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1. Introduction

The health care expenditure is growing rapidly in Switzerland. During the five-
year period between 1997 and 2002, the national level of health care costs has
grown with an average annual rate of about 4.5% attaining about 48 billion
Francs in 2002. General hospitals' incur a considerable part of health costs. In
2002, general hospitals (about 12.4 billion Francs) and specialized clinics (4.0
billion Francs) respectively accounted for about 25.8 and 8.3 percent of the total
health care expenditures in Switzerland. In particular, the general hospitals sector
shows an increasing growth rate rising form about 3.9 percent per year between
1997 and 1999 to an average of about 6.5 percent per year between 2000 and
2002. This increasing growth has raised the public interest in improving the per-
formance of hospitals and determining the extent and identifying the sources of
possible inefficiencies in this sector.

Department of Management, Technology and Economics, ETH Zurich, Switzerland and
Department of Economics, University of Lugano, Switzerland. The authors wish to thank
the editor and two anonymous referees for their helpful suggestions and André Meister, Luca
Crivelli and Luca Stiger for their general support. This paper is based on extracts from the
final report with the same title (June 2004) prepared for the Swiss Federal Statistical Office.
The financial support of the SFSO and the Swiss Federal Office for Social Security is grate-
fully acknowledged. The original data are provided by the SESO. The views expressed in this
paper are those of the authors and do not necessarily reflect the positions of the sponsoring
agencies.

1 In Switzerland hospitals are divided into two categories: general hospitals and specialized
clinics. While general hospitals provide short-term medical care in any field, specialized clin-
ics are restricted to one of the following care categories: psychiatrics, rehabilitation, surger-
ies, gynecology/neonatology, pediatrics, geriatrics, and other specialties. See SFSO (2001) for
more details.
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This paper studies the productive efficiency of the Swiss general hospitals. The
financial data of 214 general hospitals over the four-year period between 1998
and 2001 are used. Specialized clinics are excluded from this study. After exclud-
ing the hospitals with less than twenty beds and the observations with missing
and suspicious values, the final regression sample includes 459 observations of
156 general hospitals. The cost efficiency of hospitals is studied using stochas-
tic cost frontier analysis. Several specifications are considered and the results are
compared. The efficiency estimates of individual hospitals are also analyzed to
test whether hospitals with different ownership and subsidization types are sig-
nificantly different regarding efficiency. The results suggest considerable sav-
ings could be achieved through improvement of hospitals’ efficiency. On aver-
age, university hospitals and large regional facilities are the most costly providers.
However, part of these cost differences could be due to higher expenses resulting
from teaching and research activities. In small hospitals, one of the main sources
of excessive costs is related to lengthy hospital stays. The inefficiency estimates
do not provide any evidence of significant differences among hospitals with dif-
ferent ownership/subsidy types. The results also point to unexploited economies
of scale.

The rest of the paper is organized as follows. Section 2 provides a general
description of the cost frontier approach followed by a discussion of the adopted
functional form and econometric specification. A descriptive analysis of the data
is given in Section 3. Section 4 describes the model specification. The estima-
tion results along with a discussion of cost and scale efficiency and the effects
of ownership/subsidy types are presented in Section 5. Section 6 concludes the
paper with a summary of the main results.

2. Methodology

There are several methods to estimate the cost efficiency of individual firms. Two
main categories are non-parametric methods which originated from operations
research, and econometric approaches namely stochastic cost frontier models.”
In non-parametric approaches like Data Envelopment Analysis, the cost frontier
is considered as a deterministic function of the observed variables but no specific

2 See KumBHAKAR and LovELL (2000) for an extensive survey of parametric methods and
CokeLLr T AL. (1998, chapter 6), and Simar (1992) for an overview of non-parametric
approaches.
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functional form is imposed.” Moreover, non-parametric approaches are generally
easier to estimate. Parametric methods on the other hand, allow for a random
unobserved heterogeneity among different firms but need to specify a functional
form for the cost function. The main advantage of such methods over non-para-
metric approaches is the separation of the inefficiency effect from the statistical
noise due to data errors, unobserved variables etc. Another advantage of paramet-
ric methods is that these methods allow statistical inference on the significance
of the variables included in the model, using standard statistical tests. In non-
parametric methods on the other hand, statistical inference requires elaborate
and sensitive re-sampling methods like bootstrap techniques.” Given the above
discussion we decided to focus on the stochastic cost frontier models.

Many authors have used cost frontier models to evaluate hospitals’ efficiency.
ZUCKERMAN ET AL. (1994), LinNa (1998) are two examples. The former paper
used a translog functional form while the latter used a Cobb-Douglas cost func-
tion. Rosko (2001) has also used the frontier approach with a translog cost func-
tion and with instrumental variables to account for the potential endogeneity of
capital and labor prices. The use of cost frontier models to evaluate efficiency
in the health-care sector has been criticized by NEwHOUSE (1994) and SKINNER
(1994). The main arguments against these models are related to the unobserved
heterogeneity due to differences in case-mix and quality and the errors commit-
ted by aggregation of outputs as well as non-testable assumptions on the distri-
bution of efficiency.

ForLLanD and HorLER (2001) provide a discussion on the reliability of hos-
pital efficiency estimates obtained from stochastic cost frontier models. These
authors show that the individual efficiency estimates are rather sensitive to the
adopted model specification and functional form. However, the results are robust
when the comparisons are performed between hospital group mean inefficiencies.
This finding is consistent with the results reported by HADLEY and ZUuCKERMAN
(1994) suggesting that the stochastic frontier analysis of hospitals efficiency is
of practical use when applied for comparing group means. Farsi, FiLippint and
KuenzLEe (2005) reached a similar conclusion in their study of the Swiss nurs-
ing homes.

3 It should be noted that most non-parametric methods require convexity restrictions. See
CoELLI ET AL. (2003) for more details on DEA. See also STEINMANN and ZwEIreL (2003)
for an application of DEA to estimate the efficiency of Swiss hospitals.

4 These methods are available for rather special cases and have not yet been established as stan-
dard tests. See SiMAR and WiLsonN (2000) for an overview of statistical inference methods in
non-parametric models.



4 Fars1/FiLippinNt

A frontier cost function defines minimum costs given output level, input factor
prices and the existing production technology. Theoretically, the perfectly effi-
cient production units are located at the frontier. In stochastic frontier approach
it is assumed that the cost frontier can differ across production units. The dif-
ference between a firm’s observed costs and its corresponding frontier costs is
decomposed into two parts: The first part is a symmetric random error due to
the unobserved differences between firms and the second component is related
to the inefficiency of the firm. With certain assumptions on the distribution of
these stochastic terms, individual inefficiencies can be estimated.

Cost frontier models also allow an estimation of scale efficiency. Scale effi-
ciency indicates the degree to which a company is producing at optimal scale.
The optimal size of a firm is defined as the amount of output that minimizes
the average cost of producing one unit of output. Frisca (1965) defines the opti-
mal scale as the level of operation where the scale elasticity is equal to one. The
degree of returns to scale (RS) is defined as the proportional increase in output
(Y) resulting from a proportional increase in all input factors, holding all input
prices and output characteristic variables fixed (Caves ET AL., 1981). The RS
degree may also be defined in terms of the effects on total costs resulting from a
proportional increase in output (S1Lk and BERNDT, 2003). This is equivalent to
the inverse of the elasticity of total cost with respect to the output.’

2.1 Functional Form

The cost frontier is a function of output and input factor prices. Other hospital
and output characteristics like quality indicators can also be included as inde-
pendent variables. GRIFFIN ET AL. (1987) provide a comprehensive list of alter-
native functional forms. These authors have also proposed a series of criteria for
selecting the functional form in cost and production analyses. These criteria can
be grouped in four categories corresponding to hypotheses, estimation meth-
ods, data and application. The first category concerns the restrictions imposed
by the maintained hypotheses. In the absence of such hypotheses the unrestric-
tive forms are more appropriate. Second, the availability of data may restrict the
choice of statistical estimation procedures. As the number of variables increase,

5 The inverse of cost elasticity of output is referred to by CHaMBERS (1988), as the “economies
of size” rather than economies of scale, which are defined in regards to production function.
Scale and size economies are equivalent if and only if the production function is homothetic
(see CHAMBERS, 1988, p.72). However, as for the purpose of this study we are more interested
in the cost effects of output, we define the returns to scale in terms of cost elasticity.
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most functional forms require a geometrically increasing number of parameters
to be estimated, thus necessitate much larger samples. The third criterion con-
cerns the conformity of the functional form to the data. Finally, in some appli-
cations, some properties are desired in the functional form, because for instance
they might be used in simulations.

In this study the most important restrictions are related to the sample size
and the estimation method. The best choice is therefore a functional form that
can be estimated with available estimation procedures and limits the number of
parameters while using as many relevant variables as possible. One of the most
commonly used functional forms is the Cobb-Douglas (log-linear) model. A
Cobb-Douglas cost function with M outputs, NV input factors and K output char-
acteristics can be written as:

M N K
In7C=pB,+ > B, InY,+ >y, InP+ > w,Z, (1)
m=1 n=l1 k=1

where 7C is the total costs; ¥, m=1,...,M) are the outputs; P, (n=1,N) are
the input factor prices; and Z, (k= 1,...,K) are output characteristics and other
exogenous factors that may affect costs.

The main advantage of this model is its simplicity. Thanks to its limited
number of variables the Cobb-Douglas form has a practical advantage in statis-
tical estimations over more complicated forms. The interpretation of the results
is also easier because it does not include any interaction term. Another interest-
ing characteristic of this function is self-duality. Namely, the corresponding pro-
duction function of a Cobb-Douglas cost function is also log-linear. The main
shortcoming of this model is the assumption of constant scale elasticity, which
implies a constant rate of scale economies. This might be considered as restric-
tive because by using the same proportional increase in output, small companies
usually gain more than large firms. However, in some industries, it might be the
case that the scale elasticity does not vary much in the range of observed data.

The potential changes in scale elasticity with output can be analyzed using
flexible functional forms. One of the main flexible forms is transcendental loga-
rithmic (translog) model. This model is a second-order Taylor approximation of
any arbitrary function. However, a translog model requires the estimation of a
large number of parameters. Furthermore, the included interaction terms could
cause multicollinearity. These problems can substantially affect the model’s sta-
tistical performance. As we will see later there are at least 15 important variables
that are essential for our cost models. Compared to the sample size that is limited
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to about 500 observations, the number of parameters in more general functional
forms can be excessively high. For instance the adopted specification with a gen-
eral (non-homothetic) translog model could easily have more than 30 param-
eters. Moreover, the primary purpose of this study is hospitals’ cost efficiency
and the scale economies come only as secondary results. A numerically feasible
estimation of a translog cost frontier was only possible with simplified specifica-
tions that excluded some of the important output characteristics.” We therefore
decided to focus on the Cobb-Douglas functional form. Because of its simplic-
ity, this functional form is commonly used in recent papers on cost-efficiency
measurements such as GREENE (2003, 2005) and Linna (1998). Nevertheless
our main results especially those related to scale economies are also confirmed
by an additional analysis (not reported in this paper) with a parsimonious trans-
log model with homothetic cost function.”

It is generally assumed that the cost function is the result of cost minimiza-
tion given input prices and output. Cost functions should therefore satisfy certain
properties.® Mainly, the cost function must be non-decreasing, concave, linearly
homogeneous in input prices and non-decreasing in output. The linear homo-
geneity constraint is usually imposed by dividing total costs and input prices by
one of the factor prices. However, as we see later, we do not impose this restric-
tion because our models do not include all input factors. The other theoretical
restrictions are usually verified after the estimation. In particular, the concavity
of the estimated cost function reflects the fact that the cost function is a result
of cost minimization. This latter condition is automatically satisfied in Cobb-
Douglas functional form.

2.2 Econometric Speczfimtion

There are a number of econometric approaches to estimate stochastic cost frontier
models. KumBHAKAR and LovEeLL (2000) provide an extensive survey of these
methods. A general form of a stochastic cost frontier can be written as:

TCz’z = f()/lit""’YMil;P

1ig2

PusZyysn L) tu, +u, 2

lig2°*

6 We estimated several specifications with translog form. The results (not reported here) indi-
cate that when applied to our data, these models tend to converge to solutions in which one
of the stochastic components degenerates to zero.

7 The adopted specification is based on a simplification of model //7 (explained later) with 21
variables.

8  For more details on the functional form of the cost function see CornEs (1992, p. 106).
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where subscripts 7 and 7 represent the firm and year respectively; #,,is a positive
stochastic term representing inefficiency of firm 7 in year 5 v, is the random noise
or unobserved heterogeneity; and other variables are similar to those in Equa-
tion 1. Typically, it is assumed that the heterogeneity term v, is normally dis-
tributed and that the inefficiency term #,, has a half-normal distribution that is,
a normal distribution truncated at zero:

u, -|N (0,02, v, - N(0,0?). 3)

This model is based on the original cost frontier model proposed by AIGNER ET
AL. (1977). The firm’s inefficiency is estimated using the conditional mean of the
inefficiency term E[w, |ul.t +v, ], proposed by JoNDROW ET AL. (1982).

An important variation of this model is Prrt and LEg (1981)’s model in
which the inefficiency term #, is assumed to be constant over time, that is:
u; - |N (0,02 )| There is also another version of this model (proposed by ScumipT
and SickrEs (1984)), that relaxes the distribution assumptions on both #, and
v,, and estimates the model using Generalized Least Squares (GLS) method.
The advantage of these models is that they use the panel aspect of the data to
estimate the parameters. In cases where the individual firm effects (#,) are cor-
related with the explanatory variables, the estimated parameters may be biased.
ScuMIDT and SICKLES (1984) proposed a fixed-effects approach to avoid such
biases. In this model the inefficiency term is not random and is estimated as an
intercept for each company.

There is however, an important practical problem with the fixed-effect model
in that it requires the estimation of a large number of parameters, which limits
its application to reasonably long panels with sufficient within-firm variation.
Generally, in short panels the fixed effects are subject to considerable estima-
tion biases, which directly reflect in the inefficiency scores.” Given that our data
is a rather short panel of four years, the fixed effects model is not a quite feasi-
ble approach. Moreover, our preliminary analysis shows that in virtually all the
main variables, the between variations are dominant and the within variations
are comparatively insignificant.

Another important issue is that in both fixed and random effects models dis-
cussed above, the inefficiencies are assumed to be constant over time. This is

9  See GREENE (2005, 2002) for more details. This author considers a panel of 5 years as a short
panel.
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an unrealistic assumption in most practical cases, where the driving forces of
cost-inefficiency are not generally persistent. In fact firms constantly face new
problems and revise their strategies. Moreover, there exist incentive mechanisms
(either through regulation and monitoring or through profit and career incen-
tives) that induce managers to correct their past suboptimal decisions.

GREENE (2005, 2004) proposes a new approach that integrates the random and
fixed effects approaches into the original AIGNER ET AL. (1977)’s model. Some
of these models have been successfully used in other sectors like nursing homes
(Farst, Fruiepint and Kuenzig, 2005) and public transport (Farst, FiLippint
and GREENE, 2005). These models can be written by adding a firm-specific
stochastic term () in the right-hand-side of Equation 2. This term is an 7.2.4.
random component in random-effects framework, or a constant parameter in
fixed-effects approach. Such models have an important advantage in that they
allow for time-variant inefficiency while controlling for firm-level unobserved
heterogeneity through fixed or random effects. The main difficulty of these
models is that they are numerically cumbersome. In particular, our experience
suggests that in cases where the within variation in the data is low, these methods
are numerically unstable. Our preliminary analyses show that with the available
data, these models were not numerically feasible. This can be explained by the
small number of periods in our sample and its relatively low within variations.
As we see later in Section 3, our sample is an unbalanced data with maximum 4
periods but on average it has about three periods.

The data constraints and also the numerical restrictions bring us back to the
original pooled frontier model in line with AIGNER ET AL. (1977). However, we
also estimated PrtT and LEE (1981)’s model and checked if the results are con-
sistent. Our analysis (not reported here) indicates that in terms of scale econo-
mies the two models provide comparable results. In terms of efficiency estimates
the results show a quite high correlation. However, the results estimated from
Pitt and Lee’s model were systematically higher than those of the pooled model.
This difference can be explained by the fact that the inefficiency estimates from
Pitc and Lee’s model capture other sources of heterogeneity across hospitals that
are not necessarily related to inefficiency. In fact our analysis suggests that the
firm-specific effects capture a significant part of between variations in costs and
reflect them as inefficiency. Given that there may be a great amount of unob-
served heterogeneity among hospitals, we contend that these estimates are likely
to be exaggerated. Therefore, we restricted our analysis to the pooled model as
shown in Equation 2.
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3. Data

The data used in this study are extracted from the annual data reported by Swiss
general hospitals to the Federal Statistical Office from 1998 to 2001. The sample
consists of an unbalanced panel with 747 observations from 1998 through 2001.
According to these data, overall 214 general hospitals have operated in Switzer-
land during this period. The Swiss Federal Statistical Office classifies general hos-
pitals classified into five typologies based on their size and level of specialization.
The details of this classification are given in SESO (2001). Typology 1 includes
only the five university hospitals, which provide a wide variety of services in a
large number of specializations. At the other extreme, Typology 5 includes small
general hospitals (mostly less than 100 beds), which provide basic medical care
with few specializations. Accounting for more than 40 percent of Switzerland’s
hospitals, this category has the highest number of hospitals in the sample. Table
1 lists the number of general hospitals available in the data by year and hospital
typology. In line with the SFSO classification, we assume that hospitals with dif-
ferent typologies provide different levels of medical care.

Table 1: General Hospitals in Switzerland (1998-2001)

Type Code Description Number of hospitals
1998 1999 2000 2001
1 K111 Centralized care level 1 (university hospital) 5 5 5 5
2 K112 Centralized care level 2 (regional hospital) 20 20 21 21
3 K121 Basic-care hospital level 3 (relatively large/specialized) 27 28 29 30
4 K122 Basic-care hospital level 4 (moderate size/ 53 53 56 53
specialization)
5 K123 Basic-care hospital level 5 (small size/ 8 89 73 068

low specialization)

Total 191 195 184 177

These data (administrative data) include variables such as total costs, total sal-
aries and labor charges, hospital operating costs, capital expenditure, number
of employees and paid hours, and number of hospitalizations. Capital costs are
considered as the sum of the maintenance and repair costs for buildings and
equipment, interest charges and all other investment charges and amortizations.
Costs related to nursing staff’s salaries and physicians salaries and fees are also
given separately. These variables allow that salaries for physicians, nursing staff
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and other employees be calculated separately. Among other variables are the
total hospital revenue from medical services and its outpatient-related part. The
reporting errors have been explored using an outlier analysis focusing on main
variables used in the analysis such as capital and labor costs, numbers of beds,
hospitalizations and paid hours. The observations with suspicious values have
been excluded from the sample."

Another data set used in this study is an aggregate extraction of the medical
data of the Swiss hospitals from 1998 to 2001 with records for each individual
admission." The extracted data used in this study consists of the number of cases
by AP-DRG" in each hospital. These data were merged with the cost weights
from Swiss APDRG version 4.0 developed by Institut de Santé et d’Economie
(2003).” These cost weights are used as an official reference for cost reimburse-
ment in several Swiss cantons that have adopted a DRG-based reimbursement
system. These data have been used to calculate an average cost weight (AP-DRG
adjustment ratio) for each hospital-year. The adjusted number of admissions is
then calculated by multiplying these adjustment ratios by the number of admis-
sions recorded in the administrative data."*

The main trends in the number of hospitalizations are given in Table 2. This
table shows that during the study period, while the number of hospitalizations
has slightly increased (about 4%), the total number of semi-hospitalizations has
significantly increased. Particulatly, the semi-hospitalization cases have increased
by about 35% from 1998 to 1999. Given that the distinction between full and
semi- hospitalizations is not fully clear, more representative trend patterns can
be seen through the numbers of admissions and patient-days.” These numbers
show that while the aggregate output of Swiss general hospitals have increased
by about 10% in terms of admissions from 1998 to 2001, the number of patient-

10 See Frippint and Farst (2004) for a detailed description.

11 See SESO (1997b) for more details on these data.

12 APR-DRG (All-Patients-Refined Diagnostic Related Groups) is a system of classification of
diseases patented by 3M Health Information Systems www.3Mhis.com.

13 These cost weights were estimated based on a sample of about 200,000 acute short-term hos-
pitalizations in 12 Swiss hospitals (including 3 university hospitals) during 1999-2001.

14 We observed some differences between the number of DRG records from the medical data
and the number of hospitalizations from the administrative data, suggesting that some of the
cases were not coded. Our method is based on the assumption that non-coded patients are
not systematically different from the coded cases.

15 Usually, the planned hospitalizations of less than 24 hours such as one-day surgeries are
referred to as semi-hospitalizations. See S.F.S.0. (1997) for more details. However, reporting
an admission as semi-or full hospitalization is rather discretionary.
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days has rather fluctuated around 9 million, suggesting shorter hospital stays over
time. This pattern is confirmed by a continuous decrease in the average length of
hospitalization from more than 12 days in 1998 to 10.7 days in 2001. The main
observation here is the presence of a growing demand of hospital care shown by
an overall increase in number of admissions. These numbers also point to a gen-
eral trend in Switzerland’s hospitals to limit the hospital stays and to favor the
short-term treatments like one-day surgeries and other semi-hospitalizations, over
long-term hospitalizations.

Table 2 also lists the total hospital costs in the general hospitals. These numbers
point to a significantly increasing trend of 3 to 6 percent per year. The ambula-
tory revenues account for a considerable portion (about 13%) of total costs. The
aggregate numbers do not show any significant change in the share of ambula-
tory revenue over the study period. The average AP-DRG adjustment ratios are
also given. These numbers do not change considerably over time. Finally, Table 2
indicates that the average size of general hospitals has slightly increased over the
study period. This change can be explained by the decrease in the number of
small hospitals (Typology 5) as shown in Table 1.

Table 2: Main Trends in Hospitalizations in Swiss General Hospitals

Year

1998 1999 2000 2001
Total number of full hospitalizations 918’972 938525 972’244 955’729
Total number of semi-hospitalizations 114’309 158’604 179’870 186’064
Total number of hospitalizations 1033281  1'097°'129  I'152’114  1'141'793
Total number of patient-days 8977°192 9180478  9°000°636 8733425
Total hospital costs* 10’334 10’719 11’353 11851
Total ambulatory revenues* 1351 I'340 1’590 1’530
Average length of hospitalization 12.40 12.92 11.45 10.74
Average AP-DRG adjustment ratio 0.786 0.797 0.798 0.804
Average hospital capacity (beds) 163 162 166 172

*

In million Swiss Francs deflated to May 2000 prices.

The number of general hospitals and their average capacity for six groups (by
regulation /ownership) are listed in Table 3. According to these data, out of 177
general hospitals that operated in Switzerland in 2001, 88 hospitals (63.4 percent
of hospital beds) were public (owned by government), 53 (23.5 percent of beds)
were private non-profit, and 36 (13% of beds) were for-profit hospitals. All public
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hospitals and most private non-profit hospitals (about 80% of these hospital beds)
are subsidized, whereas in the private for-profit sector, only 36% of the hospital
beds are operated in subsidized hospitals. In fact only 8 for-profit hospitals ben-
efited from government subsidies in 2001. We also studied the distribution of
hospital regulation/ownership types across different typologies. It turns out that
all university hospitals (Typology 1) and almost all regional hospitals (Typology
2) benefit from government subsidies.'® The distribution of different regulation/
ownership types in the basic-care hospitals (Typologies 3 to 5) is not much dif-
ferent from the overall distribution shown in Table 3.

Table 3 also lists the average hospital size measured by the number of beds for
each ownership/subsidy type. Public hospitals with 221 beds on average are by
far the largest providers of health care, followed by private non-profit facilities
with 135 beds and for-profit hospitals with 111 beds on average. This table also
shows that the subsidized hospitals are considerably larger (an average capacity of
200 beds) than non-subsidized ones (average of 90 beds). Finally, the for-profit
hospitals that benefit from subsidies (178 beds on average) are likely to be larger
than the subsidized non-profit hospitals (156 beds on average).

Table 3: Distribution of Hospitals and Average Hospital Size
by Ownership/subsidy Type (2001)

Public Private . Private. Total
non-profit  for-profit
Hospitals 88 37 8 133
Subsidized
ubsidize Hospital size (beds) 221 156 178 200
Hospitals - 16 28 44
N bsidized
Oft Subsicize Hospital size (beds) - 86 92 90
Hospitals 88 53 36 177
Total L
Hospital size (beds) 221 135 111 172

The above descriptive analyses were based on the entire sample of general hos-
pitals with 747 observations. Given that a number of variables used in the cost
frontier analysis have missing values, this sample could not be entirely used for
the regressions."” The final sample used for the regression analysis consists of all

16 According to our data for 2001, only one out of 21 regional hospitals was not subsidized.
17 We also observed unreasonable and suspicious values in a small number of observations, which
were changed to missing. See FiLippint and Farst (2004, Section 3.1), for more details.
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the observations that have non-missing values for all the variables used in the
specification of cost frontier models. We also excluded eight hospitals (27 obser-
vations) with less than 20 beds. This sample includes 459 observations related to
156 general hospitals. In this sample, there are only 69 hospitals that have non-
missing values for all the four years. There are 24 hospitals that have information
only for one year. In addition, there are respectively 30 and 33 other hospitals
with non-missing values for 2 and 3 years. The regression sample is therefore an
unbalanced panel with an average of 3 periods. This sample on average includes
about 61 percent of all the general hospitals that operated in Switzerland from
1998 to 2001. A simple analysis (not reported here) using t-test, shows that the
excluded 288 observations and the regression sample (with 459 observations) are
not significantly different regarding hospital’s outputs, average LOS, total costs,
labor costs and number of beds."® Therefore, with a relatively high representa-
tion rate in all groups, the regression sample can be considered as a representative
sample of all Swiss general hospitals in the study period. A descriptive summary
of this sample is given in the next section (see Table 4).

4. Model Specification

The efficiency of hospitals is studied using a total cost function with Cobb-
Douglas functional form. Four different model specifications are considered.
The cost functions used in this study are based on two outputs: hospitalizations
and outpatient (ambulatory) care. Many authors such as Linna (1998), Rosko
(2001) and Hesumati (2002) used the DRG-weighted number of admissions as
the hospital’s main output.” Here, the main measure of hospitalization output is
taken as the AP-DRG adjusted number of hospitalizations including both full and
semi-hospitalizations. However, the unadjusted number of hospitalizations and
the number of patient-days are also considered as alternatives. Other authors like
Vita (1990), EakiN (1991) and STEINMANN and ZwEIFEL (2003) have considered
unadjusted number of cases in several departments as multiple outputs.

18 The differences are never significant at 5% level. The following hospital outputs are consid-
ered: number of admissions, DRG-adjusted number of admissions, number of patient-days
and ambulatory revenues.

19 Rosko (2001) also controls for several case-mix adjusters such as the percentage of ER visits
and outpatient surgeries out of all outpatient visits. Other authors like Vita (1990), EAkIN
(1991) and STEINMANN and ZwEIEEL (2003) have considered unadjusted number of cases in
several departments as multiple outputs. BRowN (2003) considers cases with DRG weight of
lower than 1, between 1 and 2, and higher than 2 as three output categories.
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Since the number of outpatient cases is not available in the data, the ambu-
latory output is approximated by the corresponding revenues in real monetary
terms (with May 2000 prices). This approximation is based on the assumption
that the average unit price of ambulatory care is similar across hospitals. The
ambulatory revenues are reported zero for about 5 percent of the observations.
Since our econometric models are based on a logarithmic form, the zero values
are replaced by a negligible value. This method has been used by Kim (1987)
and GiLLicaN and SMIRLOCK (1984).”° As the minimum non-zero value in the
regression sample is about CHF 120’000, we replace the zero values by one (less
than .001 of the mean value) making the log values equal to zero.

Three input factors are considered: capital, physician labor services and all
other employees’ labor services. Capital price is approximated by the hospital’s
total capital expenditure divided by the number of available beds in the hospi-
tal. Therefore, similar to WaGsTAEF (1989) and Rosko (2001) among others, the
capital stock is proxied by the hospital capacity in terms of beds. Many authors
have considered labor inputs in multiple categories.”’ In this paper, similar to
EakiN (1991), physicians and non-physicians are considered as two labor cat-
egories. Physicians’ services constitute of interventions for medical treatments
while other employees’ services are more continuous and aimed at nursing care,
administration and maintenance. Furthermore, physicians’ wage rates are con-
siderably higher and more variable than other employees.

Labor prices are calculated by dividing total salaries by the number of remu-
nerated days for employed physicians and other employees. The physicians’ fees
are not included.” In fact, since these fees may also include payments to physi-
cians who are not employed by the hospital, the regular salaries represent a more
accurate measure of labor price. Labor prices are proportionally adjusted for social
charges, which on average, account for about 8 percent of total costs. Namely,
these charges are proportionally distributed to each one of the two groups (phy-
sicians, non-physicians), the proportions being the shares of each group’s sala-
ries. This adjustment captures the potential variation in social charges across

20 Itshould be noted that there exist other solutions (such as Box-Cox or hybrid functional forms)
for the problem of zero values for one or several outputs in a cost function. See WENINGER
(2003) for a recent review. Given that in our sample the zero values are quite limited, we
adopted the simplest method.

21 For instance Eakin (1991) considers physicians and other staff and ForLanp and HorLER
(2001) consider nursing staff and other employees in separate categories. Others like STEIN-
MANN and ZwEeIrFEL (2003), SCUFFHAM ET AL. (1996) and Vita (1990) used 3 or 4 labor
categories.

22 Physicians’ fees (honoraires) account on average, for about 5.8% of total costs.
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hospitals due to differences in pension funds as well as the age and seniority of
the employees.

The three input factors considered in the models do not include all the hospi-
tal’s costs. In fact, capital and labor costs on average account for about 76 per-
cent of a hospital’s total cost. Other expenses such as medical materials, food,
cleaning, water and power etc. are on average, about 24 percent of total costs.
Furthermore, the labor prices do not account for physicians’ fees and other per-
sonnel charges, which together, account for about 6.7% of the total costs. This
means that about 31 percent of the total costs are related to input factors whose
prices are not considered in the model. In fact, the available data do not allow
an appropriate calculation of these prices.”” Given that the model specification
does not include all input prices, the linear homogeneity cannot be imposed.
The excluded prices are obviously not constant and neglecting their variation
may affect the estimation results. However, some of these variations are prob-
ably captured by the three included factor prices. For instance, physicians’ fees
are likely to be correlated with physicians’ salaries. Another concern is the accu-
racy of the price data. The measurement error in price variables may create bias
in the price coefficients. However, to the extent that these measurement errors
and the unobserved factor prices are randomly distributed across hospitals and
over time, the other coefficients are not affected by any bias.**

In addition to outputs and input prices, a series of hospital characteristics are
included in the model. We included the year dummies to capture the techno-
logical progress and the variation in unobserved variables such as potential dif-
ferences in reporting procedures and data collection from one year to another.
For instance, some of the observed patterns in the data suggest that AP-DRG
coding has improved over the years. The typology indicators are also included.
The provided medical services vary across hospital types. In particular, univer-
sity and regional hospitals provide a wide variety of services while other types
provide basic medical care and do not have many specializations. Another differ-
ence is in teaching and research activities that are generally much less significant

23 Though the expenditures on these input factors are available in the data the quantities are not.
Moreover, these expenditures correspond to diverse items that could not be measured with
similar units.

24 Following the suggestion of one of the referees we performed several t-tests to explore the
input price variations across private and public hospitals. The average labor prices are not sig-
nificantly different. As expected, capital prices are on average higher for private hospitals that
have a lower access to subsidies and other tax benefits. We did not find any evidence of over-
statement of prices in one or another category.
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in basic-care hospitals. We considered three indicators for hospital typologies.
Since there are too few university hospitals in the sample for having a mean-
ingful separate indicator for these hospitals, a single indicator is considered for
Typologies 1 and 2.

After a careful study of all other available characteristics, we concluded that
as long as hospital typology is included in the model, additional variables can
be limited to a few indicators representing important aspects of hospital output.
The most important output characteristic is the average length of hospitalization.
Many authors such as Vita (1990), ScurrHAM ET AL. (1996) and Carey (1997)
have included this variable as an output characteristic.” As we see later, variation
in the length of stay is one of the main sources of cost differences between hospi-
tals. One may argue that the DRG adjustment already controls for any justifiable
variation in the length of stay. In this case, including the average length-of-stay in
the model results in an underestimation of inefficiency in hospitals with lengthy
stays. However, DRG adjustment is only an approximate way to control for sever-
ity variations. In fact, there are considerable cost variations among patients with
the same DRG. For instance, the acceptable range of variation of hospital stays
provided by the Swiss APDRG version 4.0 (I.S.E., 2003) is quite wide within a
given DRG. Thus, considering a fixed LOS for all patients with the same DRG is
at best a great approximation. Moreover, given that the length of hospital stays also
represents hospital’s ‘hotel” services like nursing care and accommodation rather
than medical treatment, the LOS can be regarded as a separate output.”

Hospitals’ costs can also be affected by quality of care. The evidence on the
effect of quality measures on hospital costs is rather mixed. Referring to his pre-
vious empirical literature, Rosko (2001) concludes that the omission of quality
indicators may not be as serious as commonly thought. For instance, ZUCKERMAN
ET AL. (1994) controlled for several outcome measures of quality such as 30-day
post-admission mortality rates. Their analysis suggests that none of those mea-
sures have significant effects. Similarly VitaLiano and Toren (1996) report that
most of their 12 quality measures showed insignificant effects on hospital costs.
On the other hand, FoLLanp and HorLER (2001) have considered two mea-
sures of structural quality (percentage of board-certified physicians and a mea-
sure of bed availability), both of which showed significant effects on total costs.
In general the available evidence often points to a significant effect by structural
quality measures, while outcome and process measures are more likely to appear

25 Others like FoLLanp and HoLrer (2001) have considered the LOS through the number of
patient days.
26 See BREYER (1987) for a discussion.
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unimportant. This may be explained by the fact that the structural quality is
usually easier to measure whereas other quality indicators especially outcome
measures are prone to measurement errors and outside factors. Given the data
availability and measurement problems, we focused on one structural measure of
quality, defined as the hospital’s nurse per bed ratio. We also included two binary
indicators for emergency room (ER) and geriatrics department. Emergency ser-
vices are usually costly and involve relatively severe cases, while geriatrics cases
are less intensive in medical care.

It is assumed that all hospitals have similar cost functions and the hospital
typology can only shift the costs without affecting the function’s shape and
parameters. To study the validity of this assumption we used several tests of
structural break.” First, we considered the hypothesis that hospitals with differ-
ent typologies have different cost function parameters. Four hospital groups have
been considered, with the university hospitals and regional hospitals considered
in a single group. Secondly, we grouped the hospitals in two groups: centralized
general hospitals (Types 1 and 2) and basic-care hospitals (Types 3, 4 and 5). The
third test is based on a break between small basic-care hospitals (Type 5) and
other hospitals. The model specification includes the number of DRG-adjusted
admissions and ambulatory revenues as output; capital price and a single labor
price as input prices; LOS as output characteristics; and year dummies. None of
the three tests can reject the hypothesis of no-structural break, suggesting that the
cost function parameters are overall similar across different typologies. Finally,
given that university hospitals might be completely different from other hospital
types, we estimated the models on an alternative sample excluding the university
hospitals. The results indicate that the presence of these hospitals does not affect
the estimation results significantly.

Four specifications labeled as models 7 to /V; have been considered. The gen-
eral model can be written as:

In7C,= p,+pB,InY,+,In AMB, (4)
+y,InPK,+y,InPL,+y,InPL,,
+w,InLOS, +w, In NB, +w,ER, + w ,GER,
+ 512D121' +63D3i +64D4i
+00,Y99,+0,,Y00,+0, Y01, +u,+v,

27 These tests are based on Chow test. The null hypothesis is that the regression coefficients are
identical across different groups.
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Subscripts 7 and ¢ represent the hospital and year respectively. The stochastic
components #, and v, respectively represent inefficiency and random noise
as described in Equation 2. Yis the hospitalization output, which is taken as
unadjusted number of hospitalizations in Model 7, number of patient-days in
Model 71, and DRG-adjusted number of hospitalizations in Models /7 and V.
AMB is the ambulatory revenue; PK, PL, and PL, are respective factor prices for
capital, physicians and other employees; LOS is the average length of hospital-
ization (not included in Model 777); NB the nurse per bed ratio; £ER and GER are
dummy variables for emergency room and geriatrics department respectively. D, ,
is a dummy for Typologies 1 and 2; and D, and D, are dummies for hospitals
in Typologies 3 and 4. The small basic-care hospitals (Type 5) are the omitted
typology. Finally, Y99, Y00 and Y01 are the year dummies for 1999, 2000 and
2001 respectively, 1998 being the omitted year.

The specification given in (4) summarizes Models / to /7. Descriptive statis-
tics of the main variables used in these models are given in Table 4. Model /V'is
similar to Model /7 with the difference that 13 additional binary indicators are
also included for 14 cantonal groups.*® The idea here is to control for part of the
unobserved heterogeneity that is specific to location. Populations in different
cantons may differ in health and socio-economic status. Moreover, the hospi-
tals are subject to different cantonal regulations that may affect their efficiency.
Comparing this model with other models without canton dummies can indicate
to what extent the inefficiency variations can be explained by differences in can-
tonal regulations. Finally, given that our measure of outpatient services is based
on revenues rather than visits, the cantonal dummies could help capture some
of the differences in outpatient unit prices across cantons.

The effects of ownership/regulation types on efficiency are studied using a
two-stage method. This method is based on a non-parametric rank test on the
efficiency estimates. The inefficiency scores for each hospital are considered as
the average inefficiency values over the sample period. The hospitals that have
apparently changed ownership status from one year to another are excluded from
the analysis.”

28 There are 23 cantons in the regression sample. Most of the cantons with less than 5% share
in the sample are grouped with the neighboring cantons. Only two groups have less than 5%
share in the sample (see Appendix).

29 According to our data out of 159 hospitals in the regression sample, there are 13 hospitals
whose ownership has changed from one year to another. From these hospitals, 5 have changed
status between public and FP, 5 between public and private NP and 3 between FP and private
NP status. Some of these changes might be because of reporting errors. Moreover, previous
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The two-stage approach has a disadvantage in that the first-stage estimation
errors may affect the results of the test in the second-stage. These errors may
lead to an under-rejection of the null hypothesis that cost-efficiencies are similar
across different types.”” An alternative approach is to include ownership/subsidy
indicators in the regressions and test the significance of the corresponding coef-
ficients. We performed a GLS estimation of this alternative specification. The
results (not reported here) generally confirm those obtained by the two-stage
method. However, we decided to use the two-stage approach because it allows
the use of non-parametric statistical tests like Kruskal-Wallis rank test.” Such
tests do not impose any distribution assumption on the efficiency scores. The
KW test has an additional advantage in that it relies on efficiency ranks rather
than efficiency magnitudes that are subject to relatively large estimation errors
and sensitive to outlier values.

5. Results

Table 5 lists the regression results of the cost frontier analysis, with four different
specifications. Some descriptive statistics of inefficiency estimates are also given
at the bottom of the table. Most of the coefficients are statistically significant.
Overall, the coefficients are generally reasonable and have the expected signs.
The first two models (/ and //) are based on the number of hospitalizations. In
Model 7 the hospitalizations are not adjusted, whereas in Model /7 the hospital-
ization numbers are adjusted with AP-DRG cost weights. The first observation
is that ignoring DRG adjustment slightly biases the coefficients. For instance,
the output coefficient increases by about .03 and the first typology dummy by
.04 when the number of hospitalizations is not adjusted. However, these biases
appear to be insignificant for practical purposes. This can be explained by the
fact that adjusted and unadjusted numbers of hospitalizations are highly corre-
lated, with a correlation coefficient of about 0.99.

studies like Farst (2004) suggest that hospitals that undergo a change in ownership might be
subject to gradual changes long before the ownership change occurs.

30 For a more detailed discussion of this point see Farst and Frripping (2004).

31 This test is due to Kruskar and WarLis (1952). See Sinca and Cogrrr (2001) and Farst
and FirippiNt (2004) for examples of application of this test to compare the efficiency across
groups of firms.
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Table 4: Descriptive Statistics of the Regression Sample

Ist

Mean Std. Dev. Quartile Median  3rd Quartile
Hospital’s total costs 5 5 , , )
(SFr "000) 57°267 101°240 14’170 27°253 57845
Number of admissions 5692 6’399 1’571 3’761 7779
Number of admissions R R , R ,
(AP-DRG adjusted) 4792 6’148 1238 2’946 6’118
Number of patient-days 48801 53’241 18’917 32’186 56’685
Hospiatl’s outpatient 5 5 ) ) >
revenues (SFr’000) 7958 e 250 3635 S
PK (capital price)
SEr°000 per bed 23.60 20.15 10.41 16.21 27.73
PL ~ physicians 36810 49967 24414 30775 38751
(SFr per day)*
PL — others
(SFe per dary™ 18174 13728 15304 16949  194.03
Nurse per bed 0.882 0.354 0.633 0.839 1.067
Average length of
hospralization (daye)* 12.06 6.78 8.22 9.31 13.80
Emergency Room 0.847 0.360 1 1 1
Geriatrics 0.429 0.496 0 0 1
Typology 1/2 0.155 0.362 0 0 0
Typology 3 0.148 0.356 0 0 0
Typology 4 0.264 0.441 0 0 1
Year 1999 0.266 0.442 0 0 1
Year 2000 0.255 0.436 0 0 1
Year 2001 0.264 0.441 0 0 1

The sample includes 459 observations from 156 general hospitals (1998-2001).

All monetary values are deflated to May 2000 prices. Labor prices include charges.
calculated for physicians employed by the hospital.
includes all hospital employees except physicians.

calculated for hospitalizations of longer than 24 hours.

*

Hok

*kokk

We consider Model /7 as our benchmark model because it is a complete model
with DRG-adjusted output and all the relevant factors. According to this model
the main output’s coefficient is 0.82, that is, a 1% increase in the adjusted number
of hospitalization will result in about 0.82% increase in total costs. As expected,
the coefficient of ambulatory output is much smaller (.036), suggesting a .036%
rise in total costs as a result of 1% increase in outpatient revenues, all other fac-

tors being constant.
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The coefficient of LOS is about 0.45, suggesting that for instance, a 1% increase
in the average length of hospitalization results in a .45% increase in total costs.
Given that hospital stays are on average about 12 days, this result implies that a
difference of one day in the hospital’s average LOS is approximately equivalent
to 4% of total costs. The length of hospitalization is therefore an important pre-
dictor of hospital costs. Comparing the LOS coefficient between models 7/ and
1] shows that if hospital output is not adjusted for severity, the effect of LOS is
considerably higher (coefficient of 0.53). This result suggests that the average
LOS captures part of the variations in severity.

In Model /I the number of patient-days is considered as the hospital’s main
output. The output coefficient in this model (0.81) is very close to the corre-
sponding coefficient in Model /7 confirming the existence of unexploited scale
economies. As expected the ambulatory output’s coefficient is higher in this
model, because a patient-day is on average less costly than one case. According
to this model the marginal cost of a relative increase in patient-day is on average
about 11 times higher than that of a similar increase in outpatient visits.

As expected, the price coefficients are positive and significant. Since the three
factor prices do not include all hospital inputs, the price coefficients do not add
to one. The nurse per bed ratio has a positive and significant effect, indicating
that quality of care is costly. As expected, the ER dummy has a positive coef-
ficient, but its effect is statistically insignificant in most models. Similarly, the
geriatrics dummy has expectedly a negative but insignificant coefficient in most
models. As explained earlier, the effects of these indicators are partly captured
by typology dummies.

All three typology dummies are positive, indicating that all other factors held
constant, small basic-care hospitals are less costly than other hospitals. However,
their difference with other basic-care hospitals (types 3 and 4) is significant only
if the average LOS is not controlled for. This implies that the systematic cost
differences between these hospital types are mainly due to their different hospi-
talization lengths. University and regional hospitals (typologies 1 and 2) are sig-
nificantly more costly than basic-care hospitals. According to Model /7 compared
to small basic-care hospitals the difference is strikingly high amounting to 35%
in total costs. This difference can be partly explained by the additional expenses
on medical equipment and also research and teaching activities. This result is in
general consistent with the results documented in I.S.E. (2003) suggesting that
the AP-DRG cost weights are on average 24% higher in university hospitals.
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Table 5: Estimation Results

Model 1 Model II Model III Model IV

. 0.8532*
Number of admissions (0.029) - - -
Number of admissions (AP-DRG 0.8180* 0.7916*
adjusted) - (0.028) - (0.026)
. 0.8140*
Number of patient-days - - 0.030) -

0.0321* 0.0357* 0.0724* 0.0363*
(0.0071) (0.0059) (0.0063) (0.0070)

0.1434* 0.1552* 0.1676* 0.1866*

Outpatient revenues

PK (capital price)

(0.018) (0.018) (0.019) (0.018)
PL — ohvsici 0.0746* 0.0764* 0.0387 0.0507*
~ physicians (0.016) (0.017) (0.023) (0.020)
E—" 0.2142* 0.1981* 0.2599* 0.1445*
- orers (0.039) (0.041) (0.061) (0.044)
Nurse ver bed 0.1875* 0.1617* 0.2236* 0.1093*
p (0.028) (0.030) (0.032) (0.028)
o 0.5346" 0.4451* 0.4759*
Average length of hospitalization (0.036) 0.036) - 0.042)
Ermersency Room 0.0369 0.0400  —0.0209 0.0953*
sency (0.037) (0.038) (0.036) (0.039)
S —0.0591*  —0.0423  —0.0395 ~0.0767*
eriatries (0.029) (0.028) (0.032) (0.034)
Tovoloay 12 0.3915* 0.3499* 0.3766* 0.3888*
ypology (0.075) (0.079) (0.096) (0.077)
S 0.0974 0.0701 0.2801* 0.1176*
ypology (0.056) (0.058) (0.076) (0.052)
Tonology 4 0.0135 0.0312 0.1316* 0.0625
ypology (0.041) (0.043) (0.050) (0.042)
- 0.0349 0.0377 0.0447 0.0225
(0.030) (0.030) (0.035) (0.029)
5000 0.0884* 0.0722* 0.1222* 0.0617*
(0.031) (0.031) (0.037) (0.029)
- 0.1426* 0.1314* 0.1830* 0.1140*
(0.031) (0.032) (0.035) (0.030)
~0.4354 0.2632 ~1.1268* 0.6754*
Constant

(0.20) (0.27) (0.35) 0.27)
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Model I Model 11 Model 111 Model IV

Inefficiency scores

Mean 0.226 0.219 0.216 0.177
Median 0.188 0.191 0.193 0.156
95th percentile 0.435 0.447 0.419 0.337
Maximum 1.284 1.152 1.085 0.843

Standard errors are given in parentheses. * significant at .05
Model IV includes canton dummies. which are not shown in the table.

The year dummies indicate that over the study period the total hospital costs have
grown about 4 percent by year. However, it should be noted that these dummies
might capture other year-specific effects such as changes in quality of reporting
DRG cases. Most probably, such changes in quality of data are not significant
between 2000 and 2001. Therefore the difference between the coefficients of
these two dummies is more representative of the annual growth in total costs.
Interestingly, the growth in total costs from 2000 to 2001 is about 6% in all four
models, while the differences with previous years vary considerably across differ-
ent specifications. The robustness of this result to model specification confirms
that the estimated growth after 2000 is not affected by changes in data quality.
It should be noted that the year dummies should generally represent the techni-
cal change. Technical progress should in principle result in lower costs in usual
production units that produce a similar output. However, an increasing growth
in hospital costs and in the health-care sector in general is a common observation
that is not contradictory to technical progress. In fact, with progress in medical
technology, hospitals use increasingly more advanced methods and the quality
of medical care constantly increases.”” All these changes result in higher costs.
Many of these cost-increasing factors are not directly taken into account, thus are
captured by the year dummies. Therefore, the estimated growth in costs should
not be interpreted as a decline in technology.

Table 5 also provides the estimation results obtained from Model /V. This
model is similar to Model 7/ with the sole difference that 13 canton dummies are
also included as explanatory variables.” Comparing the results of Model 7V with

32 See DrANOVE (2000) for an extensive study of such evolutions in the US health sector. In
particular, this author studies how non-price competition between health care providers has
resulted in higher quality and costs.

33 The coefficients of canton dummies are listed in the appendix. Among these 13 indicators,
7 have significant effects (at .05 level). Canton Geneva has the most costly general hospital
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those of Model /7 indicates that the two models give quite similar results for the
output coefficients and also the effect of LOS. In general the coefficients corre-
sponding to time-variant factors (including year dummies) are not sensitive to
whether or not the cantonal effects are controlled for. However, the coefficients
of time-invariant factors, namely typology dummies and ER and geriatrics indi-
cators, have considerably changed. In particular both ER and geriatrics dum-
mies are significant when the canton dummies are included. As for inefficiency
estimates, controlling for canton dummies decreases the inefficiency scores by

about .04 (compare .22 in Model 7/ with .18 in Model /V).

5.1 Scale Economies and Cost Efficiency

The results listed in Table 5 indicate that the main coefficients are more or less
similar across different specifications. In particular the coefficient of the hospital’s
main output is about 0.8 in all specifications. This result implies that the returns
to scale are on average significantly higher than 1 (RS=1/(0ln7C/dInY)=1.2),
suggesting that the majority of general hospitals in Switzerland do not fully
exploit the potential scale economies. This implies that most of the hospitals
in the sample do not reach the optimal size. This result is consistent with the
empirical evidence in previous literature. In particular, CRIVELLI ET AL. (2001)
who used a translog cost frontier model for Swiss hospitals between 1989 and
1991, suggest an optimal size of 300 beds, but conclude that the unexploited
scale economies are relatively low for hospitals with more than 135 beds. Other
empirical results in the literature suggest an optimal size of about 200 beds.* This
implies that the unexploited scale economies could be considerable in typology
5, where a large majority of hospitals are smaller than 100 beds. On the other
hand, in university and regional hospitals (types 1 and 2), where the capacity is
generally higher than 200 beds and in the large basic care hospitals (type 3) with
only about 10 percent of the hospitals smaller than 150 beds, such economies are
likely to be fully exploited.

These results might appear in contradiction with the significantly higher costs
in university and regional hospitals, suggested by their typology dummy’s coef-
ficient. Whereas in typologies 4 and 5, with virtually all hospitals smaller than

while the least expensive general hospitals are located in canton Ticino. Compared to Bern
(the omitted canton), Geneva’s hospitals are on average 29% more costly, and Ticino’s hospi-
tals are on average 18% more economical.

34 See for instance ALETRAS (1999), DrRANOVE (1998) and ScurrHAM ET AL. (1996).
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200 beds the total costs are relatively low. However, it should be noted that the
typology dummies should capture the specialization effect that while being cor-
related with size has a different effect on costs. The estimated effects of typol-
ogy dummies suggest that hospitals with a higher number of service centers
(departments such as surgical, pediatrics etc.) especially university and regional
hospitals, are significantly more costly than other hospitals. At the same time
the estimated output elasticity suggests that ceteris paribus the larger hospitals
can better exploit the scale economies and thus be less costly. A possible impli-
cation is that merging two small hospitals is economical if they provide similar
departments after the merger, but might have additional costs if each one has
some different departments.

Some statistics of the inefficiency estimates are given in the lower panel of
Table 5. These results suggest that the average inefficiency score is not very sen-
sitive to DRG-adjustment (22.6% in Model 7 and 21.9% in Model /7). However,
the maximum inefficiency score is significantly lower with DRG adjustment.
This result suggests that the individual efficiency estimates especially the out
liers can be biased if the output is not adjusted for case mix severity. In Model
11T in which the hospital output is measured as the number of patient-days, the
average inefficiency score is quite similar to Model 77, where the output is the
number of hospitalizations. However, the maximum inefficiency estimate is about
7 percentage points lower in Model /77, suggesting that part of the cost ineffi-
ciency in certain hospitals is due to the outlier cases that have longer than usual
hospitalizations. The inefficiency estimates of Model /V are on average about
4 percentage points lower than those of Model /7. The difference between the
two models is more considerable at the tails with about 30 percentage points at
the maximum. This result suggests that controlling for certain unobserved dif-
ferences through canton dummies can considerably attenuate the estimates of
individual hospitals’ inefficiencies.

The close similarity among average inefficiency estimates and the strong cor-
relation between the individual scores obtained from different models suggest
that the results are in general robust to specification.” Given that the inefficiency
results are more or less similar across different models, we choose a single model
to highlight some of the patterns in cost-efficiency. We consider Model /7 to
present the results regarding the cost-efficiency, because this model controls for

35 All the pair-wise correlation coefficients between efficiency estimates from Models /7, /7 and
1V are higher than 85%. The estimates of Model JI7 show a correlation of 68 to 80 percent
with those of the other three models.



26 Fars1/ FiLippINT

Figure 1: Inefficiency by Hospital Typology and Year (Based on Model /)
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DRG variation. The variations in inefficiency scores by year and hospital typol-
ogy are depicted in Figure 1. The first observation is that the inefficiency scores
are different across hospital typologies. In particular, the university hospitals
(Type 1) have the highest scores with average values of 36% to 44%. The t-tests
performed on the sample suggest that the efficiency difference with all other
hospital types is statistically significant at 5%. However, this result should be
considered with caution. University hospitals have the highest levels of research
and teaching activities and provide a relatively wide range of medical services
including most complex interventions. Given that there are only three univer-
sity hospitals in our regression sample a separate dummy could not be included
for these hospitals. Therefore, the inefficiency estimates inevitably capture some
of these unobserved differences. A better estimation of cost inefficiency in uni-
versity hospitals requires more information about the incurred costs of research
and teaching activities and other medical interventions that are exclusively car-
ried out in these hospitals.

Small basic-care hospitals (Type 5) with an average inefficiency of 24 to 25 per-
cent have the second highest inefficiency scores. Similarly t-tests suggest these dif-
ferences with type 1 and also with other types are statistically significant. Other
hospital types (Typologies 2, 3 and 4) show a rather similar average inefficiency
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score of 18 to 20 percent.”® It should be noted that these inefficiency estimates
are obtained after accounting for a potential shift of cost frontiers across hospital
types. The second result from this figure is that the inefficiency has decreased
over the sample period in all hospital types except large basic-care hospitals
(Typology 3). The decrease of inefficiency is considerable in university hospitals
(about 6 to 7 percentage points) but rather insignificant in small basic-care hos-
pitals (Typology 5). These results also suggest that the inefficiency has slightly
decreased in hospitals of Typologies 2 and 4 but slightly increased in type-3 hos-
pitals. To explore the statistical significance of these changes we performed sev-
eral ttests between years 1998 and 2001. The results suggest that none of the
above changes are significant at 5% significance level.

5.2 Effects of Ownership/subsidy Types

The inefficiency estimates obtained from different models do not show much
difference insofar as the differences between ownership/regulation types are
concerned. In order to avoid repetition the results are only reported for Model
11, which we considered as the most realistic specification. The inefficiency esti-
mates from Model /7 are given in Table 6. The numbers in this table point to
slight efficiency differences among hospitals with different ownership or subsi-
dies. For instance it appears that private NP hospitals are on average slightly more
costly than FP and public hospitals, or subsidized hospitals are on average more
cost-efficient that non-subsidized facilities. Particularly, this table suggests that
among non-subsidized providers, the private NP hospitals are on average more
costly that the FP ones. We used several tests to study whether these differences
are statistically significant.

We used the Kruskal-Wallis test for several alternative sets of subgroups to
test if the differences shown in Table 6 imply that different subgroups belong
to different populations of hospitals in terms of their cost-efficiency. The first
grouping is based on five ownership/subsidy subgroups as shown in Table 6, that
is public, subsidized private NP, non-subsidized private NP, subsidized private
FP, and non-subsidized private FP). The second grouping is related to owner-
ship (public, private NP and FP) and the third is related to subsidies (subsidized
versus non-subsidized). Finally the last set consists of three subgroups: public,
private subsidized and private non-subsidized. In all cases, we also performed the

36 The differences between hospital types 3 and 4 are not significant at 5%, but type 2 shows a
significantly lower inefficiency compared to both types 3 and 4. The differences are however
limited to 2 percentage points.
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test for all the possible pair-wise comparisons such as public vs. private, private
NP vs. private FP etc. In order to see if the results are sensitive to the presence
of university and regional hospitals (Typologies 1 and 2), similar tests were also
performed on a sample excluding these hospitals.

The results indicate that in all the groupings and all pair-wise comparisons the
Chi-squared test statistic is statistically insignificant even at 10% significance
level.” In the case of pair-wise comparisons, the results of the KW tests are con-
firmed with a simple t-test with equal variances. These results suggest that there is
no statistically significant difference in efficiency among hospitals with different
ownership or regulation types. These results are in general consistent with those
reported by STEINMANN and ZwEIFEL (2003) who did not find any significant
difference between private and public hospitals.

Table 6: Average Inefficiency Estimates by Ownership/subsidy Type

Public Private Private Overall
non-profit  for-profit

Subsidized 0.214 0.213 0.203 0.213
Non subsidized - 0.239 0.215 0.227
Overall 0.214 0.220 0.212 0.216

Notes: The inefficiency estimates are based on the results obtained from
Model /7 (see Table 5). The inefficiency scores for each hospital are calculated
as the average inefficiency values over the sample period (1998 to 2001). The
results are based on 146 hospitals that have a constant ownership/regulation
status over the sample period.

6. Conclusions

A panel data of all Swiss general hospitals over the four-year period between
1998 and 2001, including 747 observations of a total of 214 facilities, has been
analyzed. These data show a significant increase in the total number of hospi-
talizations amounting to about 10 percent growth over the study period. In the
same period, the total expenditures of Swiss general hospitals have increased by
about 15 percent. Our descriptive analysis of the data shows that most hospitals

37 Only in one case the differences were significant at 10% but not significant at 5%. This was
related to the comparison of public versus private hospitals using Model 7/7. Note that this
model does not adjust the output for AP-DRG (see Table 6).
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while decreasing their average length of stay, have considerably increased the
share of their outpatient revenues. The observed patterns in the data indicate
that the small basic-care hospitals have the longest hospitalizations (on average
about seven days longer than other hospitals) and that university hospitals treat
the most severe cases shown by the highest average AP-DRG cost weight (20%
higher than the overall average).

A sample of 459 observations corresponding to a total of 156 hospitals has been
used for the econometric analysis of efficiency. A stochastic total cost frontier has
been estimated using Cobb-Douglas functional form and several specifications.
The main results of this analysis can be listed as follows:

— There are unexploited scale economies in the majority of Swiss general hospi-
tals. Although we cannot clearly identify the optimal hospital size, our results
along with the empirical evidence reported in the previous literature suggest
that unexploited scale economies could be significant in hospitals with less
than 200 beds.

— There are systematic cost differences among different typologies with hospital
types with higher specialization levels being generally more costly. These dif-
ferences remain considerable after controlling for severity through AP-DRG
cost weights. In particular, the university and regional hospitals are the most
costly hospitals (about 35% more costly than the small basic-care hospitals).
This difference can be explained by the relatively wide range of medical spe-
cializations as well as research and teaching activities in those hospitals.

— Ignoring the severity adjustment by AP-DRG cost weights slightly biases the
main coefficients. However, these differences are not significant for practical
purposes, suggesting that most of the variation in DRGs among hospitals is
random.

— A one-day decrease in the average length of hospitalization could lower the
hospital’s total costs by up to about 4 percent. Given that the small basic-care
hospitals have extremely long hospitalizations, considerable savings might be
achieved by curtailing lengthy hospital stays.

— The marginal cost of ambulatory visits is much lower than that of inpatient
care. To the extent that the insurers have more accommodating reimbursement
plans for outpatient services, this result might partly explain the motivation
behind the growing share of ambulatory care in most hospitals.

— Although our quality measures are limited the results suggest that the quality
of medical services is an important factor in cost determination. Thus, some
of the estimated cost differences could be due to unobserved variations in
quality.
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— There exists a considerable cost variation among hospitals operating in dif-
ferent cantons. Part of these differences may be related to different regulatory
systems implemented in different regions.

— On average, the total costs of a typical general hospital have grown by about 4
percent per year. This can be explained by technological progress in medical
care, which enables the hospitals to provide more advanced services to more
severe cases resulting in higher costs.

The cost-efficiency analysis using several models indicates that the inefficiency
scores are not sensitive to the adopted model specification. The resulting mean
inefficiency score of about 20 percent suggests that there is a potential for cost
saving in Switzerland’s general hospitals. However, it should be noted that part
of these inefficiency estimates might be driven by unobserved factors. A better
account of such factors would require a longer panel that is, more observations
over time. The estimations also suggest that the cost-inefficiency has slightly but
consistently decreased over the study period. Certain typologies show signifi-
cantly different inefficiency estimates. In particular, the university hospitals show
the highest inefficiency estimates. However, these estimates are partly because of
the special activities like advanced medical research and complex medical inter-
ventions in these hospitals. The inefficiency estimates are also relatively high
in small basic-care hospitals. This is probably related to extremely long hospi-
talizations in these hospitals. Given the methodological and data limitations of
this study, the individual hospitals’ efficiency scores should be considered with
caution. In particular, these estimates should not be directly used as a basis for
rewarding or punishing specific hospitals. Rather, the present analysis provides
an overall picture of inefficiency situation in Switzerland’s general hospitals.
Finally, the effect of different regulatory systems and ownership types on the
hospital efficiency has been studied. The general hospitals are divided into five
groups based on their ownership (public, private non-profit and for-profit) and
subsidy status (subsidized, not subsidized). A large majority of Switzerland’s hos-
pitals are owned by the State or benefit from government subsidies. Our data
show that in 2001, 63 percent of general hospital beds were owned by the State,
which together with the subsidized hospitals owned by the private sector, account
for about 87 percent of the total general hospital beds in Switzerland. Our anal-
ysis of inefficiency estimates obtained from the stochastic frontier analysis sug-
gests that the efficiency differences across different ownership/subsidy types are
not statistically significant. This result indicates that our data do not provide any
evidence of a significant efficiency advantage of one type over another. However,
it should be noted that this result is restricted to our specific data and cannot be
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generalized. Moreover, because of the potential correlation between ownership/
subsidy types and other hospital characteristics such as typology and size, disen-
tangling the actual effects of ownership/regulation may be difficult. Therefore,
the presented results cannot be considered as conclusive evidence that different
subsidy rules and ownerships induce similar cost efficiency.

In general the quality of the available data is acceptable for an econometric
analysis of cost-efficiency. However, because of the limited number of available
years with non-missing data (three in most hospitals), some of the advanced
panel data econometric models could not be used. We contend that the data can
be generally improved by minimizing the missing values and reporting errors
and including more years. Moreover, potential data improvements can be con-
sidered in accounting capital investments and amortization, reporting average
wage rates for hospital employees as well as coding DRGs and admission types.
Furthermore, additional information on the resources allocated to research and
teaching activities and hospital quality can be useful for an accurate analysis of
costs. At the end, it should be noted that this paper is one of the first attempts
in the analysis of efficiency in Swiss hospital using parametric methods. This
issue requires further research. Especially as more data and detailed information
become available, future studies should consider flexible functional forms and
more elaborate panel data models and possibly include variables related to hos-
pitals’ teaching and training activities.
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Appendix
Regression Coefficients for Canton Dummies (Model /V)
Coefficient Standard Error ~ Sample Mean
AG 0.1599* 0.072 0.050
BL/BS /SO 0.1368* 0.057 0.111
FR 0.068 0.083 0.061
GE 0.2902* 0.073 0.020
GR 0.060 0.059 0.048
LU/NW/OW/UR 0.1590* 0.079 0.028
NE -0.011 0.102 0.052
SG/AI/SH/TG -0.009 0.050 0.059
TI —0.1800* 0.054 0.120
VD 0.008 0.046 0.129
A -0.009 0.085 0.052
727G/ SZ 0.2322* 0.060 0.052
ZH 0.1285* 0.056 0.085
BE 0 — 0.133

—  The omitted canton is Bern (BE).
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SUMMARY

This paper examines the productive efficiency of the hospital sector in Switzer-
land. A stochastic total cost frontier is estimated for a sample of 459 observations
from 156 general hospitals between 1998 and 2001. Given the limited number of
periods, a pooled cross-sectional model has been adopted. The severity of hospi-
tal patient mix is considered using the DRG cost weights. The analysis suggests
a significant potential for improving efficiency. The results also point to unex-
ploited scale economies in the majority of the studied hospitals. An analysis of
efficiency estimates indicates that the differences among various ownership/sub-
sidization types are not statistically significant.

ZUSAMMENFASSUNG

Dieses Paper widmet sich der Untersuchung der produktiven Effizienz des Kran-
kenhaussektors in der Schweiz. Eine stochastic frontier-Schitzung der Total-
kosten wird fiir eine Stichprobe von 156 Krankenhiusern der Grundversor-
gung mit insgesamt 459 Beobachtungen zwischen 1998 und 2001 durchgefiihre.
Aufgrund der begrenzten Anzahl Perioden wird ein pooled cross-sectional model
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angenommen. Der Einfluss des Krankenhaus-Patienten-Mix wird mit DRG
Kostenanteilen berticksichtigt. Die Ergebnisse deuten auf ein bedeutendes Poten-
zial fur Effizienzsteigerungen hin und zeigen unausgenutzte Grossenvorteile fir
die meisten betrachteten Krankenhiuser auf. Des Weiteren lassen die Ergeb-
nisse der Effizienzschitzungen darauf schliessen, dass weder die Eigentumsform
noch die Art der Subventionierung einen statistisch signifikanten Einfluss auf
die Totalkosten hat.

RESUME

Cet article étudie efficience productive du secteur hospitalier en Suisse. Lon
estime une frontiére stochastique de cotit total pour un échantillon de 459 obser-
vations de 156 hopitaux de soins généraux entre 1998 et 2001. Etant donné le
nombre limité de périodes, on a adopté un modéle cross-section. Les poids relatifs
de cofits de chaque DRG tiennent compte de leffet du mélange patienc-hopital.
Lanalyse suggere un potentiel significatif pour améliorer l'efficience. Les résul-
tats montrent également I'existence d’économies d’échelle inexploitées dans la
majorité des hopitaux étudiés. Une analyse des efficiences estimées indique que
les différences entre divers types de propriété/subvention ne sont pas statistique-
ment significatives.



