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Abstract 

This dissertation applies the economic theory of production to the problem of estimating 

economies of scale and scope for multi product hospitals. Chapter 1 s w e y s  the history of cost 

function analysis undertaken by economists and Chapter 2 develops the requisite economic 

theory of production for the multi product firm, including the notion of sustainability of hospital 

configurations. Chapters 3 through 10 discuss the implications of functional form, output 

aggregation and measurement, teaching , unobservable factor prices, managerial inefficiency and 

the fixity of inputs for cost function estimation. In Chapter 1 1, the theory developed in the 

previous chapters is applied to the task of estimating economies of scale and scope for Ontario 

hospitals over the period 1994/95 to lgWl996. A leading fmding is extreme sensitivity of scale 

and scope conclusions to equilibrium assumptions concerning the capital stock. Marginal costs 

within all output categories are computed, and it is suggested that the resulting differences in 

marginal costs between primary and tertiary weighted cases have implications for the present 

system of hospital funding in Ontario. Strong evidence is found in favour of unexploited 

economies of scale and scope in hospital production over the entire range of the data. Generic 

scale and scope measures are compared with product specific scale and scope measures in order 



to provide additional detail of the production structure of hospital outputs. Detailed examples of 

sustainability calculations are presented which show that, in terms of cost efficiency, the present 

configuration of hospitals is not sustainable. In order to summarize results into a form directly 

relevant for policy analysis, we predict the expected cost implications of various mergers 

between peer group hospitals in equilibrium, along with their associated standard errors, and find 

strong probabilities of large gains to hospital mergers and consolidations. The final chapter 

discusses fmdings in the dissertation, itemizes the shortcomings and provisos of the analysis, and 

suggests extensions to this assay. 
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0. Introduction 

At least since the invention of organized production, managers have been aware that the 

average efficiency of their factor inputs will generally depend on the size and diversity of their 

operations. In the absence of regulatory constraints, the neoclassical economic paradigm predicts 

that the issue of economies of scale and scope may be resolved by direct observation of an 

industry's configuration: if there are efficiency gains to be made through consolidations or 

collaborations, then these gains will eventually be exploited by utility maximizing fums. 

However, the introduction of industry characteristics which decouple the predictions of basic 

theory from the observed patterns of production suggests that cross sections will admit sufficient 

variation to identify production inefficiencies. 

Studies of industry costs form one of the cornerstones of empirical microeconomics, with 

a substantial portion of all assays devoted to the hospital sector. From an academic viewpoint, 

the market for hospital services is intriguing precisely because it belies so many of the market 

assumptions underlying traditional economic analysis. The nuances surrounding the relationship 

between payers, providers and patients, the inherent uncertainty and multiplicity of hospital 

output, and the degree of regulation which characterizes these markets all combine to make the 

hospital sector a unique unit of analysis. From a policy perspective, the intermediary role of the 

payer between patient and provider has also motivated the exploration of hospital cost analysis as 

a basis for rate setting. In Canada and the United States, government directed spending on 

hospital care represents the largest portion of total health care expenditure, with the lion's share 

of budgets being consumed by hospitals; undoubtedly, information concerning the determinants 

of hospital costs is essential to payers concerned with an equitable and efficient use of funds. 

At the level of the individual hospital, estimation of hospital costs given scale and scope 

of operations allows payers to compare the performance of similar facilities. For groups of 

hospitals within a geographic area, if there exists a hospital configuration which achieves lower 

costs through the exploitation of economies of scale and scope, then cost analysis may be used to 

identify these efficiency sources. 

In Ontario, the provincial government administers a budget of approximately 20 billion 

dollars, of which 40% is apportioned to hospital hd ing .  In recent years, clinical and fiscal 



considerations have resulted in declines in average lengths of stay for inpatients, and an 

increasing emphasis on day surgery and ambulatory care. Although the globally hnded hospital 

system with differential fbnding adjustments has been effective at cost containment, and provided 

incentives for individual hospitals to deliver care efficiently, the 20% decline in staffed hospital 

beds over the past five years has not been accompanied by voluntary hospital mergers or 

closures. From a system perspective, the changes which have occurred in the delivery of hospital 

care suggests that fbrther efficiency gains may be attainable through hospital reconfigurations; 

indeed, the Ontario Ministry of Health has initiated the most extensive restructuring in the 

history of North American health care. 

A variety of methods, including epidemiologic, accounting, and economic, may be be 

used in order to predict efficient types of hospital rationalization strategies. In a cost benefit 

analysis of hospital mergers and amalgamations, costs and benefits should be defined broadly. 

Estimation of the true costs and benefits of altering the pattern of hospital service provision must 

consider not only the use of clinical and administrative resources, but also the potential effects on 

patient's utility and outcomes. 

Econometric cost analysis offers an established body of techniques which uses observed 

hospital data to identi* sources of efficiency in the production of hospital services. In particular, 

an economic cost function which correlates observed hospital costs with theoretically derived 

covariates may be specified and statistically estimated in order to assess the degrees of economies 

of scale and scope which characterize hospital production. 

A cost function is best viewed as a summary of observed hospital cost patterns which 

arise given the institutional environment, the state of technology, and market constraints. 

Consequently, the sorts of efficiency gains calculated using an estimated cost function are limited 

in that they cannot include potential innovations in the delivery of care which have not yet been 

embraced by the sample hospitals. Furthermore, since the effectiveness of a given pattern of 

care is assumed rather than estimated, recommendations based on cost efficient ways to deliver a 

given case load are less complete than those based on cost effectiveness-minimizing cost for a 

given pattern of outcomes. Nevertheless, econometric cost functions are potentially rich 

analytical tools which describe structural relationships between hospital production and costs; the 



information derived from cost function analysis is an essential component in the process of 

predicting the overall financial impact of hospital restructuring. 

This dissertation applies the economic theory of production to the problem of estimating 

economies of scale and scope for multi product hospitals. Chapter 1 surveys the history of cost 

function analysis undertaken by economists and distinguishes between two generations of 

hospital cost studies. The evolution of hospital cost studies are described as a progression away 

from model specifications based mainly on statistical considerations, toward those which 

emphasize consistency with the underlying economic theory. A summary of the literature points 

to the increasing popularity of structural approaches, but also to the unsettling lack of consensus 

in the literature concerning the nature and degree of economies of scale and scope in the delivery 

of hospital care. Chapter 2 develops the requisite economic theory of production for the multi 

product firm. After introducing the concepts of the short run and long run economic cost 

function, the formal definitions of economies of scale and scope are presented, along with the 

perceived shortcomings of these measures. As an extension to conventional measures of scale 

and scope, the concept of supportability of an hospital configuration is offered as a means to 

measure the cost efficiency benefits of hospital mergers. 

The remainder of the dissertation is concerned with operationalizing and estimating the 

cost function. Chapter 3 discusses potential functional forms for the cost function and details the 

problems associated with using a conventional Translog functional form for determining the 

degree of economies of scope present in hospital production. Chapter 4 confronts the issue of 

aggregating and measuring hospital outputs in the multi product context. Based on economic 

aggregation theory, it is argued that multi product hospital output categories should be based on 

levels, as opposed to types, of care. After demarcating output categories according to 

primary/secondary care, tertiary/quatemary care, chronic/long termlrehab care and ambulatory 

care, the long standing debate over the use of cases or days as output measure is critically 

evaluated. Furthermore, the potential implications of typical case mix adjustment procedures are 

described using both hypothetical and actual data. Chapter 5 provides an overview of the 

literature on the effects of teaching on hospital costs. The implications of various specifications 

of teaching activity, controls for differences in case mix between teaching and non teaching 



hospitals, and the dual role of students as inputs and outputs are examined. Economic theory 

prescribes that input prices are variables in the cost function. Chapter 6 describes various 

approaches to defming unobserved input prices and fails to find evidence for systematic price 

variation across Ontario hospitals. One of the principal findings in this dissertation is that 

measures of economies of scope and scale are sensitive to assumptions concerning the fixity of 

hospital inputs. Chapter 7 describes the mathematical relationship between the long run and short 

run cost functions and some of the ways researchers have attempted to derive long run results 

From estimated short run functions. An alternate method is presented which facilitates complete 

specification of the long run function from an estimated short run function, even without 

information on fixed factor prices. Chapter 8 discusses the specification of fwed factors and 

explores the relationship between hospital beds and other fixed inputs. A common criticism of 

economic cost functions is that the assumption of cost minimization may not be appropriate for 

non profit hospitals. Chapter 9 details the debate over competing models of hospital behaviour 

and concludes that the standard economic cost function approach is flexible enough to admit a 

variety of managerial behaviour. Given that the derived cost function is to be estimated 

statistically, specification of the error term is required. Chapter 10 defines the properties of the 

regression error term and provides a link between hospital inefficiency and inismeasured prices 

and an heteroskedastic error structure. In Chapter 1 1, the theory developed in the previous 

chapters is applied to the task of estimating economies of scale and scope for Ontario hospitals 

over the period 1994/95 to l99Yl996. Important findings include the detection of 

heteroskedasticity of the posited form, and extreme sensitivity of scale and scope conclusions to 

equilibrium assumptions. Marginal costs within all output categories are computed, and it is 

suggested that the resulting differences in marginal costs between primary and tertiary weighted 

cases have implications for the present system of hospital funding in Ontario. Strong evidence is 

found in favour of unexploited economies of scale and scope in hospital production over the 

entire range of the data. Generic scale and scope measures are compared with product specific 

scale and scope measures in order to provide additional detail of the production structure of 

hospital outputs. Detailed examples of sustainability calculations are presented which show that, 

in terms of cost efficiency, the present configuration of hospitals is not sustainable. In order to 



summarize results into a form directly relevant for policy analysis, we predict the expected cost 

implications of various mergers between peer group hospitals in equilibrium, along with their 

associated standard errors, and find strong probabilities of large gains to hospital mergers and 

consolidations. The fmal chapter discusses fmdings in the dissertation, itemizes the 

shortcomings and provisos of the analysis, and suggests extensions to this assay. 



I.  Econometric Studies of Hospital Costs 

From an applied standpoint, if one begins with the economic production theory as a 

primitive, the task is to relax the basic theoretical assumptions while still rendering a 

parsimonious model capable of predicting the structure of hospital costs. The history of hospital 

cost analysis is marked by a proliferation of approaches, as health economists attempted to search 

for balance between the neoclassical theory of costs and the idiosyncracies of the market for 

hospital care. The evolution of these econometric studies has been the described in numerous 

literature reviews, including thorough surveys by: Feldstein (1974), Berki (1972), Lave (1 966), 

Cowing, Holhnann and Powers (1983), Breyer (1987) and Rosko and Broyles (1988). 

The early American studies of the 1960s (for example, Feldstein, 196 1 ) attempted to 

resolve the issue of the degree of economies of scale in the production of hospital services. The 

estimation procedure generally involved regressing total cost, or some measure of average cost, 

on hospital outputs-either total hospital days or cases; findings were generally in favor of 

economies of scale although there was considerable variance in degree and magnitude. 

Researchers began to take more seriously the implications of varying hospital case loads on total 

costs: if larger hospitals serviced a more complicated mix of cases than smaller hospitals, then 

regressions which didn't control for case mix could result in a confounding between scale and 

complexity. Although the various approaches used to account for case mix effects usually did 

decrease the error variance in cost regressions, the sheer complexity and diversity of case mix 

measures employed often produced results which were not comparable and difficult to interpret. 

Given the degree of unexplained variation in early cost studies, analysts of costs also 

began to include covariates in cost regressions which could potentially improve the statistical fit 

of the basic economic models. Most early studies typically began with an ad hoc specification of 

the regression equation, which included an eclectic mix of variables including the number of 

beds, average lengths of stay, occupancy rates, case mix, teaching status, demographic variables 

and market indicators (for example: Lave and Lave, 1970; Evans, 1 971 ). According to Evans 

(1 Wl), these "behavioural cost functions" represented a generalization of prior econometric 

studies in that they admitted more flexibility in the choice of regressors than theoretically derived 

cost functions. Unfortunately, these studies often collapsed into exercises in correlation analysis, 



since the models accounted for much of the variation in hospital costs, but were not structured 

enough to predict stable relationships between production and costs. The difficulties encountered 

with this approach are apparent from the experience of Lave and Lave (1 970): 

In applying our method for estimating cost fbnctions of multi product fums to the hospital 
industry, much of our investigation consisted of a search for significant variables. The 
search was made necessary because there is little knowledge of the hnctional form of the 
cost relationship or of which explanatory variables to include. (p. 393) 

In the behavioural cost literature, a search for "significant" variables has meant the inclusion of 

any regressors with t-statistics near two. Apart from the fact that the associated stepwise 

procedures rapidly reduce the statistical power of these t-tests, it seems unsettling that the degree 

of sampling error should be the sole determinant of inclusion in a cost function. Indeed, the level 

of detachment from economic theory of these behavioural cost functions implies that they might 

only be considered economic insofar as they were estimated by economists. 

Fruitful applications of the economic theory of production to a wide range of empirical 

problems outside of health economics, along with the perceived shortcomings of the hospital 

studies, stimulated the development of a second generation of hospital production analysis. 

Whereas ad hoc studies of cost functions leave the specification of the set of regressors to the 

researcher, second generation, or. structural, studies use the underlying economic theory which 

generally restricts the set of independent variables to prices, output quantities and, possibly, to 

variables which explain departures from observed cost minimization. In the first published study 

which combined the economic theory of multi product production with a flexible runctional form 

for the cost function, Cowing and Holtman (1983) used their estimated multi product variable 

cost function to compute short-run measures of economies of scale and scope for a sample of 

general care American hospitals. Reported findings included an excess of hospital beds, cost 

advantages of larger hospitals over smaller hospitals, and little evidence in favor of economies of 

scope. 

The Cowing and Holtmann study was important because, not only was it more complete 

than previous studies in its characterization of hospital outputs, it used the multi product h c t i o n  

to differentiate the effects of scale and scope of hospital costs. Encouraged by the potential of 

this approach, yet unwilling to abandon the spirit of the earlier literature, subsequent hospital cost 



studies explored the use of "hybrid" approaches, which imposed some econometric structure on 

the models, while still allowing for variables which conformed with casual observations about 

the industry. The cost function estimated by Grameman, Brown and Pauly (1 986) measured 

hospital output using the number of days and discharges in multi product output categories and 

included variables meant to control the variation in costs such as: proprietary status, teaching 

status, geographic region, and regional per capita income. Notable findings included 

diseconomies of scope between inpatient and outpatient care and economies of scale with respect 

to emergency department services. 

A similar approach was adopted by Vita (1990) in his estimation of a multi product cost 

function for a cross section of short term general care California hospitals. Afier appending 

variables such as the Medicare Case Mix Index, and a teaching activity indicator, Vita found 

diseconomies of scale which were "more severe for larger hospitals" (p. 1 7), and was unable to 

make conclusions concerning the existence of economies of scope. 

On balance, consistent findings of economies of scale and scope in the production of 

hospital output have been elusive, but a survey of the literature suggests that this might be due to 

shortcomings in the studies themselves rather than instability in the true cost struchlres. An 

econometric study of hospital costs should be consistent with the combination of behavioural and 

random processes which will generate observed data. This study maintains that effects including 

hospital inefficiency, output mix and complexity, and production constraints may all be 

incorporated in a structural econometric cost function which does not trade off statistical 

predictability with theoretical consistency. 



2. Cost Concepts for the Multi Product Hospital 

The production transformation function, T(Y, X), summarizes the technically efficient 

process by which a set of n types of inputs X=(X,,X,, ...,w are "transformed" into a set of rn 

types of outputs Y= (Y,,Y,, ..., Y,). Given the information contained in this function then, for any 

pattern of outputs, one could derive the cost efficient ccnfiguration of productive inputs. 

Although, in principle, one could obtain data on hospital inputs and outputs and then use 

statistical techniques to estimate the transformation fimction, this has met with two major 

difficulties: first, reliable input data has not generally been available; and, since these input 

quantities will reflect choices made by hospital managers, a statistical analysis must be able to 

control for the implications of idiosyncratic managerial behaviour for the randomness in the 

statistical model. To get a sense of the problem, suppose that output Y depends linearly on the 

random (from the researcher's standpoint) variables labour L, and the quality of that labour Q, so 

Y=aL +PQ. If one cannot account for the quality variable but estimates the form Y=oL, then a 

will not generally be an unbiased estimate of a: if the labour and quality mix can be chosen by 

the manager, then these variables will be correlated. Hence, E(Y / L)=aL +PE(Q / L) =E(aL I L), so 

the estimator a will have expected value E(a)= a+PE(Q (L)/L, which diverges from the true 

marginal (average) product of labour a. The discovery of a route around these sorts of statistical 

problems which are faced when estimating production relationships is considered one of the 

greatest achievements in modem price theory, and begins with Ronald Sheppard's (1 954) 

economic theory of Duality. 

2.1 Production Theory 

The total costs of production may always be represented by the identity, C=P-X, where C 

is total costs, P is a vector of n factor prices and X are the set of n input quantities. The cost 

identity specifies an accounting relationship between costs and inputs given prices, while the 

transformation h c t i o n  represents an engineering relationship between input use and output use; 

economic theory combines these concepts to form a structural link between costs and outputs: if 

managers are assumed to minimize costs for any given output level and to have no control over 

input prices, and the transformation b c t i o n  satisfies certain regularity conditions, then there 



exists a cosrfunction, C(Y, P) which completely characterizes the production process in terms of 

outputs Y and input prices P. Furthermore, the cost function will satisfy the following testable 

restrictions (Varian, 1984): 

1. C(Y,P) is continuous and twice differentiable in Y and P 

2. C(Y,P) > 0 for all Y>O and for all P>O 

3. aC/adPi=xi>O for all Pi (Sheppard's Lemma) 

4. aC(Y,P)= C(Y,aP) (the cost f ic t ion is linearly homogenous in input prices) 

5. C(Y,P) is concave in input prices 

6. dC/dY ,r 0 for all Y, (non negativity of marginal costs) 

Oftentimes in empirical work, the operating environment of a firm will imply further 

restrictions on the cost hnction. A compelling restricted form in the context of econometric 

hospital cost estimation follows from the assumption that, in the short run, the hospital may be 

unable to adjust all inputs to their desired levels. This leads to a convenient contradistinction of 

inputs between those which are freely variable and those which are fixed. If we define to be 

the vector of fixed factor quantities and R to be their associated factor prices, then it can be 

shown that the total cost function may be written as (Varian, 1984) 

c(Y,K,P,R,)= VC(Y,K,P,R)+ RK (1)  

Total hospital costs are separated into fixed and variable components with total costs being a 

function of, not only outputs and prices, but also of the fixed factors. This short run total cost 

function possesses the same properties as the long run total cost hnction C(Y,P), including 

duality, except that Short-run costs will exceed long-run costs whenever inputs are not at their 

desired levels. When these functions do coincide, it will be at the cost efficient level of the fixed 

inputs- K*, so that C(Y,P)=VC(Y,K*,P,R) + RK*=C(Y,K*,P,R). Although the distinction 

between short run and long-run costs is of limited theoretical importance, the existence of input 

rigidity is a fbndamental consideration in the empirical analysis of hospital costs. 

The fact that the cost h c t i o n  contains all the economically relevant information about 

the production process implies that by studying how hospital costs vary with outputs and prices 

one can deduce structural properties of the production technology. Implicit in the total cost 



formulation is that not only will output quantities have individual effects on total costs, but the 

mix of hospital products will also have cost implications. The ways that proportional output 

expansions affect costs refer to economies of scale; the ways that differences in output 

proportions affect costs refer to economies of scope and it is to these fundamental concepts that 

we now turn. 

2.2 Economics of Merging: Scale and Scope 

The existence of economies of scale in an industly implies that there are eficiency gains 

to expanding fum size, while economies of scope would motivate the expansion of product lines 

through vertical integration. 

In the hospital sector, the notion that efficiencies may be gained through consolidation has 

considerable intuitive appeal. One would expect that economies of scale (ie. size) would result 

when there are large fixed costs associated with the delivery of a particular type of care: for 

example, the costliness of the specialized equipment required for tertiary care would imply that 

the average cost of tertiary care be declining in the utilization rate of the equipment. Economies 

of scope would result when inputs may be shared in the production of different types of outputs: 

for example, it might be cheaper to operate an information system which ~ a c k s  both inpatient 

and outpatient care, than to maintain two separate systems. Furthermore, mergers will generally 

have both scale and scope effects: for example, if a merger results in a more efficient 

administration then costs would decrease due both to the spreading out of fixed costs due to 

increased volumes within output categories, and the sharing of administrative services across 

output categories. 

Economies of scale and scope are dynamic, as opposed to static, concepts which can be 

measured at the level of individual organizations, groups, industries or collections of industries. 

As long as there is a situation in which a productive input is in excess supply relative to a given 

quantity of output there will be a realizable gain in efficiency by directing that input toward the 

production of an output. It is the sum of these potential gains which provides the pecuniary 

incentive to increasing the efficiency of groups of hospitals. 



2.21 Measurement of Economies of Scale 

In a search for technically eficient levels of hospital production one must devise some 

metric for the potential gains to output expansion. Given a cost function for a facility with only a 

single product line- for example, care in a specialized nursing home, then the measurement of 

economies of scale is relatively straightforward: average cost is defined as the ratio of total cost 

to output, with economies of scale obtaining if average costs decline with output levels. 

IHowever, in the multi product case, the notion of average cost becomes ambiguous, since we 

have a multiplicity of outputs which combine to contribute to costs. An approach which has been 

popularized by Baumol(1976) is to examine ray average costs, which describe the proportional 

increase in costs associated with proportional increases in all outputs: 

RAC(A 

where I is an output expansion factor. 

At output level Y if we differentiate RAC with respect to A then ray average costs are declining if 

where Ci=dCIaYi. 

Dividing by C yields the standard measure of scale 

There are local increasing, decreasing, constant or returns to scale for S less than, greater than or 

equal to, one. 

Mathematically, S is a natural extension of the scale measure in the single output case, 

however, a more intuitive approach considers a hospital providing service levels Yo at costs C(Y 

., P), and concludes that economies of scale exist at Yo if there do not exist a number of hospitals, 

n, such that if each produces YJn then n*C(YJn, P) < C(Y,, P). In words, there are economies 



of scale at a given output level if no equal split of smaller hospitals can provide the same total 

output at a cheaper total cost. It is this test which we will apply in our empirical analysis of 

economies of scale. Although a more general formulation might appear to allow for the output 

compositions of the fragmented f m s  to vary, this would depart from a pure measure of scale 

economies by including the effects of economies of scope. 

2.22 Measurement of Economies of Scope. 

Economies of scope is a concept which is meant to summarize the production efficiency 

implications of diversifying the product line while, in some sense, holding the size of the firm 

fixed. The most basic measure involves comparing the costs of providing a given level of m 

service types in one hospital with the hypothetical costs of providing the same total output level 

in m completely specialized hospitals. That is, for the case of m output categories, economies of 

scope exist if 

C(Y1,O ,..., 0,P)t ... t C(0 ,..., YkP) - C(Y1, ..., Y m .  P )  
SC = 

~ ( Y I ,  ..., Y m , P )  

is greater than zero. Once computed, this measure provides the per cent savings (losses) 

associated with concentrating the product line in a single hospital as opposed to rn fully 

specialized hospitals. 

An immediate problem in applying this concept to an actual data set is that we will rarely 

view a substantial amount of pure specialization in a hospital sample. This is not so much due to 

the fact the data are incomplete, but rather that the acknowledged existence of some degree of 

economies of scope has already influenced the existing hospital configuration. This inevitable 

paucity of observations on highly specialized hospitals implies that the pure economies of scope 

measure-SC, will be difficult to estimate precisely, since statistically fitted approximations to 

functions are generally unreliable when extrapolated to regions where there are limited data. 

Indeed, evaluation of estimated cost functions at zero output levels has not consistently produced 

satisfactory results. (Vita, 1990, Conrad and Strauss, 1983) 



In recognition of this difficulty, as well as the questionable utility of a scope measure which 

hinges on such large perturbations in output, Baumol, Panzar, and Willig (1982) provided a 

sufficient condition for economies of scope to exist at a given output vector Yo: there are 

economies of scope at Yo if the cost fbnction exhibits weak cost complementarities, so that 

d C 2 / d X - d ~ < 0  f o r a i l i + j ; Y < Y .  (6 )  

Alternately stated, there are economies of scope at Yo if, for all outputs, the marginal cost of 

expanding the quantity of any given output type is an increasing function of the levels of all other 

output types. If the marginal cost hnctions exhibit these properties globally, then at a given point 

in the output space this will imply the positivity of the pure scope measure SC. 

Although the hospital cost literature has embraced the cost complementarity test, its 

empirical usefulness has generally been overstated, perhaps due to chronic misapplication of the 

conditions. Recalling the sufficient conditions, cost complementarities between all output 

categories imply economies of scope, and these conditions must hold for all outputs less than the 

output vector in question-a daunting task which becomes more intimidating with each increase in 

the dimension and size of the output vector. More important, the stated conditions are sufficient 

but not necessary for economies of scope to obtain: for example, if C=a+ PY,+ yY,. there are no 

estimable cost complementarities, but there are economies of scope for positive values of a. 

Hence, even if one succeeded in computing all the marginal values, the test is not informative 

about economies of scope in the likely incidence when complementarity conditions fails- a fact 

which has likely contributed to the dearth of evidence in favour of economies of scope. 

If researchers are interested in obtaining quantities which approximate the pure measure 

of scope while allowing for the scarcity of specialized hospital data, a natural approach would be 

to compute an approximate scope measure at a point Yo  as 

sc* 
6 2  C(Y1- &, ,- E, 6, -)+ *+ C(- m - 1 '"" 

- 1 
,..., Y m  - 6,)  - C(Y1, ..., Ym) 

m- 1 
~ ( Y I , . .  ., Ym) 



Where the ri's are parameters which may be varied to examine the sensitivity of SC to the 

distance fiom the origin. Cowing and Holtmann (1 983) employed a similar approximation to the 

standard scope measure, however, they neglected to difference out the sum of the approximating 

parameters in each of the "specialized" cost functions. If this is not done, then the total outputs 

for all the specialized hospitals will exceed those of the integrated hospital and this bias, which 

favours conclusions of economies of scope, increases with the magnitudes of the ei's. 

2.23 Measurement of Merger Viability 

While categorization of efficiencies in terms of pure economies of scale and scope is 

provocative, we suspect that hospital planners will be more interested in their implications for 

industry structure. For example, a finding of pure diseconomies of scope is of little practical 

significance if near complete specialization is neither feasible nor desirable. Although there might 

be significant opportunities for cost savings through adjustments in the configuration of the 

hospital sector, there will be a set of institutional, medical, and market based exigencies which 

will take precedence over pure cost considerations. One could then imagine a planner's problem 

as finding a cost eficient way to provide hospital outputs subject to the aforementioned 

constraints. 

Finding the most cost eficient structure will generally be inipossible, but a useful concept 

will be one that restricts the choice set to those which are not certainly cost inefficient. 

Toward this, we first define the universe of potential hospital industry configurations as 8 and 

defme a hospital configuration r E 0 to be a set of n hospitals each providing a fixed vector of 

potentially m different types of services. For example, r might represent all Ontario hospitals 

and their associated case loads in 1995. Defme the aggregate output of these hospitals as the rn 

dimensional vector Y, and the sum of each hospital's total costs as C,. Then the hospital 

configuration r will be said to be non-sustainable at Yr if there exists any other configuration A 

with Y, r Y, such that C,.< C,. 

Specification of all possible configurations in the universe 8 is beyond the scope of cost 

analysis. Rather, this is derived fiom an aggregation of constraints on the structure of hospital 

production and the demand for hospital services; for example, an obvious constraint is 



geographical, in that a hospital must be near to the population it serves- there is little use in 

exploiting on one hand economies from mergers while ignoring the effects of centralization on 

patient outcomes and convenience. 

The sustainability exercise uses a cost efficiency basis to hrther restrict any set of 

possible configurations to those which are proven unsustainable, ie. unnecessarily costly. In 

terms of economies of scale and scope, we can immediately conclude that any configurations in 

8 which do not exhaust scale and scope efficiency benefits will not be sustainable. 

Given the preceding discussion as to why one would be interested in determining a 

hospital cost function, we proceed with the methodological question of how one should approach 

the estimation. 



Operationalizing the Cost Function 

3. Functional form 

Theory suggests which independent variables should be included in the cost hnction and 

provides a set of characteristics which a proper cost function should possess; however, there 

remains considerable scope for specifying a functional form at the estimation stage. One 

reasonable approach toward this has been to itemize a set of desiderata and to then choose a form 

for the cost hc t i on  which best satisfies these: the statistical model must be estimable; the form 

should be general enough to allow for the estimation of all economic relationships of interest; and 

the model should be parsimonious in the independent variables. 

The specification of the cost regression will vary according to the purposes of the 

research, so a study which concentrates on estimating the degree of economies of scale and scope 

would select a form which could predict the potentially nonlinear effects of hospital size and 

output composition on total costs; for example, a linear cost function would be appropriate in 

studying economies of scale and scope only if marginal costs could be presumed independent of 

output and price levels. Since linearity is likely to be a poor approximation to the actual cost 

structure, a next step is to admit a second order polynomial form: 

, where xi is an element of the vector x which consists of different types of output quantities, 

input prices and futed input levels, with fi and g being real-valued hnctions; this is indeed 

flexible, since the variables in the model enter quite generally while allowing for the sorts of 

nonlinear relationships which are sure to occur in practice. Higher order interaction effects are 

possible but not necessarily desirable: as the order of the independent variables increases, the 

benefit of generality is rapidly diminished by the loss of precision due to both multicollinearity 

and consumption of statistical degrees of freedom. Indeed, considering the second order form 



above with m output types and n prices, the model would require the estimation of 

So, for example, a model with only 5 inputs and 5 outputs would require the estimation of 66 

parameters. 

Although one approach to the loss in efficiency which accompanies the estimation of 

large numbers of parameters has been to simply delete variables using an ad hoc procedure, 

economists have exploited properties which characterize the cost function to impose restrictions 

on the regression parameters. If efficiency is a concern in the econometric analysis, then a 

hnctional form should be chosen which is amenable to the imposition of restrictions. 

The ease of which the regression parameters may be restricted in the translog cost 

function has made it the most frequent specification of choice, which obtains by selectingf 

and g in (8) to be the natural logarithmic function. The typical cost study involves the 

estimation of a translog cost function with the cost share equations implied by Sheppard7s 

lemma while imposing cross equation restrict ions such as price homogeneity . One problem 

which has been noticed in practice is that output data often contain zero elements, since many 

hospitals do not provide all types of care, so the logarithm is then undefined. Researchers 

usually circumvent this difficulty by defining f to be the function (y"1)lA , where A, is either 

estimated or parameterized, and f approaches the logarithmic function as 1 approaches zero. 

However amenable these forms are to the estimation process, important limitations of 

the translog, or approximations to the translog, have not been recognized in the hospital cost 

literature. First, if one is using the weak complementarities test for economies of scope, then 

all outputs must be complements in order for a conclusion in favour of economies of scope to 

be reached. However, this requirement cannot be met for the translog function since at least 

one set of outputs must exhibit anti-complementarities. (Berger, Hanweck and Humphrey, 

1986, provide a proof). More substantially, if one uses either defmition (5) or (7) for 

measuring economies of scope, then any finding of economies of scope could always be 

rejected under a generalized translog form. (Baumol, et al, 1982). To see why this is so 



consider a simple two product case where the cost function is estimated with a general 

translog form: 

The standard measure of economies of scope involves comparing the total costs of stand 

alone production with joint production, so to determine the cost of producing only y,. one 

would compute 

As h nears 0 so to will the last term in the above product so that specialized production may 

be predicted to yield arbitrarily small costs. When 1=0, then the resulting translog function 

has precise implications for the scope measures SC and SC*: SC would be identically equal 

to -1 and SC* would approach - I as E decreases, making findings of economies of scope a 

virtual impossibility. 

Consequently, it should be expected that cost estimates of stand alone production 

using translog forms will not be useful. Vita (1990) chose measures for 1 ranging from 0.1 to 

0.000 1 and it is instructive to compute the above example with these values to demonstrate 

the rapidly declining utility of this fhctional form in a study of economies of scope. 

For an empirical example of how substantive the issue is, consider the study by 

Cowing and H o l t m a ~  (1983), in which they present measures of economies of scope derived 

fiom their translog cost estimation. (Table 111, p. 649). In the previous section, we pointed 

out that a specification error implied that their measure was biased in favour of economies of 

scope. Based on only this, it might seem initially surprising that their results seem to show 

diseconomies of scope as the hospital output mixes approach pure specialization, however, 

the results are clear in terms of the discussion above: as hospital production moves toward 

pure specialization, any evidence for economies of scope dissolves while the measure of 

scope converges nicely toward - 1. 



Given the difficulties associated with using the translog form for predicting the effects 

of mergers, we choose f and g to be the identity function, which results in the quadratic 

specification recommended by Baumol, Panzar, and Willig (1982) for studies of scale and 

scope. One drawback of the quadratic is that, unlike the translog, it is difficult to impose the 

theoretical restrictions implied by the cost function and so one cannot improve estimation 

efficiency by exploiting all the available information. However, in instances when price data 

are excluded from the regression (when prices are constant across the sample) then none of 

the parameters associated with the input prices may be identified. When this occurs, one 

cannot impose the homogeneity and share restrictions, so the primary advantage of the 

translog vanishes. Since we suspect that constancy of factor prices will be a feature of our 

hospital cost data, we find few compelling reasons for the use of this function. 



4 Hospital Output: Aggregation and Measurement 

4.1 Hospital Output: Aggregation 

Although not all hospital outputs are created equal, many may be provided using similar 

bundles of resources. The subtle differences in resource use between some outputs under the 

International Classification of Diseases (ICD-9) may be less important for managerial purposes 

than more aggregated measures; Case mix groups (CMGs') and Diagnosis Related Groups 

(DRGs) assist hospitals with management of product lines and have evolved to assist payers in 

setting rates for the compensation of care (Rosko, 1988). 

The process of separating output types into coarse categories will be governed by the 

purpose underlying the aggregation. For example, if payers wish to compensate based on fee per 

service, then the categorization of services must be such that the hospital manager is indifferent 

between providing any service within a category: if there is sufficient variation in resource use 

per output within a given case category yet the compensation for outputs is the same. then 

strategic behaviour on the part of managers might result in an excess provision of those services 

which are relatively less costly to deliver. 

For the purposes of measuring economies of scope, it will not be useful to have scope 

measures for, say, all the combinations of the 567 CMGs, since it is not conceivable that, even if 

economies of specialization are found, all these permutations could exist in a hospital system; for 

example, although a patient with a typical urinary tract infection belongs to a different case mix 

group than one with complications, information concerning economies of scope between these 

CMGs would be of little value. More sensibly, unless the goal is pure correlation analysis. the 

choice of products in a multi product cost function should permit the identification of scope 

economies which, at least at the margin, could be exploited. 

Although the categorization of outputs will be a hnction of the relationships of interest, 

the choices are iimited by statistical considerations and the underlying economic theory. 

Given the expression in equation (8) and the discussion which followed, it is evident that the 

dimensionality of the output vector must be restricted in order for estimation of the cost fhction 

'CMG is a registered trade mark of the Canadian Institute for Health Information 



to be feasible. In particular, degrees of freedom decline rapidly with the number of output 

categories: with rn output types, 5 input prices and no futed factors the number of independent 

variables equals approximately 40+m2 for less than eleven output categories. 

The usual approach in the multi product hospital cost literature has been to separate 

outputs according to types of acute inpatient services, typically medicine, surgery, obstetrics and 

pediatrics, however, economic theory provides little justification for these classifications. 

Given a multi product cost function C(Y,P), if we are to collapse the m dimensional output vector 

into an aggregated vector of a lower dimension, then we desire a representation such that 

C(Y,P)=C(h(Y);P), where h is of dimension less than m. Following Lau (1969), the existence of 

the aggregator function h(Y) implies that the cost function may be written as C(Y,P)%(h(Y);P). 

For output types yi, y, E Y, it must follow that 

, so the ratios of marginal costs of any aggregated outputs must be independent of input prices. I t  

is expected that cases within medical and surgical categories, like surgery, will exhibit wide 

variation in resource use, yet to satis@ the aggregation conditions, outputs within a category 

should be statistically homogenous with respect to input requirements. 

This study departs from previous specifications by evaluating economies of scope among 

different levels of acute inpatient services. By construction. levels of care separate a hospital's 

case load into isoresource categories, and so are expected to satisfy the aggregation conditions. 

Primary/secondary care requires similar types of labor, supplies, and capital, regardless of 

whether they are medical, surgical, pediatric, or obstetric cases. Specifically, primary/secondary 

care requires relatively low cost capital assets (eg. conventional radiology), non specialized labor 

(eg. ward nurses), and routine supplies (eg. IV solution). In addition to the resources required for 

primarylsecondary care, tertiarylquatemary care requires relatively more expensive capital assets 

(e.g. Magnetic Resonance Imaging), specialized labor (e.g. psychologists), and non-routine 

supplies (e.g. artificial hearts). 

If two output types were anticipated to be similar in their resource use, then estimation of 



a disaggregated cost function could be used to test whether the measures of scale, scope and 

marginal costs were similar enough to warrant aggregation into a single category. Although a 

stepwise pretest estimator could be used in a search for outputs which have identical first and 

second order coefficients, a purely statistical process is inferior to using clinical information to 

demarcate the categories, especially since the statistical properties of these estimators are not 

known (Judge et al, 1986). 

In collapsing the 567 CMG categories into only two output categories, it is clear that there 

will still be significant variation in measures such as the cost per case. The aggregation condition 

dictates that, however defmed, the outputs should be homogenous with respect to resource 

requirements. This implies that the measurement of hospital output should be undertaken in a 

manner which reduces the variation in resource use per output. The specification of hospital 

output involves this consideration, as well as a host of others, which must be addressed before 

statistical estimation. 

4.2 Hospital Output Measurement 

The appropriate algorithm for dividing hospital outputs in the multi product cost fhction 

involves separating hospital outputs into isoresource groups. To accomplish this task, the 

researcher must confront an issue which has a long history of lively debate among hospital cost 

analysts: how should we define hospital output? Glossing over the empirical literature, the 

number of hospital patient days is the leading choice, although the number of cases is by no 

means uncommon. However, researchers seeking guidance from this literature must be 

forewarned of the can of worms which awaits. Comments by Feldstein (1 969) and Lave and Lave 

(1970) may serve as a rough synopsis of what has been learned to date: 

The dividing line between inputs and outputs is unclear. For me the distinguishing 
characteristic is the possibility of substitution. Although Reder classifies a hospital bed 
day as an input, I would treat it as a form of output because it can be produced with 
different combinations of inputs. I would not deny, of course, that a bed day is also an 
input in producing the output, "a treated case". But a treated case is also an input in 
producing an improvement in the community's health level. (Feldstein 1969, p. 145) 

The question of whether patients or patient days is a better measure cannot be settled a 
priori (Lave and Lave 1970, p.380) 



Feldstein's view is a symptom of the fact that questions concerning the correct defmition of 

hospital output have been ill posed. Indeed, without a common context one would expect little 

agreement. Consider a simple uninsured market for drugs: the self prescribing individual has a 

production function for health and, given a desired health level, will economize on drug use; the 

drug company will minimize their cost of providing the resulting demand for dmgs. For the 

provider, drugs are an output, for the purchaser, dmgs are an input, and the example will extend 

to the case of hospital services. In general, outputs and inputs cannot be specified without 

reference to the decision maker whose behaviour is being modelled 

As for the issue over the use of patient days or cases, the argument is related but slightly 

less trivial: if we are engaging in a cost analysis even loosely based on economic theory, then 

some reference to the objectives of the firm in question is a necessary basis. If we accept this, 

then there are indeed a priori justifications for the choice of output measures. 

Given a firm providing output y for which it receives price p, the profit maximizing 

problem may be stated as maximizing py-wx, subject to the transformation function T(y,x). In 

this context, choice of output measure is evident: the output is that for which the firm receives 

revenue, inputs are factors used to provide these outputs. Clearly, the distinction between inputs 

and outputs will depend on the compensation structure surrounding the provision of services. If, 

as in nursing home facilities, institutions are paid per day as opposed to per case, then we may 

appropriately view the patient day as the output measure. If we are considering the provision of 

inpatient services in an acute care hospital and revenue is related to cases and not days, then use 

of the case is appropriate. Since 1989, adjustments to the global budgets of Ontario hospitals 

have been based on a case mix methodology which links hospital inpatient funding to their 

production of weighted (case mix adjusted) cases, so theoretical consistency prescribes that 

weighted cases be the measure of hospital inpatient output. 

The distinction between inputs and outputs is no mere theoretical compulsion; its 

importance lies in its statistical implications for cost function estimation. It is well known that if 

a model satisfies the Gauss Markov assumptions, then estimation using Ordinary Least Squares 

(OLS) will yield best linear unbiased estimators of the model parameters. However, one of these 

assumptions is that the independent variables are uncorrelated with the regression error term, and 



if this condition is not met, OLS parameter estimates will generally be biased and inconsistent 

(Kmenta, 1986). Statistically, we require that the independent variables be exogenous which, for 

our purposes, means that these variables must not be chosen by hospital managers. In particular, 

if hospitals have some discretion over the number of patient days they use to service a given case 

load, then analysts who persist on estimating a theoretically inconsistent cost function 

(incorrectly defining patient days as outputs) must contend with the potential implications of this 

specification error. 

Faced with the choice between patient days and number of cases as measures of hospital 

output, some researchers have resorted to including both in their regressions for given output 

types. This approach is taken by Vita (1990), whose justification is based on an analogy with the 

trucking industry. He explains that 

Measuring hospital outputs is somewhat complicated, since there are essentially two ways 
by which a hospital can produce more days of care. At one extreme, it can increase 
admissions, holding constant average length of stay, or it can expand average length of 
stay holding admissions constant. This conceptual issue arises in other industries as well; 
in freight transportation, for example, firms can carry more freight, holding average 
distance constant, or ship a given amount of freight further. The approach adopted in cost 
studies of these industries is to include two output indices, one representing total volume, 
the other average length of haul. I adopt a similar approach here (p.5) 

While it is true that there are two ways a hospital can produce days of care, it is not clear what 

would motivate the general care Californian hospitals in his 1983 sample to include the 

production of days of care as an objective. For a transport firm, there generally will exist a price 

schedule for both the size of the load and distance it must be transported, and both characteristics 

will generate revenue for the fm; for a hospital getting paid prospectively for say, a treated 

surgical case, hospitals are not compensated for extending a patient's length of stay. 

Like Vita, Grannemam et a1 (1986) use a multi product approach toward their cost 

function estimation and view their inclusion of both patient days and patient visits as an 

important attribute of their disaggregated model: 

we view each hospital stay as consisting of (1) a quantity of medical services associated 
with the admission or discharge per se (lab tests, other ancillary services, surgical 
services ) plus (2) dai!y services (including routine nursing and hotel services) . . . The 
primary advantage of this approach over the usual approach of simply using patient days 



as the measure of hospital output provided to inpatients is that it helps avoid distortions in 
the cost hc t i on  that could arise from differences across hospitals in average length of 
stay. @. 1 18) 

One example of the sort of "distortion" they envision is if the sample consisted of two types of 

hospitals, those with intense stays of short duration and those with less intense but longer stays; 

given the number of patient days, these varying practice patterns might then yield a poor 

statistical fit of the cost function. Unfortunately, Grannernann et a1 do not explain what might 

motivate the deviation in behaviour between the hospitals, nor do they provide any statistical 

basis for their hypothesis; for their example, the two hypothesized types of hospitals would differ 

in their average lengths of stay, so a plot of the average lengths of stay might be expected to 

appear bimodal. 

Clearly, potential reasons for the distortions they allude to abound, yet the magnitude of 

these effects is not reported: if this loss in explanatory power is substantive, then this would have 

presented itself in differences in explanatory power between regressions with only one output 

measure and those with two. Since no comparison is made, one cannot assess the issue for their 

data set, yet there is much to recommend an alternate hypothesis of a fixed relationship between 

homogenous days and cases across hospitals. 

With any case type there is an associated medically necessary and cost efficient 

combination of hotel and non-hotel inputs. Since each additional day in hospital results in 

additional costs (like hotel services). then an efficient administrator would like to control the 

number of days while ensuring the optimal mix of inputs. Admittedly, ail cases will not result in 

the same length of stay, due to both inefficiency and case complexity and severity yet, to a fust 

order approximation, we might expect a production relationship such as DAYSi=K + eij + vi for 

each individual case; where K is the expected number of days for case type i in hospital j ; e 

represents complexity and severity; and v is a hospital specific term which reflects factors such as 

inefficiency, or teaching status. Summing over the case load for hospital i, then the total patient 

days would be represented as: PDAYS,=K*CASES+ zei j  +CASES*vj, where the summation is 

over j fiom 1 to the number of cases. 

If the model is correct, and K is the expected length of stay, we would expect the last two 



terms to be mean zero, albeit of non constant variance. The posited form is readily tested by 

estimating the model and assessing the behaviour and magnitude of the unexplained variation. If 

the error variation is large, then either the posited model is incorrect, or the model is correct but 

the output categories are not statistically homogenous with respect to length of stay. 

Since we have data for these variables in each of the proposed output categories 

@rimary/secondary care and tertiaqdquaternary care) we can proceed with estimation. 

Using ordinary least squares, the estimated relationships are: 

PDAY S=5.7*CASES for the primary/secondary output category (R2 = .94) 

PDAYS=l 1.2*CASES for the tertiary/quaternary output category (R2 = -97) 

where all variables are described in the appendices. 

Although the correlations in these simple regression are high, if much of the error variation is due 

to case mix factors and not to idiosyncratic hospital behaviour or characteristics, then we should 

be able to reduce the variation further by adjusting the measure of cases to account for case mix; 

an available measure is Resource Intensity Weighted cases (RI W 'cases). 

With this modification, the estimated relationships become: 

PDAYS=5.1* WCASES for the primarylsecondary output category ( R' = ,994) 

PDAYS=3.2* WCASES for the tertiarylquatemary category ( R' = .987) 

These correlations are large enough to imply that even if there are individual hospital 

characteristics which result in differences in average lengths of stay, these effects are negligible. 

The high correlations, however, are striking: the method which we have used to divide outputs 

into homogenous categories (prirnaty/secondary and tertiary/quatemary) arises from 

fundamentally clinical considerations about the expected lengths of stay for each case type, but 

the number of observed patient days for a hospital may be viewed as a product of a hypothetical 

cost minimization exercise subject to clinical practice constraints. The observed collinearity 

suggests a uniformity in practice among hospitals which implies a narrow spread in the 

distribution of inefficiency, at least as it relates to the patient day. Furthermore, the regressions 

serve as a preliminary test of the restrictions regarding output homogeneity: within each output 

'RIW is a registered trade mark of the Canadian Institute for Health Information 
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group the expected lengths of stay are nearly constant across hospitals as would be required by 

the aggregation conditions. 

Given the high correlations between patient days and cases, attempts to run a regression 

which included both variables in a cost function estimation would be frustrated by near perfect 

multicollinearity. Interestingly, however, an analyst would be justified on statistical grounds in 

measuring output in terms of either cases or days: since there exists a near constant relationship 

between the two, both will be equally correlated (if at all) with the error term in the cost function 

regression. 

Although similarity of practice patterns might admit a choice over whether to use patient 

days or cases as the output measure in the cost function, there are important instances when one 

should adhere to an approach using cases. If the hospitals under consideration are heterogenous 

in their behaviour or production technology, then the relationship between patient days and cases 

may not be constant; for example, a time series will generally exhibit variation in the relationship 

between days and cases due to changes in what constitutes appropriate practices or fiscal 

constraints. Consequently, the patient day might be expected to be endogenous and the time 

series may not yield the high cross sectional correlations between days and cases. 

Even if it is statistically costless to treat the patient day as an output, standard output 

concepts derivable from the cost function may not be meaningful. If one is examining the 

marginal contribution of an additional unit of output to a hospital's cost, it is not clear what an 

additional patient day is meant to imply. If patient days are inputs in the production of cases and 

if a hospital is using these efficiently, then measuring the effects of expanding days simply 

measures the cost of an increase in technical inefficiency. Furthermore since the average cost of a 

patient day is typically declining over an individual patient's stay (Cullis and West, 1979) the 

questions bears asking as to which day from the point of admission one has in mind when 

reporting a cost per patient day. 

Finally, beginning at least with Feldstein's (1 967) study, the issue of the effects of case 

mix on hospital costs has played a prominent role in the estimation of cost bctions. 

Concomitant with the availability of case mix measures derived initially for funding purposes 

(like Resource Intensity Weights), researchers have been able to append case mix variables to 



their regression equations in an attempt to control for case mix. However, given that the true 

form of the appropriate case mix variable is unknown, and that there is little justification for 

assuming that all hospitals experience systematic differences in their actual mix of hospital cases, 

it is puzzling that this approach has @ined so much popularity. If there is no fundamental reason 

why the case mix of one hospital should differ fiom another, then even the most handsome t- 

statistic will not be convincing. Indeed, although we may not be able to observe the true case 

mix, basic statistics informs us that we may not need to. 

The concern is often that different cases, even in homogenous categories, will necessitate 

the use of varying degrees resources or, as Berki (1971) points out, "all patient days are not 

equal". In terms of our basic model, this implies that the length of stay for each case within a 

given output category will not generally be equal. But cost analysis need not be concerned with 

variation at the level of the individual patient; assuming that the differences in severity and 

complexity which occur at the individual patient level will imply differences at the aggregate 

level may be a fallacy of composition. Since total patient days within an homogenous output 

category may be written as PDAYSi =KtCASESi +xeij ,where the hospital specific term is 

omitted and as before, the summation is from 1 to the number of Cases for the i'th hospital. The 

average length of stay for the hospital is then ALOS, =K + ze i j  / CASES,. But for large case 

loads, the Law of Large Numbers states that we can expect the last term to converge to its true 

mean of 0. (If the mean were not zero, then this effect would be estimated as part of K). Hence, 

even if the average lengths of stay between hospitals are systematically different, we would not 

be justified in attributing this to pure differences in case mix, at least on statistical grounds. 

We may summarize this discussion as stressing the importance of fust dividing cases into 

homogenous groups with respect to resource use and then using the objective fbnction of the 

hospital in order to specify how outputs should be measured in the cost function. The role of case 

mix in cost function estimation is important, but we do not recommend accounting for possible 

effects by simply appending a case mix variable. Instead, case mix may be controlled for by 

separating the outputs in the cost function into isoresource categories, after testing the algorithm 

by performing simple tests of homogeneity with respect to inputs. 



5 .  Teaching Activity and Hospital Costs 

A search for variables exhibiting correlation with higher than average hospital costs will 

invariably yield teaching status as a significant predictor. Measuring the extent of these cost 

differences has been the exercise of a large and growing body of empirical research (Anderson 

and Lave, 1986; Hornbrook and Monheit, 1985; Rogowoski and Newhouse, 1992), due mostly to 

its potential implications for hospital finding. 

The discovery of high simple correlations between teaching activity and hospital costs are 

not surprising considering the effects of teaching programs themselves, as well as the fact that 

teaching is typically associated with the treatment of a larger and more complex case load than 

non-teaching hospitals (Rosko and Broyles, 1988). The effects of teaching activity on total costs 

are generally summarized according to their direct and indirect consequences for total costs. 

Direct costs are directly observable costs and refer to salaries to residents and instructors, 

classroom and research laboratory expenses, and overhead. indirect costs are of comparable 

importance but are more ephemeral in nature and include: the increased use of ancillary services 

and diagnostic tests either as part of the educational process or due to risk aversion on the part of 

apprentice residents (Eastaugh 1979); the cost of a physician's time conducting rounds with 

students or during the teaching component of surgical procedures; the medical expertise and 

state-of-art technology which characterize teaching hospitals resulting in a more complex case 

mix than other hospitals (Rosko and Broyles, 1988); and decreased productivity of hospital 

inputs due to the inefficiencies of residents. 

Since the magnitude of direct costs is generally available, comparisons between the 

average costs of teaching and non-teaching hospitals may be undertaken with these costs 

removed from total costs. Any remaining cost differences are then attributed to indirect costs due 

to teaching. That these indirect costs are substantial has become one of the stylized facts of 

health services research, yet there exists a fragmented collection of studies which cast doubt on 

the nature and magnitude of these effects. 

Analysis of teaching status as an important cost covariate typically begins with attempts 

to "control" for the effects of case mix. This is generally approached by including a case mix 

variable (such as the Medicare Case Mix Index, patient day, or scope of service), as well as 



teaching status indicators, in a multivariate cost equation. The majority of studies have found 

positive effects after accounting for case mix in these ways (for example, Pauly ,1978; Sloan and 

Steinwald, 1980; and Cameron, 1985) 

In one of the more rigorous evaluations of the effects of teaching on hospital costs, Sloan 

Feldman and Steinwald (1983) describe and address several shortcomings exhibited by prior 

studies: fust, studies should examine cost variation at both departmental and overall hospital 

levels. In this manner, the study can be informative in understanding the sources of variation by 

comparing the differential effects of teaching on hospital departments; next, cost data should 

include, in addition to salaries for residents and interns, salaries to the medical staff. If the costs 

of medical staff are not included, then the possibility of observing any substitutability between 

trainees and physicians is eliminated. Furthermore, if salaries paid to teaching physicians are 

excluded From total costs, the direct costs of medical education will be understated; last, attempts 

should be made to accurately condition on hospital case mix, using detailed measures such as the 

Medicare Case Mix Index, as opposed to simply the patient day or scope of service. 

Sloan et a1 examined total and departmental costs for 367 American hospitals from the yean 

1974 to 1979 using a rnulti variable regression which included level of teaching activity 

dummies, the Resource Need Index (RNI), input prices and hospital size. 

Although the average costs of teaching hospitals were 30% higher than those of non-teaching 

hospitals, these differences were substantially reduced upon inclusion of the covariates, 

especially case mix. The authors' findings included that teaching hospital costs were less than 

10% and at most 20% greater than their non-teaching counterparts, and that much of this 

differential was attributable to higher ancillary costs and costs in non-clinical areas such as 

dietaly, plant and operations and housekeeping departments. Although these cost differences 

applied to larger teaching hospitals, there were no substantive effects found for hospitals with 

only an approved residency program. 

In an examination of ninety Veterans Administration (VA) Radiology Departments, 

Hosek and Palmer (1983) exploited the completeness of measured total costs implied by the fact 

that all VA residents, interns and physicians are salaried employees. Testing the hypothesis that 

interns and residents are potentially substitutes for physician staff, Hosek and Palmer found that, 



on average, the presence of trainees implied cost savings for teaching hospitals. 

These findings of negative, or mixed effects of teaching on hospital costs support the 

early findings of Lave, Lave and Silverman (1 972) and Carr and Feldstein (1967) yet the bulk of 

evidence concludes that indirect costs are substantial. In an analysis by Sloan and Valvona 

(1986) using techniques similar to those of Sloan, Feldman and Steinwald, the earlier conclusions 

were apparently not supported in that major teaching hospitals were found to be between 20 and 

40% more expensive than those without a teaching designation, even after including a case mix 

variable. 

Although it is not uncommon for studies to treat teaching as a binary effect, one would 

expect nonlinearities in the relationship between hospital costs and teaching program size. 

Among others, Welch (1987), Thorpe ( l988), and Cameron (1 985) have found that larger 

teaching programs are associated with larger hospitals costs. Cameron ( 1  985) categorized 

hospitals according to those which were non-teaching and those which were university affiliated, 

major, and minor teaching hospitals. After making adjustments to account for case mix variation 

and including the salaries paid to medical staff, he found a monotonic relationship between 

excess costs and level of teaching activity, with university, major and minor hospitals exceeding 

the average cost of non-teaching hospitals by 33%, 18% and 9% respectively. 

Using accounting based techniques Frick, Martin and Shwartz (1985) examined a sample 

of New York teaching and non-teaching hospitals in order to assess the importance of case mix 

differences in explaining the overall observed difference between teaching and non-teaching 

hospitals. The raw average difference was 68% of non-teaching average costs, but upon 

consideration of case volume within broadly measured DRGs, there remained over 40% 

"unexplained" cost variation. The authors concluded that "most of the overall difference in 

resource use between teaching and non-teaching hospitals is attributable to differences in average 

cost per case wixhin DRGs, rather than case mix differences" (Frick, et a/. 1985, p.290). The 

study is notable in that it conducted the analysis with both the direct cost and indirect costs as the 

units of analyses, and that it utilized a relatively disaggregated approach to measuring case mix. 

In assessing potential sources for the unaccounted residual effect, Frick et al pointed to the 

indirect costs of education, within DRG complexity, differences in quality of care, and productive 



efficiency. 

Addressing the notion that teaching hospitals attract a more severe case mix, Goldfarb 

and Coffey (1 987) failed to find evidence for substantial differences between teaching and non 

teaching hospitals when the case mix measure was based, not on conventional indices but on 

measures of clinical complexity. 

Horn (1 983) adjusted case mix to account for severity of illness and found that teaching 

non-teaching differentials reduced from 28% to 5% once severity was admitted as an explanatory 

variable. 

Although there is evidence supporting greater utilization of ancillary services in teaching 

hospitals (Bradbury et al, 1991; Frick, Martin and Schwartz, 1985), this finding has not achieved 

consistent support. For example, in their regression analysis, Becker and Sloan (1 983) reported: 

no differences in number of: consultations with physicians other than admitting 
physicians; cultures (urine, nose or throat, sputum, blood, wound and others), function 
tests (electro cardiogram, thyroid, electro encephalogram, pulmonary, kidney and gastric, 
and other tests (sucrose glucose tolerance, arterial blood gases , stool for blood. (p.255) 

In addition there was lower use of radiological services but higher rates of laboratory use in 

major teaching hospitals. 

In a study of Ontario hospitals which compared test ordering behaviour by house staff 

before and after an intem-resident strike, Detsky et a1 (1 986), found no discernible differences 

and hence concluded that the "volume of tests in teaching hospitals is related more to case mix 

and severity than to pure teaching effects" (p.532) 

On balance, the weight of evidence is generally accepted to be in favour of high cost 

effects of teaching activity on hospital costs, with these effects being tempered by adjustments 

for case mix. However, the methods which have been applied to this issue have not always 

exhibited internal consistency, robustness, or strength under specification testing. 

An itemization of the direct and indirect costs of teaching makes findings of teaching 

effects on costs not immediately surprising. Upon fiuther consideration, however, these results 

are troubling given their inconsistency with those predicted by the economic theory of human 

capital (Becker, 1975). In particular, given the general, as opposed to hospital specific, training 

students receive, one would expect interns and residents to bear the full cost of training. Hence 



both the indirect costs and direct costs of trainees should approximately be equivalent to the sum 

of the benefits they provide. Newhouse (1994) suggests that residents may be substitutes for 

physicians and nurses and the hospital production h c t i o n  estimated by Jensen and Morrissey 

(1980) predicts that residents are strong substitutes for nurses as well as good substitutes for 

other inputs. Viewed in this way, it becomes clear that a fundamental issue is the specification of 

total costs; if trainees are arguments in the hospital production function, then estimating a cost 

fiction which does not take physician salaries into account is equivalent to assuming zero input 

substitutability between students and medical staff. 

Among the implications of this observation is that if hospitals do not bear the direct costs 

of student salaries but they do bear the costs of physician services directly, then substitution 

effects might result in lower case mix adjusted average costs for teaching hospitals. If physician 

service costs are not included, then the result could be reversed. Furthermore, the omission of 

physician costs might eliminate the potential effects of differences in efficiency between teaching 

hospital and non-teaching hospital medical staff. 

Trainees will generally perform tasks that would otherwise be undertaken by attending 

physicians. (Becker and Sloan, 1 983; Cameron, 1985) For example, by definition students are less 

efficient than medical staff in performing surgical procedures. Comparative advantage would 

then dictate that the more routine aspects of surgery (of which there is only a small teaching 

element) would be performed by residents, leaving the surgeon's time free for additional surgery 

and teaching. The inefficiency of the resident relative to the surgeon means that more resources, 

such as operating room time, will be used in that aspect of the operation than otherwise. These 

costs are generally included in the measurement of hospital cost but the savings associated with 

exploiting the substitutability of the surgeon and resident are generally not measured. 

It is tempting to consider teaching explicitly as an output of the teaching hospital in a 

multi product cost function, however, the dual role of interns and residents as inputs and outputs 

makes specification problematic. According to the standard economic theory of production, the 

arguments in the cost function are restricted to input prices and outputs. Hence the researcher 

must defme an appropriate shadow price of student services as well as quantifying the portion of 

student time that is considered training, as opposed to production; an almost intractable task 



given the jointness between patient care and teaching. 

The response in the literature has typically been to treat resident and intern time as strictly 

devoted to learning (which is inconsistent with the alleged "see one- do one- teach one" 

philosophy toward medical student training), or to simply use dummy variables representing 

teaching activity in the regression equation. Hosek and Palmer (1983) warn against the use of 

students as an output measure by pointing out that a positive coefficient on a residents variable 

may mean higher costs since students are inputs or, because they are outputs with positive 

marginal costs. Inclusion of a dummy variable implies an unrealistic degree of indivisibility in 

teaching output production. 

Attempts to resolve the variation in the predicted effects of teaching include analyzing the 

effects of omitted variables bias (Thorpe, 1988) and expanding the case mix variables to account 

for severity (Jencks et al, 1984). Still, much remains to be considered in assessing the findings of 

much of the empirical work in this area. 

Given that teaching hospitals are generally large multiproduct hospitals, it will be very 

diffcult to separate the indirect effects of teaching from the cost implications of scale and scope. 

For example, if the hospital environment necessitates that large hospitals service a wide variety 

of conditions, then high observed costs of teaching hospitals may be due to high indirect costs of 

education or, to the presence of diseconomies of scale or scope. What is required to identify the 

effects of teaching from hospital production structures is that varying leve!s of teaching activity 

must be observed in a wide variety of hospital environments. However, it is likely that economies 

of scope between teaching and other hospital products will already be exploited to a degree 

which does not admit sufficient independent variation. 

The finding that case mix is significantly higher for teaching hospitals masks the issue of 

whether teaching hospitals receive more difficult cases within a given output category, or 

whether they simply receive more cases in the more resource intensive output categories. For 

example, when we compare the case mix indexes of large teaching programs in Ontario hospitals 

(over 20000 student days) with smaller programs (more than 500 but less than 20000), we fmd a 

mix of 1.53 and 1.2 1 respectively, so one might report that large teaching programs receive, on 

average, a case load which is estimated to be 21% more resource intensive than that of smaller 



programs. However, when we decompose this difference between primarylsecondary and 

tertiarylquatemary case mix indices, we find that much of the observed difference is largely due 

to volume effects as opposed to the fact that larger teaching hospitals are attracting significantly 

more difficult cases within the broad output categories. Table 1 makes clear the general 

importance of considering output aggregation effects when making cost comparisons. 

Table 1 

Teaching Hospitals 

I prim/sec case mix 1 1.2 1 

total case mix 

tedquat case mix 

A popular test of the differential effects of teaching on costs has been to test whether the 

coefficients on teaching dummies are markedly different from zero. This approach runs into the 

criticism which has plagued many of the studies of firm efficiency in the economics literature: 

how can one be sure that the independent variables are accounting for all the variation which is 

independent of pure teaching effects? Like the intercept, dummy variable coefficients measure 

the effects of a variety of factors such as inefficiency, varying practice patterns, residual size and 

scope effects, errors of measurement and case mix errors. Interestingly, constructed case mix 

measure may overstate or understate case mix effects, so we may fmd that teaching is negatively 

related to costs once case mix is accounted even if the actual effect is positive or zero. 

If there are omitted variables in the regression then, even if all the omitted variables are 

uncorrelated with all the included variables, the intercept is still almost sure to be biased. If the 

intercept is biased, then comparisons of the conditional means between teaching and non- 

teaching hospitals will not lead to accurate representations of the actual relationship. 

A well known specification error involves incompletely describing characteristics which 

Difference (students>20000) (500~students~20000) 

1.53 

3.52 

1.21 

3.21 9.6% 



systematically affect costs. Since effects such as case mix differences (or even teaching activity 

itself) are more difficult to specify, it follows that researchers must be wary about conclusions 

drawn from regressions which purport to "control" for these effects. Indeed, the sensitivity of 

estimated teaching cost differentials to the case mix variable is the most common finding of 

studies in the genre. The consideration of case mix effects in regressions of costs on teaching 

status was an important methodological addition to early studies, but very little has been done 

beyond appending a case mix term (usually the Medicare Case Mix Index) to a typical cost 

equation. For example, Thorpe (1 988) regressed inpatient costs per case on independent 

variables including size (beds) a dummy variable indicating membership in the Council of 

Teaching Hospitals (COTH), and the MCMI, in order to decompose the higher than average 

costs of urban hospitals. Given his findings that costs in the urban COTH hospitals were 42% 

higher than those of non-teaching hospitals even after "controlling for case mix, proxies for 

illness severity and market competition" (p.833), Thorpe concluded that the "single most 

important determinant of high costs in urban hospitals is teaching status" with the presence of 

large teaching programs accounting for almost half the difference between high cost and average 

cost hospitals; case mix differences accounted for only 20% of the cost differences. (p.833 ) 

The appending of the case mix variable in the regression equation will typically increase 

the correlation between predicted and observed costs, yet the way in which case mix enters the 

regression equation has not been given ample attention. In our discussion of hospital output 

specification it was maintained that it is the number of weighted, not actual, cases, which is the 

fundamental covariate with costs. If outputs in the minimum cost function are properly case mix 

adjusted outputs, then the true effects of case mix variation will not be captured by the simple 

inclusion of a variable constructed by dividing total weighted cases by total cases. For example, 

consider a true cost model COST=20+Y*, where Y* are the number of weighted hospital cases, 

and there is no independent effect of teaching on costs but teaching hospitals do attract a higher 

case mix. 



This model could generate the following data. 

hospital/status COST 
1 

1 5 Inon teaching 1 92 1 60 1 1.2 I 72 

1 / teaching 

2 /teaching 

cases (Y) 

In an attempt to estimate the effects of teaching on costs while "controlling" for case mix, a 

researcher estimates the regression equation COST=a + b*TEACH+c*Y+d*MIX which results 

in the prediction that: 

COST=-30 + 17*TEACH + .85*Y + 59*MIX, 

Consequently, at the mean of the data set, it could then be erroneously concluded that nfter 

controlling for case mix, teaching hospitals are 1 5% more costly than non-teaching hospitals. 

While the above example does not prove that misspecification of the cost function 

substantially affects the results of teaching hospital studies which simply include a case mix 

variable, it does suggest that these functional forms must be subjected to specification testing. 

Furthermore, since the hospital cost literature has demonstrated that case mix is an important 

predictor of hospital costs, if teaching hospitals do attract a more complicated mix of patients, 

then improper measurement of hospital case mix is almost certain to have substantive residual 

effects on the teaching coefficients. 

If there are inherent features of the provision of care in teaching hospitals which do affect 

costs, then it is incomplete to measure the effects of teaching using uninteracted teaching 

variables. At best, inclusion of indicator variables for teaching status can only allow for the 

estimation of differences in fixed, not variable, costs between different types of hospitals. Indeed, 

a fmding that teaching hospitals have more expensive capital equipment than non teaching 

hospitals for a given level of output is an unremarkable result. If there are differences in the 

manner in which teaching hospitals deliver care, or if there are residual case mix effects, one 

1 63 

150 

6 /non teaching I 80 

case mix (MIX) 

60 I 1 I 60 

weighted cases (Y*) 

130 

100 

1.1 

1.3 

1 43 

130 



would expect the marginal costs of care to differ between these hospitals. By interacting the 

teaching variables with the output variables in a regression, not only can differential effects of 

teaching be identified, but they can be sourced according to output type. 

To apply this discussion to an actual data set, we conduct an exploratory study of the 

effects of teaching activity on the costs of Ontario hospitals over the years l994/1995 to 

1995/1996. Detailed descriptions of the data are contained in the appendices. We consider only 

the first order effects of outputs on total hospital costs while conditioning on number of beds as 

well as a teaching activity dummy. Total costs do not include research costs nor do they include 

the salaries of medical staff or interns and residents. 

Two sets of models were estimated: the first is the standard specification found in the 

literature with a single dummy indicating teaching status, unweighted cases used to measure 

hospital output and case mix included as an independent variable; the next specification (FULL) 

allows for possible differences in marginal costs by including interaction terms between teaching 

and all hospital outputs. To account for case mix differences, we used weighted 

primary/secondary, and weighted tertiarylquaternary cases as separate output measures. Data 

limitations dictate the use of unweighted long tendrehab cases and outpatient/emergency/day- 

night visits). Each model was estimated three times, with different specifications for teaching 

activity (as measured by student days). In the sample, there are 89 observations for hospitals with 

over 500 student days, 3 1 fcr over 10000, and 24 with over 20000 student days. 

The results of the OLS model estimation are contained in table 2 



table 2 

Independent 

Variables 

teach 

prim*teach 

tert* teach 

long*teach 

out'teach 

tert 

prim 

long 

out 

constant I -.13E+07 1 -2.6E+06 1 -.12E+07 1 -2.6E+06 1 -1E+07 1 -2.6E+06 

> 500 

- 
- 
- 
- 

17085 

983.8 

-985.1 

1027.4 

-27 * 
-9 1.9 

5832.5 

947.92 

beds 

Case Mix 

*not statistically significant at the 5% level 

In the models which account for interaction effects, the regression estimates are sensitive to how 

teaching activity is defined. For teaching programs involving greater than 20000 student days 

there appear to be substantive fixed and variable effects associated with teaching, however, 

hospitals with such high level of teaching activity are also the hospitals with the largest and most 

diverse case loads. If these effects can be purely attributed to teaching, then expanding the 

dummy variable to include smaller programs should produce similar results. As teaching activity 

is measured more broadly, the link between teaching activity and costs becomes less stable. For 

programs greater than 500 student days, the coeffcient on the dummy variable indicates that for 

average sized hospitals which differ only in the presence of a teaching program, those with 

teaching activity are predicted to exhibit lower costs. Furthermore, on average. the effects of 

teaching are not predicted to have the same effects on the delivery of all hospital product. 

Hospitals with teaching activity appear to be more efficient in delivering all types of care, other 

Full 

-. 15E+07* 

181 6 3  

277.5 

Standard 

-.27E+07 

> 1 0000 

-839.5 

1 150.5 

-3 1.67' 

-123.59 

5749.4 

926.2 

33022 

- 

Full 

.66E+07 * 

>20000 

145.4 

259.2 

Standard 

-.28E+07* 

Full 

. 15E+08 
- 

- 

- 
- 
- 

17317 

894.1 

50357 

.13 E+07 * 

Standard 

-.26e+07* 

178.5 

273.9 

-735.85* 

1920 

12 * 
-192.1 

4676.7 

1066.2 

34407 

- 

- 

- 
- 
- 

- 
17252 

891.6 

147.2 

262.68 

4935 1 

13E+07* 

182.75 

285.26 

148 

262.1 

305 13 

- 
49099 

.13E+07* 



than tertiary care, and this result is stable regardless of how teaching activity is measured; higher 

cost per tertiary case is not surprising given that tertiary care is expected to contain a high 

teaching component, and so will incur a greater degree of indirect costs than other forms of care. 

In appears, however, that students might compensate for their indirect costs by providing patient 

services in other areas. Although this analysis is only preliminary, if students are inputs in some 

departments and outputs in others, then results like these will vindicate the theoretical prediction 

that the net costs of teaching are zero. 

In the Standard model the estimated parameters are stable across specifications, with 

hospitals engaging in teaching activities being predicted to have lower costs than those which do 

not, holding case load constant. The fact that the teaching is permitted to have only fixed effects 

on costs disallows any decomposition of the cost differences. The restriction that the coefficients 

of teaching and non teaching hospital cost functions are identical, results in differences in 

marginal costs being aggregated into the dummy intercept. 

The fmding that hospitals engaging in teaching activities are more efficient in the 

provision of care than hospitals which do not is inconsistent with typical presumptions and 

inspires hrther investigation. 

Specifying student days as the representation of teaching output, we have found that the marginal 

cost of a student day is typically negative. which suggests that on average students may indeed be 

inputs in the production process. However, in models which allow for second order output 

effects, the inclusion of student days in the regression has little effects on the output concepts of 

interest in this study. 

In addition to the problems we have discussed concerning the specification of teaching 

activity, the available data on teaching activity are subject to important shortcomings: students 

who spend time in two hospitals may be double counted in the calculation of student days; the 

student days calculation may disregard missed days; it has been difficult to reconcile hospital and 

university data on teaching activity; and medical schools have little incentive to provide accurate 

data. Based on these considerations, we do not include teaching as a hospital product in our cost 

hnction estimation, but leave this issue as the subject of f k u e  research. 



6. Factor Prices in the Cost Function 

By defmition, total costs are the vector of input prices multiplied by the vector of inputs. 

The standard production theory of the fm implies that it is possible to solve for each optimal 

input level as a function of outputs, making the long run economic cost function a hnction of 

only input prices and output quantities. 

In empirical studies, there has been considerable discussion concerning functional form 

and output specification in economic cost analysis, however, very little attention has been paid to 

the practical difficulty of specifying input prices. It has become convention to begin with some 

demarcation of input types, then to compute the ratios of factor costs to factor utilization within 

each category as a measure of average price; for example: in their translog estimation Gaynor and 

Anderson (1995) pool all labour categories then use the average payroll per full time equivalent 

employee as the sole input price variable; Cowing and Holtmann (1983) consider average wages 

within five labour categories: nursing, auxiliary, professional, administrative, and general. 

The use of average prices as proxies for actual prices is associated with two fundamental 

difficulties: price aggregation and specification. First, since the vector of factor prices will 

contain the prices of different types of inputs, such as nurses with varying degrees of experience, 

there is an aggregation problem in organizing the input categories according to occupation type. 

For instance, if wages are highly dependent on tenure, then input categories grouped according to 

those with homogenous prices should be expected to contain occupations with markedly different 

job descriptions. Second, once the inputs have been categorized, the average price need not be a 

good proxy for the true, unobserved prices. Since the total wage bill is divided by the number of 

employees in each category, the computed average price is a function of not only the true price, 

but also the mix of inputs in each category. Hence, since aggregation is imperfect, hospitals 

which use a relatively more costly mix of inputs within a category will apparently face higher 

prices than average. 

Indeed, Vita (1990) footnotes his price specification with the caveat that within 

occupations heterogeneity might be problematic, yet there was not "...sufficient data to identify 

the nature and extent of this problem". @. 7) Given these considerations, it is not clear why we 

may be confident that most of the variance in these prices should be attributable to pure price 



variation. 

In addition to the potentially serious misspecification problem, it is likely that the proxy 

for price will be endogenous: the computed price is a function of the input mix, which is a choice 

variable of hospital managers. In this case, the price variable cannot be presumed independent of 

the error term and so ordinary least squares estimates are generally biased and inconsistent 

(Kmenta, 1983). To alleviate these effects, one could resort to an instrumental variables 

procedure (Judge et al, 1985), although this approach has been the exception in the literature. 

The fact that factor prices are variables in the theoretical economic cost function does not 

imply that they need be included as independent variables in the regression function: if the 

unobserved prices are viewed as random variables deviating around a mean, then if the variance 

in prices is not predictable, it may be desirable to consider prices as futed and to expand the 

assumptions concerning the regression error term to accommodate the price variation. In this 

case, it is not possible to estimate the effects on cost of varying prices, however, if this is not the 

aim of the research, this will not be an important shortcoming. 

Any assumption concerning specification of input prices should be consistent with 

economic theory and the institutional environment. For example, since New York State hospitals 

faced uniform pharmaceutical price schedules, Cowing and Holtmam (1 983) assumed that these 

prices were constant in their regressions. Additionally, it is commonly argued that much of the 

variation in hospital input prices is due to geographic considerations, especially urban versus 

rural hospital location Vitaliano (1987). This is consistent with both the existence of 

compensating wage differentials in the labour market, and inelasticity of hospital labour supply. 

However, assumptions about price variation which arise from purely statistical tests are not 

recommended, since these tests may be measuring, in part, the effects of misrneasurernent of the 

unobserved prices. 

If an input price variable is constructed, then this variable should be consistent with the 

researcher's priors concerning its variation. For example, given the high incidence of unionized 

labour in Ontario hospitals, if one anticipates variation, a large component should be attributable 

to regional factors; therefore, if a hospital experiences high wages in one labour category, then it 

would tend to face high prices in another. For the case of other personnel, such as managers, one 



might still expect geographic considerations to be an important determinant of deviations From 

the mean price. Once the candidate for a factor price proxy is constructed, its behaviour should 

mimic the sort of behaviour which one expected from the true price variable. If it does not 

perform well in this context, then the proxy variable will be of questionable value. 

To assess the nature of the price variation for the present study, we examine data for135 

Ontario hospitals in l995/1996 containing information on hours and wages paid to 6 categories 

of labour: Ambulatory, Diagnostic and Testing (D&T), and Other, in both Management and Unit 

Producing areas. The sample considers hospitals in the seven Ontario Peer Groups, and excludes 

hospitals for which price data were either missing, or contained implausible values for either an 

hours or wages variable. 

Our approach is to calculate the average wage for each hospital in each category, and then 

assign each category a score of one or zero, according to whether the wage rate was greater or 

less than the average for all hospitals in that category. By the above discussion, if geographic 

considerations were important and these were accounted for well by our price data, then hospitals 

with positive or zero scores in some categories would tend to have positive or zero scores in 

other categories. In this case, the distribution of these scores would tend to be convex and bowl 

shaped, with peaks near zero and six. If these scores are essentially random, (either because there 

are no systematic price differences or our price measures are nor capturing these differences) then 

we would expect the distribution to have a mean around 3, with much of the mass clustered there 

as well. 

It is appropriate to consider the sum of these scores, since if there is variation in prices 

due to the geographic location of the hospital, then these factors should affect the labour market 

in general; by aggregating scores across categories, we attempt to control for factors such as 

varying management practices in the intensity of particular input use. Nursing was excluded 

since, after speaking with a representative of the Ontario Nurses Association we felt that 

hospitals faced a fairly uniform wage schedule across the province; given this fact, inclusion of 

the nursing wage would tend to bias the aggregate scores toward showing little geographic 

variation. Figure I presents the score distribution for the 138 hospitals. 





The fact that we do not observe a tendency toward extreme scores implies that there is 

little evidence that the constructed price variables accounts for systematic variation which affects 

all labour categories uniformly (like urban-rural status), if this variation exists at all. 

If indeed there are regional differences in prices among hospitals, we feel that, since the standard 

approach to price specification cannot account for this, it provides little utility toward the 

analysis. 

This study is not concerned with assessing either the covariance between costs and prices, 

nor the substitutability among factor inputs. Given the risk associated with using incorrectly 

specified price variables as well as the absence of compelling reasons for price variation we can 

provide little justification for including constructed price data in the model. Consequently, we 

proceed in the estimation by assuming factor prices are constant, and concur with Grannemann et 

a1 (1 986), who concluded that 

given the relatively poor quality of the input price data, we did not judge the advantages 
of additional flexibility on this score to be worth the risk that poor price data would 
adversely affect measured scale economies in a more flexible specification. (p. 1 10) 



7. Long Run and Short Run Cost Functions 

The long run cost function is the lower envelope of short run cost functions so it should 

be expected that measures of economies of scale and scope will depend on assumptions 

concerning the futity of inputs. Given that the short run and long run total cost functions 

coincide at the optimal level of the fixed inputs, we can derive the analytical relationship between 

these fhnctions at a point Yo as LRTC(Y, R,J=SRTC(Yo,K*,R,,)=VC(Y,,K*) +& K* where 

K*=argmin SRTC(Y,,&, K). The intuition behind this is simply that the difference between the 

hct ions  is that the short run function involves a sub optimal level of fixed inputs. 

If it may be assumed that the hospitals in a sample are at their cost efficient levels for 

inputs, then it is appropriate to estimate a cost function in which inputs do not appear as 

arguments. However, researchers using the economic approach to hospital cost function 

estimation appear to agree that the nature of the regulated hospital industry implies that capital 

input fixity be incorporated as a testable, as opposed to an assumed, restriction. (Cowing and 

Holtman, 1 983; Vita ,1990). Estimation of the short run cost fbnction will generally require 

information on fixed input prices, yet reliable price measures have been difficult to specify in 

hospital cost studies. As a way around this difficulty, the literature has focussed on estimating a 

variable cost function, which is obtained as the difference between observed total costs and the 

costs of the fixed capital stock. By skirting estimation of the long run cost function, however, the 

resulting equation is necessarily a non-equilibrium description of the relationship between costs 

and outputs. 

The fimdamental shortcoming of the variable cost hc t i on  approach is that the resulting 

estimates of costs, scale and scope are conditional on a possibly sub optimal level of capital 

stock. Indeed, Braeutigarn and Daughety (1983) stress that there need be no relationship between 

fmdings of long run and short run economies of scale, and so the relevance of the computed 

measures may depend critically on the manner in which fixed inputs are treated at the estimation 

stage. If the frictions that prevent a hospital from being at the cost efficient level of capital are 

assumed to be engendered in the system, then a short run estimation may be appropriate. If one is 

concerned with estimating the potential cost benefits of mergers when the short run effects do not 

persist over time, then the long run function must be estimated. In the general case, when the 



nature of the impediments to cost minimization with respect to all inputs is not fully known, then 

both short run and long run functions must be derived. For the purposes of policy analysis it is 

arguably the long run cost function which should be the unit of analysis. In particular, in a given 

cross section hospitals might be expected to be in the process of adjusting toward their desired 

levels, but over time one would anticipate a convergence toward long run equilibrium; if large 

hospitals adjust their stocks of capital relatively slowly, then this process toward equilibrium 

might result in conclusions against economies of scale in the short run while reversing this 

fmding in the long run. 

Cowing and Holtmann (1983) and Vita (1990) both describe the technique for deriving 

the long run cost function from the short run variable cost function: the variable cost function is 

estimated, the value for K which minimizes the associated short run total cost equation is solved 

for as a function of outputs and prices and this is then substituted into the shon run cost function 

to produce the long run cost function. Given the apparent fruitfulness of the procedure, it is 

striking that there is not one published study in the hospital cost literature which exploits the 

envelope condition to derive the long run cost function. The reason, however, is evident: thc 

justification for estimating the variable cost function has been based on the lack of availability of 

capital price data, but, in general, the envelope condition is only applicable if these data are 

available. 

Although Cowing and Holtrnann could not derive long run measures of scale, scope and 

marginal costs, they did attempt to use the envelope condition in order to determine if hospitals 

were operating at their cost efficient level of capital. By differentiating a variable cost hc t i on  

with respect to capital, one can compute the shadow value of capital on the equilibrium path. 

That is, -aVC/aK is the shadow value of capital and may be viewed as the reduction in variable 

costs for an increase in capital, holding all other variables constant; for a short run cost function, 

negative and positive shadow values imply a respective excess or scarcity of capital. In their 

variable cost estimation, Cowing and Holtrnann use their estimated variable cost hnction to 

compute a negative shadow value at the data means, and conclude that the average hospital 

administrator over invests in capacity and equipment. @. 639) This conclusion is valid insofar 

as one is sure that one has, in fact, estimated a variable cost function to begin with. Although the 



variable cost function allows us to ignore capital prices, it requires that the researcher be able to 

separate fixed costs from variable costs. If, for example, total fixed costs equal R*(Ko+K,) but 

the researcher erroneously measures total fixed costs as RK, , then the variable cost procedure 

will result in the estimated function: TC-RKo= VC(Y,K) +EX,. Taking the derivative with 

respect to K yields dVC/X +R so that the estimate of the shadow value of capital will be biased 

upwards, towards conclusions of excessive capital use. 

While total costs are relatively easy to observe, apportioning total cost into categories 

such as fixed and variable requires detailed understanding of the nature of the input rigidities in 

the hospital production process. Although the variable cost function approach promises a route 

around specifLing capital prices, this comes at the cost of having to separate fixed from variable 

costs in addition to resulting in a restricted specification of limited applicability to important 

policy questions. 

Hospital cost studies which estimate variable cost functions do so on the grounds that 

capital prices are difficult to measure, yet in a great many instances researchers interested in 

estimating long run cost hnctions need not estimate the price of capital. Econometric studies of 

hospital costs have usually presumed that at least one factor price is fixed in the sample in order 

to estimate the system of cost share equations; for example, both Vita and Cowing and Holtmann 

assume that drug prices are fixed across hospitals. In general, there are few reasons to expect 

that hospitals in a cross section over narrow geographic areas will face different prices of capital; 

if capital markets do systematically discriminate at the hospital or local level then convincing 

evidence has yet to be provided. 

To see the implications of constant fmed factor prices, consider the estimation of a long 

run quadratic total cost function with fixed factor K and associated price R: 

where the last term amounts to the unobserved total fmed cost. 
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if we assume R is futed across hospitals, then (12) collapses to 

In this model, the price of capital may be viewed as an unknown parameter but 

neither R nor p, can be uniquely identified. However, using the fact that at the equilibrium level 

of capital dC(Y,K)/dK=O, we may differentiate (1  3) with respect to K, set the derivative equal to 

zero, and then solve for the optimal K* as K*(Y). Substituting K* into (1 3) delivers the long run 

total cost function: given any level of outputs, the long run cost function will represent the 

potential minimum cost when all inputs are freely variable. In this manner, both the equilibrium 

and disequilibrium cost functions may be estimated and used to test the hypothesis of 

disequilibrium or to compare predictions of costs and economies of scale and scope. 



8. Measurement of Capital Stock 

A short run specification of the cost function requires that the researcher include variables 

which reflect the fvtity of the capital stock. Due to the absence of detailed capital stock data for 

his variable cost hnction model, Vita (1 990) uses the number of staffed beds as a proxy for fixed 

hospital capital, which follows most studies in the literature (McGcire et al, 1988; 

Feldstein, 1970; Friedman and Pauly ,198 1). Cowing and Holtmann (1 983) estimated a variable 

cost function but adopted the competing approach, which uses the book value of buildings and 

equipment as an estimate of capital. However, economists do not encourage the use of cost 

accounting data to measure capital stock, since these data are based on a presumed economic life 

of an asset, which may not reflect its actual productivity (Newhouse, 1 994). 

It is evident that a single variable may not summarize completely the level of capital 

stock- beds as the measure of capital stock is most certainly a specification error; the issue is the 

extent to which the relevance of the estimated model is limited by this simplification. 

The motivation for considering beds as a capital proxy begins with the fact that the data 

are readily available and strengthened with the observation that hospital beds and capital stock 

are highly correlated (Granneman et a/, 1986). A statement that hospitals which have a greater 

number of beds are likely to utilize greater amounts of capital equipment is essentially a 

statement concerning the complementarity of hospital beds with other forms of capital inputs, 

and economies of scale which arise from the shared use of capital inputs. First, to the extent that 

capital may be viewed as a shareable input we would expect that its average cost is declining 

over a broad region in the output space, so that it is cost efficient for larger hospitals to have 

larger amounts of capital stock. It follows that if the number of beds is related to size, then we 

would expect a high correlation between beds and other forms of capital stock. Second, beds are 

used jointly with other forms of capital to produce a variety of patient care. In other words, the 

demand for beds is in part a derived demand arising from the demand for other types of capital; 

for example, a heart and lung machine creates a derived demand for a host of capital equipment, 

including a bed in an intensive care unit. 

More generally, if there are m types of capital, and the demand curves for type i may be 

written as K=f,(K), for i =1 to m, where K is of dimension m, then each type of capital has a 



demand curve which is possibly a function of other types of capital, as well as exogenous factors. 

If we consider linear approximations to these m factor demand c w e s ,  then we may write the 

system as FK=r where F of dimension m*m, and K is m* 1. If F may be written as an invertible 

lower triangular matrix, then knowledge of any of the capital stock levels is sufficient to 

recursively determine all other capital stocks. The case of perfect complements is a special case 

of the above form. 

For example, suppose there are three types of capital: Beds, K2 and K3. Where the input demand 

for Beds=a+bK2, the input demand for K2=cK3 and the value of beds is known to be z*, then 

we may write K as (Beds, K2, K3)', r as (z*, a, 0)' and F as [: :b !j 
Evidently, F is lower triangular and invertible. Regression estimation of a short run quadratic 

cost function which includes all the capital inputs cannot proceed because the vector of 

independent variables with elements involving each of the capital stock variables are perfectly 

collinear. Direct substitution into the cost function, however, shows that the net effects of capital 

on cost subject to the technological restrictions FK=r are subsumed into the parameter estimates. 

In this case, if one is interested in estimating the behaviour of costs as the capital stock is 

varied using only data on the number of beds then, although the coefficients on the beds variables 

will be biased, the estimated shadow value of capital will not. 

In general, the use of beds to capture capital stock should be viewed as a first order 

approximation to the underlying relationship between fixed capital inputs. Since it is unlikely that 

the correlation between beds and other types of capital stock will be perfect, then estimation 

should proceed with the understanding that regression results are conditional on these 

uncorrelated effects (Newhouse, 1995). For example, if there is some subset of the capital factor 

vector K for which FK=r holds, where F is invertible and lower triangular but now r is of 

dimension jcm, then estimation is best viewed as being conditional on the (m-j) fixed factors. 

For the regression equation Y=XB+e it can be shown that omitting variables which affect the 

variance of the dependent variable will bias the regression coefficients, with the extent of the bias 



depending on the correlations between the included and excluded independent variables, and the 

omitted variables' true coefficients (Theil, 1957). However, if the researcher is concerned with 

the combined effects of the independent variables as opposed to the pure independent effects, 

then omitted variables bias is less cause for concern. Indeed, for the case of complementarity, the 

"independent" effect of beds on costs will generally be both unmeasurable and irrelevant as a 

construct for policy analysis; the observed behaviour of capital will reflect, among other things, 

the fixed technological relationships between inputs in the production of effective care. 



9. Hospital Behaviour: Implications for the Cost Function 

Like almost any other organization, the nonprofit hospital does not immediately fit into 

the characterization of the profit maximizing monolith one fmds in economic textbooks. The 

peculiarities of both the market for hospital services, as well as its institutional structure, have 

given rise to a variety of models which attempt to explain observed hospital behaviour. 

Studies typically begin by positing a multivalued objective function for the hospital 

decision maker, which is then used to derive predictions concerning observable behaviour. The 

managers in Newhouse (1970) and Feldstein (1971) maximize both quality and quantity of output 

subject to a cost constraint, which results in inflationary effects under retrospective 

reimbursement. In order to explain the growth in hospital services, Lee ( 1970) drew inspiration 

from the organizational theory literature and assumed that the satisfaction of administrators 

increases concomitantly with factors such as salary, prestige, security, power and professional 

satisfaction status. These were then associated with managing a large number of sophisticated 

inputs across broad categories of care, so that it could be assumed that managers were self 

motivated to expand the scope and capacity of their hospitals. Pauly and Redisch (1  973) noticed 

that the behaviour of American hospitals regarding medical staff membership was similar to that 

observed for workers on Soviet collective farms. Essentially, the hospital was viewed as a 

physician cooperative, which was managed to maximize average physician income; physicians 

are not, in general, employees of the nonprofit hospital, yet they may lay claim to the residual 

hospital profits. Since the average income for the member physicians will increase only if the 

marginal revenue product of the additional physician is greater than her cost, this then yields 

implications for discriminatory hiring practices. 

These models of managerial behaviour were designed to explain particular phenomena 

observed in the hospital sector, yet it is apparent that they have implications for hospital 

efficiency. For example, in the models ofNewhouse(1970) and Pauly and Redisch (1973), one 

would expect hospitals to minimize the use of inputs for a given level of output: since the 

marginal benefits of quantity and quality are positive, dollars saved through the reduction of 

slack (which does not appear in the objective function), will allow for an increase in utility. 

Although managers may indeed possess a taste for the conspicuous consumption of hospital 



inputs posited by Lee (1970)' one would expect mitigating effects to be present: an efficiently run 

hospital might be a source of managerial pride; a cash constrained hospital with a taste for capital 

would require efficient use of other inputs in order to facilitate growth; donors and board 

members might be sophisticated enough to encourage development of services as they are needed 

in the community, as opposed to the pursuit of wasteful accumulation; and hospitals with excess 

capacity may experience fmancial distress, which not only threatens hospital survival, but 

suggests mismanagement on the part of administrators. 

The casual observation that a lack of profit motive may give rise to non cost minimizing 

behaviour has often been the stepping stone in arguments against the use of the economic cost 

function as a dual representation of the production function. In an early contribution to a genre he 

helped define, Evans (1 970) proposed a so called "behavioural" cost function as an alternative to 

neoclassical cost function estimation, since one might expect "systematic divergences between 

observed and 'minimal costs" due to behavioural patterns of the hospital" (p.200). Evans' 

motivations are described as follows: 

It is commonly assumed . . . that a firm will attempt to minimize its costs of production so 
as to maximize profit . . . . If the firm is, like a hospital, a nonprofit organization in the 
sense that there exists no residual claimant to surplus, then there is no rcason to assume 
profit maximization behaviour . . . . A break even rather than a profit-maximizing 
objective seems more relevant thus the assumption of cost minimization becomes harder 
to sustain . . . if the hospital's objectives include "expense preference" or categories of 
expenditure desirable for their own sake or for the organizational prestige they bring; and 
if the hospital's management desires certain levels of "managerial slack, or excess 
economic rents accruing to the organizational participants, then relaxation of the profit- 
maximizing assumption implies absence of cost minimization as well. In that case a more 
complex analysis of the process of cost determination is required and there is no reason to 
assume that measured relationships between cost and outputs represent technologically 
determined cost functions. Thus we can only refer to the empirical results below as 
"behavioural" cost output relations which are descriptions of the way in which the 
Ontario acute care hospital industry behaved in 1967 (p.200-201) 

In fact, the absence of a pure profit motive is a red herring in discussions concerning cost 

minimization and a conclusion that duality breaks down in the face of inefficient behaviour is a 

misreading of the theory: there is duality not between the cost fhction and the profit function, 

but between the cost function and the production fhction. In his classic formulation of economic 

production theory, Shephard (1953) begins his discussion with a "heuristic" principle of cost 



minimization, pointing out that i t  is more general than profit maximization, and develops a theory 

which might model the behaviour of an administration "managing by trial and error on a day to 

day basis, the application of the factors of production in a cost efficient way for any assigned 

schedule of output and given prices of the factors. (~1.25)  Shephard's exposition on production 

theory is based on sufficient, but not necessary conditions, for the duality mapping to hold so, in 

fact, a statement like Granneman et al's (1986) that "cost fhction estimation displays the 

desirable property of duality with the technically efficient production function only if costs are in 

fact minimized, which implies that all inputs can be set by the firm at their cost minimizing 

levels" (p. 1 10) is incorrect on both counts: not only is cost minimization not a necessary 

condition, but fixed factor (variable) cost functions still deliver the duality result. 

As described in textbook formulations, the firm's optimization exercise usually abstracts 

From institutional and technological detail. Accordingly, the derived cost function contains only 

prices and output quantities as its arguments. However, in his survey of the literature, Breyer 

( 1 987) uses this observation to infer, incorrectly, that: 

the right hand side variables may comprise only output quantities and input prices (so 
that) variables such as occupancy rate, case mix, ownership type and physician density 
must be omitted . . . since they do not determine the cost minimum, but at best can explain 
deviations of observed costs fiom the theoretical minimum@. 149- 1 50). 

It is rare that a researcher's task admits direct application of a heuristic model to the data and 

hospital cost analysis is clearly no exception. Relaxing the basic assumptions while 

incorporating detail more in conformity with reality, has led to fruitful applications of production 

theory in a variety of applied economic fields, such as: electric power generation Cowing (1 978); 

regulated transportation (Spady and Friedlander, 1980) ; and the study of regulated 

telecommunications fms  Fuss and Waverman (1 978) . 
In the analysis of health care institutions, recent work has modified the standard theory to 

include the idiosyncracies of the market environment. The stochastic frontier approach adopted 

by Zuckerman et a1 (1994), use a two-part error structure in order to estimate the effects of 

departures fiom cost minimizing behaviour on hospital costs in a model. In order to capture the 

effects of demand uncertainty on hospital costs, Gaynor and Anderson (1995) derive a cost 

fhction which includes variables which reflect the stochastic nature of a hospital's case load. 



Although duality is not preserved in their model, the derived cost function still exhibits the 

remaining characteristics of a standard cost function. Accordingly, the estimated cost function 

was informative in describing the structure of hospital costs and the effects of uncertainty on 

these costs. In their study of the nursing home industry, Gertler and Waldman ( 1992) derived a 

quality adjusted cost function which admitted the standard restrictions on the cost h c t i o n  and 

enabled them to quantify the implications of nursing home quality on costs. 

Although Evans (1 970) suggested the use of behavioural cost fbnctions in the case that 

managen did not minimize costs, he did not demonstrate statistically that cost minimization was 

a poor approximation to observed behaviour. The inefficiency of non profits should not be 

readily assumed: if it is the non profit nature of hospitals which engenders inefficient behaviour, 

it is surprising that many studies comparing the efficiency of nonprofit and proprietary hospitals 

have often found little diflerence (Shukla, 1997; Becker and Sloan ,1985; Schlesinger et of, 1 987; 

Sloan, 1988) 

In an study which directly addressed the suitability of the cost minimization assumption 

for studies of hospital costs, Eakin and Kneiser (1 988) estimated a multi product translog non- 

minimum cost function for 33 1 American hospitals from 1975 to 1976. Their focus was 

assessing the impact of ailocative inefficiency (providing a given level of output at higher than 

the minimum cost) on the parameter estimates of the standard cost fbnction. The nature of this 

inefficiency was permitted to be quite general, and included behaviour such as satisficing and 

expense preference on the part of managers. ARer specifying the occurrence of inefficiency as 

any deviation from the standard condition that input price ratios equal marginal product ratios, 

Eakin and Kneiser estimated their dual cost function, along with the share equations, using a 

nonlinear seemingly unrelated regressions in order to identify the inefficiency parameters. 

Although, unsurprisingly, they rejected the null hypothesis of no allocative inefficiency, they 

found that the parameter estimates were robust with regard to the behavioural assumption of cost 

minimization. They report that 

generalizing the minimum cost function to a non-minimum cost function has minimum 
impact on the estimates of the observed cost concepts" so that 'the results suggest that a 
researcher who is primarily interested in output concepts, such as marginal cost and scale 
and scope economies, does not need to use a non-minimum cost function, even if cost 
minimization cannot be readily assumed. (p.596) 



This conclusion makes clear that, while omitted variables such as those related to behavioural 

features within the industry may explain some of the variation in observed hospital costs, how 

relevant these exclusions are will depend on the purposes of the researcher and on how they 

affect a model's parameter estimates. 



10. The Regression Error Term: Deviations From the Minimum Cost Function 

When confronting the posited minimum cost function with actual data, some 

consideration must be given to the nature of the inherent randomness in the regression model. We 

may begin with a general relationship between observed costs and the true, unobserved, cost 

function for the 7th hospital as 

~ , . ( Y , K , E )  = c(Y,K)+ E, (14) 

where e is a random error term which captures the deviations between observed and expected 

costs. If the only source of randomness in the model were inefficiency, then we could compute 

the best practice minimum cost Frontier as the lower envelope surface of observed hospital costs, 

however, the regression errors will consist not only of unobserved inefficiency, but also omitted 

effects such as price variation, quality variation and managerial ability or motivations. 

In order to estimate the model using statistical methods, assumptions must be made 

concerning the distribution of the error term. Under the usual Gauss-Markov theory, OLS 

should be applied to the model if the q's are pairwise uncorrelated, normally distributed with 

zero mean and constant variance, and uncorrelated with the independent variables; however. 

whether or not these assumptions are tenable will depend on the nature of the processes 

generating the data. 

If we view the error term as an aggregation of a large number of small equiprobable 

positive or negative effects including, for example, random variation in case load complexity, 

then the assumption of normality may be appropriate (Kmenta, 1986); of course departures from 

normality may be assessed at the estimation stage. The zero mean assumption will generally not 

be appropriate, since any specified regression model is almost sure to omit covariates that may 

not have zero mean, such as industry characteristics. Even if these effects are uncorrelated with 

the included explanatory variables, it may be shown that the regression estimator of the intercept 

will generally be biased. (Johnston, 1984) 

If the error term is correlated with the regressors, then procedures which do not take this 

into account may produce biased and inconsistent estimates of the true impact of the correlated 

variables (Johnston, 1984). Indeed, as was alluded to in the discussion of duality, estimation of a 

cost function as opposed to a production function is preferable when the outputs may be viewed 



as exogenous with respect to the error term. If, for example, hospitals affect demand for their 

services by varying quality, then this may result in higher than average costs in the sample being 

correlated with higher than average outputs. Conrad and Stauss (1983) discuss the nature of 

demand for hospital services and justify the assumption of output exogeneity based on the 

following details about the non profit hospital sector: physicians are not paid employees of the 

hospital and operate with considerable autonomy, with the administration providing service 

support at quality standards set by trustees; third party reimbursement of hospital services implies 

no scope for price competition for patients. Although health care facilities under price constraints 

are often alleged to compete on the basis of quality (Gertler, 1995), the fact that length of stay, a 

possible, albeit unlikely, indicator of quality, exhibits such little variation in our data, suggests 

that if quality effects were present, they would be difficult to identify. 

Given that a significant portion of the error terrn might include the effects of managerial 

inefficiency (including excess quality), we would expect that these departures from the expected 

minimum cost function would have predictable implications for the error structure of the 

statistical model. Even if hospitals were efficient on average, it is clear that the assumption of 

cost minimization need not hold for individual hospitals. Estimating the extent of inefficiency 

across hospitals has been the focus of a small but growing subset of the hospital cost literature 

(Newhouse, 1994), using techniques such as stochastic frontier estimation (Schultz, 1980 ) and 

error components models (Hsiao, 1983). Indeed, in recent years incremental changes in 

provincial finding to individual Ontario hospitals have been made based on differences in 

deviations between observed and expected hospital costs. However, since we are interested 

primarily with estimating various cost concepts associated with the cost function, and not in the 

identification of hospital inefficiency per se, we do not pursue these techniques here- 

nevertheless, we cannot ignore its implications for the distribution of the error term. 

Input technical ineficiency results when a hospital is not minimizing costs for a given set 

of outputs. The fact that a technically inefficient firm will not be maximizing output given its use 

of inputs leads naturally to the inclusion of an inefficiency term q= 1/( 1 +v) in the production 

function as Yi==f(qi*XJ for the i'th fm using inputs, X,with v being bounded below by zero- the 

point of no technical inefficiency. (Fare and Lovell, 1978) 



Given this relationship between inefficiency and observed output, Atkinson and Cornwe11 (1993) 

showed that the standard cost minimization problem: min PX s.t. F(qX)=Y for the i'th fm, may 

be written as 

where the last equality follows by the linear homogeneity of the cost function. 

Using the defmition q=ll(l+v) we have the relationship between observed costs and firm level 

h e  ffic iency : 

C~'(P, ,Y, ,V~)  = (1 t v;)Ci(P, ,Y, )  
= Ci (P i ,Y , )+  viCi(P,,Y,) . Ci(Pi,  Yi) t v,' 

From the viewpoint of the econometrician, each firm's level of inefficiency is not known, 

however, fm efficiency may be defined in relative, as opposed to absolute terms. Consequently, 

on average, all hospitals are relatively efficient although individual hospitals may deviate from 

the average benchmark efficiency. Relative e E c  iency varies unsystematically across hospitals 

implying that v is a random variable with mean zero and unknown variance 0 2 ,  and so v* has 

mean zero but variance a: C2(p, Y) 

Given a hnctional form for the cost hc t ion ,  the model in (16) could be estimated by OLS and 

would provide unbiased estimates of the cost function parameters, however, the error term is 

heteroskedastic- even if prices are constant across hospitals. Ignoring the presence of 

heteroskedasticity in statistical model estimation generally results in biased estimation of the 

variance covariance matrix, so that conventional tests of significance and confidence intervals 

will not apply (Kmenta 1986). 



The type of heteroskedasticity appearing in v* has arisen in a variety of models in 

the econometric literature, usually in an erron in variables context (Prais and Houthakker, 1955; 

Theil, 1971). Under these conditions, either a weighted OLS procedure or maximum likelihood 

estimation may be used to obtain unbiased estimates of the error variance, however, if the 

departure from normality is not extreme, it can be shown that maximum likelihood is preferred 

on efficiency grounds to a weighted OLS procedure. (Amemiya, 1973). 

Although we have argued that unobserved fm inefficiency results in a particular form of 

heteroskedasticity, in the present study, we expect an additional source: by excluding price data 

in our model we assume that prices are equal on average but may vary randomly across hospitals. 

If the price for the i'th hospital is Pi = (1 + xi )P , then by invoking again the homogeneity of 

the cost function, our final statistical model becomes 

The error term K is mean zero and has constant variance K~ implying that the regression error 

term is of mean zero and exhibits dependent variable heteroskedasticity. 

Hospital cost studies have consistently found statistical evidence in favour of non 

constant error variance (such as: Vitaliano, 1987; Gaynor and Anderson ,1995; Rogowski and 

Newhouse, 1992) but theoretical explanations for the findings are rarely provided. In general, the 

procedure has been to test for the presence of heteroskedasticity using a set of ad hoc statistical 

tests and then applying a procedure such as weighted least squares or White's (1 980) test to 

"correct" the OLS standard errors if the null hypothesis of constant variance is rejected. 

However, White (1978) warns that an assumption of heteroskedastic error structure should be 

incorporated into the estimation process only if it is supported by strong prior theoretical 

justification: if the heteroskedastic assumption is unwarranted then the use of the pre-test 

estimator and subsequent heteroskedastic correction may well be inferior to using uncorrected 

OLS. 



1 1. Empirical Results 

I I .  I Estimation 

Applying the theoretical foundations developed in the preceding chapters we estimate a 

multi product quadratic cost function using data for 2 10 Ontario hospitals for the two 

periods 1 994/1995 and 1 999 1996. Our hospital output measures have been divided into four 

categories of care:outpatient/day-night visidemergency, chronic/rehab/ long term care, 

primarylsecondary acute, and tertiary/quaternary acute care. The output measures for 

primaqdsecondary care and tertiary/quatemary care are total weighted cases, and since no mix 

adjusted measures are in use for the remaining categories, we measure outpatient/day- 

nighdemergency output in terms of visits and chronic/long tendrehab output in terms of patient 

days. 

A full description of the data, including the total cost calcdation, the measurement of 

weighted cases, and the Hay methodology for assigning cases to primarylsecondary and 

tertiarylquaternary levels of care, is contained in the data appendix. 

As described in the preceding chapters, we estimate a short run total cost function with 

the total number of staffed beds representing the fixed factors. Given that the number of staffed 

beds in a hospital combines fixed and variable inputs, we suspect that this measure is likely to be 

endogenous. In order to purge this endogeneity , we employ the standard two stage instrumental 

variable technique of regressing the endogenous variable on a set of exogenous variables and 

then using the predicted values as instruments in the fill model estimation. In this case, we 

regress the staffed beds variable on measures of hospital equipment, with the results being shown 

in Table 1. 



Table 1 -instrumental variable estimation for beds 

I variable I coemeicnt I standard error I 
I building equiprnentllOOOO0 1 1.54 1 0.28 1 

In addition to the capital and output variables, we include an indicator variable which is meant to 

capture any variation in total costs which is purely related to differences in operating 

environment across years; it is likely that the regression error term will consist, in part, of 

variables describing the rapidly changing nature of the hospital sector in Ontario. 

Table 2 lists all variables in the model and their descriptive statistics. 

Table 2 

equipment4 00000 

constant 

1.86 

8 1.8 

Variable 

total cost/ 1 00000 

0.085 

6.8 

primary/secondary weighted cases 

mean 

409.3 

tertiary weighted cases 

6485.6 

chronic/long t ed rehab  days 
I 

By the discussion contained in Chapter 10, unobserved inefficiency and price variation 

are expected to make the residual error variance exhibit dependent variable heteroskedasticity of 

the form E(E? ) = x * * c2 (Yi, b d i )  . In order to test this hypothesis, we first estimate the 

st. dev 

543.26 

1652.1 

outpatient/day-night/emergency visits 

beds 

quadratic model using OLS and then regress the squared residuals fiom this regression on the 

predicted costs. A general Lagrange multiplier test may then be performed by comparing the 

value of a chi-squared random variable with one degree of freedom with the number of 

7467.7 

19249 

minimum 

23.53 5 

4322.8 

65 549 

1 79 

maximum 

4 149.9 

0 

0 41 161 

38228 

403 19 

83004 

178 

0 327920 

0 

15 

594490 

1175 



observations times the R2 from this regression. 

The calculated value of the test statistic is 38.9 which is almost five times the critical value of 

7.87 (at the 0.05% level of significance) so that we are unable to reject the hypothesis of 

dependent variable heteroskedasticity of the aforementioned form. 

Although a weighted least squares procedure may be used in order to account for the 

heteroskedasticity in the model, maximum likelihood estimators have been shown to have lower 

asymptotic variances than the weighted least squares estimators under conditions approximating 

normality (Amemiya, 1973). We examined normal probability plots of the residuals from a 

weighted OLS estimation and concluded that the departure from normality was not severe. 

Under the assumption of normal disturbances, the short run model was estimated using maximum 

likelihood, as presented in Table 3. For ease of interpretation, all independent variables are mean 

scaled. 

In order to assess the predicative ability of the model we divide the sample into eight types of 

hospital groups. Group 0 consists of all hospitals in the sample, group 1 consists of chronic care 

and rehabilitation hospitals (treating exclusively long term/chronic/rehab and outpatient cases), 

and other specialty hospitals; the remaining groups are separated according to bed size. Table 4 

provides the range of bed sizes for the individual peer groups as well as average output levels, 

observed costs, and predicted costs at the group means. 

Bed size has typically been used in the literature as a measure of hospital size, although the rise in 

importance of outpatient programs in hospitals has diminished its usefulness. For purposes of 

hospital funding, the Ontario Ministry of Health divides acute care hospitals into seven peer 

groups based on the number of hospital beds, teaching status and expected case mix. Under this 

scheme, peer groups 1 and 2 are teaching hospitals with respectively high and low case mix 

indices. Peer group 3 contains community hospitals with greater than 400 beds, and the peer 

groups four to seven are defined according to bed size corresponding to the hospital groupings 

four to seven shown in Table 4. 



Table 3-Short Run Cost Function Estimation using Maximum Likelihood 

*'R'" (squared correlation between observed and predicted)=.s I log likelihood= -2790.99 

variable I coefficient I standard error 

primary/ secondary (prirnhec) 1 -350.06 1 37.35 

tertiary (tert) 1 260.52 1 30.54 

out/ day-night/ emerg (out/dn.emerg) 1 1208.7 1 65.03 

pridsec * tert 1 -87.58 1 19.69 

tert * tert 1-31.175 I 6.321 

tert * chron/long/rehab 

tert * out/dn/emerg 1 278.38 1 26.03 

beds 1 -1395.6 1110 

beds * prim/sec 1 1555.8 1 81.19 
beds * tert 

beds * chron/long/rehab 1 -245.49 1 27.75 

beds * out/dn/emerg 

beds * beds 1 1633 1 107.7 

CONSTANT 1 304.78 1 30.3 



Table 4 

1 Hospital Group n I wprim observed predicted 

409.3 430.4 

The estimated model does a good job of predicting costs in groups 3 through 7 but, not 

surprisingly, is extremely poor at predicting costs for groups 1 and 2. Consistent with findings in 

the literature (Vita, 1990; Given, 1997), parametic cost functions have been observed to perform 

poorly at points distant from the means of the data. Given the diversity of the group 1 hospitals in 

terms of product mix and that the average bed size in group 2 is almost three times the mean 

(with the largest hospital having over six times the sample average), it is not surprising that the 

estimated function performs poorly in predicting these average costs. Accordingly, much of our 

analysis will be restricted to those regions where we feel the statistical model is most reliable. 

11.2 The Long Run Cost Function and the Optimal Number of Beds 

Although the short run cost fbnction is usefbl for summarizing the observed behaviour 

between outputs and costs, for policy simulations it is necessary to derive the subsidiary 

relationship between the optimal number of beds and a given output vector. For example, if we 

were to examine the cost effects of a proportional expansion in output at the means, then it is 

unrealistic to presume that the optimal number of beds will remain unchanged. If the number of 

beds was held fixed as outputs changed, then the resulting cost estimates would be consistently 

higher than the potential cost level, except where the output level happened to coincide with its 

associated optimal level of beds. 
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To compute the optimal relationship between beds and outputs, we differentiate the 

estimated short run cost function with respect to the beds variable, equate to zero and solve for 

the optimal BEDS to yield: : 

BEDSS=(l 395.6- 1 555.8*prim/sec+30 17.5 *outldn/emerg+ 158.92*tert+245.49*chron/long/rehab)/3249.2 

Given the quadratic nature of our function, since the cost function is strictly convex in beds 

locally then it is strictly convex globally, so the second order conditions are everywhere satisfied. 

Using the formula for optimal beds, we may derive the unrestricted (long run) minimum 

cost function by substituting for the beds variable into the resticted (short run function). 

The two cost functions are presented in Table 5, where, for comparative purposes, the short run 

h c t i o n  is computed at the sample mean for beds. 

Table 5 - Estimated Long Run and Short Run Cost Function Coefficients 

I variable I long run I short run 

I prirnlsec * tert 1 -1 1.87 1 -87.58 

prim/sec 

tert 

I tert * chrordlonglrehab 1 -91.18 1 -79.23 

I CONSTANT 1 6.61 1 542.18 

3 14.75 

1 92.6 

1295.74 

101.6 



Our preceding discussion pointed out that, for a given level of capital, the short run cost function 

will be everywhere above the long run function, except at the point of equilibrium. Studies 

which compute estimates of marginal costs. economies of scale and scope using a short run cost 

hnction often simulate the effects of output changes while holding capital stock fixed at the 

means. In order to assess the possible effects of this practice, we compare the two hnctions as 

the output vector varies from zero to twice the means. For the short run function, the capital stock 

is fvred at the means, while the long run function always implies the optimal capital stock. The 

envelope relationship is presented in figure 1 

figure 1 

The results conform with expectations but are still striking. The tangency point is coincidently 

close to unity (the point of sample means) but this will not hold for all samples. As the output is 

varied away from the equilibrium point, short run costs diverge rapidly, and, in fact, since in 

many samples, the equilibrium point will not be close to the mean, even analyses which vary 

output locally may not approximate well the costs concepts of interest. This provides a 

substantive empirical example supporting the theoretical proof by Braeutigarn and Daughety 



(1983), that the perturbations of outputs in the restricted cost function will generally be 

uninformative about the cost implications when all inputs are freely variable. 

Although the formula for BEDS* is a necessary step in the construction of the 

unrestricted cost hnction, it is of independent interest since, given a vector of outputs, it enables 

us to calculate the associated cost efficient number of BEDS. For example, one interesting 

hypothesis tests whether or not, the "average", Ontario hospital is operating with too many or too 

few beds. Cowing and Holtmann (1983) attempted to provide this information for their sample 

of New York hospitals using their variable cost function, however, this approach does not 

provide information about the magnitude of any deviations fiom optimum, nor can it estimate the 

optimal value. 

Defining the average hospital as the hypothetical hospital providing the sample mean vector of 

outputs then, by definition, this hospital is observed to use 1 79 beds-the sample average. 

Substituting the mean vector into BEDS* yields the optimal number of BEDS for this output mix 

of 179.5. Evidently there is no substantive deviation fiom cost eficient number of beds in the 

average hospital. This is not surprising since, in recent years, provincial governments have 

emphasized the transfer of care fiom an inpatient to an outpatient setting. Indeed, direct 

computation reveals little difference between optimal beds and average beds in hospital groups 

2-6, which implies that, given their present pattern of service provision, there is little scope for 

reducing cost through hrther contractions of the capital stock. 

Even if hospitals were operating with their efficient levels of all inputs, this efficiency is 

only on an hospital basis, in that sample hospitals are operating efficiently given their particular 

output vectors. The task of a regulator attempting to configure a cost eficient hospital system, 

involves ensuring that hospitals are managed efficiently und that hospital output is distributed 

amongst hospitals in a manner which is cost effective for the system. These considerations lead 

to an analysis of economies of scale and scope and their implications for hospital mergers. 



1 1.3 Cost Concepts 

The computation of marginal costs in a multiproduct setting is dependent on the cost 

complementarities between outputs so, for purposes of analysis, cost comparisons should be 

made as hospital size and service mix are allowed to vary; estimated marginal costs are always 

conditional on a hospital's scale and output mix. 

It has become convention to report marginal output costs at the mean of the data set and 

so we report these for purposes of comparison. At the sample means, the long run marginal costs 

are shown in Table 6 and, since the optimal number of beds coincided with the observed mean 

number of beds, these will be only slightly less than the short run costs. 

Table 6 - Long Run Marginal Costs at tbe Mean 

In Ontario, hospital differential fimding adjustments have been based, in part, on expected 

prim/sec weighted case 

$1 278.32 

average cost per weighted case. In our sample, an approximation to average costs per weighted 

case may be computed as (1278.32*6485.6+9141.5* l652.1/(6485.6+ l652.1)=$2874.68. 

If  our estimates of marginal costs for primary/secondary care and tertiary care are accurate, then 

it may be inappropriate to base funding adjustments on the aggregated measure of weighted cases 

without accounting for a hospital's mix of primary and tertiary care. For example, given two 

hospitals providing the mean output levels. if the case load of one hospital increases by a tertiary 

weighted case while the load of another increases by a primary weighted case, then on average, 

tertiary weighted case 

$9141.5 

costs of the fvst hospital will exceed costs of the second by $7863. Under a system which 

measures efficiency in terms of cost per weighted case, the hospital providing additional tertiary 

care will be incorrectly viewed as being less efficient than the hospital which provides additional 

primary/secondary care; the possibility that aggregate weighted case measures may obscure cost 

differences between primarylsecondary and tertiary/quaternary care has been recognized in 

Ontario hospital fhding formulas by adjusting expected costs according to a hospital's 

chron/long/rehab case 

$209.27 

proportion of tertiary cases to total inpatient and day surgery cases. If substantial differences 

outlddemerg case 

$157 

between expected primarylsecondary and tertiary/quaternary weighted case costs persist, then 

these differences may result in strategic behaviour on the part of managers toward increasing 



their proportion of prirnary/secondruy cases for purposes such as cross subsidization or to reduce 

their costs per weighted case. 

11.4 Economies of Merging 

In theory, the estimated intercept value in a cost fhction represents the fixed portion of 

total costs, however, in practice, the intercept is simply the value which shifts the regression 

function so that it will pass through the means of the data set. Since the intercept in regression 

models possesses the shortcomings of any regression approximation to points distant from the 

means, caution must be exercised in its use as a measure of average fixed hospital costs. 

If the estimated intercept is higher than actual fixed costs, then the efficiency implications 

of mergers will be overstated. This is because, before consideration of any cost 

complementarities, the gross gains fiom a merger of n hospitals will be at least (n-1 ) times the 

intercept value. Accordingly, it is pivotal that the estimated fixed costs be examined to ensure 

that they are of plausible magnitude. 

The regression intercept in our model of $66 1000 does seem implausibly low if it is to 

represent the costs of omitted futed capital factors: the estimate of fixed costs is only 1.5% of the 

predicted average cost across the sample. Furthermore, depreciation expenses compose a portion 

of fixed costs so, since the average reported gross depreciation value of capital assets alone in our 

sample is $1 476 080, we feel that actual fixed costs will exceed the estimated intercept value. 

if our estimate of fixed costs is indeed biased downward, then the implication is that it 

will be more difficult to reject a null hypothesis of no gains through mergers. We prefer a test 

which understates the potential gains fiom mergers, since the costs of a Type I1 error include the 

substantial costs of system reconfiguration, and so we take the lower 1994/1995 estimated 

intercept as our estimate of fixed cost. Of course, the intercept value may be varied in order to 

compare estimates of merger gains, although we omit this exercise for the sake of brevity. 

Pure measures of economies of scale and scope are dificult to conceptualize since, with 

any change in the output vector, the levels of output interaction will change. It has been 

customary to measure economies of scale using proportional output expansions and economies of 

scope by comparing filly joint with stand alone service provision. For completeness the next 

sections are consistent with the literature in its approach, although subsequent sections will relax 



these restricted types of output changes. 

11.4. I Economies of Scale 

Economies of scale are said to obtain if an output level can be provided cheaper in one 

hospital than in several equally sized hospitals. For our cost function, it may be shown that if n 

identical hospitals cannot provide the given output at less costs, then neither can any number of 

identical hospitals greater than n. This means that an iterative search for economies of scale 

begins with a given output level and compares one- hospital production with two- hospital 

production. If economies of scale are not found, then two hospital production may be compared 

with three hospital production, with the process continuing sequentially. Measures of economies 

of scale may be computed for any total output vector, however, it has become standard practice in 

the literature to analyze scale and scope holding the mix of service constant at the means. 

Beginning with n=2, our measure of scale becomes 

At the means y=(l , 1 , 1 , 1 ); 8 proportionally changes output holding the output mix constant. 

SCALE measures the percent savings (loss) fiom amalgamating two identical hospitals into one. 

Figure 2 describes how our computed long run and short run SCALE measures vary with output 

expansions and contractions. In the short run case, the beds variable must be specified, so we use 

the naive estimate of beds changing in the same proportions as the changes in outputs. 

As outputs change, so too will the aptimal aggregate capital stock; this adjustment is tracked as 

the topmost fhction in figure 2. 



figure 2 

\ SRSCALE 

If two hospitals which are producing the mean output vector were combined, then the merged 

hospital would be providing twice the mean output vector but needing only 78% of the capital 

stock; if two small hospitals providing 20% of the mean output vector were merged, then the 

resulting hospital could operate with 60% of the total capital used by the smaller hospitals. 

Reasons for this may include the increased sharing of fixed inputs enabled by the merger or 

economies due to lower occupancy rates in larger hospitals via exploitation of the law of large 

numbers. (Pauly, 1 983; Lunk, 1995). 

The fact that beds do not adjust optimally in the measure of short run economies of scale 

leads to wide differences in the predicted cost implications of these mergers. For example, if two 

hospitals at the mean were merged, then the equilibrium model predicts that the new hospital 

would optimally use 78% of the previous capital stock and would operate at a 10.5% reduction in 

total costs to the system; when the hospitals merge but the total capital stock is assumed fuced, 

then the merger results in an increase in costs to the system of 25%. The short run measure 

predicts very large gains fiom scale fiom the merging of small hospitals since it overestimates the 

marginal productivity of capital in the merged hospitals, and it predicts diseconomies if the 



merged hospital size exceeds 60% of the average size, due to the excess of capital in the large 

merged hospital. . 
Notably, the unrestricted measure, which we have argued is more relevant for the 

purposes of policy analysis, produces smooth and positive efficiency gains fiom hospital mergers 

throughout the range of hospital sizes. 

Table 7 presents estimates of some of economies of long run economies of scale (SCALE) 

achievable through mergers of various pain of hypothetical identical hospitals. 

Table 7 

These findings present strong evidence in favour of gains fiom pure scale expansions, especially 

since we have argued these gains are likely to be understated due to our low value of estimated 

fixed costs. 

Merged Hospital size 

(proportional to mean) 

11.4.2 Economies of Scope 

The textbook definition of economies of scope compares the cost of providing a given 

bundle of outputs at a single hospital with the cost of providing each of these outputs at 

completely specialized facilities. Although this concept may be relevant to multiproduct f m s  in 

other industries, as stated, it will generally not be useful when the products in question are 

hospital services. For example, fkom a policy perspective, a finding of pure diseconomies of 

scope between primary/secondary care and tertiary care will not be useful since it is difficult to 

imagine a hospital system in which hospitals can specialize on this basis. Furthermore, this fact is 

made apparent by examination of the data, which yield no purely specialized hospitals apart fiom 

several facilities providing exclusively chronic/long tendrehab care. 

Savings /year from Merger of 

Two Identical Hospitals 

% - Savings - 100000$ 

95 % Confidence Interval 

( 100000%) 



For the case of m outputs, our measure of scope still compares the total costs of m- 

hospital provision with the costs of single hospital provision, however, the extent of 

specialization is bounded by the average output levels of the smallest (group 7) hospitals. This 

disallows us from extrapolating our scope measure to the cases of pure specialization, but, in an 

incremental sense, is still informative about the ways changes in output mix aflect total costs. 

In terms of our scope metric SC* (equation 7), we take E to be (3276,45, 8682,39729), 

which is one quarter of the corresponding group 7 mean vector (1092, 15,2894, l3243), for 

prirnarylsecondary, tertiary/quatemary, chronic/long tendrehab care and outpatient/emergency 

care respectively. 

We begin with the simple case which examines economies of scope for various mean 

proportional output vectors with the range of proportionality being limited by our choice of e. 

As shown in figure3, the percentage cost 

advantages of exploiting economies of 

scope are a positive and increasing 

function of the output level over our 

range of analysis. The observation that 

efficiency increases as output increases 

is an implication of both cost 

complementary effects and positive 

scale benefits, since outputs change 

proportionately but single hospital costs 

increase less than proportionately. 

As was true with the scale measure, 

economies of scope will be sensitive to 

measurement of the intercept, so the 

efficiency gains shown through our Figure 3 

hypothetical mergers are expected to be greater than those calculated. 

Figure 3 may be used for predicting the effects cost savings from a host of hospital mergers. For 

example, given four hospitals providing service vectors: 

(32 10, 15,2894,13243) ; (1 092,l607,2894,13243); (1 O92,lS, 10567,13243); (1 092,15,?894,25820) 



the cost saving from merging these hospitals are estimated to be SCOPE( 1,1,1,1)=10.8%. 

In terms of the expected cost reduction, the predicted costs for each of the hospitals may be used 

to calculate predicted savings of $10 200 000. Since the intercept term amounts to 

$66 1 OOO*3=$1 983 000 of the estimated savings, the savings due to cost complementarity are 

approximately 80% of the total savings. This is significant, since it suggests that the results are 

more dependent on the nature of the production technology than on simply "brick and mortar" 

savings. Consequently, even without hospital closures, system efficiency may be increased 

through strategic adjustments to hospital output mixes. 

Finally, this direct approach to measurement of economies of scope is superior to a 

method which makes conclusions based on a search for weak complementarities at a point in the 

output space: first, even if there is evidence for economies of scope, the magnitude of these 

effects will 

till not be known; and, more importantly, substantial economies of scope were found even though 

our long run function exhibits anti-cornplementarities between several types of outputs at the 

means, whereas a proper test based on weak complernentarities would be inconclusive. 

1 1.4.3 Product Specific Economies of Scale and Scope 

The measure of scale economies looked at the cost implications of proportional variations 

in a given output vector, while scope economies examined a restricted sort of mergers among a 

set of particular hospitals. Product specific measures seek to consider less restrictive cost 

experiments. 

A natural extension of the standard measure of scale is to compare the cost effects of 

spreading marginal increases in a given output between hospitals. There are said to be economies 

of scale with respect to an output if it is cheaper to concentrate output increases in a single 

hospital instead of equally dividing the output increase between several hospitals. In terms of the 

cost function, product specific scale economies for a given output type, y,, will obtain at y if, 

holding other outputs fmed, its marginal cost curve is declining. For the special case of the 

quadratic cost function, the cwature of the marginal cost curve is independent of the output 

vector and so, somewhat restrictively, local specific scale economies are identical to global 

economies: the slope of the marginal cost curves for an output equals the coefficient of the 



squared output variable. Inspection of these coefficients yields product specific scale economies 

for all output types except prirnary/secondiuy care. The resulting prediction is that if there is an 

increase in demand for an individual service other than primary/secondary care, then it is cheaper 

to expand service provision in one hospital, as opposed to spreading the demand increase across 

existing hospitals. 

Product specific economies of scale arises as a special case of a more general concept 

which compares the costs of expanding some set of services in one hospital with the costs of 

splitting the output vector among several hospitals. One way to formularize such a product 

specific measure is 

P S E ( ~ p . a . a . 6 )  = 

Beginning with a pair of identical hospitals providing output vectors (p,,t,,l,,oo), PSE represents 

the percentage savings from concentrating an incremental change in output (E~,E,,E,, E,) in one of 

these hospitals as opposed to splitting the increment evenly between two. 

In general, the measures of product specific economies will depend on the both the output 

increments and the reference output vector and, for any reference vector and set of output 

increments, the number of different types of product specific measures will be 2"-1 for the case 

of rn outputs. 

As a numerical example, consider two hospitals providing 75% of the mean output levels - 
(4864,1239,14437,49 162), and consider allocating an additional 4864 prirnary/secondary and 

491 62 outpatient/ernergency additional cases between these hospitals. Then the savings fiom 

transferring these cases to a single hospital instead of equally across two is 



which, yields an estimated savings of 5% per year. 

The example is completed in Table 8 with calculations for proportional increases for the 14 

remaining output category combinations, for output increments and initial output levels of 75% 

of the means. 

Table 8: Product Specific Measures:(p,,t,,lo,oO)=(4864,1239,14437,49162); 75% of mean increment 

1 (Products produced together} I percent savings (loss) I 

(tert, chron/long/rhab) 

{tert, out/dn/emerg} 

I {prim/sec, tert, out/dn/ernerg} 1 1.6 I 

4.8 

-2.8 

{chron/long/rhab, out/dn/emerg) ) 

{ pridsec, tert, chron/long/rhab) 

--- - 

{prim/sec, tert, chrodlonglrhab, out/dn/emerg) 1.3 
i 

- 12.7 

7.9 

When considering expansion of a single output type, whether or not there are product 

specific returns to scale with respect to the output may be inferred by direct examination of the 

parameter on the relevant second order coefficient. However, when the product set under 

consideration in PSE above contains two or more elements, the cost predictions from output 

allocations must be directly computed via the cost function. For example, the cost h c t i o n  

exhibits cost complementarities between tertiary care and prirnary/secondary care since the 

coefficient on the interaction term between these outputs in the regression equation is less than 

zero, but the product specific measures computed above reveal that this does not imply that it is 



always more cost efficient to provide these services together: there is a 4.4% loss associated with 

concentrating the given incremental output vector in one hospital as opposed to across two; 

prirnary/secondary care exhibits an increasing marginal cost curve for any output vector yet its 

complementarity with ambulatory care implies that, depending on output mix, hospitals with high 

levels of primaqdsecondary care may well be more cost efficient than those with low levels. 

Since primary/secondary and emergencyloutpatient care are "complements", as seen by 

their cross product coefficients, the addition of one reduces the marginal cost of the other. We 

would then anticipate that at low levels of outpatient cases, it would be better to spread out 

increases in primary/secondary cases among hospitals (since there are product specific 

diseconomies of scale with respect to primary/secondary care). At larger outputs, the effects of 

complementarity will take effect and it becomes cheaper to concentrate output in fewer hospitals. 

This intuition is confirmed by the example contained in figure 4, which describes the behaviour 

of PSE {g,,O,O, e,) relative to the initial output vector (4864,1239,14437,49 162) for output 

increment vectors 

{6*4864,O,O749162*y). 

The product specific measures 

demonstrate the sensitivity of hospital 

costs to the interaction between 

economies of scale and scope. Studies 

which do not consider these effects, but 

instead simply report the results 

associated with the generic cost 

experiments indicated by equations 4 

and 5, are severely limiting in the 

practical information which they 

provide. 

figure 4 



Our presented scale and scope measures clearly examine a small set of mergers and 

consolidation types within the universe of such experiments, however, given an estimated cost 

function, the cost implications for any set of mergers and consolidations may be predicted. 

The information contained in the cost function may be used in exercises which compare the total 

costs of various hospital systems so , in particular, for any given aggregate output vector, the 

predicted costs of entire hospital systems may be compared in a search for technically efficient 

hospital configurations. 

1 1.4.4 The Sustainability ofHospital Configurations. 

Within any given service region, a hospital system may be assessed by the efficiency in 

which it delivers a given amount of effective hospital care subject to a variety of institutional and 

market related constraints. It is apparent that cost efficiency is only one element of a more 

encompassing definition of efficiency which also considers clinical effectiveness and patients 

overall utility. 

A search for sustainable systems is exclusively a search for hospital configurations which 

are more cost efficient, although not necessarily cost effective. The significance of sustainability 

is that if there is an opportunity for hospital consolidations within some limited geographic region, 

and if cost considerations are a fbndarnental concern, then hospital systems may be compared on 

the basis of cost in order to predict the pattern of consolidation. 

For an extended description of how such a procedure wouid work, we apply our concept of 

sustainability to our estimated hospital cost hc t i on  for Ontario, and compare several hospital 

systems purely on the grounds of technical efficiency. 

Upon inspection of the coefficients of the long run cost function, it is apparent that the 

most technically efficient configurations will be those under which primary/secondary care is 

provided jointly with outpatient/emergency services. This means, in terms of our defmition of 

sustainability that, for any group of hospitals providing aggregate amount of care Y, if some 

hospitals deliver outpatient/emergency care but not primarylsecondary care, then there is a 

hospital reconfiguration which lowers total costs through the exploitation of economies of scope. 

For example, a system which provides the total output vector (2489, 176, 7290, 27008) with 



hospital 1 providing outputs (2489, 176, 7290,O) and hospital 2 providing (O,0,0, 27008), is 

predicted to result in total costs of $1 1 33 1 000; the system is not sustainable since a 

reconfiguration under which hospital 1 provides outputs (2000, 176,7290, 0) and hospital 2 

provides (489,0,0,27008) yields predicted costs of $10 293 000. 

The high degree of cost complementarity between the provision of primarylsecondary and 

outpatientlemergency care implies that the set of potentially sustainable hospital systems may 

immediately be restricted to four within our range of approximation: 

I. Hospital systems where some hospitals provide primary/secondary, outpatientlday- 

night/emergency, and tertiary care and all others specialize in chronicAong-tendrehab care. 

11. Hospital systems where all hospitals provide prirnary/secondary,outpatient/day- 

nightlemergency, tertiary, and chronicllong-tendrehab care . 
111. Hospital systems where some hospitals provide primary/secondary,outpatient/day- 

nightlemergency, and chronic/long-tendrehab care and all others specialize in tertiary care. 

IV. Hospital systems where some hospitals provide primarylsecondary and outpatientlday- 

nightlemergency care, and all others provide tertiary, and chronicllong-termkehab care . 

Typical hospitals within each of these systems are shown on page 84. 

To restrict this set further, consider any set of hospitals where a representative hospital is 

producing output vector y at a total cost of C(y). Then recall that this configuration will be 

unsustainable at y if there exists two hospitals with respective costs C(a)  and C(P) such that 

C(a) +C(P)< C(y) with u+pry, hence, a search for unsustainable systems involves cost 

comparisons between pairs of representative hospitals. 

For any given total output vector Y,=(P,,T,,L,,O,), possible cost efficient configurations will 

consist of one of the four systems. Systems I, 111, and IV may be viewed mathematically as 

limiting cases of hospital system 11, since all the hospitals in each system may be viewed as 

providing output vectors (a,*P,, a,*T,, a,*L,, a,*O,). In particular, given initial output vector 



Candidate Sustainable Systems 

System I 

HOSPITAL I 
Primary/Secondary 
Outpatient/Day-Night/Emergency 
Tertiary 

System II  

HOSPITAL 1 
PrimarylSecondary 
Outpatient/Day-NightEmergency 
Tertiary 
ChronicLong TerdRehab 

HOSPITAL 2 
ChronicLong TermRehab 

HOSPITAL 2 
PrimarylSecondary 
OutpatientlDay-Night/Emergency 
Tertiary 
ChronicLong TerrnRehab 

System I11 

HOSPITAL 1 
PrirnarylSecondary 
Outpatient/Day-Night/Emergency 
ChronicLong T e d e h a b  

HOSPITAL 2 
Tertiary 

System IV 

HOSPITAL 1 
Primary/Secondary 
OutpatientiDay-NightEmergency 

HOSPITAL 2 
ChronicLong Tennmehab 
Tertiary 



Yo= (Po,To,Lo,Oo). we may subdivide system II into four cases as: 

System I : Costs for a representative hospital may be written as C((1 -a) Po, (1 -a)To, PL,, ( 1 -a)O,) 

System 2: All hospitals will have costs equal to C(Po,To,L,,O,) 

System 3:Costs for a representative hospital may be written as C((1 -a)P, PT, (1 -a)L,, (1-a)O,) 

System 4: Costs for a representative hospital may be written as C((1 -a)P,,PT,, DL,, ( 1 -a)Oo) 

where, within each of the systems, a+ P=l. 

For the special case when a=O, then systems 1 to 4 correspond exactly to system types I to IV at 

total output vector Yo. 

Given one or more hospitals providing total output vector Y,, to demonstrate that this 

configuration is unsustainable at Yo, we need only to find any combination of hospitals which can 

provide this output vector less expensively. For example, our earlier findings that proportional 

increases in outputs are associated with less than proportional increases in costs imply that a two 

hospital system with each hospital providing the same service levels will have higher total costs 

than if those hospitals were merged. 

To provide a more detailed example, consider any initial hospital configuration in which there is a 

type 2 hospital providing the sample mean level of output (6486, 1652, 19249,65549). 

Then Figure 5 allows us to search through systems one, three and four for potential 

reconfigurations which will result in a decline in costs but no diminution of total output. 

Allowing a to vary allows output mix to vary beween the two type of hospitals: when a =.5, then 

systems 1,3 and 4 are identical and when a=O, this corresponds to pure specialization of some 

elements of the product set; however, we do not compare the systems using low levels for a, since 

the cases of extreme specialization requires extrapolation well beyond the means of the data set, 

making predictions there likely to be imprecise. 

For a system 2 hospital providing the mean output vector, expected costs are $42 600 000. 

The case of splitting this output vector equally between two hospitals occurs when a =.5, and by 

our previous results concerning economies of scale will result in an increase in total costs. As a 



declines, the amount of specialization 

increases, but the economies of scale 

achieved by jointly providing the mean 

output vector imply that switching to 

systems 1 or 3 will result in an increase in 

total costs. Furthermore, since we have 

argued that our intercept term is likely 

understate hospital fixed costs, then 

costs of systems I and 3 relative to 

system 2 are likely to be understated. 

In terms of system 4, when a =.5 then 

are comparing stand alone provision 

with provision by two hospitals 

figure 5 

COST 

configured in a way which does not Fully 

exploit the complementarities between 

outpatientlemergency and primary/secondary care, as well as the anti-cornplementarities between 

tertiary/chronic/long tendrehab care and outpatient/emergency care. As a declines, then the two 

system 4 hospitals shift toward greater degrees of specialization between 

primary/secondary/outpatient/emergency care and tertiary/chronic/long tedrehab care, and, long 

before complete specialization is attained, the initial system 2 hospital becomes unsustainable. 

since the two system 4 hospitals achieve lower total costs. 

However, local non-sustainability of a hospital type need not imply global non-sustainability. 

Accordingly, we make the above comparisons allowing for output scale to vary, with proportions 

fixed at the mean vector proportions. As scale of service provision varies, it may be shown that 

systems 1 and 3 are globally dominated by system 4. This means that any output vector 

proportional to the mean may always be provided at less total cost to the system by either 

providing tertiary/chronic/long tedrehab care and primarylsecondarylemergency/outpatient 

services at single sites, or providing these groups of services at separate sites. 

To reveal additional information concerning systems 2 and 4, we examine Figure 6, which graphs 

the difference in costs between these two systems as output varies. The region where this 



difference is positive or negative 

implies, respectively, that, given the 

output mix implied by the value of a, 

system 4 or system 2 achieves lower 

cost for the scale of output. 

Beginning From the mean output 

vector, as the scale of output varies, so 

too does the sustainability of the 

various hospital configurations. 

figure 6 

The range of the cost deviations in figure 6 indicates that there exists a value of oc such that any 

single hospital producing a mean proportional output vector will have higher costs than a pair of 

system 4 hospitals; one hospital will have costs C((1-a)P,, aT,, a Lo, (I-a)OJ , the other 

C(aP,,( 1 -a)T,, (1 -@Lo, aOJ. 

For an indication of the degree of specialization required in the two hospitals to render the one 

hospital unsustainable, we examine figure 7, which computes the maximum value of a* for 

various output levels, ie. the lowest degree of specialization required , as output scale is allowed to 

vary* 



OUIPUTPROQ ORnONS 

figure 7 

Around the means, the required degree of specialization ranges from 30% to 35%. In terms of a 

single hospital providing the level of service Y,=(Po7To,Lo,0,), its costs are higher than the sum of 

the costs of two hospitals: one providing service levels (1- a) Po, aT,, EL,, (1 - a) 0,) and the 

other providing levels ( UP,, ( I  -a) To, (1 - a) Lo, aOo), for any a%*. 

There are economies of scale in the production of the types of hospital care which we have 

considered, however, larger hospitals are not necessarily more technically efficient than small. 

Given hospitals with similar levels of tertiary, and chronicAong tendrehab service, hospitals 

which treat a greater number of primary/secondary cases will be more efficient at providing 

outpatient care; given hospitals with similar levels of primarylsecondary and chronic/long/term 

care, hospitals which treat a greater number of tertiary cases are associated with being less 

efficient in the provision of outpatient care. 

The fmding that hospitals with relatively large tertiary centres also have high cost 

emergencyloutpatient departments may be due to inefficiency, but it may also be attributed to 

potential differences in the complexity and severity of emergency department case loads. The 



available data are not refmed enough to estimate the relative importance of these effects, however, 

some prior studies of hospital costs have also suggested that unobserved case mix effects may be 

influencing these results (Granneman et al, 1986). 

Granneman et al estimated that, at the means, the average incremental cost of outpatient 

care exceed the average cost of emergency department care by over 50%. If there were systematic 

differences between the costs of emergency visits and outpatient visits, then these could 

potentially skew our reported scale and scope measures. In particular, if emergency cases are 

relatively more expensive, and if hospitals with a larger outpatientlemergency case loads treat 

relatively more emergency cases then grouping these service types together might result in 

spurious findings of diseconomies of scale. In order to assess whether larger outpatient/emergency 

programs might have relatively more emergency cases, we regressed 

the number of emergency visits relative to the total number of emergency/outpatient visits on the 

size of the outpatient/emergency program. The results fiom this regression did not show any 

substantive relationship between mix and size of ambulatory care program. However, the quality 

of the emergency and outpatient data may be low and may reflect variations in data definitions or 

non reporting of clinic patients; further assessment of the effects of measurement error will 

require more detailed validated data. 

1 1.5 Economies of Mergiflg: An Application to Hospital Peer Groups 

The preceding analysis summarized the degree of jointness which characterizes the 

provision of hospital products, and used this information to predict patterns of mergers and 

changes to output mix. However, examining the cost implications of changes in output scale and 

composition for the "average" hospital may depart too far &om the reality of the hospital 

configurations extant. Knowing a hospital's product mix is essential for determining its 

sustainability, yet it is likely that a hypothetical hospital providing all outputs at the overall sample 

mean will not be congruent with the case loads of individual hospitals. For example, according to 

Table 4, the hypothetical average hospital will have a ratio of primary cases to tertiary case of 4, 

but across peer groups which provide these services, the ratio ranges fiom 2 to 70. 

Since that observed mix is a fimction of hospital size it is insufficient to examine 

economies of scale and scope while holding subsets of the product set at arbitrary proportions. In 



this section we apply our estimated equilibrium cost fhction to examine the implications of 

merging hospitals within and across peer groups. By describing cost experiments at the group 

level, we are more likely to find hospital product mixes which are more realistic than those 

implied by the overall sample average. 

Table 9 contains predictions of the cost savings per year fiom the mergers of various hospital peer 

groups. 

As was pointed out earlier, our cost function predicts average peer group costs well for 

groups 3 to 7, however, we feel that the estimated costs of very large and specialty hospitals are 

too inaccurate to be of much practical use. As a result, our analysis considers only mergers among 

5 peer groups. 

Table 9: Mergers Across Peer Groups 

I {Group Hospitals Merged ) I Expected Savings (S 100000s) 1 95% Confidence Interval 



The confidence bounds for the expected gains from mergers are almost uniformly positive, which 

support this study's earlier fmdings of unexhausted economies of scale and scope in Ontario 

hospitals. Unlike the monotonic improvements in cost savings which occurred as output mix was 

held constant while scale changed, the group mergers admit non-linearities in the savings due to 

mergers. 

Sustainability of two autonomous single hospitals occurs if the sum of their costs is less 

than the costs which would result if the hospitals merged. By this criterion, no representative 

hospital in groups 2 to 7 is sustainable. since all amalgamations are expected to result in efficiency 

gains; in all but one of the hospital mergers considered, the null hypothesis of no gains to mergers 

may be rejected at the 5% level of significance. 

The estimated cost fhction delivers expected hospital costs given output levels, however, 

a policy analysis of the sustainability of individual hospitals cannot simply be undertaken by 

substituting a hospital's case load into the regression function. Averaging procedures, such as 

grouping and regression estimation, smooth out hospital specific effects which may be important 

for explaining cost variation within peer groups. The cost of individual hospitals will vary not 

only due to effects accounted for in the regression, such as output scale and mix, but also because 

of differences in efficiency or operating environment. There are gains to consolidations on 

average, however, additional hospital specific information should be used to identify the candidate 

hospitals. For example, if a group 5 and group 6 hospital were selected at random to merge, then 

the expected cost saving to the system amount to $3 660 000 per year, but planners would likely 

have information to identify those pairs for which the cost savings will be greater; potential gains 

are higher than the average as indicated by the upper bounds on the confidence intervals. 



12. Conclusions 

Economies of scale and scope in the provision of hospital care is a conventional wisdom 

that has not been consistently supported by statistically estimated cost functions. This 

dissertation has addressed the panoply of shortcomings which have plagued much of the 

literature and found strong evidence of unexploited economies of scale and scope in Ontario 

hospitals. Incorporating case mix effects, hospital inefficiency, output aggregation and output 

measurement into estimation of the cost function in ways which are consistent with the 

underlying economic and statistical theory have resulted in a parsimonious representation of 

hospital costs. The dichotomy between equilibrium and disequilibrium cost hnctions has been 

demonstrated to have crucial implications for conclusions relating to economies of scale and 

scope, so that assumptions concerning the fixity of inputs must be examined before estimated 

models are used for policy analysis. 

Consistent with previous analyses, we have found that estimates of cost function concepts 

are sensitive to large perturbations in outputs; in addition, our analysis suggests that estimates of 

economies of scale and scope may be highly sensitive to the vectors of reference. Accordingly, 

examination of cost function behaviour at the means of a data set is only a preliminary step in the 

more detailed analysis which is required for applications. 

Over a wide range of cost experiments, our model predicts that total hospital costs may be 

reduced through strategic use of hospital mergers, consolidations and program transfers. The 

gains from coordination have been estimated to arise &om the increased utilization of all inputs, 

as opposed to the one time partial recouping of brick and mortar costs. At the margin, 

prirnary/secondary care is complementary with all other outputs. However, the fact that larger 

tertiary programs are associated with higher inefficiency in the provision of outpatient/ernergency 

care yields the prediction that cost savings might be attainable by increasing the mix of 

ambulatory to primarylsecondary cases in Ontario hospitals. This recommendation is made under 

the caution that hospitals with larger tertiary programs may receive more difficult 

outpatient/emergency visits than smaller, so case mix effects may be rnisrneasured as 

inefficiency. Since case mix data are not yet available for ambulatory cases, this issue cannot be 

fully resolved at this time. 



The limitations of the data used in this study should not be understated. 

Rehab/chronic/long term care patient days and ambulatory and emergency visits will likely 

exhibit considerable variation in resource use among hospitals so, ideally, a case mix adjusted 

measure should be used to assess the nature of this variation. The Hay algorithm for demarcating 

primary/secondary and tertiarylquatemary cases has not been rigorously tested statistically in 

order to assess the degree of homogeneity in resource use within case categories. The data 

derived fiom the MIS database are known to exhibit significant reporting variations, so the 

conclusions fiom analyses using these data are conditional on its quality. The data on the degree 

of teaching activity in hospitals is likely to be of poor quality, due both to the lack of uniformity 

in reporting practices and the lack of incentive for accurate reporting. Furthermore, we have not 

differentiated hospital students according to specialty, faculty, or graduatehndergraduate status, 

and this aggregation problem is not readily assumed away. 

Although our analysis indicates that the Ontario hospital system is technically inefficient, 

since it is not delivering hospital care at minimum total hospital costs, recommendations 

regarding hospital mergers cannot be made without broadening the measure of costs and benefits. 

In addition to the multifarious costs relating to triaging patients in a merged hospital system or 

achieving fill integration of clinical and administrative activity, changes to the delivery of care 

will impact patient's welfare in a variety of ways. 

One argument for cost effectiveness of the health sector is that an increase in technical 

efficiency allows for a reallocation of productive and scarce health care resources toward 

enhancing the welfare of the service population. However, a patient's utility is more than a 

h c t i o n  of her potential utilization: for example, a consolidation which results in higher patient 

time and transport costs may increase the hnds available for medical care but may result in a 

total welfare loss to the service population. Accordingly, improving technical efficiency 

represents one component of a cost benefit calculus which considers both the internal and 

external cost implications of hospital reconfigurations. 

This dissertation forms part of what is a continually evolving research program among 

health economists. Extensions to this analysis include: fitrther investigating the nature and extent 

of inefficiencies in hospital production using stochastic frontier or panel data approaches; 



exploring sensitivity of the measures of scale and scope to alternate fhctional forms; and 

applying the model to a variety of data sets, especially for the purposes of comparing hospital 

production structures across geographic regions. 

The databases used in this analysis are expected to improve in quality, as reporting 

becomes more standardized, technological improvements are adopted, and increased demands are 

placed on the data for policy purposes. Case mix adjusters for ambulatory and chronicnong 

tedrehab care are not yet available, although this shortcoming is likely to be temporal. It is 

anticipated that the present analysis will be reevaluated upon the availability of improved data 

sources. 

More ambitiously, b r e  analysis of hospital costs will be undertaken as part of a cost 

benefit analysis, which includes utility and cost calculations in forming prescriptions for hospital 

mergers. 



Appendix I :  Total Cost Calculation 

I- Departmental Costs net of internal transactions: 

Data Source: MS database 
Description: The expenses net of interdepartmental and inter-facility recoveries for 

the following Wfunctional  centers; 
administration and support 
nursing inpatient 

0 am bu latory care 
diagnostic and therapeutic 

0 education 
undistributed accounting centers (these are revenue and bad 

debt accounts undistributed amortization, net/gain loss, interest 
expense, rnunic@al taxes and other undistributed operating 
expenses) 

Note that research functional centers have been excluded. 

2-Undistributed Centers - (profit) or loss 

Data Source: MIS database 
Description: The projil or loss for the foiiowing MSfunctional centers find vpe  I )  

non-patient food services 
marketed services 

0 emergency physicians 

3-Other Votes - net 

Data Source: MIS database 
Description: These are programs funded through The Ministry of Health Other Vote 

programs rather than from the hospitals global ullocation above. 

4-Other Sources of Funding - net 

Data Source: UIS database 
Description: These are programs the hospital undertakes with other sources of 

funding. Commercial activities separate cmd apart from patie~n activity 
are reported here, as are separately firnded research activities. 

5-Board Designated Fund - net 

Data Source: MIS database 
Description: The board o fa  hospital may designate a program and report the 

activities in this separate find. 



&Capital Fund - expenses only 

Data Source: MIS database 
Description: Several hospitals use a separate capitol find to track their assets and 

amortization. 

7Specal Purpose Fund - net 

Data Source: UIS database 
Description: Hospitals may use a special purpose fund for a one time special 

project. 

8/9- Unrestticted & Restricted Endowment funds - net 

Data Source: n/us database 
Description: Separate fund types are set up for endowed moneys. 

Data Source: MIS database 
Description: This is the total amortization reported by all fund types. 

I I-Net (Gain)noss on Disposal of Assets 

Data Source: UIS database 
Description: Net gainhss on the disposal of capital equipment is an accounting 

allocation based on the amortization of the asset. 

12-Rentamease Costs 

Data Sozrrce: MIS database 
Description: Total rental/'ease costs 

Total hospital costs are calculated as the sum of categories 1-9, minus categories 10-12. 



Appendix 2: Independent Variable Definitions 

Daymight visits 
Data Source: MIS database 

Emergency visits 
Data Source: MS database 

Clinic visits 
Data Source: MIS database 

Staffed Bed Days 
Data Source: MirS database 

Beds 
Staffed Bed13 65 

Student Days 
Obtained from Joint Policy and Planning Committee 

ChronidLong term cardtehab Days 
Data Source: MIS database 
Description: This is accurn ulated occupied chronic/long term careheha& bed 

daysfi.orn the daily census. 

Primary/Secondury Days 
Data Source: CiHI database, using 1994 CMG 's and 1994 Level of Care 

assignments for 1994-95 and 1995 CMG 's ond I995 Level of 
Care assignments for 1995-96. 

Primary/Secondary Cases 
Data Source: CIHI database, using 1994 CMG 's and 1994 Level of Care 

assignments for 1994-95 and 1995 CMG 's and 1995 Level of 
Care assignments for 1995-96. 

Primary/Scondary Weighted Cases 
Data Source: CIHI database, 1994 Resource Intensity Weights for 1994-95 

and 1 995 Resource Intensity Weights for I 995-96. 

Tertiary Days 
Data Source: same as prima~/secondary days 

Tertiary Cases 
Data Source: same as primary/secondary cases 

Tertiary Weigh led Cases 
Data Source: same as primary/secondary weighted cases 



Appendix 3: An Overview of Case Mix Groups and Resource Intensi@ 

Weights' 

Case Mix Groups (CMGs) 

CMGs were developed by the Hospital Medical Records Institute (HMRI) as a method of 

standardizing hospital output to account for severity and complexit. Each hospital patient 

discharged in Canada is assigned an International Classification of Diseases (ICD-9) code or 

its clinical extension ICD-9-CM, and CMGs provide a means to aggregate the over 10000 

ICD-9 output categories into 567 CMG categories. 

Similar to Diagnosis-Related Groups (DRGs) in the United States, CMGs are derived fiom a 

clinical basis using routinely collected data, with each CMG intended to contain cases which 

are statistically homogenous with respect to length of hospital stay. 

CMGs were introduced in 1983 and, since then, have been continually revised to accord 

better with Canadian practice patters; this study uses 1994 Case Mix Groups. 

Resource Intensity Weights (RI Ws) 

RlWs are standardized ratios which may be used to compare the expected relative resource 

requirements between hospital cases. 

Over the sample period 1994- 1996, reliable average cost estimates for each of the CMGs 

were unavailable for Canadian hospitals so average costs were estimated using New York 

State 1985 Service Intensity Weights. 

Calculation of a typical RIW consists of dividing the average cost for a CMG fiom the New 

York database (adjusted for differences in length of stay between New York and Canada) by 

the average cost for all cases in the HMRI database. 

RIW adjustments are made to account for atypical cases such as deaths, transfers, and long 

stay outliers. 

'This appendix relies heavily on Pink and Bolley, 1994. Further detail is contained in 
that article and its references. 



Appendix 4: The Hay Level of Care Methodology 

Hay Management Consultants developed a Level of Care Method as part of the 1994 

Hospital Restructuring Project undertaken for the Metropolitan Toronto District Health 

Council. Although not empirically validated, the method was developed in consultation with 

many committees of health professionals, many of whom have stated that the method exhibits 

face validity. In brief, the method assigns all Case Mix Groups (CMGs) into primary, 

secondary, tertiary, and quaternary levels of care using the following algorithm: rank CMGs 

by number of hospitals having at least one case; rank CMGs by percentage of Metro Toronto 

hospital service that is provided to residents from outside the Greater Toronto Area; rank 

CMGs by "typical" Resource Intensity Weight value; sum the three ranks to calculate a total 

rank; and sort by total rank and divide into tertiary (including quaternary), secondary and 

primary* 
For example: 5 CIHI hospitals are estimated to perform lung transplants which gives this 

procedure a hospital rank of 1; 60.6% of these cases come from outside the Greater Toronto 

Area which results in an inflow rank of 2; and the typical RIW value of 27.8 yields an RIW 

rank of 4. The total rank of 7 then implies that lung transplants are associated with the tertiary 

level of care. 



Appendix 5: Data Validity and Selection 

Data Selection 

Using the MIS Trial Balance Submission and the CIHI AbstractDischarge database 

we constructed a data set for the near universe of Ontario hospitals for the two periods 

1994/95 and 199Y96. 

Complete data for the 2 12 hospitals in our sample was available yet there were 

instances when the validity of certain data was questionable. There is no satisfactory method 

for determining the presence of misreporting or errors in variables so the data for each 

hospital was checked for consistency across years: if there was a large unexplained variation 

in a variable within an hospital between years, then an error would be suspected. 

Furthermore, within a hospital peer group, if variable values for a hospital diverged 

significantly from the values for the other peer group hospitals, then those data might be 

incorrect. 

Our data included observations on both chronicllong tedrehab cases and days of 

care and there were 90 instances when the average length of chronidlong tendrehab stay 

exceeded 365. Although this may be due to errors in either reported cases or days or both, 

when we compared the reported cases across peer group hospitals, we found that excessive 

reported average lengths of stay could be directly attributed to implausibly low reported 

values for cases. For none of the hospitals with low average lengths of chronicAong 

tendrehab stay did we discover great inconsistency across years within a hospital, or across 

peer group. Accordingly, these observations were not excluded or adjusted for the analysis. 

The MIS data on bed days did contain irreconcilable inconsistencies that resulted in 

adjustments to the data set. In 1995/96 and 1994/95 there were, respectively, 48 and 67 

hospitals which had reported bed days greater or less than two standard deviations fiom their 

peer group means. Of these hospitals, only 2 exhibited this pattern across both years. These 

two hospitals were excluded from the analysis, but instead of excluding the remaining 1 15 

misreported observations, we opted to extrapolate the data as follows: we calculated the 

change in reported beds for each of the peer groups over the two years; then the associated 

rate of change for each hospital was applied to the acceptable reported bed days variable to 

compute a bed days observation as a proxy for the true value of the rnisreported observation. 



Data Validity1 

Provincial governments f h d  hospital global budgets with hospitals being required to 

submit abstracts of demographic and clinical information for all hospital discharges. Certified 

technicians and administrators record the clinical information using ICD-9 or ICD-9-CM 

codes and the Canadian Classification of Diagnostic, Therapeutic and Surgical Procedures 

books. All information submitted to the database is edited by the Canadian Institute for 

Health Information and so hospital inpatient discharge data provides complete information 

with very little missing data. 

Using various techniques, The Institute for Clinical Evaluative Sciences assessed the 

completeness of the Ontario hospital discharge database. Among the fmdings were a . I  % 

incidence of missing residence codes and a 99% agreement between the number of patients 

having an isolated CABG reported in a clinical data set and the number reported in the 

provincial hospital discharge data set. 

Reabstraction studies of hospital records assess the agreement between the abstracted 

database information and the chart recorded by the physician and then coded by the staff. 

Based on a random sample of 2998 inpatient records for 1988189 Ontario hospitals, the 

Ontario Hospital Association found that 97% of reabstracted admission and discharge dates 

matched the submitted abstract. Furthermore, all deaths were coded correctly. 

In Ontario's provincial reabstraction study, the reabstracted most responsible 

diagnosis matched with the database in 8 1% of cases; these discrepancies were attributed to 

lack of specificity and hospital policy. Agreement on additional diagnoses (cornorbid 

conditions and complications) was quite low at 37%; much of the disagreement were due to 

omissions on the submitted abstract. 

In studies which compared hospital discharge data with physician claims or clinical 

data there was generally over 90% agreement for primary procedures. For example, Williams 

and Young report a study by Irons and associates who found that 4984 of 5282 of OHIP 

claims for hysterectomies could be matched with hospital records for these procedures and 

2973 of 3 185 OHIP claims for cholecystomies agreed with hospital records. 

'This section is based on the swvey by Williams and Young,1996. Further detail is 
available in that document and its references. 



Based on their inventory of Canadian health administrative databases, Young and 

Williams conclude that clinical information relating to most responsible diagnosis and 

principle procedure accurately reflect the information recorded on patient's charts. However, 

the data relating to additional diagnoses was unsatisfactory in term of its degree of 

reconciliation between chart information and abstracted database information. Clinical 

information on secondary diagnoses, complications and comorbidity are less likely to be 

recorded on the chart or abstracted, so the hospital discharge abstract could be expected to 

underestimate severity or comorbidity. In particular, they concluded that the data are 

inadequate for calculating severity and complexity adjustments. 

The financial and clinical data obtained From the MIS Trial Balance are known to 

exhibit significant reporting variations, which are likely to arise from differences in data 

definitions and non reporting of various clinical patients. Furthermore, the quality of the 

emergency and outpatient data is low. Although formal analysis of the quality of the MIS 

data has not been completed, the limitations of the MIS data over our period of analysis, 

especially for emergency and outpatient care, are becoming increasingly recognized. In the 

absence of data of better quality, the MIS data was applied to our investigation of scale and 

scope economies, with the anticipation that better quality data may be used in a future re- 

estimation. 
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