e11m1nated But at present H.

Buch a standardlzatlon is not avallable" 12.

The Nebulous Nature of Hosp1tal Output

' Hosp1ta. output 15 sometlmes expressed in general terms such as
L] - :

~

12 committee on the Healing Arts, Vol. 3, B. 116.-

Wt

4
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the restoratien of health'and alleviation of pain.‘l3 Such nebulous'

terms are of linxted use aB operatzonal deflnltlons of outpd? Thexr

T - - o M:

imprecision makes them meanrngless for-the purposevof deve10p1ng an - "" N

empirical cost function. Restoration of heéalth and alleviatioﬂfef - ;;f\

pain impdy.that the !fdnal' hospital. product is the utility which-the

‘patient receives from consumlng the various types of health related ; .
o - / N
‘servyices. It could be argued, however, that a hpspltal's immediate ‘

output (i.e. short-run output) is patient dissatisfaetion ae‘Oppoaed to

.'satisfaetien. 'Many bafientslexperience paiu, discomfort or 'anxiety. " .

, . ) . i ’ . . .
- related to their atay[dn hospital, Patient satisfgction derived from

hogpital eerudcee;may accrue for many years aﬁter'an'eperafioﬁior v o
:atreatment, partieular‘y'if-tﬁe patient's life was saved or-ajfuller_;;
measurerof health was restored along withva'Ieseening'of pain and dis-'

: A
ability.‘ The patlent derlves ut111ty from the consumptlon ef hospltal

~services over the remainder of his 11fe.. This is a form ar 'psychic' *47?M
'output. - - ' :A N iﬁ:‘ ':MJ

o ' . -

‘ It has been observed that to describe hospltal output as, the
psychic benefit which the’patient reCeives is much the sai§ as saying = ‘L
N .

'that the output oﬁga bank,; éautomoblle m\ﬁu{g;turer <} department

“store. is "customer satlsfact1on" ¥ Each grody€es gbods and/or’sera

S, F] ' L .
- vices and customer satlsfaction is a.consequence q; the consumption
R , - ’
of these goods. or services. -Similarly, the restoration of health and

r

. 13J.R. Lave and.L.B. T#ve, "Hospital Cost. Functigns" Amerlcan . ¢
X Economlc Rev1ew, Vol. 60, No. 3, June, 1970, P. 380 ¢ > Co e
14 .

oo M. Browvn Jr., "An Economic Analysls of«Bosp;tal Cperations "
Hospital Administration, Vol. 15, No. 2, Spring, 1970, P. £7. .
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| the alleviation of ‘pain are the benefit or utilities which an "

individuql, or.the community as a whqle,fderive through the consumption

of hospital services. Psychic benefits do not provide operational de- ~

finitions cf hospital output because they are inpossible to measure .‘f
satisfactorily. For this reason, surrogate outputs have been used in-
order to study the hospital's cost function.. - |
The Hospital as a Multiproduct Firm |

- The hospital may be designated as a 'multiproduct firm'- unfor-
tunately, there is no general agreement on the composition of a hos-
: ;pital's total output aside from the catch-all term of 'service’.
o Hospitals produ‘g various amounts of education, research and community

' service as well as care for a variety of. patients. Measuring and

quantifying these. outputs is-difiicult because each type of service isbmam

' :‘-not always easy to distinguish from the others. They are jOint pro-

) ducts. Fbr example, in a research project where a patient receives
treatments as part of'the experiment, the research data and treatments‘
&are jOint products. A precise aggregate measurement which adequately_
.encomposes a11 forms of output appears unlikely in the hospital field.>{
.,A problem of similar magnitude must be overcome with disaggregate \\

measures if each of the 'n' different hospital serVices is to be repreg\

.jTaented in an analysis. It would be difficult to identify ail of ‘the - “\\‘

«individual outputs as separate entities. Jointsproducts would limit E
the _effectiveness of this approacﬂ' “ | o

u“ Since the boundaries between the various service‘components is

. difficult to distinguish, it is, therefore, not a simple matter to

LA

e



“ aggregatlon.. More effort mlght be directed

T

-*'

assign production costs to specific outputs. Large amounts of joint ""
-~

’Hcosts exlst in the operatlon of a hosp1tal and %ompllcate emp1r1ca1

analysms of the cost functlon. Joint costs are generated'by products _

whlch ar®e not separable. 1 e. If a hospltal operates an 1nternship

proggar it is v1rtua11y 1mposslble to completely allocate this cost

' b%tween the treatnent and dlagnostic services provzded to the patients

and the educat1onal experlence ‘'of. the. 1nterns. X
The disaggregate analysis of the production and cost functions
of speclflc serv1ces w1th1n a h05p1ta1 is one whlch deserves further

inVestigat;on insplte of the dlfflculty of jolnt-costs and products._

Paul Feldsteln examlnad the total -cost functions for a variety of -

' services in one hospltal in one dlsaggregate approach. ?_ He 1nc1uded.

~such un1ts of measurement as the number of lab tests, radiology exam—f '
inations and operatlons. Even these units rjflectedﬂsome degree of
owards 1dent1£§Rng and

quantlfylng every servlce or task performed within a hospltai in order

to develop an accurate disaggregate approach. The ‘question whlch

' arlses w1th regard to a dlsaggregate method 1s whether or’ not the
. speclfic outputs of each h05p1tal area, such &8 nurslng or housekeeplng B

are actually measures of overall hospltal output. As P. Feldsteln 8

work 111ustrated, it remalns to be shown that the sum, total of. all 1np :

vdividual hospltal services 15 equavalent to the 'total output' of a

' Inveétl' tlon of the Mar 1nal Costs f

—13p < Feldstein;

of Hospital Services, (Chicago: Uni Baker, .
-Hogpital Cost Control. Thls other dlsa tp study:is;gépbrted-ini

"Appendlx II.- . e Lol T e
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;hospital; vhatever that may be, '
Output Surrogates ‘ . R ";i .
problem of defznlng hosp1ta1 output has general&y caused ’

N 1

'.ipty 1n the l e ature.mrIn_economlc theory 1t 1s~aurequ1rement-“*:-~""—
| that there be an operatlonal deflnltlon of the output of a productloh
| process before the study of . .the productlon and cost functlons may be
undertakeh ' In studies of the hosp1tal 1ndustry, this problem has gen-.f..
erally been circumvented through the use of a surrogate for output.

A surrogate is a substltute. The use of a. surrogate enables a
researcher to study other problems related to hospltal productlon and _

.

' cost wlthout f1rst hav1ng to preclsely define output. In the litera-, :
‘ sﬁre the surrogate for output used most frequently was the patlent -
y althou'he 'number of adm:.ss::.ons' .was also used. . A surrogate,
such as the patient day, can be easlly derlved from hospltal statls-
tlcal.reports., Once the- number of patlent days 1s calculated for a "”T}
Year, the average unlt cost of output can' be calculdled by div1d1ng thel”
total annual expendlture by the total number of patlent days recorded
durlng the same year. | - '
yb The patlent day overcomes the problem of data heterogenlety but
h such an un1d1men31oua1 measure of- hosp1tal output is not w1thout flaws.
It 1mp11c1tly assumes that all patlent days are allke- that w1th1n eachblfl
patlent day is contalned an 1dent1ea1 combinatlon of serv1ces.‘ It alsoprf
: assumes that the resource’ 1nputs embodledcln a patlent day are 1dent1—;,

© s

cal in every hospltal. Output surrogates, 1nclud1ng the patlent day, .

e

¢

have prlmarlly been used 1n a varlety of macro analyses.;6‘ They are of

"".' e .. N

// 16hefer to Table III-l._ ST A C D oe
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‘111ttle value in answering n1cro questlons such as explalnlng the dlf—.l~t,-ﬁ

’ ference between the cost of a med1cal and a surgical patzent day.

Another 11m1tatlon of aggregate surrogates 1nclud1ng the patlent

A

33 oo

-_‘day arlglnates in thelr 1nab111ty to reflect varlatlons 1n quallty.17‘

'The present body of llterature generally falled to adequately adgust
for quallty dlfferences. It has been observed that'-"Unfortunately,
there zs*ho feaslble way to quantlfy quallty for_hospltal serv1ces and
1ts 1nf1uence on costs cannot be estlmated dlrectly."18 In fact,
qualaty in the hospltal field is a term whﬂ‘h conceals two effects.
"These are 1) changes in technology and 2) changes in psychlc value. :
" Costs tend to 1ncrease w1th changes 1n 'technology but may or may not )
w1th psychlc changes. It cannot therefore, be concluded that costs :
will’ always 1ncrease Wlth 1ncreased quallty._ Bbth quallty and cost
“.mlght increase per radlologlcal examlnatlon 1f a hOBplt&l replaces an
x—ray machlne obtalned'ln'l940 wlth a more recent model. Both machlnes

Atake x-rays but the technologlcal superlorlty of the new plece of equlp-

‘ment would llkely be greater. Quallty may also 1hcrease if a nurse w1th

o

- ,no spec1a1 tralnlng 1n soclal 1nteractlon is replaced by a tralned nurse.

'-Both would be paid at the. sare rate but the patlent experlences, hope-

7

"fully, a psychlc 1mprovement in the quallty of the care he recelves._“

T T

A magor problem in’ the study of hospltal costs is to dlstingulsh e

~7the costs whlch are - assoclated w1th 1mprovements in technology from

RN

those assoclated w1th 1ncreases 1h the scale of/hoép:tal output.‘ If no
adjustment 1s made fqr technologlcal dlfferences when a surrogate out--

7R. Berry, "Returns to Scale in the Productlon of Hospltal Ser-
vices" ‘Health Services Research Vol 25 ,Nea 2, Summer, 1967, P. 126

| 181b1d., P. 127.
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put is used, then small hospitals or ones producing less technlcally

‘efflcient]services may well appear to be operating more efficiently

”than larger hosP1tals or ones producins serv1ces, which contain a

"

'hlgher technologlcal component. (As a p01nt of 1nterest, 1t should be

.7;observed that, generally, higher technology levels appear to be as-

. sociated with larger hospitals than small ones. The larger hospital
" tends to offer a broader range of facilitles and serv1ces and a better
‘Jqualifled and morélglverslf1ed staff ) There appears to be some rela—

' tionship between hospltal costs ‘and the 1evel of technology whlch the:

14

'literature has failed to adequately report. Future research and
»

-analysls in the field of hospltal economlcs could usefully develop a

: Such a technlque would be useful because no two hospitals are 11kely to. |

.produce outputs 1dentlcal w1§§’regard to elther volume or. quallty be-

cause no two hosp1tals possess 1dent1cal equipment, offer 1dentlca1

services, employ 1dent1cal staff or operate 1dent1cal phys1cal plants.'

Hosp}tal Eff1c1ency ,

' The Ontarlo Commlttee on the Heallng Arts has observed that,

”p,"Increa51ng quantltles of labour and. other 1nputs... cannot be taken -

Las evldence of fallmng product#gzty in hospital" operatlons" 19 In

fact, the Commlttee felt that productlvlty actually 1ncreased w1th the

. _;9" mm1ttee or the. HeallngAArts, Vol 3, ‘P. 121.

. techn1que to more adequately reflect ‘this" form of quality differences. o

. ,addltaon'of such anuts.' As medlclne:has developed‘new technlques,and‘ﬂ':f‘

N
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procedures have resulﬂed which in turn have led. tp new kinds ot

fequipment and new job classifications.' The new equlpment could be

' Inspite of this argument, it is doubtful that most hospitals operate at _

designed to perform a function never before performed or to 1mprove

on the performance cf older equipment In either case, the new equ:p-

v ment represents an 1mprovement in technology. Often the new equipment

’

*-requires a new and more highly trained type of employee be added to '
'the staff in order to operate it. In the hcspital field improvements

1‘ in technology frequently do not yield reductions in manpower, as is '

| igenerally expected in ecoﬂomics, but rather staff must be increased.

7‘Much of the benefit of new equipment and JObB appears to be psychic.

dalthough patient volume may. 1ncrease in many 1nstances. Hospitals may ,
add staff and equipment and, as a result, raise the total cost of op- -
'erating without treating cne additional patient‘ However,‘it cannot
‘be said that product1v1ty has dropped because the psychic benefits

* which the patients receive may well have been 1ncreased substantially.‘

. ank cpthmal level.

In economics the*production function traditionally represents in

ﬁmathematical terms a firm operating in the most efficient manner pos= |
31b1e at a given level of technology.ZQ: The production function 1s
A'related to the premise that the goal of a firm is profit maximization.

A firm which maximizes its profits operates on the edge of its produc-

. tion frontier. Any\firm on the edge of its frontier is. combining 'f(

: ZOH.‘Brown Jr., "An EconomicfAnalysis"; P, 61.

jad
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'the inputs in its production process in the most efficient ‘manner:

"possible to produce the maximum level of output possible with the

= current technolcgical resources. ‘The - production:function speciries
‘the output of a firm on its production frcntierJ » ‘
In applying the theories of production an cost to the hospital

‘ industry, it must he recalled that 1t is .a non profit industry and as.,lf

such does not maximize profits or minimize cos s. It appears that -

- and therefore, operate w1thin e edge of their production frontier.z;

hospitals generally Operate inf{ less than perfectly efficient manner,
. }The usefulness of specifying hospital cost functions is primarily in
. the creation of 'bench marks' of hospital cost behaViour qhich prov1de a
: '»'guidelines and indicators fonsuuspital planner and administrators. v
;:fGivsn a level of production, which is likely not optimal, cost speci- -
i‘fications, such as were contained in the 1}terature, reflect the be-
haViour of costs and the level at'which ¢hey are lowest for specific ’f'“' H

.,4._

’i samples of hospitals

7.

21Th:Ls behav1our occurg in part because there is little 1ncent1ve e

for the administrator of a hospital.to try to maximize efficiency. In- -
order to—ensure—efficient. operations, he. ‘must expend great effort-and - \;-

i "become involved in conflicts with the medical staff. -Since hospitals

~in Canada have traditionally, been: reimbursed for. the costs incurred,

a1l savings. accrue to the government paying agency. "An administrator ] r‘”“"'*;iﬂ

" maximizes his utility by expanding his hospital in size and staff._ This -
- action increases his.status ‘and, generally, his salary and v1rtually
eliminates conflict with the medical staff. - This behaViour ensures
- that the net social benefit is not maximized. : » :
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| ' . - S G RCIREEE
~  SUMMARY, OBSERVATICHS AND REC%?’TITIDATICTTS”-

; Summa? T
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N Chaﬁter‘x of this~thesie"examined-the behatiourkof-costs iu‘the
health fleld in both Canada and the Prov1nce of Alberta durlng recent
years with particular ‘emphasis on hospltal-generated costs. Durlng
the period cons1dered 1957 to 1970, costs were observed to escalate o'

o at a rapld rate 1n the health serv1ces and, especlally, in the hosp1ta1

.

g’lght of such rapldly 1ncreaslng costs, 1t was thought that

-~ ° ;-

| field.

a thorough rev1ew of the econom:c 11terature concernlng hospltals would -

be a useful undertaklng It would reveal the nature of the current

available 11terature°- 1ts dlrectlonsq results aﬁd concluslon5° the

' 3 concepts, methods and approaches er1t1ng further research and 1nvest1-
. gatlon' .and an 1ndlcatlon of wh1ch ‘Ze{hospitalhismoptimale:-1
Co T ; ’

A number of p01nts emerged from the 11terature review.

1. Throughout much of the 11terature, the technlque of analy51s _“.

con31sted of the cross-sectlonal approach. Of three time-serles

-:analyses 1n two cases, the data was comblned after the tlmir o

" serles analyses were complete to provlde a poollng of data. *\“'ipﬂf"‘



- 2.'

Much of the literature consisted of aggregate analysis of large

‘o

.groups of hospitals. Two wrlters performed a type of dlsaggre-

5.

. 5'.

- Table III-l 1n whlch output was employed, the 1nfluence of the

. .Capital costs were omltted from the cost calculatlon in all but

. gate analysls.. Most of the COncluslons and results were, there-

fore, of a 'macro' nature and as such they are of llttle use in

explainlng the cost behav1our ‘of 1ndiv1dual hospitals or in

: dpcision maklng at the 'mlcro' level- of hospital activzty.
‘In most of ' the 11terature aggregated costs were employed and re—‘ '

'flected the overall costs generated by all hospital activ1t1es.

In all but one instance such costs were speclfled in relatlon-,

) ¢
‘ ShlpB with 1ndependent varlables represent1n§ only 1npatient

/
act1v1ty. In the 11terature, the spe01f1cations generally ap-

peared to be inadequate because the actual costsjwere greate&

nthan those whlch the 1ndependent varlables could explain, -

‘ Hospltal scale has been represented in terms of output and capa- :

c1ty both of whlch have 1;m1tat10ns., Output was generally

f measured 1n terms of a surrogate reflectlng only 1npat1ent

act1vity. In most of the cross-sectional studles noted 1ne ' N

'regresslon fallacy' was operatlve because no adjustment was. made
for the cost of capltal. Capaclty was most often measured 1n

terms of 'abzlity to~serve' 1npat1ents. _' ’ . | ,ff.f '

.................................
.......................

—.\>v'\"‘ v

Y.

'two pleces of-- 11terature.. The consequence was that dependlng

.

L
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- 10.

.o

| on the speciflcatzon, either total variable or average variable

; cost functions were specified ratherrthan,complete—total -or—=

' various speczflcatlons.

139

average cost functlons.

Economies of scale for larger hospltals appeared to have been

generally underestlmated in the literature because nelther oper-- .

ating nor capltal costs were equately reflected throughout ‘the

N,
]

'There was generally no dlscusslon of nor attempt to adequately
reflect the 1nf1uence quallty has on hospital costs. The tech-
;”nologlcal and psychlc dlfferentlatlons of quallty were not dealt

' with. Thls ‘aversion to.the problem of representlng varlatlons

in quallty appeared to reflect the 1nab111ty oﬁ the health care

llndustry to ‘define standards.

Hotel costs were relatlvely 'flxed' in the short-run.
Many\of_the.results in the llterature were not-statisticly“
significant. T

T
8

The nature of the studles reported was such that thelr results T

'*,have llmlted appllcatlon to any populatlon except fonvthe one

used in each partlcular study.

oo
“'f".'

L
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Concluding Observations
A .\ﬁ o *

The pressures of the market place appear to be all but
{ninoperatzve 1n the provlslon of hospltal servlces in Canada and, as’
- a result, growth and development have been less than Optlmal The

- planning of the size and dlstrlbutlon of hoepltal facillties by ex- ;" "

\
A

._ternal authorlty has developed since the lack of agfrlce mechanlsm o
'has caused cost to \crease beyond a level whlch t publlc could
ptolerate. In Canada, the external authorltles are pr1mar11y the :

' Provlnclal Government, although, because of heavy f1nanc1al in= -
g

L volvement the Federal Government also is influentlal.

o Presently 1n Canada, two general policy approaches appear to.

be emerg;ng in relatlon to hOBpltal servlcea. Neither appear to bef,“’

“directly concerned w1th whether or not hospitals Operate-efflclently,.,,"*' -

S

' On the one hand, hospltals are characterlzed as wasteful 1nst1tutaons "

S
L 4
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hvthe number of actlve-treatment beds -per thousand population must be

produce an 0pt1mal returna:’ff B

whlch nust be reg,ulated1 and on the other hand, 'alternatlve forns of

care are proposed o SRR _t-. B

S Hoepital expendltures are “to- be'held 1n check by such measures

‘a8 restrlctlng government a1d for new or expanded actlve-treatment

fac111t1es, applylng celllngs to the rates of 1ncrease 1n hospltal op-
eratlng costs and orderlng hospltals to close certazn wards or sphzﬁflc

numbers of beds. The polltlcally acceptable belzef 1s evolving t

i

' reduced to a unlform ratlo across an entlre prov1nce. (e.g. The ex-‘

. pressed a1m of the Government of Ontarlo; "Is to trim down the number 7

of beds from the present S5a 3 beds per thcu'nnd populatlon to 4. beds per

-'thousand."3 Limltlng?the number of beds may slow the rate of cost —_—

1ncreases but’ as was obsgrved 1n Chapter IV, such actlon does not

guarantee that the.resour%qs,yhlch w1ll contlnue to be expended w1ll

I
> -, -

\’-‘. .

Recent reports emlnatlng from government study groups have called _7"

Y . ,.A_ .

and Hosp1tal Admlnlstratlon in. Canada, Vol 15, No 1 January,l9?3, P 4

2The Communlt Healﬂh C ntre in. Canada, Report of the Communlty

' Health Centre Project to the Conference of Health Mlnlsters, (Ottawa,

Department of .National Health and Uelfare, 1972). - o -7

— 3Canad1an Hospital, Vol. 5%, no. 1, January, 1973, .19.

rhThe Communlty Héalth Centre .in Cana Report of the Ontarlo

g for a complete re—organlzatlon of the entlre health care fleld and of :f;.

| the mechanlsms by'whlch it is flnanced 4 -Hosprtals‘haye;been'recognlzed3-'

R lCanadlan Hospltal, Vol. 50 No. 1: January, 1973’ P. # and P'l9"

Commlttee on the Healing-Arts, Vol.l and 3y Toronto: Queen's Prlnter, -f

: Welfare, Part 2, Vol. IV, Tome I,

1970), and Report of the Commission of Inquiry on Health and Social .
Quebec- Quebec Offlcla% Publlsher; ‘
- ‘

N

1970
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' important features of the health system in these reports but the
E N

Fecommendafions generally havq'called for limitatlons on hosp1tal

‘functlons and £uture development. Alternatlve forms of health care

1 o q&;

’have been put forward as mechanlsms whlch w0uld 1ncreasi'the amount '
of he lth care prov1ded, dellver 1t in. a mdre efficlent manner and

simult eously, reduce the rate at whlch health.costs are rislng.

The 'oommunlty health centre"’ concept in particular,mhas-been ex= :

- ot
~

pounded as such an alternatlve along with extended qare, home- care
and varlous forms of 'day' care both 1nside and outside the hospltal
settlng Expectatlons exlst that, w1th such alternetlves, hcsp1ta1

expanslon can be avolded, or at least postponed and that health careh,

' would come to be provzded more efflclently and effectlvely.

: It 1s p0531b1e that restralnts 1mposed on hospltals and the

Hevelopment of: alternatlve forms of health care may achleve many of E
[8 .
-the purposes for whlch they were concelved Two 1tems for thought

-~

have been germlnated by thls the51s regardlng hospltal optlmal size

£ N
. which merlt further cbns1deratlon by those who support restralnts and

.

alterhatlves." Flrst, ‘an overv1ew of all of ‘the results in the hospltalx,

3

’ ‘ P

. the analyses 1nd1cated that hospltal average costs were decreaslng or -

-

constant over the entlre range of presently exlstlng«hosyﬁtals. This .

MY

stétement is also supported by the cbservatlon that costs and varlables'

were often erroneously SpeCIfled whlch 11ke1y ylelded an- underestlmate .

|

onomles of scale 1n ‘the 11terature. Although the ev1dence is far

1
fromvconcluhzve, at the aggregate level 1t do@g;appear that larger hos-

; llterature revealed that whlle the results are varled the maJorlty of -
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pitals could possibly operate more efficiently than smaller ones and.

that the optimal hospital size may be very large. Additional research -

htneeds to“be directed toward determiniﬂk the optimal size at the aggre-
gate level before the. concept of . hospital expansion is- eliminated as

an alternative in developing the health care system. .

‘n "V‘{ . . \

Aggregate economic. studies of hospital have not necessarily re-

" flected what is desirable }or one\hospital as a unit nor as part of an’
integrated system. The hosgltal of optimal size at the aggregate level
.'may be unsuitable for magy communitles. This is the second item which
merits consideration. ‘More study is requlred at the very disaggregate
level of the 1nd1vidua1 hospital, its departments and of .the community

, ?

‘agencies which complement and supplement each part;éular hospital.

Paul Feldstein prov1ded a technique upon which further .research could .
evolve.5 The . goal of such research would be to prov1de 1nformation .
which wonld\enable each 1nd1vidus1 hospital to know when 1ts‘slze would
be optimal, given its psrticular comfnnity, and what organizational

4 arrangements qould maxlmize operational efficiency. given a desirable ;‘

: Lo ,‘, ' . ] i ) . c® .
sizet . ‘:",r_‘ '-"4 ) } s

An extensive development of hospitals has taken place in Canads
| Aduring the past twenty years. Currently, hospitals represent the focﬁs
. of health care in many communities. Given the present patterns of .
.medical practice and ex1st1ng publlc attitudes, it is doubtful that the
.place of the hospital 1n health care delivery will be spbstanttally\

_ . v :

s 5Pau1 FeldsteinfrAn Emp 1r1cal Investigatlon of the Mar 1nal Cbsts~‘ ‘
of Hospital Serv1ces, (Chlcago. University of Chicago, 19315, P. l~z :

©

-
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‘reduced. Hospitals will continue to exist and each needs to be

managed efficiently both as a unit and as a componentgpf a communlty 5.ﬁ=~

' =health_reeources.‘ Restrlctlons on size and patient volume may prevent [

‘ @

l a hospltal Trom ach1ev1ng 1ts least cqst level of productlon and keep

. . oL
“the overall health costs for a commun1ty hmgher than 1f the hospital v.vﬂ o

‘was left unrestralned._ Restrlctlons may limlt the volume of hospltal .
'eerv1ce available but costs are . not’ necessarlly limited- prqgortlonately. ¥

e .
s . . I3

It ‘hospital costs are not reduced when the alternate forms of.care are’ R

' 1ntroduced, but hospltal services are. cut-back the total co“ﬁ;

S e .
health c&re overall: nay be 1n¢reased but ‘not the volume of heai;h care
available. L e T N

. . Recommendations . < .7 o

This thesls has examlned the exlsting economic 11terature related

vto hospltals whlch prqpently 1s limlted The field of hosp1ta1 econo-

. r
‘7m1cs, however, merlts further research at both the aggregate and
'partlcularly, dlsaggregate levels. o . .,l:, a~f5;;¢kf7'

SpeCIflc problems have been 1solated, each of whlch is-an gppor- f',)]=

_tunity for addltional study., Cost speclflcations whlch encompass both
- capltal and c@eratlng costs need -to be developed. IE mean:ngful inter-'

]
2.
de, a’ more preclse measure of slze 1s

.A&.

.vhospltal domparlsons are to be
.needed than that of the 'number of. beds' 6 The 1nf1uence of. 'quality‘-ﬁzbf.

I3

S i 6Ehe probleu occurs beca ’e the number of beds xu no;way rn—
) flects outpatlent types of actl'lty. R i .



N

'..E

both technical and psychlc - on costs is one which' néeds recogniélon
v and study.. Better speciflcatlons are needed if results are to be

¢ ' .
statlstically slgnlflcant rore often. Further research should be

~

- .directed toward definlng the product of a hOSpltal in prec1se terms.

.
-2
Py

In the literature there was no consensus as to whlch hosp1ta1

' size %as optimal. Continuously decreaslng average costs. were found

%% it operates efflciently and at the same time’ that it effectively meets, .

. v_r " .

frequently in the hosp1tal 1ndustry. Wlth Only -one exceptlon, there o

“was a. definite concensus that small slzed hospltals have hlgher ave-f_

frage coststthan medlum and large hospitals despite the fact that the |

~”,"f;"larger hospitals may offer a greater varlety of serv1ces.' Conslderable

3

v”'researoh is requxred*if the question of optlmallty is: to be settled

'-satisfactorlly. e ,E“'. . ,

The most slgnlflcant point ralsed in th1s the51s concerns publlc

.pollcy and the need for 'mlcro' studles at the level of the 1nd1y1dual

hospltal. They are required for each hospltal in’ order to ensure that;'

‘the unlque health requlrements of 1ts comnunlty.' With a disaggregate

a;aly51s of the hosp1tal the local planners could then .
vf soggfes rn such a fashlon that an optlmal return could be & Leved

w1th%h the overall 'macro' guldellnes of prov1nc1al pollcy.

% .
B Yo

— R
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. It has been noted prev1ouslv 1n the main body of +h;s thesis-
that satlsfactory measures of hospltal output were not evident dn

%he exlstlng llterature.l One of the main observations of the con—.‘

i cludlng chapter was _that further rq.'arch shculd bevconducted 1nto»f~~¥‘¥~‘

the development of such a .measure. Subsequent to the flnal sub-
. m1sslon of thls thesls a recent piece’ ‘of llterature whlch dealt
. speczflcally with the 'output issue was brought to the wrltes 8 ..

attentlon. Th!g theslB‘Fould not be complete wlthout a dlscussionfr "‘-:}'
.‘. ’

“of the work of Dennls M Baker.3 v‘.. o ”}

"3@ Baker had two objectlves in his work. The flrst was to . o

-

deflne anh measure, in a- 'meanlngful"way, hcspltal 1npat1ent output.'
The second obgectlve was to test the usefulness of the 1np£t1ent-4ro-g"'.'~i{f
‘3 duct model w1th regard to cost. control and product prlcing. Baker re-‘lf

) strlcted hls.study to 1npat1ents and selected the " case (1.e. dls- _

-

charge) as his: un1t of output.. He was crltlcal of the assumptlon
' underlylng common surrogate measures of o%fput such as the patlent

day w&th whlch all types of patlents are presumed to consume re-"

L3

sources in equal quantltles. ;n Baker 5 v1ew "Products should be Lol

3

def1ned and measured;zp terms of the klnds and amounts of resources'

they use" # Recognl that to analyze the costs assoclated withq
each case would be a monumental task he proceeded utlllzlng the '
) .b... ) _ PN . . -_ . o P PR e = .!_. s . ,_,_..,-...,»,_-.,
T N 3D M.. Baker, Hosp1tal Costhgntrol and Product Pr1c1rg With an
 Empirically:Derived Factor-Analytic Model of Inpatient Costs, Un- "

*publlshed Ph. D. dlsertatlon, Los Angeles, Callfornla, '1973). . -
e ﬁIbld., p,lz ,“TC;:" ",. ‘;’v. o
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dassumption that some dlseases are *eleted to others in a systematlo’r
' manner, 1n terms of the kind and amounts of resources used for each. O

. In hlB analytlcal work, Baker operatlonally deflned the product of
8 ‘ .
————inpatient.. carenin,terms of disease’ groups.

Baker first dlstlngulsh?d the dlsease g;oups by means of
multivar%ate factor analy31s. Hls data oonsisted of a 20 percent - 3'

random sample of all dlscharges at one hosp1ta1 durlng the f1rst ‘i; ”’ L
. : S

le months of-a pantlcular year.} from his sample he grouped dlag— Lo
: T, “ .o : .

‘ noses alike in resource utilzzation establlshlng major utlllzatlon
.,

patterns and then a551gned.%he remalnlng unused dlagnoses from the ", : I»,

PR o ' . I

: *sample to approprlate grbups.' J'f , ) - C
i.e. QJ TJ + A; o A
"">where._ jk a partlcular product (dzagnostlc) group 'ugzl_ I;§\:- )

' ) GO ’ . .

f Q= dlagnoses comp051ng a product

Tr= the dlagnoses 1n1t1ally deflnlng an ou@put

Cd
~other dlagnOSeé most 51m11ar to T . g
i

', ~$he‘fjnal éorn of Baker 5 product model cost funct R var

"generai,form}h - . A o
T Y EE bX, . T
e Ly N

{. 4‘1.uhere“ Y total 1npat1ent dlrect cost

Joom kf—;the number of products . :j” IRt .
-.;,b = cost of produ t - a ‘ gﬁ,- e T e

X = number of‘unlts of CET duct J

,“‘."_J

- Baker began w1th a very dlsaggregate sample but by means of

PR c T .
. -multlvarlate analy51s he aggregated his data an@ then developed a
. »l
;. cost functlon Tor the partlcular hospltal from whlch he drew hls
Sy . Lo . - » "g‘_’? . a
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'data. As Baker noted one of the limitations ofwhis analysis was :Qu,,

- the deflnltlon of the ;so—resource\diagnostic groups in terms of

l

- standand charges for 1npatient servlces. He opted for thls approach

H?because he felt that an attcmptvto definewoutput inmterms ef—au

appr0pr1ately limlted number of physical amounts was not operatlonally -

-

feas1b1e.\ As an example he stated thattthe un1t of . service produced

r

in Radiology'- the X-ray examlnatlon- has not the same value of a "
Q‘Nuclear Medicfne Department - the scan., Such measures d1d not reflect:‘“ -

the relatlve "costllness"‘5 of. the serv1ce. Sance, the hosp1ta1 ‘ .
hcharges const;tuted a. standard rate schedule that reflected relatlve S R
; costllness of dlfferent servlces, 1t was assumed that the charges were
l_acceptable surrogates for dbflnlng relatlve quantltles of. 1nputs ':d}-ib

_ hence, 1soqresource products or outputs..:.'"‘ . f,‘ f' N

\

-

- Baker s mult1var1ate factor analysls ylelded three dlstlnct
: ¢

: i
_factors repreSentlng dasease categorles deflned 1n terms of resource

Draty & T

_i1llzatlon.r Those dlagnoses not 1ncluded 1n the multivarlate analy—

vl . u‘

sls were Bubsequentry allocated to'one of the three categorles. .Hl"

_VHav1ng deflned output Baker proceeded to estlmate a llnear, t1me-ﬁ.i
Lo "ﬁﬂ ¢
i,serles total 1npat1ent cost functlon fariﬁkﬁ;mrtlcular hospltal.- Hevj“

: '~1nc1uded only mpat:.% dlrect cost«s thug ‘8m‘:|.tt1ng from hls cO‘st est?—
':_.mate overhead depreclatlon and amortlzatlon costs. Addltlonally,
' attempt to reflect changes in technology was 1ncorporated.; The_total‘.

gl R
1npat1ent d1rect cost functlon)took the follow1ng form' C

1 = 578.37 Xy + 252.36 X, 2 ¥ 95h.62.%. . i3 r‘13‘93‘*t1 '- 'R2=:_.'7226‘
1 (268.09) (266. 27) ‘ (529 22) ' (2.65) 1 .. S
?.,...‘216_‘_ 1,095 - 1,80 « 526 '

R RN

. Ibid., P. l‘g 8. -
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' where't llnear tlre varlable,oand

J.. = 100016 (monthB)-

Baker 1nterpreted hlB result as ‘a Ibng-run varlabl;\cost functmon.‘ L

The_value of R2 reflected the high explanatorympower_of the mode1- Ao

o

. Only the coefflcient of xiz is not slgnaficantly different from

o zero Whereas the others are. slgn1flcant at the 10 percent level. The

3 nature of the cost funct:.on whlch he estmateﬁ.. HlB measure, based ’

long-run average varlable cost curve revealed by Baker 8 analysxs was =

2;Ione reflectang continuously 1ncreasmné average costs or cont1nuous}
‘f;“diseconomles of scale. Naturally, hlB 11near analysis 1s subject to
all -of the llmltatlons associated w1th such analyses mentloned 1n the
fourth chapter of thlB thes;s. -t :.b" . f»'td,f VTQ+«-3;’"' T
) Baker ] stuay prov1ded an’ 1nterest1ng alternatlve approach to -
the deflnltmon of hosp1tal output. ‘No concluslon w1th regard to the

superlor1ty of Ahis measure is p0551ble based solely on the 11m1ted

on dlagnostzc grouplngs accordlng to resource utlllzatlon, does
_raise questlons, some of whlch are’ noted above. Further, one- m;ght

| alst quest1on on an 1ntu1t1ve ba81s whether 1tbrs.1ndeed p0551b1e to

Ah‘x represent all 1npat;ent outputs by means of %giikthree dlagnost;c-a"g?;rffffi
.:g categorles. '&n any case;lBaKer s methodology is- one deserv1ng repll- |

ti catlon %n future studles of other hospltals. 5_.’

v o



