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~equation,

i : " ABSTRACT

'w Econometric re]ationships'betWeen~average general administration

costs;, average nurs1ng adm1nlstratlon costs, and average nurs1ng

/ -

-service costs, and one output measure, the average number of . adm1ss1ons

per bed dur1ng.one year.were estimated for a samp]e of General Pub11c

_Hbspitals in A]berta 0rd1nary least squares regress1on ana]yses were

app11ed us1ng three mode]s 11near quadrat1c, and inverse form of the_

Empirical results for average general administration costs and
> TOL. . A _

average nursing administration costs for hospitals sub-dividod accord1ng

),to size classes were observed to. comp]y w1th theoret1ca§ e\pectat1ons,

o

' however est1mated re]at1onsh1ps for average nursing service costs were

“found to dev1ate from theoret1ca1 expectat1ons for hosp1tals w1th less B
\

than one hundred beds The poss1b1e reasons for this phenomenon are
)"\ .
\&

© i

-d1scussed ' _ - ' SR {.

leferences in estwmated re]at1onsh1ps between s1ze c]asses were

examlned in lesser detai]

Re1at1onsh1ps between the se]ected average costs and the se]ected-.“

foutput measure were est1mated and expected optima] case-f]ow rates were

determ1ned for hosp1ta1s grouped accordwng to case mwx c0mpos1tion
Emp1rica1 results are reported and dev1at1ons from theoret1ca1 expec-

tatlons are d1scussed .7
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. oWeTRRI é. N
- InTRODUCTION ¢

" "Too many:peop1e in'too~may-beds are costing Canadian taxpayers | :d
too much money. "] "A]berta with seven hosp1ta] beds per 1,000 of ‘
,popu]at1on ~has the h1ghest rat1o in Canada and perhaps 1n the world. X
and is. sa1d to.be in deep trouble with r1s1ng health care costs."?
.Bes1des spendtng more on health care in genera] Canad1ans spend" more
for hosp1ta1 care, and the greatest 1ncrease is in the act1ve treatment
'hosp1ta1 Th1s is exp]a1nab1e, in that "the hosp1ta1 is- the 1argest
subsector of the health care sect1on, and has grown the fastest. "3
" Between th;'years 1955 and 1967 hosp1ta] serv1cb expend1tures 1ncreased
fourfold, from $480 mmwn to $1. 9bﬂhon4 S .

| There are many reasons for the rise in hoSp1ta1 care costs o
Hosp1ta1 serv1ces are ‘labour 1ntens1ve, afd the prlces for seercesEoi
profe551ona1 and non- profess1ona1 emp]oyees are consthnt1y 1ncreasxng
"Wages or the remunerat1on for work, account for e1ghty percent of '
,health serv1ces costs in genera] and seventy percent of hosp1ta] care
‘costs "5 Approximate]y f1fty percent of the total expenoz ures on wages

yara Lo
' A ,_/!7‘.‘..\

‘The Fiﬂancial Post 16 December 1972 P 14

2F1nanc1a1 Times of Canada, 8 January 1973 . 5.

N 3R, D Fraser, Canadian’ Hosp1ta1 Costs and Effie1ency (Ottawa
' _;Information Canada, January 1971) pe2e , N

(

co 4Jean Luc Migue and Gerard Belanger The' Price of Hea]th (Toronto
~The Macm111an Company of Canada L1m1ted ]974) p 101 ' N

| 5Ib1d , p ns
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~.and sa]ar1es is attr1butab1e to nurs1ng serv1ce personnel n

k

Other factors wh1ch contribute to sp1ra111ng hosp1ta1 costs. are -
cont1nued 1ncreases 1n the cost of drugs and med1ca1 and- surgica]

supp]tes, r1s1ng food costs- per mea] day, 1ncrea51ng equ1pment costs; .
, . o

11mb1ng mt1ntenance and p1ant operat1on costs;. and 1nappropr1ate

ut111zat1on of hosp1ta1 serv1ces, to name a few ] Even empty hosp1ta1
~

3 beds are expensive, for there ié ev1dence that "on ‘the average, an empty o

hosp1ta1 bed 1s about 75 percent as expens1ve as an occup1ed bed. "2

ﬂn ‘several c- ca51ons, the Task Force Reports on the Cost of Health

»Serv1ces 1n Canaﬁa have dep]ored the fact that many hosp1ta1 beds and

. fac111t1es ars not always used ful]y "3 There are, however no pert1nent

data to supnprt this statement It. 1s becomlng mandatory for hosp1ta1

- adm1n1strators "to establish and app]y some flex1b1e yet effect1ve |

riteric or bed ut111zat1on that is to control patient length of stay}’_,*

Wi thout feterr1nq from the quai1ty of pat1ent care nd |
pac1ty ut111zat1on 1n hosp1ta1s of a g1ven size as determ1ned o

by the number of beds wi]] vary. It fo]lows that the average cost of

servx-es which hospltals provide w111 also vary, depend1nq‘upon whether'

| :or not capacity 15 be1ng ful]y ut111zed

‘Graham S1mms,'"A Cr1t1ca] Review of. F1sca1 and Adm1n1strat1ve l;\:ﬂ

o Controls on Costs and Use~1n Canada,” Medica] Care 7 (November December

*1959) 24 I | N

DO 2Ralph E. Berry, “Returns to Scale in. the Product1on of Hospita1'
Serv1ces,f Health Serv1ces Research 2 (Summer, 1967) 123,

3M1gue and Be]anger, P 25 f-i,z_' 'h

o 4& S Fair, "A Concrete Approach to More Effect1ve Bed Ut11izat10n,.
fHospital Administration in Canada 12 (Ju]y 1970) 41,




aPurpose and Objectives of the Stugx

The re]at1onsh1p between short-run average costs and the Tevel of
vhospita] ut111zat10n has 1mportant 1mp11cat1ons for decis1on -making w1th
regard to eff1c1eﬁt use of- h05p1ta; facilities. The purpose of this
study is to shed some 11ght on selected aspects of economic behav1our
in gehera] pub11c hospitals in Alberta. o L I _'_E

Severa] 1nvest1gators notab1y, Fe]dsteih‘ and'Frasere

have
carr1ed out stud1es a1med at 1dent1fy1ng and est1mat1ng costs re]evant a
to dec1snon—mak1ng in hosp1ta1s in the public sector Feldstein -

”ma1nta1ns that hospita] size may 1nf1uence not only cost but the

'3.'qua11ty of care prov1ded as we]] as the cost of d1str1but1ng hosp1ta1

serv1ces 3 Fraser postu]ates that "trad1t1ona11y there are thought to -

. be 1nterna1 d1seconom1es assoc1ated w1th overa11 adm1n1strat1ve
:4

‘{2‘ .
7
: .

‘ act1v1t1es as the 1eve1 of output 1ncreases |
- The research obJect1ves under1y1ng th1s study are two-fold: first;,s‘
’-‘to‘esgggate~se1ected short run ‘average cost funct1ons in genera1 pub11c |
‘.hosp1tals in Alberta; and Second to determ1ne to what extent the cost-
output re]at1onsh1ps comply with: theoretica] expectat1ons Spec1f1ca11y, .
uthe 1nvest1gator proposes to deal with: the fo14owing,quest1ons _h" éjp'
']i What are the: est1mated relationsh1ps between'the se1ected -average’ a

costsﬂnnd case-flow rates in hosp1ta1s subd1v1ded by size c]asses?

e

o 1Mart1n S. Fe]dste1n, Econom1c Analysis for Health Service
- E ff1c1enc¥ (Ch1cago Markham Pub115h1ng Company, 1968),. p. 1- 303.

B

Y

&

2Fraser, pp 1 159

3Fe1dste1n, p 56
4Fraser3 p w45 _ "Qm.f;'if”j T R

ey N v .éq.('-q:"j\.\ )



2. What are the effects of - var1atwon in p]ant capac1ty on the . ;
‘estimated cost re]at1onsh1ps within the hospital size classes?
3. ‘what are: the 1nterh05p1ta1 d1fferences in the rates of
respons1veness between average costs and case- f]ow rates?
4, what are the est1mated re]at1onsh1ps between the se]ected
| average costs and case- #1ow rates in hosp1tals grouped according
to case-mix composition?
5] What are the expected ohttma] case-flow rates for each'cost

function for hospitals classified according to case-mix?

| Specific Focus and Basic Method' B

Th1s study focuses on exam1n1ng,the re1at1onsh1ps of three average
hosp1ta1 costs as they relate to one measure of hosp1ta1 output that of
capac1ty ut1112at1on expressed as. the case- flow rate The average costs
exam1ned are: expend1tures on genera] adm1n1strat1on, nurs1ng _
adm1n1strat1on and nursing serv1ces

By Tooking at se]ected average Cost funct1ons rather than total A

cost functlons, it is: poss1b1e to ga1n a. greater understand1ng of the ;
behav1our of costs. In- emp1r1ca1 ana]yses, average cost curves minimize

- . economic prob]ems T

Est1mat1ons are g1ven in the short run through the use of cross-

sect1onal ana]yses This is a feas1b1e technique as there are separate

measures of capac1ty (hospwta] s1ze) andcoutput (the number of cases);

e

]For the Just1f1cat10n of the use of average cost curves,'refer o

to. Fe]stetn, p. 28 ' | .



thus by h01d1ng plant capac1ty constant, the effect on average costs

can be exam1ned as they relate to other var1ab1es, in th1s case, output

' Ihe method of cross- sect10na1 est1mat1ons used in th1s study departs

from the traditional short-run cost estimations made,w1th time-series .

data'for one firm in which pTant'capacity remains fixed over a short

1

period of time, and.corresponds to that carried out by~Fe1dste1‘n.2

The study data are‘derived from 1971 Financia1'and Statistical

~ Tables for Alberta Hosp1ta]s, comp11ed by the A]berta Hospital Serv1ces

Commission on a samp1e of 115 genera] pub11c hosp1ta1s, which is con-

- Sidered to be r e]atyye1x.homogeneous with regard to d1agnost1c mix,

'¥_ 3

faci]ities'and-services.

: This study is emp1r1ca1 descrwpt1ve and exp]oratory in nature

_Est1mated relat1onsh1ps between average costs and output were obta1ned

by app1y1ng ord1nary 1east squares regre551on onalyses us1ng three -

'models. linear; quadrat1c, anduthe inverse form of the equation. Thé.

‘data-were'analyzed fjrstly(on the 115 hospitals'grouped according to

1

".size classes; and secondly on the total samp]e,tas well as h05p1ta1s
i
-c]ass1f1ed accord1ng to case mix compos1t1onf3 Ana1y51s of covar1ance
'fwas used to determ1ne 1nterhosp1ta1 d1fferences in rates of respons1veness

for hOSp1ta]s grouped accord1ng'to_s1ze c]asses.‘ 0pt1ma1 case-flow

TFor a detailed explanation of criteria for short-run analyses,

refer to J. Johnston, Statistical Cost Ana]y51s (New York:. McGraW‘Hill«t
Book Company  Inc.., 1960) pp 26-30. o S

2Feldstem, p. 129

3See chapter 111 and chapter IV for deta11ed d1scuss1ons on

-hosp1ta1 size classes, -and case-m1x comp051t1on respect1ve1y

»

.. {\_\
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rates for the total study sample and hospitals c]ass1f1ed accord1ng to

case-mix were ca]cu]ated by taking part1a] der1vat1ves of the- quadratlc

equat1ons

L1m1tat1ons "" | f '-'\ o

In order to prov1de a relat1ve1y homogenous sample of hospitals,
only general pub]]C hospitals were cons1dered in this study For this °
.reason ‘the Dr. W. LE Cross Instltute, EdMonton and the Alberta
| Chtldren S PrOV1nC1a1 General Hosp1ta1 Calgary, were exc]uded from any
analyses, a]though they are con51dered to be general public hosp1tals
S1m11ar1y, th1s study does" not’ 1nc1ude thoue hosp1tals owned ‘and operated
f,by the Federa] Government Aux1]1ary Hospltals or Contract Hosp1ta]s
B The study f1nd1ngs therefore, perta1n on1y to\the remainingxgenerat
~ public hosp1tals in Alberta. N - | ﬁ - |
| Since the 1nvesttgator was concerned w:th est1mat1ng cost- output |
'relat1onsh1ps for hospltaTs c]ass1fied accord1ng to case m1x compos1t1on,
‘_ 1t was necessary to use 1971 data as to the 1nvestigator S know]edge no’
'.attempt had been made pr1or to that year or subsequently, tocha551fy..

A]berta hosp1ta1s in th1s manner 1

The questlon of output 1s a compley one. There are severa] measures.
,of hospita] output which cou]d be cons1dered in the est1mat1on of cost
-;functtons the most common measure be1ng the number of - pattent days AOne‘

| cou]d argue that output shou]d properly be based. upon d1rect measurement

/
/

g e Bay, D Flathman, and R. P1a1n, "An Appl1cat10n of Q type
" Factor Analysis for Grduping Hospitals Based on Case-Mix Profiles,” -
. Divisien of Health Serv1ces Adm1n1strat1on ‘The. Un1vers1ty of. Alberta,
o 1971 (M1meOgraphed )" A :




of batiénts' well-being, which is qda1itative measdrement to‘a large
_ektent. "Many if not’host hospital cost‘studies'nave f1oundened on the‘
;apprbpriate_definftion of those outpdts nhose’costS'are torbe‘measured.“j
This sfudy, however; is limited to one basic unif-of'output:A the number
df cases treated. 'Feldstedn argues.that the'case‘es an output measure
'iS'superior';o-eny'otherlmeasure;-as it includes both live dischergeé
and.deafhs,2 The average cost.pen pafient day on‘hospital day is nof !
ref]ectine'of ectual eosts ”AIf'a patient's 1ength of stay wene redUced
' the cost per day might .. 1ncrease which wou]d resu]t 1n an art1f1c1a1
measure .of 1nf1at1on The cost per pat1ent day does not in any way
_al]ude to the effect1veness or benef1t of a da;\dﬁ hosp1ta1 care. 3
F1na11y, a]though there are-many hosp1ta] expend1tures wh1ch
'would-be useful to exam1ne, th1s studyﬁ1s:]]m1tedet05three cost‘1nd1ces,d

which represent Qn]y_a portion7offa'hospita1's oberating costs..'

Def1n1t1ons of Terms

| Def1n1t1ons Perta1n1ng to Hosp1tals and Functlons

Genera] Pub]1c Hosp1ta] appl1es to a hosp1ta1 wh1ch is recogn1zed |
_ by the province as a "public hospital." It is:not operated for
profit, and accepts all .patients regard1ess of their abitity to pay.

‘ 2 It "provides for the treatment and care of al] types of d1seases
B w1thout restr1ct1on as to. age group or sex 4 L S

.

. : ]Sylvester E. Berk1, qup1ta1 Econom1cs (Torpnto:"'D;C; Heath and
"qumpany, 1972) p.- 31 ‘ : e S o

| ZFeldstein p 25

§ 3Mart1n S Fe]dste1n, ‘The. R1sing COSt of Hosp1ta1 Care .'5
. (Wash1ngton Informat1on Resources Press, 1971) pp 20-21

41972 Instructlons and Definitions 4or the Annua] Return’ of

fn~Ho$Qitals < Form HS-1 Facilities and SerV1ces“10ttawa ‘Statistics . .
(anada - Department of Nat1onal Health and we]fare, 1972) P. 6 hereafter '

,'referred to as Form HS .. & - PR ~

e




:Number of Beds a hosp1ta1 s rated bed capac1ty

Genera1 Administration: ™the centre to which are a]]ocated the
costs of providing administrative direction and for carrying "
out bus1ness off1ce, f1sca] and personnel functions of the &
-hosplta1 " - :

Nurs1ng Admin1strat1on "the unit to which is a:i1gned the
responsibility for the general. management of nursing services.
Depending on -the size of the organizational structure of the
hospital, this may include: (a) the Nursing Director,2 (b)
. Assistant or Assotiate Nursing, Directors, (c ) Supervisors who
~assist in the. management of the nursing service as- a whole, (d)' ‘ _
. such other' nursing clerical or stenograph1c staff as are as 1gned _“ B
- to the Nurs1ng Adm1n1strat1on off1ce , 7 o

Nurs1ng Serv1ces nurS1ng services. does ot 1nc1ude any of the o
functions of medical staff nor of interns, residents or students, - o
Nursing services aregqdefined as fo]]ows "1) Nursing Adm1n1strat1on, '
2) Nursing Units--Adults and Children, (a) short-term unit, and ‘
~(b) long-term unit; 3) Newborn Nursing;. 4) Delivery Room; 5)
"Operating Room (including Post-operative Recovery Room); 6) Emergency
‘Upit; 7) Central Supply Room; 8) Occupational Therapy (unless
-qrgan1zed as a special ent1ty) 10) Other Spec1f1ed Nursing Serv1ces nld

Case- M1x the proport1on of cases 1n spec1f1ed d1sease categor1es 5

-‘;'Hospltal S1ze C]asses the sample of 115 genera] public hospitals ';
in Alberta subd1v1d§d into f1ve groups .of hosp1tals as determ1ned by -
" rated bed_capac1ty . R

1Ib1d v P 27

2The except1on is where the d1rector of nur51ng a]so funct1ons as
the chief executive-officer of the hospital. In th1sls1tuat1on she. w111

. be included- under Genera] Adm1n1strat1on

\ . 31972 Instruct1ons and Def1n1t1ons for the Annual’ Return of g
“Hospitals - Form H5-2. Financial (Ottawa: Statistics Canada - Department
of National’ HeaWth and Welfare, 1972), P. 7, h reafter referred toas
Form HS-2. . , . . R :

4Form HS-1, pp. 29 30

-

L 5For an. explanat1on of case—m1x for purposes of th1s study, refer
~rto chapter IV, p 76 G , : . o

6See chapter III p 40 viffa n':'ff]_' :N:‘ﬁl:l‘  :
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Definftionstertainﬁng to Costs

Costs refer to average costs, calcu]ated from3gro§syéxpénditures"

~on an accrual basis of operating and'mainiaining hospjféls during the
| year 1971. . o
Expenditures on General Administration:

1. ‘Salaries.and wages earned during the year by all staff whose ..
salaries are chargeable to this expense centre which includes:
the administrator, medical director, medical staff remuneration,

" chaplain, chief financial®officer, personnel officer, co- ‘
ordinators or instructors in staff training and the supervisory
and offi%e staff performing-the‘function'of'general»adminis—

“tration. ! T ' SR

2. Supplies‘andVOther Expenses (exc]udihg medica1_and,Surgica1
~supplies and drugs).z-; . S . 1 -
;'EXpendithes on Nursing Administfatidnffg B
1. Salaries and wages of nursing administiation personnel. =
\"2; 'Supb1iesfand.othek expenses (excluding medical and surgical '
supplies and drugs).3 e
' A'EXpenditUﬁes on!NursithSérviceé;’ L _
;'1?4 Sa]aries and wages: bf nursi'g-personﬁel, jncluding‘thOSe of.f .
*nursing administration and gther service areas as listed on -
. page 8 of this study. ‘ R I

. t

. 2These costs relate to the following: -advertising; association
‘membership fees; bonding dnd insurance; business machine expenses; "

" collection fees; interest on short-term loans; interest on long-term

loans; postage; printing stationeryand office supplies; audit and " .

" .accounting fees; other professional fees; service bureau fees; staff. - f 

. training; telephone ‘and -telegraph; indemnity to board members; travel .

" and: convention expenses-(a).by board members (b) by staff; carfare and f
“.local travel; other supplies and expense;w'Source;J;Form‘HS-Zs“ppﬂxa e

S



~ .

2. Supp11es and other expenses nc]ud1ng medical and surg1ca]
supp11es and drugs ' , ,

Def1n1t1on Perta1n1ng to 0utput o | .

Case f]ow Rate the average number of adm1ss1ons per bed dur1ng
. the year 1971, used 1nterchangeab1y w1th capac1ty uti11zat1on
, y . ,
| Format
The study 1s reported in terms\of four main sect1ons chapter
II cons1sts of a d1scuss1on ‘of the thebry of. cost and a reV1ew of the B
re]evant 11terature on’ cost relat1onsh1ps in industry, and genera]
hosp1tals in the hea]th care sector Chapter III presents the econo- AR
metrlc ana]ys1s of short -run average éosts by . hosp1ta1 51ze c]asses o
Chapter IV conta1ns the econometr1c ana]y51s of short run average costs
accounting for ‘case-mix var1at1ons In: chapter'V a summary of-the
| maJor f1nd1ngs of the study is presented and observat1ons and suggest1ons"
are made A 11st of the tota] study samp]e of hosp1ta]s accordxng to
| _)/”s;ze c]ass and rated bed capac1ty, and a breakdown of hospita]s as:

’ determ1ned by case mix compos1t1on are prov1ded Tn the appendtces

55’“ .
Pl

‘1971 Financial and’ Stat‘sticaﬂ Tables for Alberta Hospitals
(Alberta Hospwta] Serv1ces Commission 1971), p 6947? R "




CHAPTER 11
- REVIEW OFi?ERTINENT LITERATURE
é; In the review of seTected 11terature, the 1nvest1gator has 2

focused on the fo]]ow1ng genera] econom1c theory of cost functions, '

- ".compr151ng an overv1ew of tota] and average cost functlons, br1ef

u'f'Q§r

_ hosp1ta1 system

descr1pt1ons and f}nd1ngs on the maJor emp1r1cal short ~run, cost stud1es

; in 1ndustry, a d1scuss1on of some of the probTems encountered 1n
'.measurement technlques in hosp1ta1 cost stud1es and a tabu]ar summary

| of the re]evant stud1es and f1nd1ngs on short run cost funct1ons in the

| . .

~

General Econom1c\Theory of Cost Funct1ons

: A firm! s cost funct1ons show var1ous reTat1onsh1ps between
Yits costs and ‘its output rate. 'The firm's production funct1on

~ and the prices it pays for inputs determihes the firm's cost”
~functions.. Since the production function can pertain to the
-'short-run or. the: long-run, it follows that the cost funct1ons
can aTso perta1n to the short run or the Tong run.

Leftw1ch emphas1zes that the costs at each output depend not on]yf'-*»

t on - the "amount the flrm must pay for 1ts resources, but: also the A°.: -

(

' c"effic1ency w1th wh1ch the f1rm uses the resources "2

MathematTcaTTy, the cost-funct1on may be expressed as.vt»

c-f(o.m

]Edw1n Mansfleld M1croeconomics Theory and Appfication (New Yorkt;'

s -fh.w ANorton and Company Inc., 1970}, p. 159. S

2R1chard H Leftwich’ The Price System and Resource Allocation

"fff(xllinois The Dryden Press Tnc., 1970), - 146,
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- where C is the tota] cost of productlon which. 1s a funct1on of Q, the

Cfirm's output and Pis the price of the 1nputs (i, = 1, 2,"3 ¢ .. n){]

It 1s assumed that the. pr1ce ‘of each 1nput remains constant, regardless

- of the quant1ty purchased 2

In the short run, the f1rm has a f1xed sca]e of p]ant which

~estab11shes the upper Timit to the amount of output ach1evab1e w1th1n a

per1od of time. According to Leftw1ch "any t1me per1od between that in-

“whlch no resources can be var1ed in quant1ty and that in wh1ch all”

resources but one are var1ab1e can 1eg1t1mate1y be cal]ed the short run 3

g Johnston maintains that 1n order to meet the requ1rements for testing

~

_;short-run cost-output,re]ationsh1ps, a'w1de spread of output observations &

at vary1ng rates 1s necessary, and that the study data should not be

'.contam1nated by extraneous factors 1n the cost- output re]at1onsh1p, such :

" as var1at1ons 1n pr1ces pa1d for the factors of product1on 4

'“{ f1xed cost.curves, average var1ab1e cost curves, and average tota] cost

Cost Curves in the Short Run

There are three totaT cost curves which w111 be cons1dered 1n th1s

dichSsion tota1 f1xed cost curves, total var1ab1e cost curves, and

i

‘,jltotal costs Correspond1ng]y, there are three un1t cost curves average.‘_;‘

,"Perta1n1ng to the Behaviou'“
“'thesis University of A]ber»

.':»_; EZ'

’;%,ﬁ;amtnat1on of the Econom1c L1terature
BCosts in Genera] Hospitals" (M H. S A
‘”1974) P 3. )

2Ke]vm Lancaster, Introduct1on to Modern Microeconomics

""'_Vf(Ch1cago Rand McNa]ly and Company, 1969)} p 95

4Johnston, pp 26 27 LT e



' 1Lfactors of productton no matter what 1t does, and no matter how 1ts

13
'ﬁ |
}curves A]though marg1na1 cost thCh is "the ratio of the 1ncrease 1n
»cost to the increase in output for a smal] 1ncrement 1n output"] has a
special re]at1onsh1p to the average cost curve, it will be discussed
},hvery brtef]y in this’study, EE AT f,:?\.;_

_’Tota1 F1xed Cost Curves | N
In the short run W1th a f1xed scale of p1ant, the f1rm expTr1ences»
- f1xed costs. Tota] f1xed cost curves are hor1zonta1 by def1n1t10d,2 and
fare not affected by any. var1at10n in output 3 These costs would 1nc1ude !
a“amort1zat1on costs, deprecxat1on cost of the phy51ca1 p]ant heav C
‘mach1nery, and the sa]ar1es of top management 4, 5 Frtedman c]a1ms that

a f1xed cost 1s "a m1n1mum sum Wh1Ch the f1rm is comm1tted to pay to

~actions turn out. w6 thure~] 111ustrates the shape of a shoft run tota] -

ftxed»costzcurve.}' T o

1Lancaster, P 110

B 2Pau] A. Samue]Son and Anthon Scott Econom1cs (Toronto MéGfaw7 S
o H]]] Company of Canada L1m1ted, 1971 pP. 566 TR SRR

3Mansf1e1d p. 160, L -
4Leftwich p»-160 , ,._‘d ‘_fV“:tﬁ : p..f. ;Apf '_T'ﬁs:;ff e . |
5R11ey,pp 3940 e Sy

j 6Mﬂton Fr1edman, rice Theory (Chicago.' A1d1ne Publish1ng i
4‘_Company, 1967) p 98 T e e ’ ‘.;~; f



- Cost _
(dollars)

TFC _

~Unit of 0utput/Time7-
;Figure 1T PRI

SHOR_T—RUN TOTAL FIXED COST

‘Total Variab]e Cost Cu]ves

‘In the short -ru

the f1rm for var1ab1e 1nputs In th1s case, var1ab]e cost curves rise

:.as the output of the f1rm 1ncreases, "s1nce 1arger~outputs requ1re :

-ﬂ;larger quant1t1es of var1ab1e resources, and thus 1arger cost ob11-~

| gat1on'd

'1ncrease at a ecreas1ng rate Beyond that output level, the rate of

14

variable costs portray the costs incurred by .

Up to a certa1n output level however, total var1ab1e costs’;~

5.'-1ncrease 1n tota] varlable costs rises, resu1t1ng 1n d1m1n1sh1ng marg1na1

lreturns 2, 3 4 Var1ab1e costs account for, al] 1tems of tota] costs N

.t'gexcluding f1xed costs, and lnc]ude 1nput 1tems such as raw mater1a1s and

.. ¥

| jeflabour costs

Figure 2 depicts the shape of a tota] var1ab]e cost curve

S . . 4 - - . . .

: ]LeftwichpMQ LA 6.
‘,',.'jf,‘zlbid.,P 149. R e
Hansfield, p. 162 ],\

“43i45amuelson and %fott p 31
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Cost T v
- (dollars)-~ ‘ ' -

- 3'Unit of»Qutput/Time
. F1gure 2 -

SHORT RUN TOTAL VARIABLE COST L ,

W1th reference to the above f1gure, the trad1t1ona? S- shaped '

: var1ab1e cost curve 4s dep1cted 1

| :fTotal Cost Curves . - ..,' ST g = |
Total cost for each level of output is the summat1on of total
'f1xed costs and total varzab]e costs. o

o Since the total cost curve and the total varlable cost curve

- dlffer only by the total fixed cost curve, both 1ncrease at ‘the same

_rate per un1t of t1me and therefore, are the same shape ‘ "The tota]

3 }cost curve lies above the tota] variable cost curve bv an a ount equal to . -

Lfthe total f1xed cost at al] output leve]s,ng B
F1gyre 3 depicts a}1 of the total cost functlons together

. ]Refer to Lancast r, chapters IV and v, for a deta11ed exp]aﬁatio” R
:

: of“the rationale underlying a wide range of production and cost models .
In the case under: d1scussion, the. trad1tjona1 production model has been E

1o assumed to hold.

¥ R
1 +

e e

zLeftwich iz 152



16

Cost
(dollars)

g?;o

B "“ .u';m't"of Output/Ttme:
C | }:Figure 3 - o A. o
| MT-R'UN FIXED, VARIABLE AND TOTAL COSTS |
Average F1xed Cost Curves.-" B }4;“‘ e |
| The average fixed cost is the tota] f1xed cost d1v1ded byathe
) output 1, 2 As the firm® s output becomes greater, the average fixed cost
necreases The curve.. 1s dOanard s]op1ng to the r1ght throughout the )
' ehtire:range-<)f-output It approaches but does not reach the hor1zonta1
(output).axis Theoret1&§{§i:;us curve 1s the shape of a rectangu]ar :
'".hyperbola; as 111ustrated in Figure 4. o o o
‘Cost
(dol.lars)

= aUhit of-Outpuf7Time;;i'

o SHORT RUN AVERAGE FIXED COST

]Ibid e 154. o anpsﬁew, p. 1»53;_%' - 3bid., p. 163.



3 B Average Tota] Cost Curves
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Average Var1ab1e Cost Curves 2 ’
The average var1ab1e cost curve is the per unit cost wh1ch.
: corresponds to the tota]-var1ab1e cost It is ord1har1]y a U-shaped
| curve In1t1a1]y, as output expands, variable costs decrease and reach
'a,minjmum. Beyond a certa1n output 1eve] these costs beg1n to r1se
This‘phehomehon-canvbe most readi]y exp1a1ned11n,terms of the theory of-'v
productioh.j | L ; | -

Figure 5 depicts th§'shape of an average'variable'cost‘curve.

Cost -
- (dolars)

~Unit Of;0utput/Timeiv
L .;; . F1gure 5
| SHORT RUN AVERAGE VARIABLE cosr
. | ..

The average tota] cost 1s the summat1on of the average f1xed cost JL

= and the average var1ab1e cost, or converse]y, the ‘total cost d1V1ded by :

: the output Nhen only" one unlt 1s produced the average cost is equal/
t6 the totai cost As output 1ncreases the average cost decreases

i unt11 it reaches a m1n1mum point (opt1ma1 output 1eve1) As vartable

resources become 1ess eff1c1ent. the effic1ency of the f1xed resources

S A . R . A . T . . . L ﬁ.‘

: , 1For a deta11ed discussion of the production function, see
Mansf1e1d, chapter V. PP. 126 132 I g

i ,
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;onsequently becomes reduced and the average tota] cost curve begins .

Z;to r1§e slowly. 1 2 3 Th1s re]at1onsh1p pr1nc1p]e in terms of aU-

| §haped€;urve is expressed in Figure 6.
LR ‘ : AR

. -
’Cgst
(db]lars)
05 — “Unit of Output/Time
F1gure 6 .A ‘ -
. SHORT - RUN AVERAGE TOTAL COST
0 ,
Figure 7 dehicfs the relat1onsh1p betweenlthe three ayeragé cost ¥

. ‘ S s
curves, ‘and the marginal cost curve.

Cost Av
(dollars)

guhit,of Ou

' F1gu.e 7 SR
SHORT RUN AVERAGE FIXED AVERAGE VARIABLE
AVERAGE TOTAL AND MARGINAL COSTS |

j
<
T

~]Samuelson and Scott p 568
* Zansfiend, 3 165 |
§‘3Leftw1ch p. 155, -



o9

~J.Suntmarx | S

o The total costs and their resu1t1ng curves conta1nﬁﬁ] cost }‘
‘1nformatwon Average costs contatn a]] the 1nformat10n of total costs,. '
‘since by mu1t1p1y1ng average costs by output, total costs may be

calcu]ated._ Thus, average costs do not.prov1de any,add1t1ona1

informatiOn, however, they»sometimes simp]ify ana]yses Marg1na1 costs
) . o

are 1ndependent of fixed costs, since they depend entirely on varlable

costs. In sum:’

~Average cost r1ses with output 1f and onky if marg1na1 cost
-exceeds average cost; avérage cost fall#with output if and .
on]y if average cost exceeds marginal cost; and average cost
is steady if and on]y if marg1na1 and average costs are
-equal. .

-

:”.Major EmpirtcaIDShortéRun Costf

Stud1es in Industry

The purpose of the reV1ew of ]1terature perta1n1ng to emp1r1ca1
'short ~run cost stud1es in 1ndustry 1s to prov1de a background of
~1nformat1on upon wh1ch to compare approaches and f1nd1ngs with those
\ stud1es carr1ed out 1n the health care. sector, a]though it is- recogn1zed |

'that lnput and output measures are unquest1onab1y d1ss1milar due to the

} d1stinctive nature of the flrms.
‘,;_~Joe1 Dean ;f' - e : "t',;“ . ':3e-n 2

Dean s emp1r1ca1 study pub11shed in 1941 on short run cost
7,\sfunct1ons in a hosiery m111 was one of the pioneer attempts at measurlng,;:

Ca firm s cOs functton Data on output rates for one m111 were | o

T

- Nlancaster, p. 122,
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- collected fromh]935 t0‘1939.“The.output rate varied c0nsiderablv over

- that period of time, with the size of the pTant remainingjfiXed.' | 2
InitTaTTy estimated cost¥output reTationships were»obtained using’total
cost which were defTated by factor pr1ce indices.] '"w1th respect to

| average cost Dean concTuded that ne1ther the cost qp;ervat1ons nor their :
group averages show any cons1stent tendency to r1se over the extreme]y x

h1gh TeveTS of output w2

| Eiteman and Guthrie B | AR - b j o o R
In order to determ1ne the shape of an average cost curve, the |
authors sent mai] quest1onna1res to 1 000 manufactur1ng compan1es in
~47 Amer1can States 3 The cr1ter1a was that these compan1es had more
than 500 but Tess than 5 000 emp]oyees.« The quest1onna1re consxsted
of e1ght graphs represent1ng average cost curves, accompanied by
“l expTanat1ons as to thewr mean1ngs An average cost curve was. defined
. . .Q T1ne on a graph which shows the cost per product at each
‘possible scale of operation from the minimum to the maximum
(excluding a]T)overt1me work). At each scale of operation, the
- ‘average cost.is computed by d1v1d1ng total cost of production
aTTocated to a product by the quant1ty of the product produced 4

The respondents were to 1nd1cate wh1ch curve most cToseTy represented

: ]Joel Dean, "Stat1st1caT Cost Functions of a Hos1ery MiTT" in :
" Statistical Cost Analysis, -ed. J. Johnston (New York: McGraw Hill: Book
-~ Co.; Inc:, 1960), pp. T?B 139. S L

2Johnston, 2 139 ,~; .’I-ZT“,"l”V_ft,‘u,-- ,':fc ;;'

3N11fred J.. ‘Eiteman and GTenn E. Guthrie, "The Sha e of ‘an - :‘
Average Gost Curve, Amer1can Econom1c Rev1ew 42 (1952) 832 o

. 41b1d o p_ 833

.‘* : ; : S CE
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the cost funct1on for the1r ma1n products
0f -the 366 rep11es (from 32 states) 334 se]ected one curve
| which applied to a]] products of the company 1 Of the total, 113
-compan1es 1nd1cated an average cost curve w1th a falrly rap1d dec11ne
":to a levelling po1nt followed by a sllght 1ncrease at the end of the
s output range whereas 203 compan1es chose an average cost curve w1th a
acontinua] decrease throughout the ent1re output range. 2 Johnston
'tcontends that the results wou]d suggest a contrad1ct1on to theoretica]
expectat1ons 3_ walters argues that “the questlonna1re studles are ,
| methodolog1ca11y suSpect, and very ]1tt1e we1ght can be placed upon-

. their conclus1ons "4 -

Markham

Markham s study pub11shed in 1952 dea]s w1th short ~run cost

o »'funct1ons in one rayon produc1ng plant 5, "One curve shows re]at1ve un1t'_~

‘ dcost as a funct1on of capac1ty ut111zat1on "6 Results of fhe study on
' the short run function show that 'i --_f - h j;\'. |

e unit costs rise at an 1ncreas1ng rpte as output 1s .
_Curta1led and commence to increase immediately with curtailment
below 100spercent of installed capacity. The.shape of the curve
- “is attributable for the most part to a high proportion of over-.
.‘head cbsts and the re]at1ve 1nflex1b111ty of" operations 7
| : . - . .

‘Ibid .\ P 8. -:f 21b1d., ». 835 g7 3Johnston, P. 142

4A A.. HaIters,,"Production and Cost Functions An Economic ;_,
Survey," Econometrica 31 (January 1973) 51 o

- 5Jesse W. Markham; Competition in-the Rayon Industry.* 1n jf-:"’ g
Statistical Cost Analysis, ed. J. Johnston (New York: McGraw Hill Book
Company Inc., 1969), p 147, - : S

6Johnston. p 147 - 7Ibid\, p.. 147
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The‘curvevapprOXimates the shortfrun'cost-curve.of,economic theory.]

Johnston ' | / .
In a t1me ser1es study on the re]at1onsh1p between ‘costs and
joutput on road passenger transport f1rms Johnston est1mated short run
curves for firms of d1fferent sizes.2 Costs were def1ned as. total
»def]ated expenses (wages, fuel costs ma1ntenance and deprec1at1on, and
other traff1c costs) The number of car. miles was a bas1c dec1s1on
”,variable App1y1ng 1east squares regre551on ana]yses, Johnston found -
’ o that ‘the short- run average cost functton was - est1mated to be "downward O
dand s]op1ng to the r1ght throughout its entire ]ength an 1ncrease of
ten percent 1n output be1ng assoc1ated on the average w1th a three per-

"cent reduct1on in average costs per un1t of output. "3

Cost Stud1es 1n the Hospltal System ;7‘

' There is-a. pauc1ty of pub]tshed data on cost output re]at1onsh1ps

ine the hea]th care sector with1n the hosp1ta1 f1e1d for a var1ety of

easons Brown advances the explanat1on that the hospita] has not been _;f‘

| "v1ewed as a firm whach produces goods and serv1ces for consumpt1on and L ’_7;

“ :.a‘therefore has not been seen as being of s1gn1f1¢ance to researchers ;f—\"

tconcerned with econom1c ana]ys1s 4 Newhouse states that the hospital isfu e

9

- a;a non—proflt firm, and for thls reason has been 1gnored by economists ;;.

]Ibid., P 147 - L
Zaohnston, p 74\ j f@ﬁi]' 31b1d P 83

T 4Max Brown; “An Economic Analysis of Hosp1ta1 Operations,»dﬁ, T
'“,e;Hospital Adm1nistration 15 (1970) 60.- : : R

RN
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' unt11 very recently ) According to Greenf1e1d most firms are bus1ness
ent1t1es that seek to generate proflt from the1r product1on[act1V1t1es,2
and un11ke most product1on f1rms the obJect1ve of a hosp1ta1 cannot
be def1ned in terms of prof1t max1m1zat1on 3 K]arman points out that

»the spec1a1 d1st1ngu1sh1ng features of hea]th serv1ces such as an

| -.unpred1ctab1e and 1rregu1ar 1nc1dence of 11]ness, the h1gh1y Iabour

intensive aspects of the hosp1ta1 industry wh1ch resu]ts in 2 faster al
'-r1s1ng 1ncrease 1n costs and pr1ces than for most other goods and
‘serv1ces, and certa1n other unusua] character1st1cs of 1nputs and out-
puts const1tute prob]ems in cost ana]yses 4 | .,
| - Centra] to the 1ssue 1s the 1ack of standard measures wh1ch can.

" be app]1ed to hosp1ta] costs and hosp1ta1 output Ch1ef1y, the absence ".

vof we]] deflned standards or measures appear to- fa]l w1th1n three broadf

"i categories the measurement of cost funct1ons, the def1nition of

5 (August 1972): 399.

4';hosp1ta1 output, and the absence of a homogeneous product upon which to;~i'

"fbase cost output funct1ons "Components of the 1argest act1v1ty (1n-

- ppat1ent care) are extreme]y-var1ab1e across hospitals wmth respect to " :

';'sever1ty and d1agnos1s 5

S 1JOSGPh P. Newhouse.."Toward a Theory of Non- Profit Institutions"til
An Economic Model of a Hospital, American Economic’ Rev1ew (March 1970) 64,

| 2Harry I. Greenf1eld Hosiita1 Efficiency and Pub]ic PolicyA(New :
5York Praeger Pub]wshers, 197_(, p z I .

S 3Sy1vester E. Berki »HOSpital Economics (Lexington, Massachusetts{vhf
'4D C Heath and Company, 19?2) p. 19 L } _ }

4Herbert E Kiarman, The Ec0n0m1CS of Hea1th (New York/ CoTumb1ax? B

L 5Rnbert G Evans and Hugh D Nalker, ”Information Theory and the' S
tAnalysis of HOSpital (:ost Structure.? The Canadian Journal*of Economics. :“




'tThevMeasUrement of Cost Funct10ns'

Studles perta1n1ng to hosp1ta1 cost functlons reported 1n the
: 11terature refer pr1mar11y to three costs tota1 costs us1ng time-
'.,ser1es or cross sectlonal data, average costs us1ng time ser1es or cross-

sect1ona1 data and marg1na1 costs Hosp1ta1 costs are common]y R

o tclassif1ed in terms of operat1ng costs and cap1ta1 costs " "In the

"literature, cap1ta] costs were genera]]y over]ooked l Evans states

e ex1sting data do not perm1t one to estimate the capita]
costs of providing hosp1ta1 care. - Thus -our data overstate - .
hospital inpatient costs insofar as they include part of the ,
~overhead cost of educational programs, outpatient clinics, .
~etc., and understate costs’ 1nsofar as they exclude the costs
of capital serv1ces : . :

i
o

.Montachute quest1ons whether cost stud1es shou]d be 1im1ted to pr1me
"'costs, which are d1rect costs 1nc]ud1ng sa]ar1es and wages of staff and

' ':supp11es purchased for the hosp1ta1 departments concerned or whether .

1Qind1rect expenses should a]so be 1nc1uded,§/ He argues, however, that 4 ;f'“

/

--vl[d1rect costs p]us 1ndirect/expenses are both necessary in determining

. s
,;tota1 costs ,/Montachute further conc]udes that total departmental

7icosts are the only- reliab]e costs to use for comparison 4‘ Some authors, o

A -_notably p Fe]dstein,5“who was one of the first researchers in hospital

',*

.,

1R11ey, p 116

2R G.. Evans, “Behavioural Cost Functions for Hospitals,“*‘f_uu:f“ ;

e ﬁ'chanaAian Journal of Ecoromics 4 (May 1971): 199.. .,

B 3Cﬁar1es Montachute. Costing and Efficiency 1n nospftals~f5<‘ g
'_'(London. Oxford: Universwty ress, 19 :.’ P T | T

41b1d., p. 3.

SR 5mwrmmmmmmmnmutMﬁmwwmmmff
'lf;30f Hospital Services (ChicaQO* UniversTty of C"1¢a9°»:-9,. » PP 1048,

IR v




1

costs; and M. Feidstein, conSider departmental costs 1n detail

Berki contends that no detaiied analy51s of prov1ding out patient
Y

'serv1ces has been carried out in hospital cost studie g

, It is
'\p0551b1e that cost studies 1nvo]v1ng estimations betwe tota] hospital
: operating costs and measures of in- patient services cou]d bias the -
vresu]ts as these costs may in. fact reflect the costs of out patient
serv1ces exciuded from anaiyses B | | |

| An examp]e invoiv1ng the above'conSiderations is a study done
by Evans 3 Costs of in- patient act1v1ty were derived by "subtracting
from each hospitai s tota] expenditure ‘the glrggt costs of aii non : in-

| patient actiVities such as. education, research and out patient care.
A‘ f'Similarly, Martin Feldstein exciuded aii out- patient costs in his

"vanaiyses 5 ;»}T:[} ' _».t d. v]_ f':l'r; ri.'f S

“In sum, there appear to be two main difficu]ties in cost studies"'

n4 .

',din the hospita] sector With the exception of the study carried out by o

‘ifFraserG capitai costs were genera]]y omitted by most other authors.» As B

if".capitai costs are a part of the overaii cost of providing hospitai
¢

;'Qiservices, om1551on of capita] costs from analyses cou]d resu]t in

| f:unreliabie cost estimates The second maJor difficuity in hqspital cost?’s'=f

. e

S :Feidstein, Ec0nomic Analysis for Heaith Service Efficiency,
jvpp 12 4.: - , R o :

2Berki p 116 AT . - .
3Evans, PP 193—213 4Ibid o P 199 S
5Feidstein, Economics Analysis fdr Heaith Service EffiCiency,c

6Fraser, p i ]59



stud1es perta1ns to the def1n1t1on of cost it is noted in the |
h11terature that some authors cons1der departmenta] costs, wh11e other
' researchers focus-on tota] operat1ng costs Thus, there 1srvery_11tt1es
hcons1stent basis upon whlch to compare h05p1ta1 cost f1nd1ngs Evans;'
‘fand Walker ma1nta1n that est1mat1ons of cost funct1ons 1n Canad1an ;."
‘hosp1tals is becom1ng a "growth 1ndustry o1 It would stand to reason
~that\unt11 suchvt1me_as there is a.common hasws for measur1ng_cost
functions, no consensuaI vtehjon the‘short-run cost behaviour in.

;hosp{ta1sfw11d'be.possjb1e;

' The Measurement of Hosp1tal Output

i The h05p1ta1 1s a comp]ex organizat1on of departments wh1ch ﬁ '__
'offer a var1ety of serv1ces, 1nc1ud1ng 1n pat1ent services, out- : |

i pat1ent services educat1on, research and commun1ty serv1ces Berki

:lfpo1nts out that 1t 1s the "complex1ty of the medica] processes and the ,ii‘

';-mu1t1p1ic1ty of 1ts services that make output 1dentif1cat1on d1ff1cu1t 2
.The problem of output measurement has perp]exed many researchers 1n the ~;1;il

;farea of hospital cost studies | ' ‘ o ’4»3 REr

. : v‘;f According to Berki there are, S1x ba51c approaches to the

3 f;defin1t1on of hospita] output | | e d o

..?Patient Days, weighted or unweighted ‘

.. Hospital Services- -~ ' . SRR

. ~Episode of i1lness = . ... . ‘

. ‘End-results and. hea]th 1eve15

* Intermediate inputs "”’3",v:., .
;',’;Composites of one or more of the above. TR

RS

O o1 W N:-’-a_

‘-Tﬂf"f":_l;-.:;'filEvans and "a"‘e"’ p 398

;fi'zserk" P' s 3Ibid ¥ pp. 33 34 ﬁffc%f;fiaé”‘ |
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NHospxtal Hmdustrxﬁ(New Yor‘;.,.raegerv_u, Tshers, 136 .,p.

27
The most widely accepted'definition of Output in the literature

is pat1ent days ] 2’ 3 Greenf1e1d supports the use of pat1ent days as .

'the output measure if the obJect1ve is to determtne hosp1ta1 eff1-
" c1ency 4 Severa] authors agree that the pat1ent day as’ measure of

-‘output must be viewed w1th scepticism, part1cu1ar1y when compar1ng one

hospital with another 5, 6_'Berk1 suggests that the d1ff1cu1ty 1'3'

A

‘vgameasur1ng output on the bas1s of the pat1ent day stems from the fact :'
- fthat«the patient day is a gross aggregate 7 Th1s approach 1mp11es that B
- a11 pat1ent days are a]wke and further, 1gnores the fact that w1thin

ﬁfeach pattent day are a comb1nat1on of serv1ce5 wblCh are prov1ded by

the var1ous hospita\ departments, such as adm1ss1on serv1ces, d1agnost1c

services, nurs1ng servwces, and "hote]" serv1ces One author, Mart1n i

ufFeldste1n, deve]oped a measure of output that betng the number of casesl

treated by a hosp1ta1 By contro]ling for case-m1x and the number of

, special services performed, he was ab]e to obtain a degree of homogeneity”

':of h1s output measure The centra] problem in using the number of casesf

]Ralph E Berry,‘"Returns to Scale in the' Product1on of Hospital ;

i_fvServ1ces," Hea1th Services Research 2 (Summer 1967) 134

2Edward M. Kaitz, Pricin‘ Polic’ and Cost Behaviour 1n'the _7l:f;f;

3JUd1th R. Lave and Lester B. Lave,l"Hospital Cost Functions, k]“f“

"?{ American EconOmic Review 60 (Junﬁ 1970) 380. .

4Greenf1e]d p 21 | l':‘if:fl'}j”ffli"
stave and Lave, p. 380 "':" diu; i . S
GJohn D. Thomspoﬁ "R Reasonable Costs of HOSpital Services,.ﬁ_F?

"'”f3{7'EfM111bank Memor1a1 Fund Quarterly 46 (January 1968)- 35




©as the output measure, was that it d1d not control for dlscharge status

and hosp1ta1 transfers 1 Out- patlent care was def1n1tely exc]uded
from his def1n1t1on of output Greenf1e]d states that using the v_ig
.», adm1ss1ons measure a]one wou]d not prov1de 1nformat1on as to the amount
,and types of resources used. 2 - | o |

H C]ear]y, the measurement of hosp1ta] output is a d1ff1cu1t task
: and there appears to be no ‘agreement among researchers on what the |
~appropr1ate def1n1t1on should be. Recent approaches, however, wh1ch |
account for case-mtx spec1f1cat1on "have the prom1se of prov1d1ng the

.'output 1dent1f1cat1on requ1red to focus on the econom1c 1ssues of

' product1on and eff1c1ency n3

-'The Measurement of Homogeneous Products' L

s

"One poss1bTe approach to capture the heterogene1ty of the

g 'pat1ent day 1s to adJust for case-mix varuat1on "4 Martin Feldstein

'gd was one of the first resEarchers 1n the hea]th field to adjust for case- R

,;_V;J‘mix in an attempt to more clearly def1ne hospita] output In h1s 1950 _2’1t_[

| ?fstudy samp]e of 177 acute non teaching hosp1tals, theyvarious |

:‘Pfff?dé pecia]tfes were grouped into eight mutua11y~EXC]U5iV9 categoriés

"'"Vfttraumatic and orthopaedic surgery: other surgeny, gynaecology and:

f'genera] medicine, paediatpics, general surgery, ear, nose and throat,<:,,ﬁy¥
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obstetrics. A ninth category éomprising less than ten percent of all
: cases was cons1dered as a re51dua1 The proportion of cases within

' each category Was - then calcu]ated ] .?

He conc]udes'“that when the
, case m1xes of 1arge, acute hosp1tals are represented by n1ne broad |
_spec1a1ty categor1es there is a h1gh degree of . 1nterhosp1ta1 var1at1on "3
In a study of 5 293 non federal short term genera] and other
"spec1a1 hosp1ta]s in the United: States Berry, us1ng 1963 data from the
' Amer1can Hosp1ta1 Associat1on, grouped hospita]s w1th s1m11ar faci11t1es |
| :and serv1ces He determ1ned forty groups‘gf hosp1tals, the 1argest
group conta1n1ng 92 hosp1ta]s On this- basis he analyzed cost output
’ 're]ationsh1ps, assuming that the produtt var1at1on would exert a :‘
vdm1n1mum 1nf1uence on the re]at1onsh1p between eost and the 1eve1 of
.'output for these hospitals. k'”‘: N ft::2~o . "t .'
p— .ken-byrFrancisco;‘in*adstudy of'4 710't

CA s1m11ar ap
.short term generaléﬁ teen hosp1ta1 faci11t1es and serv1ces
fswere,1dentif1ed, anﬁq ere grouped accord1ng to ident1cal
it?.conbinatton51of,ta; ] ‘fd>serv1ces In the regre551on analyses. _'
| : con «» : | rty or. more hospita]s were considered A

©only thie combinations G
'.s'tweney-fﬂve. which included 1, aea

E ]Feldstein, Ec-

IR

o ;;of cases treated- in each Specia1ty " Ibid . p 15
_ 31b1a., . 21.,“,_ ‘;,; {;.*' ‘
4Berr_y, pp 134 136

Aaaiysis;forfneatthiservfcéitfftciéhéy;v: ; ;jjv,ff;

2"Hosp1ta1s are required to present annual reports of the number ,j:



{hospitais from the original sample ]

-

Lave and Lave, in studying cost functions for 74 Nestern

o Pennsyivan1a hosp1tals on. data obtained for the years 1961 67

recognized the prob]em of the mu]ti—product nature'of output and the -;',
* variation in,output mix among hospitals. To overcome-this'difficulty.
they made.the assumption that outpUt mix is constani within a given B

' hospita] over a short period of time Instead of comparing hospitals
"‘of various 51zes, they studied 1nd1V1dua1 hospitals W1th a number of
. observations on each hospitai over a period of a few years, estimated

- cost-output re]ationships were obtained 2. "This approach to the
probiem eiiminates the d]fficulty in haVing to define the nature and
make»up of‘the products offered by each hospita] "3 In making the -
:d assumption that a hospitai 3 output mix 1s constant, the authors in fact

: negate the 1mportance of ip uding a measure of. case-mix in their

o analyses Moreover, this assumption wouid be vaiid only 1f exhaustive R

"t;_'vstudies to determine the actua] output mix were done over a period of

"ﬁ_fftime Further, it would be tenuous to generalize the findings beyond

*“~Feach 1ndividua1 hospita] studied, therefore, any attempt to compare inter- afh

1'ffp7'hosp1tal cost behaviour on the basis of output mix would be unreiiabie

In a more recent study of 65 Western Pennsy]vania hospita]s by

,hLave and Lave. five measures were constructed’to describe in patients on ‘_-;_i:

e 1Edgar H Francisco.}"Ana]ysis of Cost Variations Among Short-Term
SR _General Hospitals," in Empirical Studies in Health ECOnomics, ed by A E
a,Klarman (Baitimore" Johns Hopkins Press, 1g76) pp 322-323 - g

2Lave and Lave. PP.;380-382

3M19ue and Belanger.”f*j



o

~and the percentage oﬁ;pat1ents and patlent days were computed and %£he

’ ‘expense patterns - ,.__’f~7,,. S »:t;
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the bas1s of d1agnoses and sur91caT procedures 1 The study t1me

per1od Was from 1965 to 1968 The purpose of the study was to determ1ne

how much case-mix var1es across d1fferent types of hosp1taTs 'Seventeen

| broad Internat1ona] CTass1f1cat1on of D1seases - Adapted (ICDA)”grouangs :

),

. var1at10ns 1n these measures across hosp1taTs were anaTyzed The1r |
. resuTts showed that the extent of var1at1on in case-m1x w1th1n hospltals

,'over t1me was TeSs than between hosp1taTs 2

Evans repeated the approach used by M Ferste1n in a study of

186 acute-care-hospttais 1n-0ntar1o Data based on 1967 d1scharge forms o

compTeted for each pat1ent and discharge d1agnoses accord]ngﬁto the ICDA

o class1f1cat1ons were used 3 The dlagnoses were. grouped 1nto 4 categor1es, »

o

:.and the: age sex data were grouped 1nto forty categor1es.’ The proport1on
of in- pat1ents was then determ1ned for each category /Average cost
tzfunct1ons were. then est1mated for average cost per cése and average cost K
‘.per day He concTuded that "the diagnostlc m1x of a hosp1ta] S. pat1ent-i';s

"Toad 1s an extremeTy 1mportant determ1nant of th' hOSpitaT s.in- pat1ent

Evans and Nalker repTidated the Ontarlo study to a Targeeextent o

'i1n British Columbiak using n1nety act1ve treatment hosp1taTs They

f;econcTude that discharge diagnoses are of cruciaT 1mportance 1n deter-

.1'
Iy

T3udith R, Lave and Lester B. Lave, “Tre Extént of Role nifferen-fi'

'1;';-ft1ation Among HospitaTs," HeaTth Serv1ces Researth 6. (Spr1ng. 1971)

ZIbid P 28.- Sl s 3Evans. p. 202
Yoo \

4Ib1d P 210 ji.igul,;;;gl;fé';t;y g;,;j*ﬁf:i,; ;‘f[



'product heterogene1ty have been stud1es carr1ed out by Mart1n Fe]dste1n,

5 ,and Evans 3 o ST o E

-hospttals has been 11m1ted‘to short-run'4

-pp 1-303..

"_Leftwich, p 159

mihing variations betweenlhOSpitals in cost per case and cost‘ber‘day;l

The hospital may be viewed as_a multiéproduct firm, and there-

~ fore output identification in the absence of a common denominator has
' been a difficuit task for researchers'in the hospital system. Recog-

~ nizing the severe Timitations in cost-output relationships in hospital

cost studies due to a lack of standardization of'prodUCtQmixes;.severa1

.recent 1nvestlgators have made attempts at correct1ng thxs shortcom1ng,

by contro111ng for case-m1x var1at1ons W1th1n hosp1tals The most

mprom1s1ng approaches 1n endeavor1ng to e11m1nate the 1nf1uence of

2

.f!-
5 1

Few researchers in the hosp1tal system have restrwcted their

studles to short-run cost-output relat1onsh1ps More commonly, analyses
% ‘

. 1nvo]v1ng long- run est1mat1ons have been 1nc1uded 4 For purposes of

'th1s study, however, the survey of se]ected stud1es in genera] pub11c

<
a1yses and f1nd1ngs.

- Emp1r1cal Short Run - Cost Stud1es 1n Genera] Hospxta]s o '\§\§
A Summary Overview - = ' _,f“’ o )

\

j -

g “An overv1ew of parameters and resu]ts obtained in cost output

studles conducted in the hosp1ta1 sub sector of ‘the hea]th care f1e1d”‘

1Evans and Na]ker, pP. 417. vf ,'. -

2Fe1dste1n Economlc Ana1y51s for Health Service Eff1c1ency,

3@ans, PP- 198-213

4For an explanatlon of cost behav1our in the Iong run, see
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is presented in tab]e 1. 1 A rev1eW'of‘this tab1e-reveals thef]ack-of
cons1stency in: studtes W1th respect to the measurement of cost functions

and hosp1ta1 output 1nd1ces “and therefore 1nconc]us1ve compar150n of

o

o
Ll

- results across studjes.L‘ - .'v , o0

Summary of the L1terature Rev1ew

* This review of se]ected 11terature has been concerned w1th the
vgeneral theoret1ca{ background of cost funct1ons (tota1 costs and
average-costs) in the short -run, and an overv1ew of the maJor emp1r1ca1 »}
~stud1es carr1ed out both in 1ndustry, and the»hosp1ta1 sector of - the
health care field in the ‘short-run. The ex1st1ng 11terature re1ated
c'to the behav1our of cost’ funct1ons in the hospital system is 11m1ted
Unlike other product1on f1rms, the hospxta] 15 not con51dered in terms
| of prof1t max1m1zat1on, but rather as a produc1ng unit whose erlmesx
h':funct1on is that of provid1ng pat1ent care through many hosp1ta1 ‘
'departments, each of. whlch has 1ts own set of outputs or serv1ces
X Thus the overal] hosp1ta1 S obJect1ve 1s comp1ex The heterogeneous
‘_;nature of.the hosp1ta1 sector, and the d1vers1ty among hospttals in |
4terms of cost spec1f1cat1ons, and measurement of the hosp1ta1 s products
or: output, have pOSEd Spec1a1 analyt1ca1 prob1ems for researchers 1n the 4'
'hosp1ta1 f1e1d | | ERE o c
The ana]yt1ca] framework for exam1n1ng hosp1ta1 cost function

',_behav1our has not been cons1stent 1n the 1iterature Some of the out-

.'stand1ng measurement diffacu]t1es, name]y those dea11ng WIth cost

‘The sourtes of a]] studies presented are previous1y cited 1n
pp 3- 32 B N o : U
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measurements output measurements, and the measurement of homogeneous l
nroducts were. rev1ewed 1n this chapter | |

| Th1s study was des1gned to provwde a more specufic basis upon
'whlch to ana]yze selected cost funct1ons and output 1n general publlc
hosp1ta1s in the short—run The methodology and emp1r1oa1 f1nd1ngs »

are descrlbed in the fo]lowing chapter



CHAPTERfIii '

' ECONOMETRIC ANALYSIS OF SHORT RUN AVERAGE
| COSTS BY HOSPITAL SIZE CLASSES

Introduction

| The purpose of this chapter 1s to present the results obtained
; s.from an emp1r1ca1 investigation 1nto the effect of variatlons 1n case—”
vliflow and plant capac1ty on- three specific types of short-run hospital ‘.
tﬂecosts namely, (1) average general adm1nistration costs, (2) average -

‘-‘-*g nurs1ng administration casts and (3) average~nurs1ng serv1ce costs‘ ER R
5 .

RYIRE

| W]"fOrdinary 1east squares regnession analysis,] and analys1s of covariance
‘“ff'é;were the mode]s utilized in carry1ng out the 1nvestigatlon '“-"'f""_"lfffﬂne/'

This chapter 1s organized 1n the following manner firstly//

\th\re are four secttons Sections I II, and IIledeal with each of the
/ three general cost re]at1onsh1ps. Each of the three sections contains

”'7"5ftwo parts.. Part 1 sets out the general economic re1at1onship between

;;hqtthe average costs_and case-flow.i Three types of functions' ]1near




capac1ty term 1hto each of the three types of functions The empiricai
} resu]ts are presented for each average cost - ij | .
| | Section Iv contains the analysis of co- variance resu]ts.»tehe |
'A;'"purpose of this section is: to determine whether the a priori classifi--
“'“ication of hospita]s by size class Iaid down by the Aiberta Hospital
L lServices Commission, and by the Department of‘National Heaith and '” R
'fwelfare 1s substantiated by statistica11y significant differences in 1 -
.‘}:the specific form of the econometric equations estimated for each ;

| n_hospital class The investigation was restricted to the Tinear form of

i'ffthe equation ‘"'vtfj;xfffif” t-‘fn'ilfi“_kiéf'ff;,f; ‘;fffx“;nvﬁ;, ;f,j‘>)=

'7‘,Data 7fi'};;‘;‘°.*-iglf»}nlfgffi:.f-'

The data for this section are based on 108-Genera1 Public

"p;‘ﬂ7Hospitals in Alberta for 1971, The total sample“of;JIS hospitals was J;Q_ffijé?i

B “}subdivlded into five groups ?tcording to size classes determined by

'f'ffrated bed capacity. These subdivisions were previousiy defined by the




based on medicaIimanpowér.in théfCommunities concerned.l

g TABLE 2

NUMBER OF HOSPITALS IN SIZE CLASSES AND PERCENTAGE

) OF TOTAL - ALBERTA GENERAL PUBLIC HOSPITALS 1971 o _ o

e —— — 'f ]' A'*,‘g'=i A
» Hosp1ta1 Size Class ai"'_:} S fliﬁ.j» : B T O

- (Number of BEdS) .| “Number of Hospitals | Percentage of. Total'__; e

R 1 - o ;'vlu ST B ;;7" _;1v<’ a9 |
e 25 S IR HRRREY | SN A S 40 9,:'.' N EE
N L R T ;:_;.;fz;~fg;_;f“;;2“,?,f;jj,,}etyv‘i;_f~f R
"“?fT°?§I9§;f{ﬁiﬁf*#£3% ?<f»ifff2115;*:tg“té-f"f‘f7;5:*fff?@ﬂiotf?f?;?:l_ o

-4

/, R

Tab]e 3 consists of descriptive statistics for the f1ve variables:f»'[fwlAI

under consideration.iI

For definitions of these variables refer to ,'i'jtﬁffAf- 3
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i catlons are as fo]lows.;.

d of genera] adm1n1strat1on costs] and are not affected by any var1at10n .
'1n output in the short—run.2 ‘As detai]ed in chapter I p 8 these -
;costs are. exc]usive of nurs1ng adm1n1stration costs.{ Based upon this

tassumption, an average f1xed cost funct1on should have the form of a

rectangu]ar hyperbo]a,3 however,_if admlnistratfon inputs are considered
“h to be variable by hosp1ta1 management then other average cost funct1ons’:f
ﬁ’.are su1tab1e name]y 11near and quadrat1c forms. The bas1c specifi- .
e

L1near "»f'n7 - f'C = ao + a1F + et

| (1_1)_._

'where C represents average'general adminis-

- tration cost per-case; F represents case-flow, .

ggjand ei represents the stochastic or error term;j:'

uadratic L CEagta Fre, FZ ve 3
e R o 2 i

= '

Inverse F°'m - ;¢;;§¢6*4;;5;;15;;€5£[‘

B et

| ;?;Regression Resu1ts




" :'tration cost. per case.

.‘,43

“Linear Form

(1-4)
-6.25° ¢
6..‘66:;'
-8

é_nt at a = 0. 05 d 0.01" |

_ 3 te that for the 11near regression fonn,"
A‘both the 1ntercept tej; _ }F term are statistica11y s1gn1ficant
:at the five percent an{{ ﬁ;ercent 1eve1s of sign1f1cance., For every‘
would be a reduction 1n the general admvnis- f;

zlva]ue suggests a reasonab]y good fit

‘*‘1ncrease 1n‘case-flow,f‘

L

7;qf0r cross sectional data




Y

| U shaped Form o o
(1 5) e 3 90.1 = 1.57F - 3. 0x10'5F2
) | (10 3) - (. 537;,(9 0x10'5) e
e te 29" v s . B,
o RPeoes
) S1gn1f1cant at @ ="o“.vso = 0.0 o
The resu]ts for the quadratic equat1on show that both the inter- ﬂ .
cept term and the F term are s1gnif1cant at the flve percent and one o

percent levels of sign1f1cance*showever, the squared term 1s not

. 51gn1ficant at e1ther level The R value suggests a good fit

u-,.;qq-h—_--—--“-pq-;'-;




% 9y |
','fshape of a rectangular hyperbola. given the Iow "t“ value for the 1nter- -

o ' A | 45

Inverse Form | | -
. B : oA L -1 D -
. (1-6) - - C=238% 97TIF _ .
(5.8 (133 9) | i
=mn9 t = 7w~_ : -
B Re=0713 ~
o L ngn1ficant at o = 0 05 a=0. 01
‘The 1ntercept term is not statist1ca11y s1gn1f1cant, however, the S

':regression coeff1c1ent on- F 1s s1gnif1cant at both the five percent

and one percent 1evels

Le

a

"’2..'38 ‘ L ’ . c =2,38 +l 977F.’]

. 2 . - .. - Lol . N . . ) .

The above sketch dep1cts the resulting cost curve to be the

'

imfze the value of R2 Thefsg eéf?
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?_%
point to:note is that empirical estimates between administrative costs
”_and output}confirm‘the apriori~hypothesis with respect to}fixedcostss
‘The'iact that an increase‘infcase~fiow would tend to lower costs
supports the standard re]ationship in reducing overhead costs ~ Thus,

potentiai administrative economies do exist from expanding output |

expressed as case- fiow rates

Overall” Resu]ts | |

Table 4 prov1des an overv1ew of the estimated reiationships
;or ai] of the size classes. An examination of the tabie reveais that
the generai observations regarding hospitals in the 1- 24 bed Size ciass
hold across the remaining c1a551fications, i e., an average fixed cost
curve which has the shape of a rectangu]ar hyperbo]a is aimost as good

or a better f]t than those obtained from quadratic or linear modeis

| which is in keeping with theoreticai expectations Totai administration pf’-

rs

¢ costs are 1nvar1ant w1th respect to output and it foiiows that average N }””

fixed costs should approx1mate the shape of a rectangular~hyperboia

It shouid be noted however, that on econometric grounds there 1s little j‘;f# ’

practica1 basis on which to choose among the three spec1f1cations f '31'>',' U“

Part 2‘ The Effect of Interciass HoSpitai Size V r ations | :
-on Averag_gﬁenerai‘Administration Cost Réiationsh

S o
It whs pssumed that hospitai size had no effect on costs in the R

jshort-run, however, there are substantial variations in piant capacity ifﬁ

'ttwithin each of the hospital size groupings In effect, the proportion o

‘,.,,icategory couid be expiained by variation in be& capacity as weli as by -‘"1‘

” variation in case-fiow.; Feldstein aiiudes to the fact'that "hospital o

g
A T e S
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tsiZe does 1nf1uence the 1ntens1ty w1th wh1ch hospital capac1ty is
Gfused nl The results of regress1on analyses 1nc1ud1ng a measure of
g~h0$pita1 s1ze in his study, however. show that a measure of hospwta]
’512e 1n the short run functlon ddes not substant1a11y affect the shape
. of the cost curves I | | . - ‘ “

| d In order to 1nvest1gate the poss1b111ty of hospwtal 51ze ‘
'1nf1uenc1ng the est1mated re]ationsh1ps between average genera]

admlnistration costs and case f1ow w1thin s1ze classes the fo\lowing

‘l‘iadd1t10ns ‘to the basic spec1f1cat10ns were. made.,

S'peél"fi'ca'tions:' .
Linear . Cmap+aoff +;¢va<+‘ea
| (1-7) T 0 1 ‘2 T

./'

’:,where B refers to the number of hosp1ta1 beds. _.oi» |

BT LT 2 2 o
,gf??ag;atic. ..;'_, L “o * “1F + “zF tagf+ “43 d ‘i IR
_‘;ﬂlnverse Form .~7:;i“c' + a]F 1 28 + e1

;“(I 9) SIS et
I R | e
- Regression Resu]ts 'J'. , 1ih e,‘:e'.fw',7~_ f__,b --é !? o

S The resu]ts obtained from these specjfications are set out 1n

-":Qetable 5. In al] 1nstances ‘the coefficients for hospita] size were
f’%insi“ﬁTTT”ant in terms of the t values, and the R2 values were not |

- AdincrEased 1n any stgnificant manner. It is interesting to note that the
--ffaddition of a plant scale measure to the linear equatlons tends to ’

'l”Lg‘»reduce costs. a]though by_an inconsequentia1 amount from a practfca]

D e S N S

nalysts for Health Service Efficiency, p. 191,
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, ~ ;55 i
stance For example, 1n the i 24 bed 51ze ciass, the unit cost is
jreduced by $0 05 In reference to the quadratic equations with thes!‘
A-exception of the 50 99 bed group, unit costs are noted to increase ; w‘*G
.a'siightiy. the greatest increase estimated for the 100 299 bed group,ia
dﬁat$193pm~ame 'Vf,p ,t:f;;jﬁ 'ff “1V-a'a&lﬁ;.jt~ﬁit».l]‘;;

- _“ with respect to the inverse fonn of the equation, the co-
'fefficients are iittie infiuenced with the inclusion of a scale term -_“
. In sum, the find ngs suggest that average generai administration“,;j,i;.'
':costs fit within the theoreticai expectations and concur with the }(";

.'”7.3_7emp1ricai findings of Feldstein.lt_’f_t"

S -.f‘,'_SeCtionlIIéj,iheﬂhnaiysis4o Average Nursing
ST R »~‘,'Administration‘Costiﬁe ationships

. Part 1 Average: Nursing Administration cpsts ;[1
fﬂ-;and Case-Fiow N A L

| As discussed in chapter I p 9 nursing administration costs aref§7
”JJ*not included in general administration costs.. On the basis of theory, :h'5

Q%fﬁtfif7"it is hypothesized that nursing administration costs wouid behave in a b
o

-j;simiiar manner to gefin‘?fadministration costs, that is, as fixed'costsfff759 Lo

@‘;nf?ijiimathematicaily representedfin inverse_functions (chapter II, p 13 )




51 .

‘ curves for nur51ng administration based on the above specifications fii”

are: depicted for hOSpitals ranging in capacity frOm 50 to- 99 bed%

Lipear Form - - - 1. 2 299F
C(10) =;f;j 1 (3 75) ( 110)"

PECEIS L, 4w *t=-2n

o R2'= 0.22
*Significant at o = 0 05
- _ Significant at a‘* 0. Oi C |

i"In the above regression equation, both the 1ntercept term and the ~7'i'
v "regression coefficient of F are statisticaiiy 51gnificant at the five :
| i;:percent ]evel of Significance, however, on]y the intercept term is ;_’
'r”significant at the one percent levei For(every unit increase in ;

i icase fiow. average nursing administration costs are estimated to
"lﬁldecrease by $0 30 < ;'i;pit;-e;* fffif°e7l.7;“iKif::7? ;ﬁ%f )
| '[;>;: ?c;': ',“iis-iiiii_.i;'if»:;'pf.;i aijf;{li ij‘-;:it. ir'; -




5?2 U- Shaped Form .'7- o

(1 11)

52

' Iaﬁ c - 29 5 L 06F 1, 1X10° 4F2

(14 e) ( 875) (1 3xlo'4)
t = 2 03 | =»-1 21 t = o 879
o 2 o 24

Significant at a = 0 05

. l;,fférence to the ahove sketch the estimated optimal case flow ré¥9;5 ,;;»u..,”

4818) is well beyond any practical meaning 1n the positive quadrantbxfEL};ﬂggf




| B | wgw‘"
Observatwon of the above equation dep1cts that the 1ntergen;
'*Tterm has no statistica] sign1ficance whereas the regression coefficient

‘A;°" Fis Stat‘5t1°a‘7¥ 519n1f1cant at the five percent level thwﬁff'* o

_ b= +-j_3ae;.j2|=-,_’_ L

- .,.._-_-a'—-_-_'...'--‘--.;--,-.

-3, 19 .f‘ f‘f_'jf —
g;f;lThe only relevant portion 1s 1n the positive quadrant of the cost
4f{t2curve, as,lllustrated 1n the above graph The 1ntercept term 1s a

»a?fh.negative quan[_ty; and does not have any practical meaning
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‘"»';}ﬁ,in which the average costs decrease with an increase in case fiow, up\i**f7'*

‘ﬁ'-ffffto a certain point The estimated optimal case-fiow rates however, e

: '}*ﬁwere fOUnd to be beyond any—practical vaiue. ;zufff;{;f(v ffavﬂf*"f“»”°f'm'

”*"."f;ffffPart 2 TheJEffect of Interciass Hospitai size Variations i
U ﬁfﬁfﬂn AVEr‘age N'rsinngdminiStration Cost Reiationships

It washissumed that 1n the short-run. hospitai size within ff‘”'

..i-

‘:?Tl‘ciasses wouid not expiain any variation[in estimated relationships by,f';‘c}e

| ff;;virtue of being reiativeiy homogeneous size ciasses

AS "°t6d previOusiy, 1t is usefui to examine the variation of L

L t-fpiant capacity within each size ciass The basic specifications usedffs"”'

. vuﬁ’fto I- 9. except th”'cost is average nursing administration.l__:__

('iff{ifto examine the capacity effects are identicai to those set out in I 7?j(;ffef»

”t°,i;fRegression Resuits

SO The_regreSSiOﬂ results are presented in tabie 7 An examination
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j .-addition Of the hOSPitai size term C]eariy, for the 100 299 51ze
' ‘_-ciass the quadratic equation prov1des the best fit suggesting that S
. if the nur51ng administration cost curve 1s no 1onger a rectangular ,-f ’

o ‘fhyperboia, but a U-shaped curve The addition of the hospital size ;TV:'

| term has indeed contributed some explanatory power in cost variability

, _;'This is éresumabiy due to the wide range of hospita] sizes Within this ;
"L'_category 3 It s noted (tab]e 3) that the hospitais in the 100 299 size'

c]ass range 1n size from 100 to 230 beds, the widest variation for any\),, f

:1‘h;f‘9r°“9;: The’fact that the shape of the cost curves for the 1 24 25- 49

'iand 50&99 bed hospital classes tend to be L shaped implies : lﬁ;}%fi’f

'-'zthat with increases in casesfiow.,average nursing administration costs

ks :initiaily dec]ine, and subsequentiy reach a constant Ievel over a jfi

ﬁ'?jjicertain range.‘ This phenomenon suggests that fbr hospita]s with iess

F'7*'QeSSentially’"rurai" hospitais than they actuai]y do, without incurring o

o ':than 100 beds it wouid be possibie to treat more patients in/those

”_ursing administration costs.: In other words, hk‘~5?7



| 58

| - t1me staff, and a hlgher ratio of staff separatlons wh1ch wou]d resu1t

"ﬁ-in more paper work, and therefore h1gher average adminvstration costs

"vIn this situation, the cost 1ncreases exceed the production 1ncreases

SeCtion IiI. The Analysis of Average NursiAg
T Serv1Ce Cost ﬁ_Tat1onships ERR

"7'Partd1 Average Nursing Service COStS

]~_s5and CasezFlow

Although tota] nursing service costs inc]ude tota1 nursing s'f;} )

a.;fladminIStration costs, as discussed in Chapter I, p 9 it wou1d.seem

‘7:{reasonab1e to expect that total nursing service costs would tend to g

E ;ibehave more as variab]e than fixed costs.v The rationale for th1s

| :“?fassumption 1s the inclusfon of tﬁ% cost of medical and surgical suppliesf;f‘°7f?]’

”-v9fiand drugs 1n the total cost, wh1ch are highly variab]e components, and

' ﬁ3u'féa relativeiy variable nursfng 1abour sftuat1on.r Tota] nursing adminis-ffpﬁeffi”M

"’;ff;ﬂtration costs which are ffxed costs represent only a smal] proportion[‘fﬂ;},hﬂ;f’

.’:f;of total nursing service costs., Similarly, average nursing service

‘d}s;totaI average Costs. R

i ;costs would beiexpected to have the traditional U*shaped curves for "f7f""

Tﬁ bas{ﬁaSP561ffcation“fprevfous?yisetiout 1n I~1 to I 3 anef71’° S
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© Linear Forn €= 231.3 - 1.32F
Ca3) o (46.9) (1.33)
> t=a9" te0992
SRR KR i ﬂ¥:011-

S1gn1f1cant = 0. 05‘ 0 01

.II '

j - ti: In reference to the above equat1on, the 1ntercept term 1s | ,
"tstat15t1ca11y s1gn1f1cant at the: f1ve percent and one percent levels

- . of 51gnificance. whereas the s]ope coeff1c1ent is not s1gnif1cant g .'t« o

”{“;ﬁat e1ther 1eve1 The R2

~:v;,f C ﬁ[‘ o e
R R G

va]ue 15 extremely Tow.

28

231 3 - 1 32F

F~237 ef*ijr

The average case~flow rate for hospitals in the 100 299 size

7tﬂjc1ass 1s ;4 7. with an average nurs;ff service cost of $135 00 The (

'ff‘abave sketch shows a predicted averageucost at $186 32 For every '

*ff71ncrease 1n case-flow, the average cost per case wou]d decrease by $1 32

‘jVi},fe;f}U§§heped%F¢rﬁf”;ffl
SRR




The above regre551on equatlon shows that none of the terms has

. istat1st1ca1 s1gn1f1cance at e1ther the one percent Ievel or the five

percent level of 51gn1f1cance. 'The.szvaluev1s noted to be Tow.

-

e -...,-‘......-_--..-....'_-'.-..

= 34.7 = 2544

- '-r_1_‘}_f.-‘__......»___e..--.....--..__-..l- :

Thehabove"sketch dep{cts anrinverted U-shapedAaverage cost
"curve,'hhich,dppears to be rising through the relevant~range The
optimal-caSe~f]ow rate at\F! 2544 is an art1fact and" it is not an l

' 'economically meaningful figure The curve denotes that as case -flow

| "1ncreases nurs1ng service costs increase up to this maxtmum case-flow

- rate

Inverse Form ‘ |
(1-1) D M9.6 4 12140F .

o (s.7) (1s2908)

d't'%i3{27* t = 0.794

"2=ow

;:5_ Significan at = 0 05. a= 0 0]

‘The estimated relationship between the average nurstng service o

~cost and case flow as determined h the 1nverse form of the regression ,f
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o equat1on shows that the 1ntercept term is 51gnif1cant at the five
percent and. the one percent 1eve1 of 51gn1ficance ‘The case—f]ow ,

coeff1c1ent however, i$ statisticaily inStgnificant

,:f . ‘ . . ot V \‘.‘

: g _ o .

P = 149.6 + 121440F

It -‘d that for the above curve, the 1ntercept term in the '
regres.ion equation 1s s1gnificant Mathemat1caiiy, this is represented
by a fst curve approaching an L shape or. asymptotic ]evel as ’
1]1ustrated above The 1nterpretation is. that nursing serv1ce costs
.}1are not fixed throughout the entire range | |

Compar1ng the three preced1ng regression equations 1t can be seen

- that the U- shaped form provides the best fit, although there 1s litt]é’\,_‘.l.

| f;evidence to substantiate th\_theory that nursing serv1ce costs for -

- hOSpitals in the 100 299 size class are U shaped on the basis of .iﬁ
e L
o empitica] resuits depicting a rising cost curve in the reievant rang

"'.A'»Overall Resuits

An examination of tabie 8 reveais that the inverse form of the o .

| ‘-equation provides asbetter fit in terms of R2 values in three out of .
| four cases This finding does not hoid true for the ]00 299 size class; B

e : o .
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Nith respect to the inverse fonn, the 1ntercept term is statisticaily
4 significant in each of - the four size c]asses Thus, the cost curve for
‘f each of these groups wouid be an L shaped curve, 1ndicating that as 3
case fiow increases the average cost curve reaches a constant vaiue |

The R2 vaiues for estimated re]ationships in the 1 24 size group, and

: *" the 25 49 size group are reasonabiy high and suggest good fits demon-

o and for the 100 299 size ciass the RS

. strating that -case- flow wouid appear to expiain a high proportion of e

2

variance For the 50 99 size ciass the R vaiue 1s somewhat iower, j

2 vaiue is exceptionaiiy ]ow As ’

hospitais 1ncrease in Size as determined by rated bed capac1ty, the .u-'* :

o tendency for average fixed nurSing serv1ce costs to have the shape of’

i rectanguiar hyperbolas becomes iess

_ The quadratic equations show reasonabiy good fits in terms of
2.

R vaiues, however, there are on]y marginai improvements in these ‘

vJ

o vaiues over the iinear forms of the equations with the exceptfon Of

the 100-299 size ciass. all groups depict the traditiona] U- shaped cost':-f f

".Tﬁ curve For the 100-299 size ciass the cost curve is an inverted U~<.

B o of the equation

shape. as iiiustrated on page 60 this study, and the R2 vaiue although';ér-*

Iow, provides a better fit than either the Iinear»or the inverse fonn

e ' . . . y ,'7\' .

,Part 2i The Eftett of Interciass Hos itai Size Variations
o j._verggg Nirs| ngTErvice mtﬂat Tonships ~ -

previously. in the short~run average cost does‘not

| As discuss&li
vary with size of piant. however. utilization of piant capacity does
vany.; The specifications to estimate relationships between average

nursing service costs and case-flow, hoiding piant size constant. are



- %' . ) .. .‘ - : ) », 64‘

(1dent1cal to those. for average general administration costs (see lJZ

to I-9).

RegreSSion Results - _ | .

_ when a scale factor was introduced in order to hold hospital
Size constant (table 9), minimal changes were noted in cost with

= respect to changes in case- flow for three of the size classes Iheeft

mostanotable changes occurred in the l00 239 size class as might be

| ;anticipated due to the wider variation in plant Size within this class.

“The R2 value for the linear equation increased from R2 0 ll to

{RZ 0. 60 while the R2 values for the quadratic and- inverse form of

.che equation went from R2 = 0 20 to R =.0. 73 and Rz ?f0,07;t0_ o
'RZ 0.63 respectiveiy,_ S NELINS

In effect allowance must be’ made for differences in hospital !

;“ﬁj.51ze in calculating the short-run average nurSing service costs Inter- e

"’7'; ,fhospital variation in the number of beds and the variation in capacity )

Lo \Qa v
"autilization, are critical particularly for hospitals in the 100- 299

"bed range. o

The interesting finding with respect to nursing service costs rh -

" *13gfor estimeted relationships both with and without the inclusion of a

'-3';scale factor is that, contrary to theoretical expectations, for all

;fgroups, with the exception of the 50 99 and the lOO 299 size classifi--'

'?.fscations, the inverse form of the equation provides as good a fit or

'fi'better thhn the quadratic equations. This finding suggests that the , R

| f?average cost.curves for 'll’groups with less than fifty beds are

1"seemingly L-shaped‘fand:average costs are decreasing as the level of

‘*:';output increases.
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"over more units of output It‘may;be that~rura1'hospftaTsf(theseitiAf
fhospttals w1th 1ess than flfty beds) are more "stable“ 1n terms of _
_1nput resources than those hosp1tals w1th 100 beds and over.‘ Reference b
| to the funct1ons of - nurs1ng serv1ces (page 8 this study) and the fA =
'v}reSulting costs 1ncurred part1cu1ar1y with regard to supp]ies and
other expenses nc1ud1n9 med1ca1 and surgica1 supp11es and drugs,;may

: prov1de some in51ght Tnto why these costs tend to reach a- certa1n min1mum g

'.flevel in the smal]er hosp1tals The d1agnost1c-m1x of pat1ents 1n hosp‘ als vd:
With 1955 than fifty beds wou]d most probably not be as varied or: asf o
'f;CONP‘eX as 1n larger hOSPitals For example, smaller hospita]s are

.5; patients should be referre“

;o 1arger centres Examples of areas 1n
- hfiwhich nurs1ng service expenses might be considerabTy 10wer 1n smalfer tf_ff o
“f>f::fhospitals are operating rooms and emergency units.} By treat1ng more .
/f"”“routfne“ cases. smaller h03p1tais wou]d tend to use fewer variab]e |
j;"input resources, and thus nursing service costs wou]d not be as varfab]e
:'L”r’Patients are- often examined and ~reated 1n emergency and out-patfent .
:"j'departments when there is 1ns‘ific1ent medical need It appears that ‘“'w‘

’"~'p".sic1ans are seeing fewee?patients 1n their offices particu]arly

: .‘sin the large centres. Jhe. result 1s that hospital costs increase, and

1”;suggests an unecononjcal and 1neffic1ent use of resources

‘ Hospita]s _5nging in capacity from 100 299 beds depfct a U-
"Eﬁi shaped average fost curve. although when a measure of hoSpital sfze
fbjfjswas 1nc1uded- n the regression equation. there was only a marginal
= gfjmprovement 1n the Rz va]ue for the quadratic equatton over the R2

““%fyfyalue fop/the inverse form of”the.equatdon. o ‘lhgg«~$7”i?ﬁi“icijﬁf{fgi‘




-‘1'Bgsic“specificat1on*if

o | €= . 0»+ a]d] + a2d2ﬁ'_"}_: .

. case flow, .an ana]ysis of covarlance u51ng a 11near_:egre,$ion mode]

k Section IV: Interhospita] leferences 1n Rates of
Respons1veness 1n Average Cost and Case-Flow .

In order to determ1ne whether or not s1g*f:;cant dlfferences existﬁf

between hosp1ta1 size c]asses An rates of respons1veness _average costs and

] Was - carr1ed out The 25- 49 bed s1ze classfwa c:osen ;_@f:,ffef.,

o

. 'group. The basic specification is as fo]lows

Y




- 8030
| Signiflcant at’a = 0.05 E

cIn- reference to the above equat1on, both the d1fferent1a1

,'*hhf1ntercept and slope terms for the 50 99 hosp1ta1 51ze group are .

A ¥":»f, _stat1stically significant at the f1ve percent level : On the ba51s of
DyiltheSe findings c]ear?y, the 50 99 s1ze class is s1gnif1cant1y |

fldafferent from the 25 49 s1ze class 1n terms of average genera] -
admin1stration costs and case f]ow, while the remain1ng c]asses can be

consid ed to fa]l with1n the parameters estimated for the base group

ﬁ J

B Nt tuss- o 605F (A)-;fh .
SN 237 - 5.29F (B)

25~49 size class
50-99 size class



»_tratton”costs‘ The fol]ow1ng equat1on presents the estimated results ‘ :
¢ =11.4 + 9, 63d] +18.6d, - +9, zzd3 J122F - 134d)F - .508d,F “
(6 78) (8 28) (8 75) (14 4) ( 170) ( 239) (. 238)
, l-68 ._t-l,ls t=2.13" - t20. 640 t~0 714 t= 0. 558 t——2 14

118d3F

- ] 11(:-%99)
T lisifo;zgs_’"7

Significant qt a -AO 05 f ft ,.v’\ T:_._,Tﬁj‘ };","~_;:.: d7/t ,

As previous1y determined for average genera] administration :
f'costs the above equation ind1cates that both the differential 1nter-“}.'
. "’>cept and slope terms for the 50 99 size class are stat1st1cally ‘
;p; iisign1ficant from the corresponding terms in the base group, the 25 49vd‘,;i,_4»7
'V';s1ze class The rema?ning size classes can be considered to fal]

viz'within the parameters of the. base group

SIS E

e NG ”.C 11 ‘- 12?Fﬂ(A);;jg,,:-

. A

, ‘Hh:TE}ft}fcﬁdﬁtyﬁiA),25-49 size class v,eA_;g,J“ RN
S AB) 50-99 size class @ S _
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-'In referehce to the above sketch 1t can. be seen that higher average

: ‘::‘ nurstng adm1n15trat1on costs are deptcted for hospita]s 1n the 50-99 |
"s1ze class than for those in the 25- 49 size class and they dec]ine
'more rap1d1y as case~flow Tncreases Th1s observation may 1ndicate a -

higher nurs1ng adm1nistrat1ve staff-rat1o in the 50~ 99 size class

. ~'Average Nursing Service Costs
- The. basic specificat1on was app]ied to average nursing servicer
o costs The follow1ng equation presents the est1mated results '
t = 172. 5+ 2. 0d; - + 145, 8d2 + 21,1, - 1.36F - 2. 50d1F -3 55d2F
(44 0) (53 8) (56 8) (93 7) (1 n) (1 55) (1 55)
3 92 t—2,08- «~t-2,$7 t 0 225 t—-l 25 t—-l 61 t——2 29
_.,~(2.59)'.4
= t=0. 376
e | S Reoss
‘Signtficant at a3 O 05 : o LE
5*, ;The above equatron depicts four significant terms at the five percent

‘='L'1eve1 of signff1cance the base 1ntercept term, the differenttal

.”*feintercept term for the 1-24 size class. the differenttal intercept v»vvihf

”“yvlﬂterm for the 50-99 size c]ass, and ‘the. different1a1 s}ope term fbr the ;;.”5-

' =?jgso 99 stze class.:,  %3+f}f*;g ﬁf,hz\f’,,;\-‘




~~{ - 284.5 - 3.88 .'(3_):,.

-8 = 172.5 - 1.38F (A)

L

| c_v = 318.3:- 4.95F (C)
| Code (A) 25.49 size class . o

o § g 1-24 size class
C 50~ 99 size ciass

The preceding sketch iiiustrates the relationships among the

'differentiai 1ntercept terms and the differentia] siope terms for the

-'three hospitai size classes under 100 beds\ The three
ii'intercept terms are significantiy different The interpretation is

":that nursing service costs, or outlay is iowest for the 25- 49 size

¥

5ic1ass, somewhat higher for the i 24 size ciass, and highest for 7%,* "

ifso 99 size ciass There is no significant difference in the rate'of decreaseﬂf '

'ﬁ‘of average costs with increases in case-fiow between the 1 24 and

455'49 5119 ciasses, however, there is a significant difference between f’zi o

' 73“;the decline in averageiﬂnrsing service costs over an increased range '7

'4;}1n output between the 50k99 size ciass and the 25~4§ size ciass

"'.Tf{Average nursing service costs»deciine significantiy faster for the

‘]ifievei of tOtai nursing"“ervice costs which fali reiativeiy rapidiy.

'ﬂ’:“f?lif50-99 size ciass This finding is suggestive of a relativeiy high




o

',Totai nur51ng serv1ce costs are increaSing at a’ decreasing rate..
o In sum, there was a significant difference between the 50 99
~”A size ciass and the 25 49 size ciass for generai administration costs
.nur51ng edministration costs and nursing serv1ce costs, when ana1y51s
of covariance was done u51ng a- iinear form of the equation, indicating
"vhigher initial costs in aii three cases for the 50 99 group, which

deciine more rapidiy than the base group as output 1ncreases.

Economic Observations A Summary OverView '

N Reiationships between average costs and case fiow rates were
,;estimated by appiying ordinary ieast squares regreSSion ana1y51s u51ng |
'.;;‘three types of functions linear, quadratic, and the inverse fonm of
H*.~the equation in,the short-run for a sampie of generai pubiic hospitals ?
v'in Alberta. subdivided into 51ze ciasses Average costs considered
.*jwere general administration, nursing administration, and nursing Ty
"fflf service., {f .yffﬁjfi”,’f?*f 37~51' | "l, i h_ . .
| : On the bas1s of theory, it was argued tnat tota] generai adminis-'. {'3"
'“gtratjon costs and totai nursing administration costs would tend to.
;?‘ifbehave as fixed costs, and that totai nursing service costs would tend
f“,f'to behave as variabie costs Empirical findings of this study support
ff m ;the theoreticai expectations ujth respect to both administration costs,

e

| ' ‘It was asspmed that hoSpital size within classes wouid no//have
::5f’ffaffan effect on costs in the short-run.» Due to the Variation in piant

1:"irfffcaPacity Within the size ciasses, hoWever, it was reievant to determine ?‘4 S




E 1f hosp1ta1 51ze did have an effect on average costs Esttmated .

_relat1onsh1ps, 1nc1ud1ng a measure of h05p1ta1 size (ho]d1ng the -

}number of beds constant), esulted in only marg1na1 1mprouements whfch
’jd1d not change the shape oi\th cost curves for genera] adm1n1strat10n
fjand nurs1ng admin1strat1on M1th respect Yo nurs1ng serv1ce costs,
“minimal changes were found for threefof the four size c]asses, wh11e RS

".substant1a1 improvement Was noted for the 11near, quadrat1c and :

,1nverse form of the equat1on in the 100 299 size class Var1at1on

- 1n p]ant capacwty within ¢his s1ze c]ass hao an effect on costs and -

'1ndeed contr1buted exp1anatory power | - R “v }%v.t 5

| In order to determine whether there were s1gnff;ca>t d1fferences .

in est1mates obtatned among the size classes, an analys1s.of covar1ance |

..was carried out’ usxng a 11near mode] w1th the 25*49 size c]ass as the .G:‘;,

b . _

base group S1gn}f1cant d1fferences were found between the 50 9§/s1ze

) ';'c1ass and the TS 49 size c]ass for a]] three costs

b




CHAPTER. Iy e

ECONOMETRIC ANALYSIS OF SHORT-RUN AVERAGE COSTS
ACCOUNTING FOR CASE-HIX VARIATION

Introduct1on

The ana]ysxs carr1ed out’ 1n the precedxng chapter was predicated a7

upon the assumpt1on that 1nter hosp1ta] var1at1on 1n case- mix would not

&

‘S1gn1f1cant1y affect !he est1mat1ons of the cost funct1ons in each- size

of hospltal class Th1s may be an "heroic" assumpt1on. '
Feldsteln contends that

.the extent to whtch acute hospitals d1ffer in. the m1x of
cases treated is commonly underestimated. The current system
of hospital costing. and the usual procedure of comparing -
hospital costs with national averages indicate. an assumption
that case-mix differences are e1ther not substant1a1 or have
1ittle 1nf]uence on costs

In the above study, n1ne mutually exc]us1ve categor1es were derived

| essent1a11y from var1ous hosp1ta} spec1a1t1es, and the proport1on of
-.h-cases 1n each categ y was ca]cu]ated for 1;7 hosp1ta]s for h960
: :Fe1dste1n conc]udéd that there was a h1gh degree of inter- hosp1ta1
-variation when case—m1xes of large acute hosp1tals were represented by

( hlne broad spec1a1ty categques The resu1t1ng case mix dwfferences

analyzed on the bas1s of 11near re]at1onsh1ps were used to determlne the

proport1on of tota] variance tn a part1cu1ar cost attrigutable to case—’

-m1x d1fferences Emp1r1ca1 results showed that 27. 5 percent of the

var1at1on 1n~ward costs per case was due to case-m1x 2 Fe]dstein

]Feldstein, Economic Analysis for Health Service Efficiency,ap 15
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',vatlons is provlded

fIn order to cluster hospitals 1nto case-mix groups,~data were derlved

concludes that any attempts to compare hospital costs and other o

character15t1cs (for example the number of beds) should therefore,-

take case-mix 1nto account !

The purpose of thlS chapter is to estwmate the effect of

£

| var1atlons in case- flow upon average general adm1n1stratlon costs.'

average nurslng serv1ce costs, and average nurslng admin1stration costs

once an accountang has been made for 1nter-nosp1tal varlatlons in case-

o mix.

The'format is as follows: the chapter 1s divided into three

seCtions Each of the three sections conta1ns or refers to the

general spec1f1catlon of ‘each cost funct1on, 1llustrat10ns of the three |

7 spec1f1c forms of the regress1on equat1ons (llnear quadrat1c, and the
"1nverse form), and a presentatlon and dlscuss1on of the results Each A
1 f» section conta1ns two parts Part one sets out the est1mated relation-kf-
\sh1ps for each of the three average costs and case- flow, 1nclud1ng a
| measure of hospltal capacwty deflned as the numoer of beds. Part two |
7presents the expected optimal case flow rates fer each of the tase-mlx |

"classwfications Flnally,_a summary overvwew of the economic obser-;._

o The data for this sectwon are based on the total study sample of»

Lll5 general publlc hospitals 1n Alberta, and six relatlvely homogeneous.

' ,subgroups of thls totalg classified according to case-mlx composltlon

e




%6

:from montth d1scharge I1sts for 1971, comp1]ed by the Comm1ssion on

Profe551ona1 and Hospital Act1v1t1es Ann Arbor, M1ch1gan, obtained

- from the Alberta Hosp1ta1 Serv1ces Commlssion A summary file of -

E Id1scharges from aII hospitaIs 1nc1uded in th1s study and the corres-

ponding ICDA codes was created The data were subJected to statistica] .
techniques incIuding‘Qutype'correlatlon and factor anaIys1s to c]assify
lthem in terms of case—m1x T Hosp1taIs in case- m1x Groups I to V |
1nc1us1ve corre]ated at 0. 8 or greater In case mix, whereas Group VI
’hosﬁ1tals did not have - high enough correIat1ons to be cIass1f1ed with

any of the f1ve groups This Iatter group 1s, therefore, not represen-_

i 7tative of a part1cu1ar case mix Groups II and V are the most simiIar.‘

' ,and Groups III and IV-are the Ieast s1miIar

2 "Th1s group1ng provides

'»ne1ther mutuaIIy echusive nor exhaustive cIassif1cat1on of hospita]s "3

- ;Appendix B presents the hospitaIs as grouped o the basis of caseemix

Descr1pt1ve statistics for the totaI sampIe and case-mix groups |

are reported in tabIe IO Even w1thin a range of h05p1tals from seven"f"‘

’ itlto ] 068 beds there is not a wide variat1on in case-f]ow rates.,the

range be1ng from 8 8 to 65 2 with a mean of 34, I Th1s is a greater |
‘Irange than in FeIdstein $ findings in which he found the variation B

'7"ranged from 9!41 to 40 48 cas per bed year, with a mean of 23 18 4

‘.: IngthegStudy;presentedvhe; . Group II has the greatest mean number of h

~ beds’ (144 7), and o:; p_III;theylowest_(SBII) It s interesting to

.

wo e 1Bay/ FIathman. and Plain, p 1 PR S
”ﬂzzibid., p. 5. :v" ,f - 3Ib1d.. p.;.,.g" N

'f'_4FeIdste1n, Economic AnaIysis for Hea]th Servfhe Efficiengx, P 128
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note that Group VI has a mean of 80 4 beds and a mean case flow rate

of 28. 9. the iowest rate for any group At the same time, this group o

has the highest average costs per generai administration ($54 00),_“,

: nur51ng administration ($15 00) and for nursing. service ($18i 00).

fGroup I_with,a caseefiow'rate-ofe36t] (second highest) consistentiy

" has. the Towest average costs.

‘section I: The Analysis of Average General
Administration Cost Reiationsﬁip*

Part 1: Average Generai Administration Costs and Case-Fiow

One wouid expect total administration costs to be fixed costs,. ‘

B and consequentiy average costs wouid decrease as- volume of output .7'

| increases.c Short run average cost curves were determined for the

totai study sampie and case-mix groups using the case-fiow rate as the

| measure of intensity of capacity utiiization The estimations are

o based on a “given“ capac1ty, by inciuding a measure of hospitai size .7 |

: in the equation Thus the reiationships show how average costs

respond to change in output expressed as case fiow in cross section f
anaiyses ‘ ~;:.: ;:{J'.‘f'; 4 ;‘;» ::' ;f_:n ) t?d‘f-'~’-3 '

’ %

and the inverse form, with the understanding that reference is being

maQe to the postuiated re]ationships between average costs and case~ -

fiow. The basic specifitations are as: foilows‘ }f?=r¢4;~~-~awfs L

" The specifications wiii be referred to as iinear, quadratic. :'.'f73jt”
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Linear = C=a, +u F +q B + €
(I11-1) P 0 1 2 i A
. ' ~where C represents average genera] adminis-
~ tration cost per tase; F represents case-
- flow, B .represents hospitai size in:terms
.- of number of beds; and ‘e represents the .
stochastic or error term - :

‘Quadratic'.',“ ‘JC'% a0_+ a]F-+“QZF2 + a382 + e1 | ‘,:_i - ‘f\,‘ .'/%;

(11-2) e

| v e Lo, SRR N (A

~Inverse Form €= ag + oF "+ a B +-€1;_ K R
(II 3) - N s o

3 Regression Resuits i

_ The fo]]ow1ng regreSSion equations 1iiustrate the relationshi ;'
"tvbetween cost and ‘case- fiow, holding the numbeg;of hospita] beds ;»';’}'
-5fconstant for group I hospi;a]s
i 'Linear Form R 5 |
-_(11-4)‘.~‘,}' iy 'c 76 1 - 1 23F + 1303
e .*ﬁ%" (14 i) ( 351) (. 135)

3 In the above equation. the intercept term n‘ the regression
i:>coefficient of F are significant at the five ”er 1nt and one Percent
:t?‘_ieveis of significance, Cost per case is' ‘serled to decrease with;
ian increaSe in case-flon. whi]e cost f

J

. zf;~1ncrease in the number of bedssz

r cas increases with an

bt D

_T_h mean iumber of admission per bed

'nzvyear is- 36 1 with 2 mean gener“ﬁ ‘_rbtion:costfof;$37100;flOn;';ﬂhff

:ffswviifithe basis of these fi1fings' the projfcted mean cost is $38 23 ;E}i =
JT '.7FL{ fff L




©y-shaped Form ;_ﬁ_,.. . ." S - |
S (1es) o £=166 - 6.19F + 0.63F + .226B - 7. 0x10'482
| '_“h o L (3. 9 (. 59) (0. 02) (1. %) . (2 66x10™)
=490t t=3. 8 t= ié* = 0.62 t - -o 26‘.'v N
| | f‘ | R2 - 0.50

: B Significant at G = 0 05 @ = 0 01

| _‘~In the preceding equation there are three statisticaily
.'significant terms at the five percent and one percent 1eveis-* the
‘.1ntercept term, the regreSSion coefficient of F and the F squared

3 term Cost per case decreases, reaches a minimum (at F.= 49 1), and

'”‘g§n begins to 1ncrease._
is observed that hospitais in this group are operating somewhat C

As the actuai mean case fiow rate is. 36 1 ,' ‘_;- '

J beiow their optimai case- f]ow rate which wouid resuit in iower average

'»‘vgenerai administratipn costs

llnverse’Form”" o | , )
c =--£3 8 + 1890 sr“ + 1293

thf(ilcﬁijeil o -
R (11:0) (338.9) ( na)
i t=216vt=558 taiia o
' SR e - ?1= 0.52 o
Significant ato= o os """” ', R 1;‘

Significant at o= 0 05, ° =' }dl L :ﬂfgjfﬁifit:i:

S With reference to the above equation the intercept term isr o L
statisticaiiy significant at the five percent level. and the regression,l}l'c_
coefficient of'F is significant at both thé five percent and one per-

cent ieveis of significance..f_;;[*F;a;;ﬁfy.?T




Clear]y, on the basis of the preceding three regression Re
' '1'equations there is’ Iittle justification for choosing either the 1#*}:3 T
- 1nverse form of the equatﬁon or the quadratic equation in terms of

. predictive power. The R2 vaiues are approximately the same, aJthough

“’»marginaily higher for the 1nverse form

Ty .

| . o . Lo ,1 _‘»_.‘~\

f__vaeraH Resuits T N 4 R

IR

Table Il gives an overV1ew of estimated reiationships for the

"itotaI sampie and c se-mix groups | Overall the 1nverse or quadratic

& :_functions appear to have somewhat better fItS (higher R2 values) than

>'h7 ithe linear re]at1onships There appears to be . little basis féy

"mfﬂjexception of group III where the U-shaped fonn seemingly provwdes the

| 'ff{__fits for the quadratic equattons sﬂ!@est that case f]ow would approach \

“ip’choosing between the quadratic or ihverse relationships, with the ;-fi,{lteﬁa‘
 best fit For the totai sample and ail groups the reasonab]y good ‘\
| tsan optjmal rate which wouId minimize the costs per. case.§;v‘,;Qj]j;f}5ffh\qfij

Group III hospitais range i capacity from nine to seventy beds J'IJ\?‘r

’;‘(table 10) For~this group of hospita]s, average generaI adminis-»p_.;;;_f::ﬁf

ﬂ ?h:tration costs initiaiiy decrease as the Ievel of output increases uptf;p'yj;f

:'ifﬂgsto a certain point Beyond that Ieve] of’output, average costs begin'fjf;fgpgr

, i“itfftd rise

i_‘us the case-mix for this:group of hospitais is such that ﬁﬁsﬁifﬁe;;

”H;generai admdnistration input resources wou]d appearrto reach somelv

n“h~‘hfjupper iimit, at’which point the cost of treating additional patie»ns"“"'f"f;:r

’:ﬁ"ifffiexceeds the fixed.and variable costs aSSociated with production, i.e.,fﬁft;fffﬂi

sa'iffgenerai administre‘ion,_i*‘“
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| Part 2: Expected 0pt1ma] Case-F]ow '

o the change in: the average cost per case for a smal] change 1n one :
-.variable, case f]ow, ho]d1ng hosp1ta1 size: constant, optima] case flow L

' 'rates were est1mated

847"

: whichfwould resuit-in’lowest averageLgenera] administrationfcost§."

oo

By ca]cu]at1ng part1aI derivatives whtch 1n this case peterm1neﬂlw'¢"

. <?4

de _r

.

Table 12 shows the imp11ed turning potnts for average generalj.'

’ -administration costs; f. .

O i
.t - voob -u
Y . Voo ) '\ ‘g'
& @

e E *’o:ﬁ;gl TABLE 12l - ,
EXPECTED QPTINAL CASE-FLOW RATES FOR AVERAGE GENERAL ADMINISTRATION SRR

COST FUNCTIONS TOTAL SAMPLE 'AND CASE MIX GROUPS
ALBERTA*GENERAL PUBLIC HOSPITALS. 1971

Fd'HospitaT =T Tota1 ’ .f*j ':ﬁ}La ”?'f:-;""‘lﬂgf,;fL*i"/ S R
Groups _v:x Samp]e S IR 0 ¢ 6 0N S0 (A (R0 '2RS 1) SERR
e Expected SR f,'!.‘fdfia S R E V'ﬂ'LLA, ERRTR P
| Optimal Cases |- 51.7 | 49.1747.0 | 35.5 | 51.4 | 50.1 | 65.7 |
o h

& T e

"';i]Caleu1ated from table 11 'aﬁfjebfif}?f‘jf\7_,,fL'Lc~ﬁt}fi

..3~

A comparison of mean case flow rates (table 10) and estimated co

“iffjoptima1 case'f1°W 1nd1cates that taken together al] hospitals are

'iv° operating-at 66 0 percent of their optimal case-flow grOUP 1 &t 73 57ita7~iflv
_ Lnffpercent, group II at 73 5 percent' group III at 88 2 percent, 9'0"9 IvaL»;fLs;.‘
. ”Jdef, at 75. 5 Percent, Qroup V at 73 7 Percent and gPOUp VI at 44 0 Perce“t'ﬁf}elf LTL
'?f, 1t 1s interesting to note that 1n tompartson to the other groups. group S

"ﬂff*LfLaIIl 1s Operating atthe’ highes” percentage Of Optile.Cﬂset*‘°W' which

t’curve for th1s

-,e?finding that'xne estimated o8




st

d", ‘cost is $8 00 and the average case flow rate is 34 6

L

e
.,i_ﬁ,

- group.tends to be U;shaped The reSu]tS'SUQgest‘that“the'remaining'

groups are operating beiow their optimal level of activity, which

demonstrates d»"wastage" of expenses for genera] administration
s,;'df - , ‘ . .
~ ' Section I1:° The Ana]ySis of Average Nursing
| Administration Cost ReTationships o

Part 1 Average Nurs1ng Administration and Case- Flow

Foilowing thg basic premise that totai administration costs

wouid be.. fixed costs, and average costs would tend to decrease with an

1ncreﬁff vo]ume of output, snort run average cost functions were

'estimated for nurSing administration Holding hospital size constant

»"’Z‘Regressm" ReS"‘ts

""ftv‘f Estimates of'1inear. qUadratic and inverse average cost

‘regre551on equations (the linear, quadratic and inverse functions) were
7; Jused to preddchgsosts for the total sampie and case~mix groups ﬁTheV

vdbasic specifications as set out 1n II 1 to II 3 are fo]]owed

v ‘ S . K . '. s _.’-. -
- [

,-,.

‘”_'nfunctions are presented in equations (II 7) (II 8), and (II 9) for

K

23

Linear Form E _ SN g
(u 7) C- 14 0 - 192F ‘. 3x10’33 |
B (1 97) (s 4xw'2) (i 8xlo‘3)

t = 7 11 t = -3 58 t 0 71

85 -

v”»{group 11. It $hou1d be recailed that the average nursing administration r'fdi
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According to the above equation cost per case decreases with

" tan'increase in case- fTow whereas cost per case increases with an |
f increase 1n-hospita1 51ze The R2 vaiue of 0 23 1s extremely low which
;indicates that case- flow, aTthough 51gn1f1cant at the five percent and
‘the one percent TeveT of 51gnif1cance, in effect expTains Tittle in

| ,.terms of cost variation The projected average costeis $8.19¢ o
‘U-Shaped Form Ce 5 o S

| f(11f8)‘;'v T 0- 475F + 3. 99x10'3F2 - 2.87x103% + 0,082

oo ,(q,se) (8.10) (580107 (7.5¢107%).. 1, 0x10'5)

w fftj=-2;77f t=-106 t=0.687 t- -o 382"t = 0.597

R SR L RAREIRD SUR Rz <0.25

'*Significantfat‘a 0. os o= o 01 .

S inl:' The preceding mode] indicates a sTightTy U-shaped cost curve w1th

a minimum or turning point 6f 59 5 cases per bed year. Cost per case

:~decreases throughout the range to this point. then increases 5 AS the

h':'._'actual mean case fTow rate for this group is 3. 6, these hospitals are '

v”loperating somewhat below Teast cost The 1ntercept term is significant

' j-]f at the five percent and one percent TeveTs however. the remaining

'.;f;variables aaa not significant The R value is Tow

7t?(ii;9);iv p;dfié o+ 209 ¥ 1.59410° % TR
et | o “ 55) (53 7) (] 77x]0_3) -
rfﬁt=0%st=390 t=0.90 Sl

“a 0 26

“smnammataaow.aﬁomfitf




The regre551on coeff1c1ent of F lS 51gn1f1cant however the R2

pvalue is Tow. cCosts are continually decrea51ng Wlth increases in
- case- flow | | -

| Comparing the above three functions, there are minimal
appreCiable differences in the R2 values, and eonsequently little basis

. upon which to determine the best fit. Costeﬁdecrease throughout the

relevant range w1th increases in case- flow,

’ Overall Results 8 |

,'aﬂ'; _ Table J3 compares the functions for all hospitals and case-mix

‘Eyvgroups in terms of- explanatory power, There is little ba51s upon~which‘ -

~ to. choose between the quadratic and inverse forms of the equations for
Call groups with the exception of groups I III and VI For these‘

tthree groups, the average cost curves are clearly U shaped Groups I

"_gand III depict that averag; costs 1ncrease w1th 1ncreases in case flow *~fﬁ.j;

!.'

‘J} »rates as 1nd1cated by ‘the positive régression coeffic1ent on F and¢
iafinverted U- shaped cost curves.. The predictive power for all groups is
Lfggrelatively Tow. AN L ,';s o
| Partial derivatives were calculated for‘nurSing administration
“~J:costs in order to det%rmine optimal case flow rates An examination

e [fof these results will provide greater insight into the interpretation

e '.'.‘> o
L R ST R

o
,/i"-

" of the above results & "

o f,Part 2: Expected Optimal Case Flow }Tlfﬁ Tinft 'w _,fg»‘;,n
' & / s - : Y S
Table l4 presents the expected optimal case-flow rates for .

”_average nursing administration cost functions

3ty
5= -
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EXPECTED OPTIMAL CASE- FLOW FOR NURSING ADMINISTRATION COST

TABLE,« 14

1.

F

FUNCTIONS TOTAL SAMPLE AND CASE- MIX GROUPS,
'ALBERTA GENERAL PUBLIC HOSPITALS, 197]

.90

Hospital Total _ o . o
- Groups Samplé 1 IT. I11 Y v | VDo
Expected : }*f * - * B ' ‘
Optimal Case- | 48.9 0 37.2 | 59.5 | 28.4 | 67.5 153.8)] 39.0 |
Flow . : ‘ 1 _ .
\ ]CaIcuIated from tabIe 13 ..
N I »

A

av

In reference to the above tabIe the case- row rates dep1cted

w1th an aster1sk 1nd1cate those rates thCh result\\n max1mlzat10n of7~

average costs

@

of the case- flow rate wh1ch wouId result 1n Iowest costs per case,,'

group I at 58. 2 percent group IV at 57 5 percent, group V at 68 6

percent .and group VI at 74.1 percent

These f1nd1ngs suggest that

perhaps there Was an under-ut1112at1on of ex1st1ng plant capacity

<fand therefore,. h1gher un1t costs

for group I 1s 36 1,

o a case row rate wh1ch was greater than 28 4 cases per bed thCh wasf

estimated to produce max1mum costs

Groups I and III show opt1maI case- o
"~ flow rates wh1ch maximize costs per case.

and for group III 1s 31 3

AL hosp1tals in group I have '

The. actua].mean}caseeflow

The Iatter .group has

a rated bed capac1ty of Iess than 99 beds the ma30r1ty be1ng w1th1n

~‘the 1 24 s1ze c]ass

It 1s poss1ble that nursing adm1nistrative

I“overhead is’ exceptlonally high 1n these hospitals for the number of

AII hosp1tals were estimated to be operat1ng at 69 7 percent

CF

L
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& .

- cases treated per'bed year. These results are:in direct'c0ntrast to
| the resu]ts obta1ned for group III in terms of genera] adm1n1strat1on
costs where th1s group was shown to be operat1ng at the h1ghest

degree of eff1c1ency w1th respect to optlmal case- flow

Sect1on 111: ’The Analysis-of Average'Nursihg « B
~Service Cost Relationships - o D

Pahttl Average Nurs1gg Serv1ce Costs and Case F]ow

In the short- run,vtotal nUrs1ng serv1ce costs are hypothes1zed :
- to he var1ab]e costs Based. on &-g1ven plant caoac1ty, average cost
| curves were ‘ascertained using 11near, quadrat1c 1nd 1nverse regress1on
- models for a]] hosp1tais and casé mix groups. The ba51c spec1f1cat1ons
“set out in II-]’tO‘II-3 are‘followed, A }
Regress1on Resu]ts o S e
| Three examples of est1mated re]atlonsh1ps accord1ng to the

above spec1f1cat1ons are deta11ed for group III hosp1tals

| | efLinéar Form | | o
- N
0 ([1-10) C=288.1 - 2/89F +.1.46x10"°B

(2.78) (.875) (.375)
7t£&%f_ts3jfft=oom.

T R

o

Llfl'i'f S1gn4f1cant at o= 0. 05 o 3 0'01 |
: fgw‘ Statistical s1gn1f1cance occurs for the 1ntercept term and the e
regression coeffic1ent of F. Costs per case decrease w1th 1ncreases

2

..in case f]ow, however they 1ncrease w1th hospita1 size The actua]

o . T S SR \ s

&

s,



‘mean case-flow rate is 31 3, and the mean cost per case is $138 00
f 1
It is observed frOm the equatton that the pred1cted mean ‘cost per o

case is $140 89’ 'The R2 value is moderate o

y _ o Lo o - R
., U-Shaped Form : , - : S . B '
T iy A -2.2 -252

(IT-11) . C = 273.7 - 3.51F + 2. 75x10 Fé - 3 488 + 4,510
| (110.7) . 08) (e (2,09x10‘2). ,
A -0.50 t=0.230 t=-2.10 t=2.165
e -fr' . J" ;o S R% = 0.63 .
‘ Sign1f1cant at a = 0,05, L

Although on]y the intercept term in: th1s equat1on 1s stat1sti-

tcally 51gn1f1cant at the f1ve percent level, the R2 value: connotes a

°

good f1t Cost per case decreases, reaches a m1n1mum of F 63 8

.and then betngs to rise. T o fﬁ' R T _-',; :
Inverse Form . " o | . |
(11-12) - © € = 68.3 +2145.9F ~ 8.05¢10% -
e () w0 E
- 2. 20 =20 t-.0.206
S N X EE

S1gn1f1cant at o = 0, 05

For the 1nverse funct1on, the 1ntercept term and the regress1on :

WELM L
et SN

CerE

coeff1c1ent of . F are stat1st1ca11y sign1f1cant at-th f1ve percent

e

>

: level Average nursxng serv1ce costs are decreas1ng throughout the _f
‘-re]evant range Compar1ng the prev1ous three equatmons, c]early, the

T shaped cost curve implles the best explanatory power



. #

~ Overall Results. -

Coy ]

. ) X { ’ ’ "\ '
'TabIFIIS gives an overview of estimated relationships for all

hospitals and case-mix groups. There is no evidence to suggest that

N\

~ the quadratic equations concIusiver provide the best fits; howeVer,

‘-1n aII 1nstances they are. as good as or better in terms of pred1ct1ve R

power than the inverse: or linear mode]s For. group III ‘the
‘quadrattc equat1on undoubted]y has the best f1t AII quadrat1c

. equations show that average nur51ng service costs decrease w1th
1ncreases 1n case- row and rise w1th 1ncreases in. the number of u

' ho§p1ta1 beds

z

These f1nd1ngs do not support the bas1c prem1se that average | -

\

| ‘ nurs1ng service cost curves would be U- shaped indlcat1ng that the

. rec1procaI totaI costs wouId be var1ab1e Th1s phenomenon SuggestS'
ﬂthat hosp1tals sub d1v1ded by case-mlx cdassif1catlon are’ possiny

n,vunder utt]ized as shown by the fact that hospItaIs have not reached

2

‘their optimaI IeveI in terms of case- row, wh1ch wouId m1n1mlze costs.

. ‘ .

'[,The est1mated 0Pt1ma] case—row rates for each case-m1x group

substantIates th1s 1nference
fl.fPart 2 Exp;ptedggpt1ma1 Case- FIow

<N

TabIe 16 dep1cts the 1mp11ed turning po1nts in average»nur51ng
,lserv1ce cost funct1ons. R ' - v

AII hospltaIs constdered coIIect1ver are operat1ng at 65 2
i,percent of opttmaI capac1ty ut111zat1on‘ group I at 40 0 percent
group II at 18 3 percent, group III at 49 I percent group IV at
“'»63 9 percent group V. at 56;9 percent and group VI at 78 8 percent
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4§%?; ]Ca1cu1ated from tab]e 15

)

: From a pract1ca1 stance, 1t 1s poss1b]e that patfents 1n th1s group ‘f

 TABLE 16]

EXPECTED OPTIMAL CASE-FLOW FOR NURSING SERVICE COST FUNCTIONS,‘
TOTAL SAMPLE AND CASESMIX GROUPS, ALBERTA GENERAL PUBLIC.
HOSPITALS o

~

N

Hospital -~ | Total | | | { | |

- Groups .“ Sample D SRR IO § S A 6 0 8 I A v VI
Expected .

Optimal Case-| 52.3 | 90.3 |189.3| 63.8] 60.7| 64.8 | 36.7
Flow - N \ : ARt B id o

of the seven hosp1tals with a‘rated bed capae1ty of - 300 beds and ove .

Group II hospvtals w1th an average case f]ow rate of 34. 6 are
operat1ng we]] be]ow the 0pt1ma1 case- f]ow rate (189. 3), which wou]d T

m1n1m1ze nurs1ng serv1ce costs Th&s group of hosp1ta]s contains si

' ‘h03p1ta]s exper1ence 1onger average lengths of Hosp1ta]1zat1on than

patlents 1n the rema1n1ng groups This. s1tuatlon wou]d therefore, K

- resu]t in. fewer pat1ents be1ng treated over a period of tfme There- o

| fore, the average cost per case for group 11 hosp1tals wou1d be h1gh

. In order to more~fu1]y understand the s1gn1f1cance of the 1nter- |
apretat1on, 1t wou]d be necessary to examlne actua] average lengths of

'stay rates and percentage 0ccupancy, as. we]l as the factors of

produ§t1on for nurs1ngrsérv1ces, for examp]e, 1abour inputs

For all case-m1x groups, 1t would appear that 1f case f]ow rates L o

‘b"were increased average nursing serv1cg costs wou1d be substantial]y -

J..p h reduced ‘w'}'f}}:f : r:‘;n;fr“ggr”;,u '"Lf,,f .fﬁ'i fj_ ‘_e‘v,,&‘f
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B equations

| 'f 1inear model or the inverse

A administration costs

)

o

N ;"

Economic Observations A Summary Overview e

» In order to estimate the effect of variations in case- f]ow

', upon average generai administration costs, average nur51ng adminis-

i’x
tration costs, ‘and average nursing service costs in’ the short run on

f ,’hospitais classified according to case “mix, ordinary 1east squares

'regreSSion estimates us1ng 11near, quadratic and inverse models’ were

determined A measure -of hospital size was 1nc1uded in each equation

~ to hold piant capac1ty constant.

Empiricai results showe that estimations of average general

administration costs dev1ated ih tt]e from theoret1ca1 expectations,d'

that is, cost curves were found to be the shape of rectanguiar hyper-
bo]as, aithough the findings were 1nconc1u51ve as the quadratit

iequations generaiiy provvded fits as good as the 1nverse form of the

With the exception of groups I and III which ciear]y depicted
U shaped cost curves w;th average costs rising with,Jncreases in

output there was iittle ba51s for ch0051ng between the quadratic

' equations and inverse form of the equations for average nur51ng

. "

For average nurSing serv1ce costs there is no ev1dence to

L suggest that the quadratic equations conc1u51ve1y proyide the best

fits, aithough for a]] groups the quadratic equations depicting j:

U shaped cost curves prov1de fits as good or’better than either the

Expected optimal case f]ow rates were determined for each cost ﬁ;

The result? indicated that most case—mix groups have actual mean
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]"- ‘ ¢ cas -flow ratés'considerébly‘below thoﬁe estimated é%tes Wﬁ?cﬁ\wph]d*$’_‘w
k‘A | ‘mi.imizé.éosgg. For.averageigﬁnera] édnﬁni§t;ation'cbsts; group III [
L //§>) w&; found- t be'opefafing_mérevc]osgiy&?ofité Optimql'capacity
' uti]fzation’than any ot er grOUp. For nursin§ administrationfcoéts;
the reveréé.wés”foﬁnd. Gfdﬁp III'hoSpi;als haye‘ah actual medn.casé-_ '
| f]qw rate Eéceéding that_rate_Whichvaﬁ1d result‘in'maximum,505ts, -
e 'fénd group 1 hospitalS'haGe an estimated ¢ase-f1ow réte'whith maximizes '
| — average nursina.admiqiStraijOnicosts. EXpetﬁéduoptimalfcasé-f]ow"rétes f
for ca§é-mkagroups conﬁidering g&erage’nursingcbsts'showed that’}1]~
.~ QroUbs'were‘bpefétingvwgi] below their,optimaiﬁlevei of actiVity, 
' barticu]arly'grQUp’II hbspitals;‘ | o
b inLCOQCIQsibn; gccbuhtingifof’&gge-mix specificqgion'in
éstimatingicbstloufput refatiobships providés a. uséful basis-upbn'
whﬁéh'fO'énalyze hospital’cdstS“and-effi¢jehcy, a basis which has béén

" ignored by researchers iﬁ?the hospital sector untii very recently.
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CHAPTER V.
SUMMARY OF MAJOR FINDINGS, OBSERVATIONS AND SUGGESTIONS ~

| Th1s chapter presents a summary of the maJor f1nd1ngs -of th1s
s tudy,- and re]ated observat1ohs and suggest1ons - Chapter III déalt
with short- run econometr1c re]at10nsh1ps between three average hospltal

costs (genera] adm1n1strat1on nur51ng adm1nistrat1on, and nurs1ng

in ATberta for 1971 sub- d1v1ded 1nto s1ze classes accord1ng to rated

bed capac1ty The s1ze classes were as follows? ] 24 beds, 25 49 beds, '

f,fao 99 beds; - 100- 299 beds, and 300 beds and over.. No analyses were

carr1ed out on the 1atter group as there were too few hosplta]s for
mean1ngfu] statistical 1nterpretat1on For purposes of th1s study, it
“as “ssumed that the case-mix w1th1n each size c]ass was s1m11ar
Emp1r1ca] resuﬂts were obta1ned by app1y1ng ordinary least squares |
:'regress1on analyses us1ng three spec1f1cat10ns lTinear; quadrat1c;: P
" and the 1nverse form of the equatmn . ‘ .‘ -

| The resu]ts 1nd1cate that average general adm1n1strat1on and
T'average nurs1ng admin1strat10n costs comp]y w1th theoret1ca1 expectat1ons,‘
that 1s, ‘the inverse form of. the equat1on prov1des as- good afitor .

/

'~better than e1ther the ]1near or quadratic equations for a]l s1ze

' ,-c1asses Contrary to theoret1ca1 expectat1ons, average cost curves for

‘ - % ‘;‘ ‘,.

"7nurs1ng serv1ce were: found to be L shaped, w1th the exception of the -
‘d:group of hosp1tals rangtng 1n 51ze from 100 to 299 beds, 1n wh1ch case
: ithe cost curve was deplcted as be1ng U shaped RS

&
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Further ana]yses were carrted out to account for the varlat1on

‘1n h05p1ta1 s1ze w1th1n the size c]asses, by including a measure of

plant capacity “in ‘each equat1on._ The findings demonstrated that‘1nter— ,7

class variation had Tittle effect'upon the estimated re]ationships.for'
‘ \ , ST S A Ty
all three'average‘costs in all size classes, with two exceptiOns.

2 value for the est1mated re]at1onsh1p between average

F1rst1y, the R
"nurs1ng adm:n1strat1on costs and case f]ow in the quadrat1c equat\onQ'
1mproved substant1a11y with the addit1on of the sca}e factor for the
100-299 s1ze-c1ass Th1s change 1nd1cates-that>the average nursing -
::adm1n1strat1on cost curve 1s U- shaped for th1s group. The.rematning ,
groupsrcont1nued to depwct L-shaped cost curves. Second]y, the R2

values. for nurs1ng serv1ce costs for all three spec1f1cat1ons 1mproved

o marked]y in, the’ 100 299 size c]ass wh1ch suggests that 1t is %gcessary .

- to include - a measure of p]ant capac1ty when est1mat1ng short run -~
're]at1onsh1ps between costs and output for hosp1ta] s1ze c]asses w1th

| a w1de range of capac1ty '

| An ana]ys1s of covar1anceous1ng a 11near mode] was done to!
"determ1ne whether d1fferences ex1st 1n est1mated re]at1onsh1ps between
size c]asses The 25 49 51ze c]ass was the base group S1gn1f1cant
fd1fferences were found between the 50 99 51ze class ;hd fhe base group
" for ¢ each of the three average costs. " |
| In chapter IV the’ re]at1onsh1ps between the aforement1oned 8 }/i

‘average costs and case f]ow were 1nvesttgéted account1ng for case-mix -
vartat1on. 51x case- m1x groups from the total samp]e of 115 General

A

'tPub]1c~H05p1ta]s for the year—1971 were prev1ous]y 1dent1f1ed GrOups

1 to V inc1u51ve corre]ated at 0. 8 or greater 1n case—m1x composit1on, »

e



'except1on of group ITI hosp1ta]s depicted the inverse form of the ’

101
whereas group VI hospitals did not have high enough correlations to -
be representative of a particular case-mix. These groups were not
mutually exclusive. ) o
Least squares: est1mates were obta1ned by including a measure of ‘

hospita] size in each regre551on equatlon L1near quadrat1c and

the inverse form of the equation were the mode]s used for- est1mat1ons

Cons1der1ng average general adm1n1strat1on costs, “all groups ‘with the

equat1on as ‘having as good-a_f1t as the quadratic’equations. The
average cost curve for group I1I hospitals is more -clearly U-shaped.
Considering average nursing administration costs; the quadratic

equat1on seem1ng1y prov1ded the best f1t w1th the except1on of group.

[¢]

"II hosp1tals where there was no 1mprovement over the 1nverse form of

the equat1on These f1nd1ngs 1mp1y that there is no conc]us1ve evidence ’

that average nurs1ng adm1n1strat1on costs are Leshaped Nursing

adm1n15trat1on costs wh1ch were ant1c1pated to deplct L shaped curves

~on. a pr1or1 grounds were genera]]y found to be U-shaped Groups 1 and j‘
._III dep1cted that average costs increase with 1ncreases 1n case -flow.
With the- except1on of group III hosp1ta]s wh1ch deplcted a U-shaped cost-
d “~curve there was 11tt1e bas1s upon wh1ch to choose between the 1nverse ‘

~form of the equat1on and the quadrat1c equat1on for. nurs1ng seryice

costs

Expected opt1ma1 case ~flow rates for the case m1x groups were

. _determ1ned for each of the three types of average cost For general
'adm1ntstrat1on costs, a]]-groups'were noted:to be operat1ng.below the

- optihal output leve]'whith.wouId_minimize costs;“hoWeverQQroup 111
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hospitals,more c}oseTy approximated'the optimal output 1evei In the

case “of nursing adm1n1strat1on costs, atl groups w1th the exception

_ of groups I and III, showed a substant1a1 under utilization of plant

capac1ty Groups I and IIT on the other hand were found to have actual’

mean case- f]ow rates wh1ch resu]t in the maximization of average costs,

suggest1ng a h1gh nurs1ng adm1n1strat1ve overhead for these hosp1tals
Est1mated opt1ma] case f]ow rates for nursing servsc costs were

computed to be higher than the actual mean case flo rates for a11
groups ' The most notab]e observat1on is for group I hosptta]s whtch
are actua]ly operatlng we11 be]ow the1r optwma] output rates As this -
group cons1sts of most of the 1argest hosp1tals (six of the tota] number.
range in capac1ty from 555 to 1068 beds), it may be. conc]uded that |

larger hosp1tals tend to use capac1ty less 1nten51ve1y

" The princ1p1e f1nd1ng, therefore, is a confinhat1on that more ,‘

1ntens1ve hospxta] ut111zat10n ( e S h1gher case- flow rates) results

,\

1n a decrease of costs per case for average general adm1n1strat10n costs,

average nurs1ng adm1n1strat1on costs ~and average nurs1ng serv1ce costs,

| with the except1on of average nurs1ng adm1n1strat1on costs for groups

L

I and III whlch were fOUnd to 1ncrease

Observhtlohs and Suggestions

By 1n%rea51ng the number of adm1ss1ons per bed per year, and

decrea51ng the average length of hosp1ta1 stay, it 1s observed that, on

~ the who]e the three se]ected average costs per case wou]d decrease

Longer hosp1ta1 stays may reflect a hlgher qua11ty of care or, conversely,ﬁ‘,,s'

<an 1neff1c1ent use of resources From the po]tcy standpoint on the



103

bas1s of th1s study, it is not known what ‘the effect of 1ncreas1ng the
number of admlss1ons and reducing: average lTength of stay wou]d have on

Ethe qua]1ty of care. For maJor po]1cy purposes, it would be necessary'

to examine tota] average cost re]at1onsh1ps as well as tota] benefits S

: recetved as case-flow increases, |
~It is suggested that health serv1ces personne] espec1a11y
medlcal practitioners and hospital adm1n1strators be made aware that by
';1ncreas1ng the- number of patients’ treated in hosp1ta} per year and
"by decrea51ng the 1ength of hosp1ta] stay, average genera] adm1n1strat1on
~costs, average nurs1ng adm1n15trat1on costs and average nurs1ng service
N costs and, therefore, total costs per case coulgbe reducedu
| X In the course of the literature review'for this\study; it
became apparent that there are ser1ous 11m1tat1ons 1n the adequacy and

va11d1ty of output measures. There is scant emp1r1ca1 ev1dence as to

- how'hosplta] costs really behave In order to obtain. more re]iab]e -

and rep]1cab1e stud1es of hosp1ta] costs, standard spec1f1cat1ons are

. ‘needed. The categor1zat1on of hosp1tals on the basis .of case- m1x :

"comp051t1on does prov1de a usefu] method of exam1n1ng hosp1ta1 output
Expend1tures on hea]th care, and in part1cu1ar costs in the
£
‘hOSpltal sub sector have been esca]at1ng rap1d]y cau51ng 1ntense con-

y'cern to Canad1an governments, part1cu1ar1y at the prov1nc1a] level

':QIt is. suggested that further research shou]d be undertaken on both

"f?services

:fhospltal Qggduction and cost functions a1med at prov1d1ng improved

n;bases for policy dec1sion—makers to 1mprOVe the efficiency of hospital

Although this study was restricted to the narrow cost side of

XD R
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‘econdmefric‘relaﬁionghips in the $hort-run, the Ehpirical esfimétes
/  are useful indicators of the behaviour of adﬁinistrativé and nursing
léervice'cost behaviour in generaT hbspitéls It 1s des1rab1e that

~any add1t1ona1 research also 1nc]ude est1mates of ]ong run cost

~ functions to exam1ne the fundamenta] quest1on of. the extent to whlch

' econom1es or d1seconom1es of scale exist in hosp1tals

ﬁ From'an adm1n1strat1ve point of v1ew, the resu]ts of this

rstudy dev1ated 1ittle from theoret1ca1 expectat1ons
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" APPENDIX B
™ CLASSIFICATION OF 115 GENERAL PUBLIC HOSPITALS IN |
. ALBERTA, 1971 ACCORDING TO CASE-MIX COMPOSITION

¢

o3 g



~ Fairview Municipal - Rimbey General

. L X 5 . . . ) x - :
- CLASSIFICATION OF 115 GENERAL PUBLIC HOSPITALS IN WEBERTA, 1971
| ACCORDING TO CASE-MIX COMPOSITION - |

L)

T
-y
w

- Group' I ~ N°= 33

-Bashaw. General : ' . Mayerthorpe Municipal .
Bassano-General - “Oyen Big Country - B
Bentley Municipal Pincher Creek St. Vincent's -

- Bonnyville St. Louis~ - ' Radway St. Joseph's: '
Boyle General . Raymond Municipal
Canmore Municipal - - Rimbey General - R
Claresholm General. ’ Rocky Mountain House General . 0
Daysiand Providence General - Spirit River Centrai’PeacefGeneral

- Devon: Civic - : . :Turnér-Valley Municipal -

* - Didsbury Municipal Vegrevilie St. Joseph's General
. ETk Point Municipal -~ - Viking Municipal - , .
- Fort Vermilion St. Theresa General Vilna Our Lady's
Galahad St. Joseph's ‘ Wetaskiwin Municipal _
Killam General - . Willington May Immaculate

Lac La Biche St. Catherine's ~Whitecourt General |

McLennan Sacred Heart - - 4 . Sundre Genéral

Mannville Municipal et
. S _ <:> T

Group IT N = 54

- Banff Mineral Springs , . Hanna.General . .
-Barrhead St. Joseph's .. - High River General -
‘Bassanp General ~ ~, - . Hinton Municipal
B]airmore‘Crpws Nest Municipal ‘Innisfail Gekeral - - .
- Broofs General . ... - Lacombe General
Calgary General - . _ : Leduc Municipal : ~
Calgary Holy Cross L . Lethbridge Municipal L
- Camrose 'St. Mary's ‘ < Lethbridge’ St, Michael's General-
- Cardston Municipal ‘ Manning Municipal- - ‘
- Didsbury Municipal = ;"Mannville*MUnicipal' S S
Drayton Valley Municipal. Medicine Hat Genera]l - /= - s
' -Drumheller General = - .. Milk River Bdi™er Counties General o
- Eckville Municipal . - . . -Olds'Municipal . - = -
Edmonton General S _Peace River Municipal .
- Edmonton Misericordia - © Pincher Creek St. Vincent's -
- Edmonton Royal Alexandra - Ponoka General BRI

- Ednonton University of Albertd - "Provost Municipal =~ -
Edson St. John's . . = - "~ Red Deer General ;

o Fort McLeod Municipal " . Rocky MoUnt&infﬁbUée General

; ”,,‘Fort'Saskatchewan,Genera1;~-,__« ~Stettler Munfcipal * . . .
- Grande Prairie Municipal SRR StﬁiPau1;St,*Theresa General = -



L .)"

Breton Genera]

“Hanna General. ..

1u:§arfhé53"5t' Jbseph‘soﬁf :

R \‘\'

‘ TabervGeneral

Three Hills Municipal

~Vegreville St. Joseph's General
-Vermilion Municipal
B wa1nwr1ght Genera]

Westlock Immaculata
Wetaskiwin Municipal
Fort McMurray Genéral
Slave Lake General
Grande, Cache General

Group III N =16

Carmangay Little Bow Mun1c1pa1
Cereal Municipal

" Cold Lake John Neil

Coronation Mun1c1pa1

“Elk Point Municipal.:
‘Hardisty St. Anne's °

Islay Mun1c1pa1

Lacombe General . - -

Myrnam Municipal

Oyen Big Country

Spirit River Holy Cross
Stettler Municipal
Vegreville -St. JOSeph s Genera1
Viking Municipal

Vulcan Municipal

| } , :“Groug;IV
Barrhead St. Joseph's |
‘Beaverlodge Municipal -
Cardston Municipal A

- Castor Our Lady.

Didsbury Municipal.

- Dragyton Valley Mun1cipa1 ‘

Edmonton General .

- Edmonton Misericordia

Fairview Municipal"

Innisfail General
Lacombe . General -

‘Leduc Municipal

Lethbridge St. Michéel 's.

_Magrath Mun1c1pa1 o

o

" Medicine Hat.General

0lds Municipal

~ Peace River Mun1c1pa1
~Pincher Creek St. Vincent's .
. . Red Deer General

~ Rimbey' General -

Rocky Mountain House Genera]

Smoky Lake George McDougall

Spirit River -Holy Cross

... Stony Plain Municipal
Taber General \
‘Wes tlock Immaculata

- Wetaskiwin Municipal
‘Whitecourt General = .. -
_St A]bert Sturgeon Genera]

“‘ Lo

i

N=39

PN C

~ Bassano General

.~ Bonnyville St. Louis -
~Brooks General - ,“QE
Cardston Municipal .

 Castor Our Lady '.ii»
~* Claresholm Municipal

L Co]d Lake John Neil

\

".GquPTyQ.

’ VDidsbury Mun1cipa1 T
" Drayton. Valley ‘Municipal

" -Edmonton M1ser1cord1a

- Elk Point Municipal

* _Fort MclLeod Municipa]

. . Fort McMurray General

. Fort Saskatchewan ngera]

-‘Grande Prairie Municipa]



}'HighPrairie Peridence
High River General
. Lacombe General .

- Leduc Municipal =+ 3

~McLennan Sacred Heart

Milk River Border Counties

0lds Municipal L
Peacé River Municipal Pi
Pincher. Creek St. Vincent's
Rimbey General ' ER
Rocky Mountain House Genera

i

-Grodp_VI

T

| Slave Lake Généra]; ,
St A]bertgﬁturgéon-Ggperal'

St. Paul-St. Theresa |

. Taber Geperal -
~ Three Hills Municipal
- Two Hills Municipal

Valleyview General
- Vegreville St. Joseph's General
Vermilion Municipal .
“Westlock Immaculata .
detaskiwin Municipal

* Whitecourt General

s .

AthabaskCa ﬁunicipa]
Berwyn-Municipal- - ¢,
Bow Island General

Ca]gany“Foothi]]s.ProVinciaT.»\

Calgary Salvation Army- Grace
Calgary Rockyview General
Coaldale Community ~
Consort Municipal .«
Elnora General

: ,A" Empress'MuhiCipal

Glendon Municipal -
Hythe Municipal =~
Jasper Seton General
Lamont Memorial.
Mundare Mary Immaculate
Picture Butte Municipal
Tofield Municipal

_'Trocher'St, Mary's °



