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The theoretical specification of empirical issues associated 

with statistical cost functions are reviewed. This is fol-

lowed by a review of the major works in the field of hospital 

cost function estimation. The final chapter contains an 

econometric estimation of cost functions for Florida hospitals 

in 1976. Included are estimations of total and average cost 

functions specified as functions of output alone. Additional 

variables are added to the specification of the average 80st 

f unction including: speed of production; product heterogeneity; 

urbanization; control of the hospital and the interactions of 

control with speed of production; and product complexity. 

These variables significantly improve the explanatory power 

of the function which results in an inverted L-shaped curve. 
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CHAPTER I 

INTRODUCTION 

National health expenditures have been receiving con

siderable attention in recent years. This concern is based 

both on the level of these expenditu,:-es and on their rapid 

growth. Gibson and Fisher (1978) have estimated that total 

expenditures for health in 1965 were $38.9 billion , accounting 

for 5.9 percent of the total Gross National Product (GNP). 

By 1970, these expenditures had climbed to a level of $69.2 

billion (7.2 percent of GNPl. For 1977, it was estimated that 

a total of $162.6 billion was spent on health, 8.8 percent of 

GNP. 

The rapid rise in the share of GNP allocated to health 

has been attributed to several causes. Health care providers 

contend that the increase is due to the v ulnerability of the 

industry to inflationary pressures. In contrast, governmental 

regulators on the national level believe that unnecessary 

utilization of health services and the proliferation of ex

pensive tec~nology are the causes. ThE: techniques of modern 

economics can shed much light on these issues. In an economic 

sense, a reallocation of resources from one good to another 

implies a shifting of e conomic values. Additionally , the 

reimbursemr::mt s y stem, in the form of tradi tiona! health 
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insurance, has been blamed for encour aging excessive use and 

for preventing the price mechanism fr om carrying out its 

function as the signal to consumers of the economic value of 

health services. 

In this thesis, an analysis of cost variations of 

hospitals in Florida will be provided. Hospitals were chosen 

for this analy sis because, in terms of dollars expended, they 

are the largest single item in the na tion's health care inven

tory. It was estimated by Gibson and Fisher (1978) that 

expenditures on hospitals comprised 40.3 percent of total 

health expenditures in the United States during 1977. Because 

of this and the fact that hospitals are institutions where 

specialized health services, professionals, and equipment are 

concentrated, they have come under extensive scrutiny and in

creasing regulation. 

The next chapter of this thesis contains a review of 

the theory of statistical cost functions and the results of 

early empirical estimation of these functions by economists. 

This chapter also includes a discussion of some of the empiri-

cal issues of this research. The third chapter provides a 

review of several previous attempts to estimate cost functions 

for hospitals. Finally , an estimation of cost functions for 

F lorida hospitals is provided in the f ourth chapter. This 

thesis concl udes with the maj or impl ications f or policy of 

the r e sults obta i ned. 



CHAPTER II 

COST FUNCTIONS IN ECONOMICS 

In this chapter, cost functions will be discussed with 

respect to the economic theory of cost functions as well as 

their 8mpirical specification. The ~iscussion of the economic 

theory will present an overview of the theory contained in 

most microeconomic texts. The second section of this chapter 

will contain a summary of some of the earlier studies which 

attempted to quantify the specification of cost functions. 

This section will also include an overview of the arguments 

given by some economic theorists in relation to the results 

of these studies. 

Theoretical Specification 

The definition of cost in economic theory is quite 

different from that usually conceived of from the. firm's or 

the accountant's viewpoint. In the latter, cost of production 

is seen as the outlays by the firm used to acquire resources 

needed for production. Another definition, more consistent 

with economic theory, is found, for example, in Mansfield 

(1975). According to this definition, cost of production is 

v iewed as the cost to society incurred during the production 

process. These costs include not only the outlays made by 

the firm for necessary inputs, but also i nclude the societal 

3 
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costs incurred by using this set of resources in product.ive 

activity X rather than in productive activity Y. This is 

usually referred to as the concept of opportunity cost~ 

Generally, a firmls cost function is derived from the 

production function of the firm.. It is typically assumed 

that the production function is continuous and has continuous 

first and second order derivatives. Additionally, output is 

considered homogeneous and factor p~ices constant. Finally, 

it is assumed that the use of non-negative levels of factors 

will produce a non-negative level of output. From these as-

sumptions, it follows that a producer who either maximizes 

output subject to a cost constraint or minimizes co&t subject 

to an output constraint will utilize factors efficiently such 

that the ratio of the marginal products of the factors will 

be equal to the ratio of their prices. This concept is usu-

ally referred to as the least cost combination of the factors 

of production. It is this behavior which defines the expansion 

path of the firm. 

Giventhe Cobb-Douglas production function 

(l) q = A X CI. x 6 
1 2 

q = A X~ X ~ 

long run 

short run 

where x is the fixed scale of plant in the short run. For 
l 

the long run, the least cost combination of factors is 

obtained from the marginal conditions as 
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( 2) CI.X2 
::::; 

8x . 1 
long run 

where and are the prices. of inputs and 

respective.ly, and q symbolizes output. For the short run, 

the variable factor will be employed up to the point where 

its marginal product equals its real wage. The solution for 

this level, when substituting into the production function, 

' 
gives the profit maximizing output q0

• To this system is 

added the firm's cost equation. 

(3) long run 

c = short run 

It must be noted that the cost equation is not the firm's cost 

function. The cost equation is merely the sum of the products 

of input prices and the quantity of inputs used. The cost 

function derived fran this system, as shown by Ferguson 

(1971, p. 164), is expressed as 

1 
a + B long run 

For the short run, the production function at the profit 

maximizing output is solved for x 1 and substituted into (_3) 

to yield 

- a C = r 1 x 1 + r 2 CA x 1 ) 

1 1 

B q" B short run 
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Hence, since it is assumed that product and factor prices are 

constant, as are the technolog.ical parameters A, a and S , 

cost is solely a function of output. 

The short run function is characterized by the exis-

tence of costs which are fixed to the fim, rl xl, that must 

be paid regardless of the level of output. These fixed costs 

are capital costs which cannot be altered in the short-run . . 
Capital costs, in the long-run, can 6e varied and are consider-

ed variable inputs. This is shown in the. long-run equation. 

These total cost functions each give rise to a family 

of other functions. The first of these is termed the marginal 

cost function and is defined as the first derivative of the 

total cost function with respect to output. Since marginal 

cost is the slope of the total cost function, at a given out-

put level, this function gives the cost of expanding output 

an additional unit. In the short-run, capital costs are 

constant and therefore, the marginal cost function relates 

only to the variable inputs in the model. 

The average cost function, as its name implies, des-

cribes the cost per unit of output as output is varied. This 

function is obtained by dividing the total cost function by 

output and is expressed as 

AC c l ·~ S ll ( ::~ r *] 1- Ca + s 1 long run = - = r2 q a + s 

( 4) 

(Ax:)-

1 l 
- 1 c rl x l B qo S AC = - = + r2 short run q q 
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The term r 1 x1 /q in the short run relation is termed average 

fixed costs. Since in the short run, capital costs are con-

stant, this term decreases at a decreasing rate as output is 

expanded. This feature, along with the hypothesis of decreas

ing average product CB < 1), gives rise to the economic hypo

thesis of a U shaped short run average cost curve. 

In the long-run, the average- cost curve is considered 

to be the envelope of the short-run average cost curves. 

Freed from the restriction of a fixed sized plant, capital and 

other inputs are allowed to vary and to maintain their optimal 

relationships to each other. Henct~, the inefficiencies 

associated with combining additional labor or other vari_able 

inputs with already overcrowded capital resources is no t ob

served. However, this curve is often hypothesized to be 

U-shaped. Average cost first decreases because of hypothesized 

economies of scale (a + B > 1) associated with firms operating 

at large levels of output. After some very large level of 

output, average cost again tends to rise due to managerial 

inefficiencies ( a + B < 1) hypothesized to exist in the admini-

stration of very large firms. Since a + B changes value, the 

hypothesis of a U shaped long-run average cost function is 

inconsistent with the Cobb & Douglas function specified above. 

The latter function was chosen for its mathematical simplicity. 

Empirical Issues 

There exists a considerable body of literature 

containing studies which have attempted to test the preceding 
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economic hypotheses concerning the shape and specification of 

cost functions. In a majority of these studies, the theory 

was not upheld. The reasons for these results have caused 

much discussion among economic theorists and researchers 

alike. In the final analysis, it appears that the cost

output relationship is more complex than a straightforward 

application of the theory reviewed above would suggest. 

These empirical investigatiohs can be divided into two 

types: times series analyses and cross section studies. Time 

series analyses of cost functions involves an investigation 

of the cost-output relationship of a single firm over time 

while a cross section study consists of estimating a cost 

function of an industry across several firms at one point in 

time. The studies by Dean reviewed below are basically time 

series while those of Johnston are generally cross sectional. 

The first major contribution to the literature was an 

investigation of a hosiery mill conducted by Dean ll941) . The 

particular mill studied was an intermediary factory responsi

ble solely for the knitting of stockings. Other plants of 

the firm supplied the silk to be knitted and others took the 

knitted stockings and produced the finj_shed product. Dean's 

short-r~n analysis used monthly data spanning several years. 

The observed output range varied from 4,000 to 43,000 pairs 

of stockings with the physical composition of the plant re

maining unchanged throughout this time frame. 

The results of this analysis indicated that the total 
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cost of production was a linear function of output. Addition

ally, Dean found that the marginal cost of this plant was 

constant and that the average cost curve was nearly horizontal, 

lying slightly above the marginal cost curve. These latter 

results follow from the former. Dean found that adding output 

squared into the specification of the functions was statisti

cally insignificant. In .terrns of average cost, Dean explains 

that the magnitude of fixed cost was quite small compared to 

variable cost, and hence, the curvature of thls function was 

slight. 

A collection of empirical estimations of cost functions 

can be found in Johnston ll960). Johnston estimated cost 

functions for several industries including electricity genera

tion, road passenger transport, food processing, building 

societies, and life assurance companies. Johnston also pro

vided a review of several similar studies conducted by other 

authors. Johnston's short-run findings were generally consis

tent with those of Dean. These findings, as well as his long

run results are summarized below. 

Johnston's study of electricity generation and food 

processing resulted in a linear total cost function and con

stant average costs in the short-run. In his analysis of 

road passenger transport and life assurance companies, 

Johnston found decreasing average costs throughout the range 

of observations. Finally, in a study of building societies, 

Johnston found that in the aggregate these societies appeared 
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to display a U shaped average cost curve. However, upon 

closer inspection these societies could be separated into two 

distinct groups; those with branches and those without. In 

terms of average cost, nonbranch societies had decreasing 

average cost throughout the range of observations while branch 

societies exhibited relatively constant average costs. Since 

most of the societies in the high output ranges were those with 

branches, the average cost curve esomated with both groups 

aggregated resulted in a U shaped curve. 

The basic conclusion reached by Johnston with respect 

to his own studies and those of others was that the long-run 

average cost curve was L shaped rather than U shaped. Long

run average costs are seen to decrease rapidly at first and 

then to level off to a constant average cost over all ranges 

of observed output. This conclusion was also reached by 

Walters (1963) in another survey article. Very few studies 

have found the hypothesized U shaped curves in either short or 

long-run analyses. However, many of these studies were 

severely critisized. 

Friedman (1955) stated that the basic reason for the 

empirical results stated above was that the correct research 

questions were not asked. In this sense, Friedman argued 

that cross section data was of little, if any, use in deter-

mining the shape of the long-run average cost curve. In the 

case of an industry where no specialized factors of production 

are used, the expectation would be that there would exist many 
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firms of the same size, with average cost constant among 

firms. Hence, an estimate of the average cost function using 

cross section data would yield a horizontal curve. This find

ing, Friedman argued, tells nothing about the economics of 

scale in the industry, but instead, shows the efficiency of 

the capital market& 

Additionally, Friedman argued that in an industry 

where specialized factors of production existed, firms would 

tend to vary in size. If costs are computed so as to include 

the rents or royalties paid to these specialized factors, then 

one would expect that average cost would be constant among 

firms. Hence, again cross section data are expected to result 

in a horizontal average cost curve. 

Friedman stated that the use of time series data would 

be a more useful approach but qualified this statement by 

saying that the definition of cost, as typically applied and 

collected by accountants, was inadequate. Friedman felt that 

cost should be defined as equal to revenue. In this manner, 

the differences among firms in their ability to use inputs 

would be observed. In this manner, economists would be able 

to examine economies of scale correctly. 

Another definition, found in Alchian (1968), stated 

that costs are equal to the change in equity resulting from 

production. This change in equity was defined as the present 

value of the firm'· s net assets in time period t , less the 

present value of the se assBts in time period t + 1. From 
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this definition, it follows implicitly that if the change in 

assets is equal to the change in liabilities, in both sign 

and magnitude, then there have been no economic costs incurred. 

This concept, termed the capital value measure of cos·ts, is 

pleasing theoretically but seems difficult to operationalize"' 

In a recent survey of cost studies and their incon-

sistency with economic theory, Dean (1976) stated that these . 
preceding criticisms and many others· are of limited signifi-

cance. Dean believes that the use of straight line deprecia-

tion causes less of a linear bias than would result if other 

forms of depreciation were used. He argues that modern pro-

ductive equipment is utilized at a relatively constant "speed'' 

regardless of the rate of output. Additionally, Dean believes 

that modern equipment becomes obsolete before it actually wears 

out. Therefore, use depreciation of machinery should be ex-

pected to be slight and that this line of argument is insigni-

ficant. 

In regard to the argument of the time period of account-

ing data, Dean argues that in his study of a hosiery mill, 

weekly, monthly and annual data were all used and that they 

each provided the same linear total cost function. Dean goes 

on to point out the rigidity of inputs and the output rate in 

the short-run and concludes again that the time period of the 

accounting data is not responsible for a linear bias .. 

Dean's response to the regression fallacy argument is 

that it is true only when capacity or output is measured by 
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actual output rather than size of plant or expected output. 

An alternative given is to use a measure of capacity utiliza

tion as an additional independent variable to control for 

these disturbances. These alternatives would in essence re

quire that capacity be measured in terms of input rather than 

output. Finally, Dean agrees with the problems that exist 

with a heterogeneous output. He cites studies which have 

used an output index but concludes that this is not the opti

mal method. Dean argues that either the estimation of a 

separate cost funciton for each output type or the inclusion 

of additional independent variables to account for this multi

product structure are preferable methods, 

Rather than offer ways of specifying the cost.,-output 

relationship to verify the traditional economic theory, Dean 

offers a new theory of this relationship. This theory postu

lates that, in the short-run, total cost will be observed as 

a linear function of output, that marginal and average variable 

costs are equal and constant, and that the average cost curve 

declines throughout the range of output. Dean~s rationale 

for this theory is based on segmentation of equipment, limited 

substitutability of variable inputs for the fixed factor, and 

limited substitutability among variable inputs. 

Dean provides three aspects of equipment segmentation: 

physical, time and speed. These aspects of Dean's theory 

sharply contrasts with the classical assumptions of indivisi

bility and fixity. This may simply correspond to the 
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technological advances attained in the past century in produc

tive techniques and equipment, allowing their use to become 

more flexible. In terms of substitutability, Dean argues that 

technology and operating procedures have fixed the mix of 

inputs, both between fixed and variable and among variable, 

in the short-run. Dean argues that these changes in technolo

gy have evolved since the classical· economic theory of cost 

functions was developed. These cha~ges have also brought an 

awareness to producers of their capacity for production and 

the consequences of exceeding that capacity: such as a 

breakdown in capital equipment. Hence, Dean argues that 

producers will risk the loss of business during peak periods 

through delaying the filling of orders rather than venturing 

out onto the upward sloping portion of their average cost 

curve. In this framework, the results of empirical estimations 

of cost functions are not surprising. 



CHAPTER III 

HOSPITAL COST FUNCTIONS 

This chapter will concentrate on the work of Martin 

S. Feldstein and others who have estimated cost functions for 

hospitals. One feature of these studies which sould be men

tioned at the outset is- that, for the most part, they are 

cross section studies. This type. of analysis immediately 

presents great difficulties in cost function estimation, 

chief of which is product heterogeneity. Product heterogeneity 

is found when one is dealing with a multi-product firm, or 

when output varies in some manner across producers. In the 

preceding section, the correspondence between the cost func

tion and the production function was sketched, which indicated 

that the cost function is derived from the production function. 

In the case of a homogeneous output, there is a single pro

duction function. However, a heterogeneous output group would 

in theory have a separate production function for each output 

type produced. This structure complicates matters when esti

mating the cost function of a multi-product firm~ Generally, 

there are two methods of dealing with this problem. The first 

method is to estimate each. product'· s production function and 

then to relate them to cost. This method in most cases is 

nearly impossible due to the fact that the allocation of the 

15 
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factors of production to various output activities is diffi

cult to assign. The second method is to control for di~

ferences in product mix in th.e speci~ication of the cost 

function, and hence attempt to measure the cost of producing 

some "homogeneous 1
'· product. 

The problem of product heterogeneity is of great 

importance in the hospital sector. In terms of output, hospi

tals are as different as the people ~they serve. Their output 

is a complex mix of patients who are treated, in general, for 

different medical conditions. Each individual's condition 

may require a nearly unique combination of laboratory tests, 

x-rays, and other diagnostic and therapeutic procedures. 

Hence, conceptually it is reasonable to expect a large amount 

of cost variations based on the differences in patients treat

ed and services offered in hospitals. 

Feldstein (_1967) 

The earliest, and possibly the most important, work 

in the field of hospital cost analysis which recognized the 

problem of product heterogeneity was that of Feldstein (.1967). 

His analysis of the British National Health Service involved 

an econometric study of 177 short-stay hospitals in Great 

Britain. The portion of his analysis that is of interest to 

this thesis is that part which relates to his estirnation of 

a hospital cost function. 

In Feldstein~s specification, the basic average cost 

function was horizontal but dependent on the product mix. 
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Although Feldstein used the distribution of patients among 

service categories:, the following illustration is formulated 

based on the distribution of beds among service categories. 

This type of analysis was: conducted in the current study and 

is described in the following chapter, 

Consider the following total cost function 

TC = Sl Bl + s2 B2 + ••. + S B -n n 

where B. is equal to the number of beds allocated to service 
l 

category i and 

n 
\ 
L 

i=l 
B. = B. 

l 

This total cost function can be rewritten as 

The corresponding average cost function is: then expressed as 

(5) AC = TC 
s 

B 
= s

1 
_J:. + s B 2 

+ Cs - s ' n-1 n '-

B n-1 
B 

In this formulation, the coefficient of the constant 

term is equal to the cost of a bed in the omitted service 
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category and the coefficient of B. / B 
l 

is the difference of 

the cost of a bed in service category i and the cost of a 

bed in the omitted service category . Hence, the long-run 

average cost per bed for individual service categories can be 

approximated b y estimating (5 1 and adding the constant term 

to the coefficients of each case-mix proportion. One should 

note that these cost per bed figure·s are based on the assump-

tion that a hospital specializes ex~lusively in one service 

category. In this case, B-/B is equal to one and all of 
l 

the other case-mix proportions are equal to zero. 

In Feldstein's analy sis there were nine service 

categories. These were defined as the nine major medical 

services offered by the hospitals in the sample and included: 

general medicine; pediatrics; general surgery ; ear, nose, and 

throat; traumatic and orthopedic surgery; other surgery; 

gynecology ; obstetrics; and others. Hospitals, like other 

service industries, produce an output which is basically an 

investment in human capital. This type of product is not as 

easy to measure as cars rolling off an assembly line.. Feld-

stein discusses this problem and states that the true output 

of a hospital is the improvement in the health status of the 

population which it serves. However, the health status of a 

population is seen to change very slowly and to be affected 

by a wide variety of factors that the hospital has no direct 

control of. Therefore, Fe.ldstein opted for using a pair of 

easily operationalized measures- of a hospital's output to 
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deflate total cost to average cost: patients and patient 

days. In his analysis, Feldstein concluded that average cost 

per patient was a superior dependent variable. He felt that 

this variable accounted for variations of length of stay among 

hospitals and the~r associated cost implications. In this 

study, beds are used to measure output because patients and 

patient days are unavailable by service category for Florida. 

In terms of independent var i ables, Feldstein concluded 

that using the number of beds as a measure of anticipated out

put, as well as a measure of a hospital's scale of plant, pro

vided a better measure of output than the crude number of 

patients treated. This decision was reached after discussing 

the theoretical and empirical arguments of the previous chapter .. 

Therefore, the number of beds and the number of beds squared 

in the hospital were added to the case-mix specified equation. 

Feldstein concluded that this specification produced a very 

shallow U-shaped average cost curve. The minimum was derived 

at a hospital size of approximately 310 beds. However, in 

this specification, the standard error of the output squared 

term was twice the size of the coefficient. 

An additional average cost function, excluding the 

square of beds, resulted in a positive coefficient for the 

beds term. Although not specifically mentioned by Feldstein, 

this result implies diminishing returns to scale in hospitals. 

To the preceding specification, Feldstein added a 

measure of the rate of output. This measure was termed the 
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case flow of the hospital and was def i ned as the number of 

patients treated per bed year. The inclusion of this variable, 

and its square, were found to be highly significant. Case 

flow was found to be negatively related to hospital size over 

the observed range of hospital capacity . Feldstein concluded 

that if this case flow rate was constant for all hospitals, 

a verage cost would decrease with hospital size~ The result

ing economies of scale, however, would be quite small; with 

hospitals of 1,000 beds having only 10 percent lower average 

cost than those with 300 beds. 

Ingbar and Tay lor (_1968) 

The nex t study to be reviewed is that of Ingbar and 

Tay lor (1968). This study involved the estimation of cost 

functions o f seventy-two hospitals in Massachusetts~ This 

study is contrasted with Feldsteins in two major areas: in 

t he specification of the average cost function and in the 

shape of the estimated average cost curve. In Feldstein's 

analy sis, the use of case-mix proportions was used to control 

for product heterogeneity . Ingbar and Tay lor's study used 

factor analy sis to condense the information av ailable on a 

multiplicity of variables into a convenient size. These 

f a ctors can be summarized by the following descriptors: 

phy sician expense per patient day ; operations per patient day; 

x-ray s per patient day ; and self pay ed patient day s. Three 

other v ariables, the number of beds, beds squared, and occu

pancy , were included i n the specification as measures of 

output and capacity utilizat ion. 
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The empirical results. of the estimation of thi.s 

average cost function were quite surprising. Instead of find

ing the theoretical U shaped average cost curve, an inverted 

U shaped curve was found. This curve was found to have a 

peak at about 150 beds and to have decreasing average cost 

thereafter. However, as was the case with Feldsteints analy

sis, the observed economies of scale are seen as slight: with 

hospitals of 300 beds having less than 10 percent lower 

average costs than hospitals of 150 beds. The interesting 

aspect of this data set was that there were very few hospitals 

in the sample with more than 300 beds. Hence, the results 

observed by Ingbar and Taylor should be interpreted with 

caution. 

Feldstein and Schuttinga (1977) 

This review now turns to an investigation conducted 

by Feldstein and Schuttinga (1977). This study involved an 

analysis of fifty-five short-stay hospitals in Massachusetts. 

Again a cost function was estimated. The average cost func

tion in this study was specified as a function of case-mix 

variables. However, instead of nine different service cate

gories, the data included the identification of patients by 

220 diagnostic and surgical categories. The use of medical 

diagnoses was assumed to explain cost variations in hospitals 

more accurately because their use provides the ability to 

control not only for the mix of case-types treated, but also 

for the severity of the individual conditions as well. The 
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use of broad service category proportions tend to group to

gether diseases and conditions which may differ greatly in 

their average cost per treatment. 

The. major problems encountered in using this type of 

data are that there were more explanatory variables than ob-

servations. Because of this, principal component analysis 

was performed on the diagnostic and surgical variables in 

order to condense the information contained in them into a 

more managable form. Ten diagnostic principal components were 

first constructed and used to explain the variations of 

average cost. This specification accounted for 56 percent of 

the variation of average costs in the hospitals in the sample .. 

In additional specifications, the number of beds, beds squared, 

a dummy variable for Boston, and a variable which measured a. 

hospital's overall expected mean duration of stay were added. 

Finally, the surgical principal components were included in 

the equation. 

In short, Feldstein concluded that the size of the 

standard errors of the hospital scale variables indicated that 

there appeared to be· no economies or diseconomies of scale. 

This was also the case of the Boston dummy. Finally, the 

inclusion of the surgical principal components, although 

increasing the R2 from .56 to .68, were felt to be deceiv

ing and to be interpreted with caution. 

Other Studies 

Two additional studies, Evans (1971) and Evans and 
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Walker (1972), used factor analy sis to compute case-mix 

variables for hospitals in Canada based on diagnostic data. 

The first study, Evans (1971), involve d a study of hospitals 

in Ontario. The variables used in this study were divided 

into three categories. The first category , referred to as 

short-run scale variables, included the hospital's occupancy 

rate, the average length of stay, and Feldstein<s case flow 

rate. The long-run scale variable :used b y Evans was the num

ber of beds. The final set of variables consisted of case

mix variables created from diagnostic groups derived through 

factor analy sis. 

With average cost per patient day as the. dependent 

variable, the above variables explained 80 percent of the 

variation in average cost. The inclusion of the long-run 

scale variable contributed nearly no explanatory power to the 

equation. This implied that there were no economies or dis

economies of scale present. The coefficient on the percentage 

occupancy variable was small but significant and negative in 

direction. 

Finally , it is mentioned by the author that the con

straint imposed on the parameters of the case-mix proportions 

may have been unrealistic. Forcing these parameters to be 

constant throughout the sample may have been an incorrect 

simplification of reality . Evans suggested that entering the 

square o f these p roportions may provid e more meaningful re

sults. 
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The second study, Evans- and Walker ( 197 2 )_, was nearly 

identical to the first except for two aspects~ The first 

difference is that the second study involved an analysis of 

hospitals in British Columbia. The second feature which dif

ferentiated this study from the first was the use of informa-

tion theory. Information theory in this study involved the 

use of prior information about the distribution of case-types 

among hospitals. This information,! although not substantially 

changing the qualitative results of the first investigation, 

increased the R2 of the average cost function to .98. 

The final study to be discussed in this chapter which 

estimated a statistical cost function for hospitals is that of 

Lave and Lave (1970). This study contained an investigation 

of cost variation among seventy-four Wester ~ennsylvania 

hospitals. Semiannual data were collected for the years 1961 

to 1967, providing fourteen observations for each facility. 

Although the authors acknowledge that differences in product 

mix have a substantial impact on hospital costs, they assumed 

that the product mix within an individual hospital remains 

relatively constant over long periods of time. Hence, an 

average cost function was es-timated for each hospital with 

only the number of beds, occupancy rate, and a time trend to 

account for technological advances over time included as ex

planatory variables. This was the first of a two stage pro

cedure. The independent variables were, general.ly, all signi

ficant. The coefficient of the occupancy rate variable usually 
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had the expected negative sign. Unfortunately, tb_e scale 

variable produced widely skewed coeffi~ients and no conclu~ 

sions were drawn. Finally, the time trend variable was 

highly significant. 

The second stage of this two-stage procedure was pro

posed to determine what affected hospital cost increases over 

time. The results of this endeavor included: large hospitals 

with teaching programs had higher rates of cost increases; 

hospitals with h.igher rates of utilization tended to have 

lower rates of cost increases; and hospitals which increased 

the number of beds or services tended to have higher rates 

of cost increases than those who did not. Finally the authors 

concluded that the short-run average cost function was L 

shaped. 

In sum, estimations of average cost functions of hos

pitals have been performed on cross section data. The results 

of these studies have generally been consistent with those 

found in the studies reviewed in the previous chapter. The 

dependent variables used in all of the studies reviewed in 

the current chapter were either average cost per patient or 

average cost per patient day. These cross section studies 

have tended to increase their sophistication in controlling 

for case mix differences among hospitals as data sets have 

become available. Interestingly, these increases in sophisti-

cation have shed no new ligh.t on the economies of scale of 

hospitals since Feldsteinrs original conclusion which was 
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that there are basically constant returns to scale with 

hospitals. 



CHAPTER IV 

COST FUNCTIONS FOR FLORIDA HOSPITALS 

The previous chapters have presented a discussion of 

the theory of economic cost functions and the empirical esti

mation of cost functions of severa~ industries. The current 

chapter will present an analysis of hospital cost functions 

in Florida for the year 1976. The major difference in this 

study of hospital costs and previous such endeavors is the 

choice of the dependent variable. In the current analysis, 

average cost will be obtained by deflating total cost by the 

number of beds rather than by patients or patient days, As 

a corollary, the case mix proportions used to control for 

product heterogeneity will be obtained in a like manner. The 

reasons for this departure are based in part by mathematical 

consistency and in part by the availability of data. 
" 

This chapter will begin with a brief discussion of 

the data elements to be used and the sources of this data. 

This section will be followed by an estimation of the cost 

output relationship where the cost functions are specified 

solely as functions of output. Next, the average cost function 

will be estimated controlling for product heterogeneity. 

This chapter then concludes with_ an analysis of several 

27 
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additional variables which significantly affect hospital 

costs. 

Summary of Data 

The data used in this study were obtained from various 

divisions of the Florida Department of Health and Rehabilita

tive Services (DHRS) in both published and unpublished forms. 

The basic data elements are summarized in Table 1. 

The number of hospitals used in this study numbered 

169. The information displayed in Table 1 indicates that 

these institutions took values on the key variables over a 

very wide range. In addition to the data elements summarized, 

the distribution of the hospitalts beds allocated to various 

service categories was obtained from the Cooperative Health 

Statistics System of DHRS. These data elements will be used 

to control for product heterogeneity among hospitals. These 

variables were used because the distribution of patients or 

patient days among service categories was not available. 

Cost As A Function Of Output Alone 

Theoretically , the total cost function of a firm or 

industry is expressed as a cubic function of output. In this 

study, output is defined as the scale of plant of the hospi

tals rather than by patients or patient days. A readily 

available measure of tha scale of a hospital's plant size is 

t Be number of beds in that hospital. Hence, the total cost 

function estimated in this study was of the form 



TABLE 1 

DESCRIPTIVE STATISTICS FOR THE VARIABLES 

Coefficient Range 
Data of 

Element Symbol Mean Variation Minimum 

Total Cost per Annum 1 TC 7599 1.14 317 
($l,OOO's) 

Average Cost per Bed AC 31.0 0.31 6.8 
per Annum ($l,OOO's} 

Number of Beds 2 B 225 0,91 . - 25 

Case Flow Rate 3 F 33.3 0,43 3.6 

l F d .. oun 1n; Cost Analysis of Hospital Providers for Fiscal Period Ending 1976; 
Special Accounting Services, DHRS. 

2 d . 
Fo~n 1n: Florida State Medical Facilities Plan, 1977; Office of Community 

Medical Facilities, DHRS. 

3 Computed as: Patients 
13e~ 

Maximum 

73,599 

77.3 
N 
~ 

1250 

120.9 
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A cubic total cost function allows for a U shaped average cost 

function and is linear in the parameters so that ordinary 

least squares can be used. However, because all costs are 

variable in the long run, it is hypothesized that the para-

meter s 0 is not significantly different from zero. Hence, 

the total cost function should be specified as 

Tc o B + o B2 + o3 B3 . = '"'1 '"'2 1-' 

The results of estimating these equations by means of 

ordinary least squares are provided below. The standard 

errors of the coefficients will be provided beneath the 

coefficients in parentheses. 

TC = -11.9 + 47.2 B- 4.48 B2 + .421 B3 

(5.20) (5.28) (1.24) (.075) 

TC = 36.6 B- 2.32 B2 + .306 B3 

(2.54) (.807) (.057) 

-2 
The R for these functions are .916 and .914 respectively. 

Thus, a standard total cost function explains the variation 
_2 

in hospital costs quite well. Because the R statistic 

meaS'..l.>:"2.S the proportion of variaticn of the dependent variable 

explained by the independent variables, i t is not surprising 

that the exclusion of th.e intercept term has a negligible 

impact on this statistic. 
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The coefficients of all three powers of B are 

statistically significant in both specifications and have 

the expected signs. That is, they yield U-shaped average cost 

functions: 

AC = TBC = -11 . 9 B -l + 4 7 . 2 - 4 . 4 8 B + . 4 21 B 2 

AC = TC = 36.6- 2.32 B + .306 B2 
B 

However, the moderately significant intercept term violates 

the theoretical expectation. 

To find the minimum of these average cost functions, 

one differentiates with respect to B . These derivatives 

are then set equal to zero and solved for B . The solution 

of this procedure results in the minimum long-run average 

cost, and hence optimal size, of the hospitals at 490 and 379 

beds for the two equations in the order given. 

In order to verify the results of the previous section, 

average cost functions were estimated directly from the data. 

The results of these estimations were 

AC = -4.67 B-l + 36.7- 1.47 B + .218 B2 

· cl.42) C3 • 19 ) (_1. 3 4 ) (.126) 

AC = 27.1 + 1.90 B - .043 B2 

(1 • 3 8 ) ( . 8 91 ) (_. 101) 

-2 
The R for these functions were .153 and .101 

respectively. The -1 
B term has a significant negative 
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coefficient. This finding is consistent with the significance 

of the intercept term in the total cost function. However, 

the standard errors of the coefficients of the B and B2 

terms have become quite large with respect to the size of the 

coefficients. Additionally, the signs of these coefficients 

change when the reciprical term is omitted. These changes 

suggest that the total cost function had heteroscedastic dis

turbances. 

A Goldfeld-Quandt statistic was calculated to test 

for the presence of heteroscedasticity (see the appendix to 

this chapter). This procedure involved dividing the sample 

of hospitals into three groups: (1) the smallest eighty 

hospitals; ( 2} the largest eighty hospitals; and ( 3) the 

·middle nine hospitals. Then functions (1) and (2} were 

estimated for the small and large hospital groups. The resi

dual sum of squares of the large hospital group was then 

divided by the residual sum of squares of the . small hospital 

group yielding the Goldfeld-Quandt statistic. This statistic 

is equal to one in the case of perfect hamoscedasticity. The 

value of this statistic for equations {1) and (.2) was 26.9 

and 28.1 respectively. Hence, the variance of the disturbance 

term increases as the size of hospitals increase . This is 

termed heteroscedasticity of the classical form. 

The implication of this. finding is that the results 

for the average cost functions reported above are more 

accurate than those for the total cost functions. In 
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particular, the significant B2 and B3 found in the total 

cost functions were due to het.eroscedastici t y which under

estimated their standard errors. The. intercept term Crecipri

cal in the average cost function) remained significant even 

after allowing for the heteroscedasticity . This implied that 

additional variables are required in the functions. An 

obvious choice was to control for product hetergeneity in the 

manner suggested by Feldstein. Th i s is the subject of the 

next section of this chapter. 

Product Heterogeneity 

In this section the effect of product heterogeneity 

on hospital costs will be examined. This examination entails 

the use of case mix proportions as suggested by Feldstein in 

the previous chapter . As the previous chapter showed, the 

estimation of the average cost function with the case mix 

proportions as the only independent variables, allows one to 

estimate the average cost per bed by specific service cate-

gories. This procedure is summarized in Table 2. 

The rankings of the various service categories in 

terms of average cost per bed are intuitively pleasing from 

an institutional viewpoint. Obstetric services were found to 

have the highest per bed cost. This can be explained by the 

fact that in order to provide obstetric services, a hospital 

must have in its facilit y a labor room, a delivery room, and 

a nurs-ery . Hence, the square footage within a hospital re

quired for each obstetric bed is large in relation to other 



TABLE 2 

ANNUAL AVERAGE COST PER BED BY SERVICE 

Annual 
Average Cost 

Mean Regression Standard Per Bed 
Service Proportion Coe;f:f;icient Error ($l,ooo~s) 

Medical ,3543 -23.84 7.77 21.73 

Surgical .1848 ~7.56 8.85 38.01 
w 

""" Medical/Surgical .2635 -17.15 7.90 28.42 

Obstetric • 0517 14.19 11.04 59.76 

Pediatric .0591 '"'16 .. 18 9 .. 61 29.39 

Constant ---,..... ~ 45 .. 57 7.24 -~~-"'""'· 
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services. Additionally, the nature of obstetric services 

requires that the allocated beds be utilized at a low 

occupancy in order to be able to have a bed available when the 

need arises. It is very difficult to schedule births. 

Surgical beds are the next most expensive.. Similarly, 

the high cost of this service can be attributed to the need 

of a hospital to have operating and recovery rooms in order to 

be able to perform surgery. Additionally , the cost per 

surgical bed includes the cost for highly specialized labor 

and high technology equipment. This. is contrasted with th.e 

cost of a medical bed. Medical patients are basically people 

who are ill and are treated by medication without the need for 

surgery and other high technology services. 

Pediatric and medical / surgical beds are generally 

identical in function. The slight difference in cost between 

them can be explained by the fact that pediatric beds are 

reserved for children, and hence, must be staffed by medical 

personnel trained in caring for children. Additionally, as 

was the case with obstetric beds, pediatric beds are allocated 

so that their occupancy is lower relativ e to ot.i-}er services. 

The results of estimating the average cost function 

when output and case mix are both specified below. For the 

remainder of this chapter, the vector of case mix proportions 

and their estimated coefficients will be symbolized by p'y. 

-l .1<!6 B2 ~ AC = -3.96 B + 34.6- 1.28 B + _ + p' y . 

(1. 34 ) C8 • 91) ( l. 2 7 l (_.118) 
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With this function termed th.e unrestricted case and the 

average cost function specified as output alone termed the 

restricted case, an F statis.tic was calculated to determine 

if the inclusion of the case mix proportions significantly 

improved the fit of the function . The numerator of this 

statistic was the difference of the residual sum of squares of 

the restricted case and the residual sum of squares of the 

unrestricted case deflated by the pwnber of restrictions re

laxed. The denominator of this statistic was the residual 

mean square of the unrestricted case. The value of the F 

statistic was 157.6. 

-2 
The R statistic for the unrestricted case above is 

.266. Thus, the inclusion of the case mix proportions nearly 

doubles the amount of cost variation explained by th.e average 

cost function. However, even after controlling for product 

heterog-eneity, the reciprical of beds remains significant. 

In fact, this term is the only power of B which is signifi-

cant. Hence, the function was reestimated including only the 

B-l term with the following result. 

AC = -3 . 53 B-l + 37.2 + p' y 

(..903) (.7.26) 

This function yields an average cost curve which has 

a positive slope which increases at a decreasing rate, 

as ymptotically approaching a constant average cost of 37 . 2. 

This implies that when product heterog-eneity is: controlled 
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for, small hospitals face an upward sloping average cost curve. 

A hospital that increases from twenty-five to 100 beds experi

ences an increase in average cost per bed per year of over ten 

thousand dollars. The slope of this function levels out sig-

nificantly after this point with a hospital increasing from 

100 to 200 beds experiencing cost increase of less than two 

thousand dollars per bed per year. 

This result can be explained by the fact that a 

majority of the hospitals in the sample which have between 

twenty-five and 100 beds are hospitals located in rural areas 

of northern Florida. Small hospitals in general and rural 

hospitals in particular tend to treat relatively simple medi-

cal conditions. The use of the case mix proportions in the 

average cost function has the effect of reducing the magnitude 

of the coefficient of B-l from -4.67, when case mix is 

excluded, to -3.96. When the B and B-l terms are excluded, 

this coefficient is further reduced to -3.53. However, the 

continued significance of this term implies that additional 

factors, besides case mix, are responsible for the shape of 

the estimated average cost function. 

Other Variables 

One additional variable that was used by Feldstein in 

the specification of hospital average cost functions was the 

case flow rate. This variable, defined as the number of 

patients treated per bed per year, was found by Feldstein to 

be negatively related to average cost per patient for low 
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values of case flow and positively related for high values 

given hospital size. An increased rate of flow implies a more 

efficient use of capacity up to a point where stress· on the 

operation begins to drive up average costs. The. results of 

adding the case flow rate to the average cost per bed function 

were 

AC = -4.48 B-l + 27.8 + .451 F - .00195 F 2 + p~y 

(.860} (7 • 16) (_. 117 ). (.00102)_ 

-2 
The R for the latter function is .357. The inclu~ 

sian of the case flow rate and its square significantly im-

proves the fit of the average cost function. The effect of 

case flow results in an inverted U shaped function. This is 

contrasted with the findings of Feldstein. Differentiating 

this function with respect to F results in a maximum average 

cost per bed at a case flow rate of 115.4. Since this rate 

is far beyond the normal rate of case flow found in the 

sample, the significance of the F 2 term implies that average 

cost per bed increases with flow, but at a decreasing rate. 

It should be noted that the dependent variable in 

Feldstein's analysis was average cost per patient while 

average cost per bed is the dependent variable of the current 

study. As more patients are treated per bed, it is reasonable 

to expect that average cost pe.r bed would i:ncre.ase due to 

increased admission, discharge, and initial examination and 

treatment costs. However, the results of the current study 
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are not inconsistent with those of Feldstein. 

In the current study 

with 

AC = TC 
B 

p 
F = 

B 

where P symbolizes the number of patients treated per year .. 

The estimated average cost function can be simplified as 

AC = K B-l + .451 F - .00195 F 2 

Dividing both sides of the function by F gives 

AC p-= 
TC B 
B. p = 

TC 1 B 
p = K B p + .451 - .00.195 F 

= K P-l + .451 - .00195 F 

Hence, although average cost per bed increases with flow, 

a v erage cost per patient decreases as a hospital increases 

its utilization of existing capacity . 

The shape of the average cost per bed function where 

case flow is controlled for possesses essentially the same 

shape as before this addition is made to its specification. 

The addition of this variable increases the magnitude of and 

significance of the -1 
B term. Th~s change has the effect 

of increasing the range of the curve. where the positive slope 

is important. 

The next variable which is included into the 
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specification of the average cost function is the population 

density per square mile of the county in which the hospital 

is located. This variable measures the extent of urbanization 

of the hospitals' environments. As populations become more 

urbanized, and h.ence, less agrarian it is expected that the 

impact of third party payers of hospital services would in .... 

crease the demand for these services. This increase in demand, 

along with an associated increase :in demand for health care 

labor, is expected to increase the cost of hospital services. 

The estimation of this function yields 

AC = -3.76 B-l + 28.0 + .506 F- .0023 F 2 + ,0029 DN + p l ~ 

(.887) (7.03) (.117} (.0010) c. 0011) 

where DN symbolizes population density. The coefficient of 

this variable is of the expected sign and its magnitude is 

small but significant. Including this variable decreased the 

size and significance of the -1 
B 

size of the other coefficients. 

this function is .380. 

term while increasing the 
_2 

Additionally the R for 

Another variable to be considered is that of the con-

trol of the hospital. Forty of the hospitals in the sample 

were classified as proprietarx hospitals. These hospitals 

are generally for-profit corporations. This type of ownership 

structure is contrasted with voluntary hospitals which are 

generally non-profit institutions. A dummy variable was con-

structed which was set equal to one in the case of proprietary 



41 

hospitals and set equal to zero otherwise. The e;ffect o;f a 

dummy variable in the average cost function is to allow the 

height of the horizontal section of the average cost curve 

to vary between proprietary and voluntary hospitals~ The 

inclusion of this variable results in 

AC- -3.42B-l+28.7+.556 F-.0027 F 2+.0027 DN+4~10 DP+p~~ 

(.873) (6.86) (.115) (_.0010) (_. 0011) (_1 ~ 37 )_ 

-2 
The inclusion of this variable further increases R 

to .410, with the coefficient being positive and significant. 

It is difficult to interpret this result because there are . 

two major possible explanations. First, proprietary hospitals, 

being profit making institutions, have the additional cost 

of making a return to stockholders of the corporation in the 

form of dividends. The effect of this would have the observed 

result that the average cost curve for proprietary hos.pitals 

would be elevated above the curve of voluntary hospitals by 

some percentage. In the above function, the horizontal por-

tion of the average cost curve for proprietary hospitals is 

14.3 percent higher than voluntary hospitals. 

Conversely, it is argued, proprietary hospitals, 

being profit making institutions, have an incentive to 

utilize their capacity efficiently. This can most easily be 

observed if the speed of production, as measured by the case 

flow rate, varied significantly between the two types of 

hospitals. Hence, DP was multiplied by F and F
2 

and these interaction terms were then added to the. specifica-

tion to yield 
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AC = -4.50 B-l + 30.6 + .567 F- .0037 F 2 + .0022 DN 

(.814)_ (6.25) (..134) (.0012) (. 0010} 

-7.67 DP + .231 DPF + .0031 DPF 2 + p~ ~ 

(_5. 23 )_ (_. 234) (.0022) 

The inclusion of the interaction terms, denoted as DPF and 

2 -2 
DPF , increases R to .514. The F statistic correspond-

ing to the inclusion of these int~ractions is 113.3, hence 

these variables significantly improve the fit of the function. 

Disregarding the standard errors of the interaction terms, 

their coefficients imply that the relationship between average 

cost per bed and case flow in proprietary hospitals is nearly 

linear. Additionally, the sign of the dummy variable has 

become negative, suggesting that when the variation of case 

flow rates between proprietary and voluntary hospitals is 

controlled for, proprietary hospitals are expected to have 

lower average costs per bed. 

In the preceding analysis, average cost is specified 

as a function of output, product heterogeneity, speed of 

production, degree of urbanization, and the control of the 

hospital and the effect of control on the speed of production. 

The final variable to be considered is a measure of complexity 

of production. Feldstein and others have discussed at length 

that a hospital's output is he_terogeneous and that this 

heterogeneity vari_es among institutions. Additionally, the 

complexity of the technology used to f?roduce output varies 
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among institutions. Clearly, different sets of resources are 

used to treat medical/surgical patients in rural hospitals 

compared to treating the same: class of patients in an urban 

medical center or teaching hospital. 

The measure of complexity of production used in this 

analysis is operationalized as the ratio of total ancillary 

costs to total costs·. Ancillary costs in this sense are those 

costs incurred through activities :other than normal room and 

board costs. These costs include the cost of laboratory tests, 

x-ray, medical supplies, drugs, anesthesia and other ancillary 

service.·. In U is framework, as· the complexity of production 

in a hospital increases, the proportion of ancillary to total 

cost increases. The result of including this variable is 

given below. 

AC = -4.01 B-l + 15.7 + .454 F- .0028 F 2 + .0014 DN 

(.781) (6.87) (.130) (. 0011) (.0009) 

- 10.4 DP + .342 DPF + .0018 DPF 2 + 43.6 PA + p' y 

(5.00) (. 223) (. 0021) (10 . 2) 

The inclusion of this additional variable further increases 
_2 
R to .563. The proportion of ancillary to total expenses 

is denoted by PA. The coefficient of this variable is posi-

tive and quite significant. The only marked effect that PA 

has on the other coefficients is to reduce the magnitude of 

constant term from 3 Q. 6 to 15 .. 7, having only a slight effect 

on its standard error. This result implies that if this 
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proportion were constant across hospitals, the level of 

average cost per bed approached as hospital size increased 

would be approximately half that found in the sample as a 

whale. 

The only major result of the preceding analysis whicO.. 

is in conflict with the economic expectations is the signifi

cant B-l term. The significance and sign of this term has 

two implications. First, the ave.l{age cost curves estimated 

above imply that hospitals of less than 200 beds face an up-

ward sloping average cost curve: beyond this range average 

cost being relatively constant. Second, the presence of a 

negative B-l term implies that there is negative total cost 

at zero output. Since this is a long run analysis, the total 

cost curve is expected to pass through the origin. 

The possible explanations of this result are threefold. 

First, there may be some sort of population or income threshold 

that a community must surpass before it can support a hospital. 

Hence, the negative total cost for no beds may imply that a 

community can more economically allocate its resources by 

utilizing a hospital in a neighboring area until it surpasses 

this threshold. Second, the use of beds as a measure of out-

put may be an incorrect scale variable. A better measure of 

scale of plant might be the square footage of a hospital. 

If the measure of output is incorrectly specified, this 

result may merely be. an artifact of the. data .. 

The final explanation to be offe.red is that the 
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estimated functions are correct. There may in fact be dis-

economies of scale for small -hospitals, with constant returns 

to scale beyond this range. In this case there may be a 

variable or group of variables: that were not identified in 

this study that could more conclusively prove this situation. 

In the function below·, the a priori economic expecta-

tions of the shape of the average cost functions are examined 

by suppressing the -1 
B term. This function yields 

AC = 22.3 + .395 F - .0022 F 2 + .0026 DN- 6.51 DP 

(7.28) (.140) (_.0012) (_. 0010) (_5.33) 

+ .249 DPF + .0016 DPF 2 + 51.3 PA = + p•y 

(.240) (.0023) (10.9) 

The omission of the -1 
B term reduces 

_2 
R to . 49 2. Hence, 

a horizontal average cost per bed function explains only 

7 percent less variation in average cost than when the 

term is included. 

-1 
B 



CHAPTER V 

CONCLUSIONS AND POLICY IMPLICATIONS 

This thesis has been primarily concerned with the 

cost output relationship of hospitals.. A cubic total cost 

function was estimated wihich fit : the data quite well but the 

disturbances of this function were found to be heteroscedastic. 

Hence the average cost function was estimated directly. 

The average cost function specified as a function of 

output only fit the data poorly. This implied that there were 

other variables which needed to be included in the specifica

tion of the function. Since the cost function is derived 

from the production function, the additional variables that 

were included were chosen on the basis of their relevance to 

a hospital's productive activities. The first variables 

added were the case mix ~roportions which were used to control 

for the heterogeneous nature of hospital output. The result 

of estimating this function was that the average cost per bed 

varies among services. It was found that services which re-

quire large amounts of space, highly trained personnel, and 

sophisticated equipment, relative to other services, have 

higher costs per bed. The ranking of services in order of 

decreasing average cost per bed was found to be ohs.tetrics, 

surgical, pediatrics, medical/ surgical, and medical services. 

46 
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In terms of policy, it is evident that not all h_ospi

tals should provide all services. It may be more economical 

for a given population to maintain a set of medical/surgical 

hospitals with a single medical center in which specialized 

services are provided. However, the institution that provides 

these specialized services should be carefully chosen with. 

respect to medical staffs, financial viability, location, and 

public support. Although idealistic at the present time, this 

type of hospital system may become desirable if the current 

rate of hospital cost increase continues into the future. 

The second variable considered was the case flow rate. 

This variable measures a hospital'· s speed of production. It 

was found that as case flow is increased, average cost per 

bed increases while average cost per patient decreases. In 

this sense, one method available to hospitals to decrease 

their cost per patient is to increase their speed of produc

tion. However, it should be noted that increasing this speed 

of production beyond certain levels, depending on the types 

of patients treated, could have undesirable effects on the 

quality of care provided in these institutions. 

Following case flow, the population density per square 

mile of the county in which the hospitals were located was 

included into the specification. The reason for including 

this variable was an expected increase in hospital costs 

expected from increased urbanization due to increased demand 

for hospital services as well as an increased d&-nand for 
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health care personnel. The estimated coefficient of th~s 

variable indicated that an increase in population density of 

one hundred persons per square mile would increase average 

costs per bed by approximately 3QQ dollars per year. Since 

hospital services are a public good, consideration by decision 

makers should be given to the impact of increased urbanization 

on hospital costs. Currently, several municipalities in 

Florida levy impact fees for publ~c schools, roads, and 

utilities on the developers of large residential c0mplexes. 

HeLce, it is not inconceivable to conceptualize impact fees 

for increases in hospital costs due to increased urbanization, 

not to mention the increase in morbidity associated with in- . 

creases in density. 

Next, a dummy variable for proprietary hospitals was 

included into the specification. It was felt that since 

proprietary hospitals were profit making institutions, in 

contrast to voluntary hospitals, there would be different 

management and cost structures present. The coefficient of 

this variable indicated that for a given bed size, proprietary 

hospitals had higher average costs per bed. Because of the 

profit motive of proprietary hospitals, it was suspected that 

their speed of production would be different from that of 

voluntary hospitals. Hence, interaction terms were created 

with th~s variable and the case flow rate. The inclusion of 

these interaction terms yielded coefficients that implied 
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that for a given hospital size and when the variati.on of ~low 

rates between the two types of hospitals is controlled for, 

proprietary hospitals have lower average costs per bed and 

that proprietary hospitals are more sensitive to changes in 

the case flow rate, 

The final variable included into the function, the 

proportion of total ancillary costs to total costs, was added 

as an attempt to control for prod~ct complexity. It was found 

that as this proportion increases, average cost increases. 

Additionally, if this proportion was constant across all 

hospitals, average cost per bed would be half that found in 

the sample. However, caution must be used when interpreting 

this result since it was ~elt that this measure of product 

complexity was too gross a measure to derive. any meaningful 

conclusions. However, the impact of product complexity on 

hospital costs is a fruitful area of future research. 

In terms of economies of scale, the results proved 

inconclusive. The persistence of the B-l term throughout 

the analysis implied that small hospitals face an upward 

sloping long-run average cost curve. In this sense there 

appear to be diseconomies of scale in small hospitals while 

large hospitals experience constant returns to scale. However, 

even though small hospitals face diseconomies, their average 

cost per bed is on average lower than large hospitals. 

Although the reasons for these findings were not uncovered 

in the current study, it is intere.sting to note that a 
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horizontal average cost curve. explains. only 7 percent less 

of the variation in average cost than that explained by the 

inverted L-shaped curve. 



APPENDIX A 

A REVIEW OF HETEROSCEDASTICITY 

Heteroscedasticity arises in a regression model when 

the disturbances have nonconstant variances. Consider the 

simple regression model 

Eu. = Eu. U· = Eu .. X. = 0 i ~ j 
l l J l l 

2 2 Eu. = a 
l 

where E denotes the mathematical expectation of the random 

variable. The last equation expresses th~ assumption of 

homoscedasticity because 2 
a does not vary with i . 

The above assumptions guarantee that the ordinary 

least squares estimators of 

unabiased with variances 

V ( B ) 
0 = 

2 
a 

n 8
2 
X 

and s1 are best linear and 

2 _2 
(S + X l · x 

where 82 is the sample variance of the X values. Given 
X 
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heteroscedasticity, these formulas for the variances are no 

longer correct so that standard regression packages incorrect-

ly estimate the ordinary least squares estimators. For a 

more detailed explanation of the problem of heteroscedasticity, 

the reader may refer to Hu (1976} or Intriligator (1978}. 

In addition, the ordinary least squares estimators, 

although unbiased, no longer have minimum variance. To show 

this, assume that the heterosceda~ticity is of the form found 

in this study and many other cross section studies. That is, 

the variance of u. increases with X .. 
~ ~ 

Eu. 
~ 

= 2 X~ 
a ~. 

One simple remedial measure available is to divide through 

the model by 

where 

X. 
~ 

to obtain the ~transformed model~ 

Y. 
~ 

x:-
~ 

= 

u. 
~ v. = 

~. x. 
~ 

In this case, the variance of the disturbances becomes 

E (u i, 2 
-x. '-
~ 

l 2 
= 2 Eui 

x. 
~ 



provided X. 
l 
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1 0 2 x. 2 = 
X~ l 

l 

= 02 

is nonstochastic as usually assumed. Thus, the 

disturbances V. in the transformed model are homoscedastic 
l 

so that the ordinary least squares estimators of S
0 

and 

s1 from this model have minimum variance. Since these differ 

from the ordinary least square estimators of the original 

model, the latter do not have minimum variance. 

Provided heteroscedasticity exists and is of the 

assumed form it can be corrected by estimating the transformed 

model. A natural test for such heteroscedasticity is provided 

by the Goldfeld-Quandt statistic which compares the average 

residual variance for the large hospitals to the average value 

for the small hospitals. 
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