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Abstract 
 
 In this paper, we describe three methods of cost-function analysis in health 
care: classical econometric analysis, frontier analysis, and survivor analysis. 
The strength of classical econometric analysis is a highly developed methodol-
ogy of hypothesis testing; the weakness is that it is necessary to deal with many 
problems related to estimation technique, such as multicollinearity, autocorrela-
tion, heteroscedasticity, etc. The strength of stochastic frontier analysis is that it 
incorporates random shocks in efficiency evaluation; on the other hand, strong 
assumptions about the distribution of efficiency have to be made. The advan-
tages of survivor analysis are its simplicity and the possibility to include the 
factors that are otherwise hard to measure; the disadvantages are the applica-
tion only in the long-term studies, and the provision of no specific information 
on the character of cost function in the studied industry. Different methods have 
strengths and weaknesses and the choice of the appropriate method depends on 
the objective of the study. 
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1.  Introduction 
 
 A cost function describes the relationship between output (total product) and 
cost; it shows the minimal cost of producing the given level of output. In health 
care, output can be measured in the number of outpatient consultations, the number 
of admissions, the number of inpatient days and the like. The total cost function 
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can be written as , where y is the level of output. The cost of produc-
tion can be also related to inputs (the number of beds, physicians or nurses) and 
rices of these inputs. In this case, the total cost function is expressed as 

( )TC c y=

p
 

1 1 2 2 ... k kTC p x p x p x= + + +          (1) 
 
where xj (j = 1, 2,…, k) are the quantities of inputs (factors of production) and pj 
(j = 1, 2,…, k) are the prices of these inputs. In empirical studies, researchers 
also relate cost with external factors, such as the location of hospital, the type of 
ownership, or the chain affiliation. Estimation of the cost function offers: (1) to 
determine marginal cost, (2) to explore the existence of scale economies, (3) to 
explore the existence of economies of scope, (4) to evaluate the cost efficiency 
of production unit. 
 Marginal cost is the cost related to production of the additional unit of output. 
The marginal cost is the first derivative of the total cost function. Economies of 
scale describe the situation in which the long-term average cost (AC) of production 
declines with increasing output y. The opposite of economies of scale are dis-
economies of scale, which describe situation in which AC(y) < AC(y + d); d > 0. 
This rise of average cost is explained by inefficiencies in the management of large 
organizations. Economies of scope are possible only for the multi-product case. 
Hospitals that produce both inpatient and outpatient care have a choice whether 
to provide a particular service on the outpatient or inpatient basis. According to 
economies of scope, it is more efficient to produce two products together than 
separately. It looks obvious in theory, but it is less obvious in practice. Concentra-
tion of services in health centers and hospitals may lead to excessive utilization 
of accessible services. If this is the case, the average costs of services are lower, 
but the average cost per patient could actually increase. Thus, under some circum-
stances, it may be a really difficult question whether the concentration of services 
means a higher quality or just more expensive medicine. Evaluation of cost effi-
ciency: technical efficiency means that a firm does the best possible job, without 
any waste. If inputs are substitutes, different combinations of inputs can produce 
the same output. In this case, a manager should choose the least costly alternative 
of production. There is a direct link between a production function and a cost 
function: technical efficiency is a necessary condition for cost efficiency. 
 
 
2.  Classical Econometric Analysis 
 
 The cost function is correctly specified if all important variables are included 
and if the right functional form is chosen. The strength of econometric analysis is 
a highly developed methodology of hypothesis testing – both the selection of 
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variables and the selection of functional form can be tested (Gujarati, 2003). The 
cost function is usually specified as a multiple regression equation, with the de-
pendent variable being either the total cost or the average cost. In many studies, 
the recurrent cost is only used because of problems with the capital cost, which 
is measured in historical prices. Depending on the objective of the study and the 
data availability, the empirical econometric studies include a great variety of 
explanatory variables. It is possible to divide these explanatory variables into 
three main categories: 
 a) Input-related explanatory variables 
 For example, the number of departments, the number of beds, the number of 
physicians, the number of nurses, the number of outpatient departments. 
 b) Output-related explanatory variables 
 For example, the number of outpatient consultations, the number of admis-
sions (discharges), the number of inpatient days, the case mix (diagnosis, age, 
race), the indicators of quality of services (hospital mortality, readmissions). 
 c) Other explanatory variables 
 For example, the type of ownership (private or public), the for-profit or non-for-   
-profit status, the market competitiveness, the affiliation with a multi-hospital sys-
tem, the affiliation with a medical school, location (urban or rural), and so forth. 
 In hospital economics, the relation between the number of beds and cost is 
especially studied. This is probably so for two reasons, first, the relation between the 
hospital size and the cost is a key relation of hospital economics indicating scale of 
activity, and second, the data on hospital beds are usually the best available data 
on hospitals at all. The initial, single-equation model of hospital cost is written as  
 

Average Cost = β0 + β1(Number of Beds) + β2(Number of Beds)2 + u      (2) 
 
 A nonlinear relationship in the second cost function (2), which was introduced 
by the square of the number of beds, enables to study economies of scale. If larger 
hospitals are able to achieve scale economies, the average cost curve in relation 
to scale of activity is L-shaped. An alternative assumption is that, at some point, 
the average cost begins to grow due to the inefficient management control over 
a large organization. Such average cost curve is U-shaped and implicitly assumes 
that there exists an optimum size of a hospital. However, it seems that the number 
of beds is not as good indicator of hospital size and cost as it was in the past. With 
the development of modern (high-cost) medical technology, the outpatient ser-
vices are now a far more important part of a modern hospital than decades ago. 
 In order to assess the quality of methods and results of the studies of hospital 
cost functions, Posnett (Posnett, 2002) suggests that three important considera-
tions are: (a) an appropriate unit of measurement, (b) adjustment for case mix, 
and (c) adjustment for input prices. 
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 • Unit of measurement. As a measure of efficiency, cost per case is superior 
to cost per day. A hospital that improved its efficiency by reducing the average 
length of stay may have higher average cost per day because costs are typically 
higher in the first few days after admission. 
 • Adjustment for case mix. A difference in case mix is one of the most obvious 
determinants in cost per case. The studies that do not adequately adjust for differ-
ences in resource intensity between hospitals are difficult to interpret, especially 
in relation to economies of scale. If larger hospitals attract a more resource-intensive 
case mix, unit costs may be higher even in the presence of economies of scale. 
 • Adjustment for input prices. Costs are a function of the input mix and the 
price of individual inputs. If differences in the costs of inputs faced by a hospital 
are not adjusted for, they may confound any true underlying relationships be-
tween size and efficiency or other variables. 
 
 
3.  Frontier Analysis 
 
 If there is no recognition of statistical error, the level of efficiency is calcu-
lated as the distance between the observation and the regression line. If the re-
sidual is positive, the unit is relatively efficient, and vice versa, if the residual is 
negative, the production unit is relatively inefficient. The shortcoming of such 
approach is that it concentrates on the estimation of average behavior, not on the 
best performance. The classical regression analysis was, therefore, extended to 
the deterministic frontier analysis and stochastic frontier analysis (Kumbhakar 
and Lovell, 2000). Both methods can be applied to production and cost func-
tions. Estimation of the input-oriented cost efficiency is even a more interesting 
case than estimation of the output-oriented technical efficiency because cost 
efficiency can be decomposed into input-oriented technical inefficiency and 
input allocative inefficiency. Because technical efficiency is a necessary condi-
tion for cost efficiency, a cost efficient unit has to be technically efficient. 
 Let us define that Ei is the total expenditure of production unit i, yi is the vec-
tor of outputs produced by unit i, xi is the vector of inputs, wi is the vector of 
input prices faced by unit i, and β is the vector of unknown technology parame-
ters to be estimated. Let us suppose that outputs and inputs are nonnegative and 
prices are positive. The total expenditure of ith unit is Ei = wi

Txi. The cost frontier 
c(yi,wi; β) is common for all production units. The cost efficiency of ith unit, 

EC
 i, may be expressed as the ratio of minimum feasible cost to expenditure: 
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 For a cost efficient unit, the observed expenditure Ei equals to the minimum 
feasible cost c(yi,wi;β), and therefore the cost efficiency CEi = 1. If the observed 
expenditure Ei is higher than the minimum feasible cost, the production unit is 
not cost efficient and CEi < 1. This formulation (3) is a deterministic cost fron-
tier, which ignores random shocks and attributes the higher expenditure of the 
unit to cost inefficiency. Notice that cost efficiency of the unit can be estimated 
without observing the input vector xi.  
 A stochastic cost frontier is formulated as [c(yi, wi; β) exp{vi}], where 
c(yi, wi; β) is the deterministic part and exp{vi} is the unit-specific stochastic part 
of the frontier. The input-oriented cost efficiency is then given by the ratio 
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 The composed error term εi in the stochastic cost frontier model is defined as 
vi + ui, where vi is the two-sided random-noise component, and ui is the nonnega-
tive cost inefficiency component. The composed error εi is asymmetric and posi-
tively skewed because ui ≥ 0. The cost frontier must be linearly homogeneous in 
input prices: c(yi, λwi; β) = λc(yi, wi; β) for λ > 0. One solution is the restriction 
that the sum of the technology parameters βj equals one, or another solution is 
that the cost frontier model is reformulated. Let us assume that the stochastic 
cost frontier takes the Cobb-Douglas functional form. The reformulated stochas-
ic cost frontier is then written as t
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where wji is the price of jth input faced by ith unit, and k is the number of inputs. 
The first part of equation (5) measures the relation between the expenditure Ei 
and output yi, and the second part of equation (5) measures the relation between 
the expenditures and input prices faced by unit i. The measure of cost efficiency 
or the ith production unit is calculated as f

 
CEi = exp{–ui}       (6) 

 
 The estimates of cost efficiency can be obtained by the mean or the mode 

oint estimators E(ui|εi) and M(ui|εi). They are given by p
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where εi is the composed error term, σv

2 and σu
2 are distribution parameters of vi 

and ui, Φ(·) is the cumulative density function of standard normal distribution, 
ϕ(·) is the density function of standard normal distribution, σ = (σv

2 + σu
2)1/2, 

λ = σu/σv, and σ* = (σv
2σu

2)/σ2. When the point estimates of ui are obtained, the 
cost efficiency of each producer (6) is estimated by exp{–ui}. 
 The main advantage of stochastic frontier analysis is that it is able to incorpo-
rate random shocks in efficiency evaluation. On the other hand, strong assump-
tions about the distribution of efficiency have to be made (e.g., exponential dis-
tribution of cost efficiency is assumed). 
 
 
4.  Survivor Analysis 
 
Several complicated issues must be considered by a researcher in estimating cost 
functions—measuring of case mix, handling difference in quality, and distin-
guishing between the short-run and long-run costs. A survivor analysis, devel-
oped by Stigler (1958), is recommended by health economics textbooks as a sim-
ple alternative to estimating cost functions (Fedstein, 1998; Folland, Goodman 
and Stano, 2001). The idea of the method is straightforward: those categories 
that grow relative to the rest of the industry are assumed to have some advantage 
over the other ones. In the long-run, the distribution of providers should tend 
toward an optimum, which is, by the analysis, identified as the category (-ies) 
with the fastest growth. Categories may be defined by the size of hospital or of 
group practice (when estimating economies of scale), by the specialty, by the 
type of ownership, by location, and so forth. For example, if scale economies 
exist then, in the long-term, hospitals that are too small or too large will exit the 
market and there will be only those of the optimum size.  
 An advantage of classical, univariate survivor analysis is that the method 
includes both the factor to be investigated and all other factors. The analysis thus 
includes factors that are hard to measure in econometric studies of cost function. 
On the other hand, a limitation of the survivor analysis is that it is not able to 
isolate the effects of those factors. This limitation can be moderated by taking an 
explicit account of such factors in an expanded, multivariate survivor analysis. 

he linear version of the multivariate survivor analysis takes the form T
 

si = β0 + β1x1i + β2x2i +…+ βkxki + ui,       (9) 
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where si is the change in market share of group i, and x1i, x2i,…, xki are the explana-
tory variables (factors). An alternative is a binary growth model, but in this type of 
model, the information is lost in converting a continuous variable into a binary one. 
 The univariate survivor analysis has one advantage over other methods: it is 
its simplicity. But both the univariate and multivariate survivor analyses, like the 
other methods of cost analysis, are not able to overcome the fact that the govern-
ments, not the market forces play a significant role in the health sector. Changes 
in the structure of the health care market may rather demonstrate planned gov-
ernmental interventions than a real economic struggle of providers for their sur-
vival. However, the survivor analysis of governmental policy seems to be also an 
interesting application. 
 According to Koutsoyiannis (1979), the survivor analysis suffers from serious 
limitations. The survivor analysis assumes that: (a) the firms pursue the same 
objectives (hospitals are both private and public); (b) the firms operate in similar 
environments so that they do not have locational or other ad-vantages (e.g., pub-
lic hospitals receive subsidies); (c) prices of factors and technology are not 
changing (e.g., prices of health technology grow rapidly); (d) the firms operate in 
a very competitive market structure, that is, there are no barriers to entry or collu-
sive agreements, since under such conditions inefficient (high-cost) firms would 
probably survive for long periods of time (hospitals are local monopolies, the entry 
is regulated). Another shortcoming of the survival analysis is that it is not able to 
explain cases where the size distribution of firms remains constant over time. If 
the share of the various plant sizes does not change over time, this does not im-
ply that all scales of plant are equally efficient. Koutsoyiannis (1979) also argues 
that the survivor analysis indicates only the broad shape of the long-run cost 
curve, but it does not show the actual magnitude of economies of scale. 
 
 
5.  Applications 
 
 Although the methodology of cost function can be applied to a variety of 
production units in health care (physician, department, hospital, community 
health center, health system), the health care applications are dominated by the 
studies where the production unit is a hospital. The analysis of cost function with 
methods of quantitative economic analysis are relatively rare in the Czech health 
system, therefore, we also present illustrative examples from other countries. 
 In their study on hospital efficiency, Dlouhý and Strnad (1999) estimated hospi-
tal total cost function on a sample of 40 Czech acute-care hospitals, the 1997 data. 
The independent variables were: the number of beds, the number of beds in inten-
sive care units, and the number of outpatient departments. All parameters were 
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statistically significant. As the model assumed the constant average cost, the existen-
ce of economies of scale could not be tested, which was a weakness of the study. 
 Frech and Mobley (1995) tried to resolve the problem of hospital economies 
of scale by the multivariate survival analysis. They analyzed hospital data from 
California for years 1983 and 1989. In the continuous version of their survival 
model, the dependent variable was defined as a change in market share, meas-
ured in inpatient days, for a given group of hospitals. The explanatory variables 
included the level of output (average daily census), the chain affiliation, the Her-
findahl index of market concentration, the change in local market-level propor-
tion of hospital revenues under discount contracts, and some other variables. The 
study found the existence of scale economies possibly up to a size as large as 
220 bed-days (370 beds). 
 Over the 1981 – 1982 through 1991 – 1992 periods, Bilodeau, Crémieux et 
al. (2004) studied all short-term hospitals in the Province of Québec, Canada. 
They used two-step analysis: first, they estimated technical efficiency; second, 
the costs of technical inefficiency were calculated. Bilodeau et al. found that 
significant inefficiencies up to 17% could have been saved through improved 
performance. Post-estimation analysis that included quantitative measures of 
care suggested that differences in performance were attributable to differences in 
management and unobservable quality of care rather than patient case mix. The 
interesting result was that the 20 worst performing hospitals out of 119 over the 
period studied had accounted for nearly 50% of total inefficiencies. 
 Mark (1996) empirically examined whether an ownership affects the quality 
of psychiatric care. He estimated a quality deviation function and a frontier cost 
function using data on psychiatric hospitals in California for the years 1984 – 
1989. The estimation of parameters was obtained by two-stage least squares. The 
analysis found the evidence that nonprofit psychiatric hospitals experienced 
fewer complaints and violation than for-profit psychiatric hospitals. There was 
no evidence that nonprofit hospitals were more inefficient than for-profit hospi-
tals. Those findings supported the view that describes nonprofit hospitals as of-
fering advantages in markets characterized by the asymmetric information. 
 Posnett (2002) reviewed the literature on economies of scale and found that 
larger hospitals did not have to have necessarily lower average costs and better 
outcomes. The research literature suggests that if economies on scale exist, they 
appear to be fully exploited at a relatively low scale, somewhere in the range of 
100 – 200 beds. This size is likely a minimum size of acute general hospital that 
is able to provide all complementary medical, diagnostic and support services. 
For hospitals with 200 and more beds, we may observe a roughly constant aver-
age cost. Somewhere in the range of 300 – 600 beds the average cost may be 
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expected to rise. It is important, however, to bear in mind that optimum hospital 
size is a direct function of the health care needs of the population that it is de-
signed to serve. 
 
 
Conclusion 
 
 In this paper, we described three methods of cost-function analysis in health 
care: classical econometric analysis, frontier analysis, and survivor analysis. The 
strength of classical econometric analysis is a highly developed methodology of 
hypothesis testing – both the selection of variables and the selection of functional 
form can be tested. The weakness of econometric analysis is that it is necessary 
to deal with many problems related to estimation technique, such as multicollin-
earity, autocorrelation, heteroscedasticity, etc. The strength of stochastic frontier 
analysis is that it incorporates random shocks in efficiency evaluation. On the 
other hand, strong assumptions about the distribution of efficiency have to be 
made. The advantages of survivor analysis are the simplicity and the possibility 
to include the factors that are otherwise hard to measure. The disadvantages of 
survivor analysis are: the method can be applied only in the long-term studies 
(not applicable to cross-sectional data); it does not provide specific information 
on the character of cost function in the studied industry. Hence results of survivor 
analysis are not controlled for possible confounding factors, such as case mix and 
so on. No method of cost analysis is able to overcome the fact that the govern-
ments, not the market forces play a significant role in the health sector. Changes 
in the structure of the health care market may rather demonstrate governmental 
interventions than a struggle of health providers for their economic survival.  
 Health care is an application area with very specific context and characteris-
tics. But this complexity is the reason why health care as an application area is so 
challenging for researchers. The main topic of this study was showing how quan-
titative economic analysis of cost function could be useful in evaluating effi-
ciency of resources in the health system. Different approaches have strengths and 
weaknesses and the choice of the appropriate method depends, of course, on the 
objective of the study. 
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