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ABSTRACT  

This paper examines the temporal variation of cost efficiency in Switzerland’s general 

hospitals. The variation of total costs and the number of empty beds has been 

analyzed using a sample of 168 hospitals operating from 1998 to 2003. In addition 

more than 100,000 observations form the inpatient data disaggregated to DRG 

categories have been used to analyze the variations in the length of hospital stays 

across hospitals and over time. The adopted econometric specification is based on a 

mixed effects model, including individual fixed effects to account for the time-

invariant unobserved heterogeneity and random coefficients representing different 

patterns of temporal variations across hospitals and DRG categories. The analyses aim 

at identifying different trends of efficiency changes across various types of hospitals 

regarding ownership and subsidization status and among different regions. The results 

of this paper indicate that hospitals have adopted measures to curtail hospitalizations 

and reduce empty beds, but the extent and effectiveness of these measures vary 

significantly across individual hospitals. While pointing to certain differences among 

cantons, the results do not provide any evidence in favor of a particular ownership 

type or subsidization regime. Moreover, while generally supporting the fact that 

decreasing empty beds has been used as an effective cost-cutting strategy, the data do 

not provide any conclusive evidence for the cost-savings expected from shortening 

hospitalizations. 
 
Keywords: general hospitals, stochastic frontier, cost efficiency, mixed models, random coefficients 
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1. Introduction 

Switzerland’s health care expenditures and particularly the operating costs of 

Swiss general hospitals has been subject of much policy debate. The increasing 

growth of health care costs has raised public concern for containing the 

hospitalization costs. Starting from 1994, together with the introduction of the 

mandatory federal insurance law and its implementation in 1996, the Swiss legislators 

have introduced several measures in order to give discretionary power to cantonal 

authorities for controlling the hospitals’ expenses. Among the main measures was the 

optional implementation of a prospective reimbursement system at the discretion of 

cantons. Along with these legislation reforms, the mandatory Diagnosis Related 

Group (DRG) coding system has been implemented in 1998 across all cantons.  

Although the implementation of the prospective payment system has so far 

taken various forms across cantons and mostly been limited to specific services such 

as ambulatory visits, hospital managers throughout the country are increasingly aware 

of the public concerns and the pressure exerted by health care authorities. This 

awareness is reflected in increasingly economical planning of hospitalizations, careful 

DRG coding and recording the data for an eventual justification of the costs. While 

one can reasonably assume that all Swiss hospitals have committed themselves to 

containing health care costs, most policy debates reflect a common perception that 

certain types of hospitals do not have strong incentive for a substantial improvement 

in their efficiency. Small local hospitals, non-profit providers and university hospitals 

are among the types that have often been singled out as inefficient providers. Several 

studies have tried to detect the efficiency differences across different ownership and 

organization types (cf. Farsi and Filippini, 2006, 2007; Steinmann and Zweifel, 2003). 

However, while finding significant differences in productivity and cost-efficiency 
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among hospitals, none of the available empirical studies have so far provided any 

conclusive evidence of any association of these differences with specific hospital 

types. Identifying the sources of efficiency differences remains an open question that 

needs further exploration.  

The main methodological problem in such statistical analyses is the fact of the 

cost differences among hospitals might be attributed to unobserved factors such as 

quality of service and case-mix severity factors. Assuming that the hospitals have 

undertaken measures to control their costs, this paper adopts a different approach 

from the previous studies, in that it focuses on the variation of hospitals’ efficiency 

over time. The working hypothesis is that parallel with policy reforms whose 

implementation dates back to 1998, the Swiss hospitals have adopted cost-reduction 

measures such as curbing the length of hospitalizations and reducing the excess 

capacity. The main purpose of this study is to explore the differences across hospital 

types regarding the extent and effectiveness of these cost-saving measures. Rather 

than searching for a reliable estimate of a specific hospital’s efficiency at a given 

period, this paper aims at identifying the hospital-specific rates of change in cost-

efficiency.   

Using a relatively rich panel data set including 168 general hospitals operating 

from 1998 to 2003 and using about 130,000 observations on the average length of 

hospitalization of patients with similar DRG’s, this paper attempts to study the 

evolution of efficiency in Swiss general hospitals during the recent period starting 

from the main policy reforms. In addition to the cost analysis, the variation of 

hospitals’ excess capacity and their average lengths of stays have been analyzed. 

Similarly these analyses aim at identifying the patterns of variations across different 

types of hospitals and those across various regions.  
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The econometric specification is based on a mixed panel data model that 

combines individual hospital and DRG fixed effects with random coefficients of the 

time variables. The frontier approach is based on a special version of the general 

parametric framework proposed by Sickles (2005), or the mixed effects model 

proposed by Kneip et al. (2003). The adopted model can be considered as an 

extension of the random effects model proposed by Cornwell et al. (1990).  

Overall the results suggest a considerable overall growth in hospital costs over 

the sample period. The results point to significant efficiency differences among 

hospitals regarding their cost-reduction efforts. While the efficiency differences 

across cantons could be significant, the findings generally do not provide any 

evidence in favor of a particular hospital ownership type or subsidization status. The 

analysis in general indicates that hospitals that had relatively important cuts in their 

empty beds are likely to have relatively good efficiency gains. The evidence regarding 

the hospitalization length is nor conclusive. In most cases, the cost reductions that are 

often expected from shortening hospital stays do not appear to be significant. 

However, the results suggest that at least in certain hospitals that have not had relative 

efficiency gain, the length of hospitalization might be an important factor for 

consideration.  

The rest of the paper is organized as follows. Section 2 provides a critical 

discussion of the methods of efficiency estimation and justifies the adopted 

methodology used in this paper. The econometric specification and the explanatory 

variables are described in Section 3. Section 4 summarizes the data and provides the 

descriptive statistics of the main variables included in the models. Section 5 presents 

and analyzes the estimation results and Section 6 concludes the paper with summary 

of main results and policy implications.   
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2. Methods  

The estimation of firm-specific efficiency is a contentious topic that has been 

subject of a great body of literature that has developed a variety of econometric 

models commonly referred to as Stochastic Frontier Analysis. The application of 

these models to health care providers such as hospitals has been questioned by several 

authors (Newhouse, 1994; Skinner, 1994; Street, 2003; Folland and Hofler, 2001). 

The main criticism against these models is based on the fact that a hospital provides a 

myriad of various services that cannot be aggregated in a few output measures. In fact 

the number of hospital services is so large that cannot be summarized in a practically 

manageable multi-output cost or production function. In other words, such 

aggregation could leave out important factors that distinguish individual hospitals.  

Despite these general criticisms the efficiency analysis in health care sector 

remains commonplace (Hollingsworth and Street, 2006; Worthington, 2004; Rowenta 

et al., 2006). While admitting the limitations of their approach many authors have 

adopted various measures for accounting for output characteristics such as case mix 

severity indexes and other distinctive hospital characteristics (Zuckerman et al., 1994; 

Linna, 1998; Rosko, 2001; Deily and McKay, 2006; Brown, 2003). Other studies 

have used econometric modeling strategies that have proved more robust in presence 

of such heterogeneities (Liu et al., 2007; Bradford et al., 2001) or panel data models 

that account for unobserved factors through hospital-specific stochastic terms (Farsi 

and Filippini, 2007). The latter models usually labeled as ‘true’ frontier models have 

been proposed by Greene (2005a,b) and has been applied in several studies on 

different health-care related contexts (Greene, 2004; Farsi et al., 2005). The basic 

underlying assumption in these models is that hospital characteristics that are beyond 
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the management control like severity of illness, are more or less constant over time, 

while (in)efficiency is a time-variant stochastic component.  

This is a practical and realistic assumption that allows a distinction between 

the time-variant efficiency differences and the hospital-specific unobserved 

heterogeneity that is unrelated to inefficiency (hereafter, simply referred to as 

“heterogeneity”). Such models have also certain appealing feature for the regulators 

and policy makers in that in addition to providing efficiency estimates for a given 

company in a specific year they allow an identification of those companies that might 

be inefficient in a persistent way. The efficiency estimation remains however a 

challenge to the researchers in this field, mainly because of a general shortcoming in 

most frontier models namely, the excessively large prediction (estimation) errors 

entailed in the estimation of efficiency based on a single observation point. Studies 

such as Horrace and Schmidt (1996) and Jensen (2000) have pointed out the fact that 

the differences between estimates of efficiency across individual companies might be 

entirely due to statistical sampling errors. It should be noted that such discrepancies 

are not limited to cross-sectional data or parametric approaches (cf. Hawdon, 2003; 

Farsi et al., 2006). The main problem is that if one assumes a stochastic variation of 

inefficiency over time, there will be only one sample point for the estimation of 

efficiency of a given firm in a given period, hence large estimation errors. On the 

other hand, if one assumes that inefficiency is constant, panel data provide several 

observations thus decreases the estimation errors. However the criticism shifts to the 

validity of the estimates as they might be biased by the firm-specific omitted factors 

that are not related to inefficiency. This is especially important in health care 

applications in which many unobserved factors might remain stable for a given 

provider. For instance severity might depend on the location of the hospital (more or 
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less similar mix of patients from a given neighborhood) or quality of care and the 

offered specializations that are long-term determinants that could not change over a 

short period of time.  

The frontier literature is rich in the modeling approaches that provide a 

compromise solution between models with stochastically time-variant inefficiency 

and those with time-invariant efficiency terms. The first generation of these models  

such as Kumbhakar (1990) and Battese and Coelli (1992), extend the random effects 

model proposed by Pitt and Lee (1981) to include a uniform time-variation of 

efficiency for all the firms. The extensions of these models starting from Cornwell et 

al. (1990) and developing into mixed effects models with Kneip et al. (2003) and 

semi-parametric models with Sickles (2005), have considered functional forms of 

temporal variation that vary across individual companies.  

Sickles (2005) provides a general framework for the treatment of time-varying 

efficiency. He recognizes the vulnerability of efficiency and productivity measures as 

estimation residuals and ‘reduced from’ concepts that are inevitably based on ad hoc 

econometric specifications. With a series of Monte Carlo simulations and applying 

several alternative specifications, the author highlights the difficulties in identifying 

firm-specific and time-varying efficiency. Sickles (2005) asserts that the robustness, 

flexibility and precision are the most ‘important distinguishing features’ that should 

be considered in model specification strategies.  

From an econometric point of view the robustness can be achieved by relaxing 

the assumptions on the distribution and the correlation structure. For instance, 

considering freely distributed fixed effects instead of random effects with specific 

distributions is a solution that has been most commonly used, dating back to Schmidt 

and Sickles (1984). The fixed effects are particularly interesting as they allow a more 
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realistic assumption about the potential correlation between the individual effects and 

the explanatory variables. However, the first generation of these models have not 

shown much success mainly because the firm-specific inefficiency can be over-

estimated to implausible levels (Farsi et al., 2005; Farsi and Filippini, 2004). In fact 

the firm’s fixed effect that is interpreted as inefficiency captures much of the 

unobserved time-invariant factors that might be unrelated to inefficiency. More recent 

models such as the fixed effects frontier models proposed by Polachek and Yoon 

(1996) and Greene’s (2005a,b)1 include an additional time-varying skewed stochastic 

component in the fixed effects model for representing inefficiency. While being 

attractive in theory, this model is numerically cumbersome in practice. Although 

authors like Greene (2005b) provide powerful numerical algorithms for solving the 

frontier specification with fixed effects, according to this author’s experience, the 

available algorithms for the estimation of this model could lead to unreliable estimates 

that can perhaps be explained by the incidental parameters problem in non-linear 

models.  

Farsi et al. (2005) have proposed a specification based on Greene’s (2005a,b) 

‘true’ random effects model, that reconciles the flexibility of fixed effects estimation 

with the precision and efficiency of random effects model. The proposed modification 

is based on Mundlak’s (1978) specification of fixed effects estimator through 

incorporating the individual sample means in the random effects model, thus allowing 

correlation between the individual effects with the explanatory variables.  

In any case, regardless of whether the individual effects are fixed or random, a 

rich error structure such as that in Greene’s (2005a,b) ‘true’ frontier models or those 

proposed by Polachek and Yoon (1996) or earlier by Kumbhakar (1991) exacerbates 

                                                 
1 This model is named ‘true fixed effects model’ by Greene (2005a,b). 
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the sensitivity of frontier models to the skewness of the residuals. In fact, these 

models like the original frontier approach in cross-sectional data (Aigner et al., 1977; 

Meeusen et al., 1977) rely on the skewness of the regression residuals to produce any 

meaningful values for efficiency estimates. When the residuals are decomposed into 

three components instead of two (as in the original cross-sectional models) 

respectively for random noise and efficiency term, the skewness of the latter term can 

be sensitive to slight changes in the observations or the included explanatory 

variables. In many cases, such changes might easily cause one of the stochastic 

components degenerate to zero.  

While recognizing that the firm’s efficiency can vary from one year to 

another, one could argue that a fully stochastic variation over time implies an 

idiosyncratic nature for the temporal changes in the firm’s productive efficiency. This 

is probably a too flexible assumption that ignores the fact that these changes originate 

from an underlying learning process that is specific to the firm’s management and 

their efforts in improving productivity. In other words, even assuming that firms 

constantly face new technology shocks and market developments that make their 

resulting productive efficiency look like a stochastic variable, it is unrealistic to 

assume that such variable is independently distributed over time. As Alvarez and 

Schmidt (2006) point out, even though the randomness appears to be quite important, 

‘over longer periods of time, skill persists while luck averages away.’ 

Furthermore, even if the nature of shocks is such that the independence 

assumption simulates the real situation, these models remain heavily dependent on the 

distribution assumptions. In fact the only way to distinguish random noise from the 

efficiency term is through a non-testable distribution assumption that assigns for 
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instance a half-normal distribution to efficiency and a normal distribution to random 

noise.  

As Sickles (2005) has pointed out, in many cases the parametric assumptions 

help to have a better interpretation of the results. Therefore, a reasonable assumption 

would be to assign a deterministic functional form for the temporal variation of firm’s 

efficiency while allowing for changes in the values of the parameters across different 

companies. This is the approach adopted by Cornwell et al. (1990) through a 

quadratic function and Lee and Schmidt (1993) with a linear function both with 

random coefficients that vary across firms. The functional form and the variation of 

the individual effects have been later extended to mixed effects models and semi-

parametric models respectively by Kneip et al. (2003) and Sickles (2005).  

Sickles (2005) presents the general framework of these models. While the 

general framework can be applied with random or fixed effects, the latter approach 

requires a long panel data in order to avoid the problems related to incidental 

parameters. For instance a quadratic form for temporal variations requires the 

estimation of 3 fixed parameters for each company, which creates a considerable 

plausibility problem for short and medium panels. In order to avoid such problems, in 

this paper a mixed effects version has been adopted, in which the companies 

individual intercepts are specified as fixed effects while the coefficients of the time 

variables are considered as random effects. A formal description of this specification 

will be presented in the next section.   

Another important issue in the estimation of productive efficiency is the study 

of the sources of inefficiency. The reduced form of the frontier model does not allow 

in itself an understanding of the inefficiency sources. As Sickles (2005) elegantly 

points out, a ‘strong institutional understanding of the industry under study’ is 
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required to choose an adequate estimator among the available alternatives that satisfy 

the generic properties. Given the existing discrepancy and sensitivity issues in the 

frontier methodology (as discussed earlier), most studies face a recurrent question 

regarding the validity and reliability of efficiency estimates, namely, whether these 

estimates are artifact of sampling variations. An appropriate way to explore the 

question is to study the potential sources of inefficiency.  

For instance, in the case of hospitals, unnecessarily long hospitalizations might 

be a source of excess costs. This is surely a debatable issue that has been subject of a 

number of papers. For instance Carey (2000) provides evidence that the US hospitals, 

facing the policy concerns about rising costs, have reduced the lengths of 

hospitalizations. Her findings suggest however, that the extent of cost savings has 

been commonly overstated. Other studies suggested that curtailing the hospital stays 

has led to a deterioration of quality of care and might have a counter-productive effect 

in the long run. In Switzerland, as shown by Farsi and Filippini (2005), there is a 

considerable variation in the average length of stay among hospitals and the small 

local hospitals have on average significantly longer hospitalizations. As shown in that 

study, the marginal cost of one day hospital stay is considerable. Therefore, it is 

helpful to see if the changes in average length of hospitalization have any relationship 

with the observed cost savings. Another potential source of inefficiency in hospitals 

could be related to excess capacity. For instance Gaynor and Anderson (1995) 

estimate that in the US, the costs of empty hospital beds could amount to 9.5% of the 

total costs.   

Partial efficiency measures based on length of hospital stays and the number 

of empty beds, could be helpful in understanding at least how the hospitals deal with 

these sources of inefficiency and to what extent they could reduce the hospital’s 
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overall costs. In particular, the length of stay is an interesting measure that can be 

analyzed at micro level. Unlike the cost data that are not usually available in 

disaggregate form, the records of hospital stays are generally available for individual 

patients. Such micro-level analyses can be helpful in understanding the temporal 

variation in hospitals’ strategies for reducing costs. In this paper, in addition to 

hospital cots, the variation of the average number of hospital’s empty beds and the 

average length of hospital stays at the DRG level have been analyzed.   

 

3. Model specification 

The main measure of hospital’s inefficiency used in this paper is based on a 

total cost function with a Cobb-Douglas functional form. The second measure is 

based on a measure of excess capacity represented by the hospital’s average number 

of empty beds. Finally, the third measure of efficiency is based on the average length 

of hospitalization. In all three analyses, the working hypothesis is that hospitals have 

adopted measures to contain their operating costs by improving their overall 

productive efficiency (cost-efficiency), by reducing their excess capacity, or by 

curtailing the hospital stays. Including individual fixed effects allows a 

straightforward identification of the temporal variation of each of the three variables 

without worrying about the unobserved hospital-specific characteristics and their 

potential correlation with the observed explanatory variables. However, the downside 

is that the efficiency variations across hospitals that are stable over time, cannot be 

identified as they are captured along other external heterogeneities, by the fixed 

effects. Therefore, any assessment of hospitals’ performances based on the results of 

this study is valid only to the extent that the hospitals do not differ significantly with 

respect to their initial efficiency before the reforms say in 1998.     
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The explanatory variables for the cost function include two outputs namely, 

the severity adjusted number of hospitalizations, a measure of ambulatory services 

offered by the hospital, and three input factor prices i.e., labor price in two categories, 

non-physician employees and employed physicians, and capital price. The average 

length of hospitalization and the number of medical training positions (interns and 

medical students) have also been included as output characteristics. The above 

explanatory variables for the cost function are similar to the specification used in 

Farsi and Filippini (2007). The reader will be referred to that paper for a justification 

for including each of these variables and also the choice of the adopted functional 

form. It should be noted that because of the presence of hospitals’ individual fixed 

effects, a number of variables that are time-invariant or practically stable over time 

have been excluded from the model.   

For the excess capacity the explanatory variables are specified as follows: the 

number of hospitalizations and the share of patients with private health insurance. The 

idea here is that hospitals should adjust the number of available beds according to the 

changes and fluctuations in the demand and also to accommodate their private-

insurance patients who are entitled to rooms that are not shared by several patients. 

The working hypothesis is that if a hospital has a higher share of private-insurance 

patients, it is likely to have a higher excess capacity to accommodate those patients.  

As for the length of hospitalization, the analysis has been conducted at the 

DRG level. Namely, the dependent variable is the average length of stay for the 

patients within a given DRG, hospitalized in a given hospital during a given year. 

Individual fixed effects are considered for each hospital-DRG group. In addition to 

time variables, the total number of training positions has been included as explanatory 

variable. The findings in previous studies such as Rogowski and Newhouse (1992) 



 14

and Simmer et al. (1991) suggest that hospitals with more teaching activities are 

likely to have longer hospitalizations. In line with the Rogowski and Newhouse, here 

it is assumed that this potential effect is a result of ‘indirect’ costs of training medical 

students and not due to hospital’s inefficiency as Simmer et al. suggest.  

As shown by Martin and Smith (1996), the length of stay could depend on 

several patient characteristics that cannot be summarized in the DRG categories, thus 

remain among unobserved variables in the present analysis. Part of such variations 

should be captured by the hospital-DRG fixed effects. In order to have unbiased 

results it is required to assume that the remaining variation is uncorrelated with the 

hospital type.     

The definition and the summary statistics of all the variables included in the 

models will be provided in the data section. Now we turn to the adopted econometric 

specification. The cost model used in this study is based on a mixed effects model 

written as:  

  2ln lnit it i i it itC t t uρ ϕ α ε= + + + + + +β X γZ ,     (1) 

where i and t represent the hospital and year respectively with t=0 representing the 

first year covered in the sample; C is the total costs; lnXit is the vector of time-varying 

explanatory variables expressed in logarithm; Zi is a vector including all the hospital-

specific characteristics that do not vary with time; and [ ], , ,ρ ϕβ γ  is the vector of 

regression coefficients. The stochastic terms αi and εit respectively represent the 

hospital’s individual effect and the random noise. Finally uit is the inefficiency (here 

cost-inefficiency) of hospital i at year t, specified as a quadratic function of time:  

  2
0it i i iu u t tδ θ= + + ,      (2) 
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with ui0 representing hospital i's initial inefficiency at year t=0, δi and θi are random 

coefficients with a multivariate normal distribution, specified as: 

  
2
1 12

2
12 2

( , );  with  i

i
N

δ σ σ
θ σ σ

⎛ ⎞⎛ ⎞
⎜ ⎟=⎜ ⎟ ⎜ ⎟⎝ ⎠ ⎝ ⎠

0 Σ Σ∼ ,      (3) 

where 1 2 12( , , )σ σ σ are the parameters to be estimated. The residual term εit is assumed 

to be normally distributed with zero mean: 2(0, )N εσ  and the individual effects αi are 

assumed to be constant fixed effects.  

The mean values of the random coefficients ( , )i iδ θ  have been set to zero. This 

is a simplifying assumption that allows the parameters ( , )ρ ϕ  to be identified, while 

recognizing that the hospital costs might follow a growth pattern that is not related to 

hospitals’ efficiency, but due to external factors, such as the general progress in 

medical treatments and pharmaceuticals that are increasingly more costly. Such 

temporal variations that are not captured by the explanatory variables included in the 

model, are assumed to be more or less similar for all hospitals, thus represented by the 

average growth in costs captured by parameter pair ( , )ρ ϕ .  

The model in Equation (1) is a mixed effects model with both random and 

fixed effects. It should be noted that because of the presence of the fixed effects the 

coefficient vector γ cannot be identified in this model. This model can be easily 

transformed to a random-coefficient model on the deviations from hospital means. 

Using Equation (2), and denoting the “within-demeaning” operator for hospital i, by 

Δi. the model can be re-written as:  

  2 2ln . ln . . . .i it i it i i i i i i itC t t t tρ ϕ δ θ εΔ = Δ + Δ + Δ + Δ + Δ +β X ,   (4) 
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where Δixit for a generic variable xit is defined as the deviation of the variable from its 

mean value ( ix ) within hospital i:  

  
0

1;   with 
iT

i it it i i it
i t

x x x x x
T =

Δ = − = ∑ ,      (5) 

where Ti is the number of periods for hospital i.  

As it can be seen the above specification does not allow a separate 

identification of the unobserved heterogeneity represented by fixed effects αi and the 

initial inefficiencies denoted by ui0. Both of these terms along with the time-invariant 

variables Zi (including the model’s intercept) are canceled out in the above within 

transformation. The random-coefficient models described in Equation (4) can be 

estimated using the EM algorithm. This model is the basis of the econometric 

estimations in this paper. The parameters to be estimated are { }1 2 12, , , , , ,ερ ϕ σ σ σ σβ . 

The hospital specific parameters ( , )i iδ θ  can be estimated by a conditional Bayesian 

predictor, based on the estimated parameters and the obtained residuals for each 

hospital. 

The model used for the analysis of the hospitals’ excess capacity is similar to 

that described in Equation (4) with the difference that the dependent variable is the 

number of hospital’s empty beds (instead of total costs) and includes its own the 

explanatory variables X. Another difference is that unlike costs, there is no reason 

other than efficiency improvement that the excess capacity should uniformly grow or 

decrease among all hospitals. Therefore it is reasonable to relax the zero-mean 

assumption for the individual random coefficients. Thus, the resulting specification 

can be written as:  

  2ln . ln . .e e e e
i it i it i i i i itE t tδ θ εΔ = Δ + Δ + Δ +β X ,     (6) 
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where E is the number of empty beds and superscript e denotes parameters related to 

excess capacity; and the random coefficients are specified as:  

  
2

1 12
2

12 2

( )
( , );  with  ,  

( )

e e ee
i e e e e
e e ee
i

N
δ σ σρ

θ σ σϕ

⎛ ⎞ ⎛ ⎞⎛ ⎞
⎜ ⎟ ⎜ ⎟= =⎜ ⎟⎜ ⎟ ⎜ ⎟⎜ ⎟ ⎝ ⎠ ⎝ ⎠⎝ ⎠

μ Σ μ Σ∼ .   (7) 

The analysis of hospitals’ average length of stay (LOS) has been conducted at 

DRG level observations. Denoting DRG group by subscript j, the model specification 

for this analysis can be formulated as:  

  2ln . ln . .l l l l
ij ijt ij ijt ij ij ij ij ijtL t tδ θ εΔ = Δ + Δ + Δ +β X ,    (8) 

where Lijt is the average LOS for DRG group j hospitalized in hospital i during period 

t; superscript l denotes parameters related to LOS equation; and the random 

coefficients and the within operator are respectively defined as:  

  
2

1 12
2

12 2

( )
( , );  with  ,  

( )

l l ll
ij l l l l

l ll l
ij

N
δ σ σρ

σ σθ ϕ

⎛ ⎞ ⎛ ⎞⎛ ⎞
⎜ ⎟ ⎜ ⎟= =⎜ ⎟⎜ ⎟ ⎜ ⎟⎜ ⎟ ⎝ ⎠ ⎝ ⎠⎝ ⎠

μ Σ μ Σ∼ ,   (9) 

  
0

1;   with 
ijT

ij ijt ijt ij ij ijt
ij t

x x x x x
T =

Δ = − = ∑ ,      (10) 

where Tij is the number of periods for patients with DRG j treated in hospital i.  

The random-coefficient models described in Equations (4), (6) and (8) have 

been estimated using the EM algorithm and the hospital specific parameters have been 

using a conditional Bayesian predictor. As the main objective of this paper is to 

compare the efficiency trends across various hospital types such as ownership, or 

different regions, the estimated random coefficients have been grouped for different 

hospital categories. In order to test the statistical significance of the differences across 

various categories the Kruskal-Wallis (1952) rank test as well as the t-test with 

unequal variances has been considered. The Kruskal-Wallis test is a non-parametric 
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test that has been often used in frontier analysis (Singh and Coelli, 2001; Grosskopf et 

al., 2001).2  

 

4. Data 

The data used in this paper consists of two samples. The first data set is 

hospital-level sample that is extracted from the annual financial and administrative 

data reported by general hospitals3 to the Federal Statistical Office (SFSO, 1997a) 

from 1998 to 2003. These data have been merged with another data set consisting of 

an aggregate extraction of the medical data of the Swiss hospitals with records for 

individual hospitalizations (SFSO, 1997b). The extracted medical data consist of the 

number of cases by AP-DRG in each hospital-year, including information about the 

average length of hospitalization for each group and admission type.  

This data set that includes about a million observations has been used to 

extract data on the average length of stay by hospital, year and DRG categories. 

Moreover, these data have been used to estimate an average cost weight calculated for 

each hospital-year. This average value is obtained by dividing the weighted sum of 

the number of admissions recorded in the medical data with weights being the cost 

weights from Swiss AP-DRG version 4.0 (APDRG Suisse, 2003) for each DRG 

category, by the total number of cases recorded in the medical data. The adjusted 

number of admissions for a given hospital-year is then calculated by multiplying these 

average cost weights by the number of admissions recorded in the administrative data, 

which had generally fewer missing values than the medical data (second data set). 

                                                 
2 An alternative approach would be to include type indicators as interaction terms in the regression 
models and test the significance of the corresponding coefficients. I preferred the non-parametric test 
based on hospitals’ ranks. Some of the advantages of this approach have been outlined in Farsi and 
Filippini (2004, 2007).  
3 Specialized clinics, rehabilitation centers and other long-term facilities have been excluded. 



 19

Since one of the main purposes of this study is to identify potential differences 

across different ownership types, ten hospitals that have changed ownership status 

over the sample period have been excluded. These hospitals might have undergone 

under efficiency changes prior to conversion, therefore might bias the results (cf. 

Farsi, 2004). In order to have a sufficient number of sample points over time, about 36 

hospitals that have been covered for less than three years have also been excluded. In 

addition a few hospitals with less than ten beds were excluded, as they might belong 

to a special outlier category. After dropping the observations with missing values and 

invalid data, the final hospital-level sample includes 863 observations from 168 

general hospitals.  

As for the DRG-level data, the adopted sample has been restricted to the 

hospitals that have been included in the hospital-level data set and also the categories 

included in Swiss AP-DRG version 4.0. The analysis is also limited to the full 

hospitalizations that are by definition longer than 24 hours and the AP-DRG 

categories that have a clear definition. Namely, the DRG categories that are described 

by ambiguous terms like ‘other’ or ‘non-specified’ have been excluded. In order to 

avoid the outlier value problem that might arise when the number of cases is limited, 

all the observations that are based on fewer than three cases were excluded. 

Moreover, about 1600 observations that could be considered as severe outliers based 

on 3 times the inter-quartile range (equivalent to average LOS of 36.4 days) have 

been excluded. The final sample includes 108,227 observations from 162 general 

hospitals, 492 AP-DRG categories, 826 hospital-year groups and 23,281 hospital-

DRG groups. From the 492 DRG’s included in the sample, 223 are classified as 

surgical procedures. In terms of the number of hospitals and the composition of 

hospital types regarding ownership, university hospitals and also the distribution 
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across different regions, this sample is very similar to the hospital-level sample used 

for the analyses of cost and excess capacity. A descriptive summary of the main 

variables included in the models is provided in Table 1. In the rest of this section 

these variables will be described.  

Insert Table 1 

The main measure of hospital output is taken as a DRG weighted number of 

hospitalizations (cf. Linna, 1998; Rosko, 2001; Heshmati, 2002). This approach was 

preferred over the alternative based on multiple output categories based on DRG 

weights (Brown, 2003), mainly because such categories might be arbitrary as the 

DRG weights define the cost intensity of the cases rather than different outputs. Since 

the number of outpatient cases is not available in the data, the ambulatory output is 

approximated by the corresponding revenues adjusted for inflation. This 

approximation is based on the assumption that the average unit price of ambulatory 

care is similar across hospitals.  

Three input factors are considered: capital, physicians’ input and all other 

employees’ labor. Similar to Wagstaff and Lopez (1995) and Rosko (2001), capital 

prices, are approximated by the hospital’s total capital expenditure divided by the 

number of available beds in the hospital. Labor prices are calculated by dividing total 

salaries by the number of remunerated days. Physicians and non-physicians are 

considered as two separate labor inputs similar (cf. Folland and Hofler, 2001; 

Scuffham et al., 1996). The physicians’ labor price represents the average salary of 

those employed by the hospital and exclude honoraries and fees, accounting on 

average for about 5% of the hospital’s total costs, usually paid to both employed and 

unemployed physicians. Both labor prices are proportionally adjusted for social 

benefits, accounting on average, for about 9% of total costs with the proportions being 
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the respective shares of each group’s salaries. This adjustment captures the potential 

variation in social benefits due to differences in pension funds as well as the age and 

seniority of the employees mix. 

The three input factor prices considered in the model correspond to about 70 

percent of a hospital’s total cost on average. The available data do not allow an 

appropriate calculation of the prices of remaining inputs such as medical materials, 

food, water and power as well as physicians’ fees and other personnel charges. The 

excluded prices are obviously not constant and neglecting their variation over time 

could affect the estimation results. We assume that these variations are more or less 

uniform for all hospitals, thus captured by the time variables included in the cost 

model. 

The average length of hospitalization has been included in the model (Vita, 

1990; Scuffham et al., 1996; Carey, 1997). In addition to representing hospital’s 

‘hotel services’ like nursing care and accommodation (Breyer, 1987), this variable 

provides a measure of severity of the case mix within each DRG. In fact, there is a 

considerable variation among patients within a DRG, as indicated by the wide range 

of acceptable hospital stays provided by the Swiss DRG Association (APDRG Suisse, 

2003).  

Hospitals’ costs can also be affected by the number of specializations and 

services offered in a hospital. Here we assume that these factors are time-invariant, 

thus captured by the fixed effects. The shortcoming of the analysis is mainly related to 

the quality of care. In fact, it is reasonable to consider that by improving cost-

efficiency, certain quality aspects of health care might be compromised. We do not 

have any reliable data on any measure of quality in Swiss hospitals that show a 

reasonable variation over the sample period. It should be however noted that the 
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evidence on the effect of quality measures on hospital costs is not conclusive. 

Zuckermann et al (1994), Rosko (2001) and Vitaliano and Toren (1996) conclude that 

quality indicators do not have significant cost effects, whereas others such as Folland 

and Hofler (2001) suggest a significant effect for structural quality measures such as 

bed availability and the share of board-certified physicians.  

The measure of excess capacity is based on the average number of empty beds 

in a given hospital-year. This is obtained by subtracting the number of available beds 

by the total number of patient days divided by 365. The semi-hospitalizations 

(inpatient hospital stays shorter than 24 hours) have been considered as one-day stays. 

The data show some discrepancy in this measure particularly several negative values. 

These values have been re-calculated using an alternative measure of hospital’s 

available beds namely, the number of hospital’s bed-days.  

Hospital types have been considered in several aspects. The ownership status 

and subsidization form have been considered in four categories: public hospitals 

(which are also subsidized), private subsidized hospitals (mainly non-profit), non-

subsidized private non-profit hospitals, and finally non-subsidized for-profit hospitals. 

The hospital categories regarding the size and specialization are based on the Swiss 

Federal Statistical Office’s classification that groups general hospitals into five 

typologies. The details of this classification are given in SFSO (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, basic-care hospitals of level 3 

are local small general hospitals (mostly less than 100 beds) that provide basic 

medical care with few specializations. Because of certain autonomy of cantons in the 

regulation of hospitals and the implementation of health policy reforms, one can 

expect differences across cantons. The number of observations within cantons is 
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however small. In order to avoid the small-sample problem, five regional categories 

have been defined. These categories are mainly based on the observed patterns in the 

cooperation and policy coordination among the neighboring cantons as reflected by 

the inter-cantonal health policy conferences and meetings. In certain cases a more 

refined grouping has been considered based on the extent of the canton’s main 

hospitals’ health service area and the flow of patients across cantons. The 

distributions of hospitals included in the sample, among the three classifications are 

given in Table 2.  

Insert Table 2 

 

5. Results  

Table 3 lists the regression results of the hospital-level analysis based on 

Equations (4) and (6), respectively for total costs and excess capacity. The estimation 

results for a similar model for the length of stay are also reported in the table. The 

results of the cost model point to considerable effects of hospital stays on costs. The 

variation of other factors such as ambulatory services and the training positions 

though being statistically significant are practically limited to a few percentage points 

in terms of elasticity. As expected, the price coefficients are positive and mostly 

significant. The estimated coefficients are mostly significant and generally have the 

expected signs. In the interpretation of the cost function’s coefficients here, one 

should note that the hospitals’ individual fixed effects are also included in the model. 

Although being useful for an effective estimation of the temporal variations free from 

time-invariant heterogeneity, the fixed effects capture all the ‘between’ variation, 

namely the long-term stabilized differences across hospitals. Therefore, the estimated 

marginal effects and elasticities will be based on within-hospital variations that are 
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generally more limited and could be of a transient short-term effect. The implication 

is that the estimated results can only be used to predict quantities or behaviors that 

entail a limited range of variation that is reasonably comparable to the within hospital 

variations in the sample. Moreover, the presence of fixed effects can partly explain 

the relative weakness of the statistical significance in some of the included variables, 

compared to a pooled or a random-effects model.4 

Insert Table 3 

The estimation results of the cost analysis (Table 3) point to a pattern of 

increasing growth in hospital’ operating costs, as suggested by the positive 

coefficients of the time variables included in the model. The numbers indicate an 

average growth rate of about 1.6 percent per year. The results also suggest that the 

temporal changes are significantly different from one hospital top another, as shown 

by the statistically significant values for the variance of the random effects. This 

implies that hospitals differ in their performance regarding cost-efficiency. The 

negative covariance between the two random coefficients is consistent with the fact 

that any growth (decline) is likely to slow down with time. The negative correlation 

implies for instance, that hospitals that start to cut the costs earlier and more 

aggressively, will have a relatively lower success later.  

The estimation results from the analysis of excess capacity (Table 3, middle 

column) indicate that hospitals have decreased their empty beds with a substantial rate 

of about 8.6% per year on average. The effect of number of admissions is against our 

expectation. This can be explained by the mechanical negative relationship between 

admissions and the number of empty beds. Such a relationship might create 

endogeneity bias in the hospital-specific estimates of growth in excess capacity. 

                                                 
4 Compare for instance with the estimation results reported in Farsi and Filippini (2007).  
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However, a preliminary analysis showed that an alternative model excluding the 

number of admissions would produce more or less similar results. As expected the 

share of private-insurance patients shows a positive effect on excess capacity, 

however, the coefficient is not statistically significant. Similarly the results indicate 

significant variation across hospitals regarding the empty beds.  

Finally the results of hospital-level analysis of LOS are reported in the last 

column of the table. These results suggest an average decrease of about 3.3% per year 

in the length of hospitalizations. As expected the AP-DRG cost weight and the 

number of training positions have positive effects on length-of-stay, but the latter 

effect is not statistically significant. This aggregate analysis of LOS will only by used 

for comparison purposes. Table 4 provides the results of the main DRG-level analysis 

of the length of hospitalizations. As seen in the table, the results are somewhat 

different from those of the aggregate analysis in the previous table. In fact the 

estimated annual rate of decrease is about 2% on average. This might suggest that 

aggregating at the hospital level might bias the results. In fact, disaggregated data are 

less sensitive to outliers whose presence in one hospital-year group might distort the 

temporal patterns in that hospital. It should also be noted that in the DRG-level 

analysis, each of the hospital-DRG groups have their own fixed effect in the model. 

Therefore, the results might be more representative of the real situation, because in 

fact each specific DRG could have different potentials regarding the length of 

hospitalization.  

Insert Table 4 

The results listed in Table 4 indicate a significant variation in changes in LOS, 

across the included hospitals and also among the AP-DRG groups. Similar to Table 3, 

these results suggest that the study of the variations across hospital types and also 
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across individual hospitals could be used to test hypotheses regarding the efficiency 

patterns in the hospital sector. Before turning to the results of these statistical tests, it 

is worthwhile to summarize the overall efficiency trends of the Swiss hospital sector. 

The average estimated time effects form the above tables are illustrated in Figure 1. 

This graph is drawn on the basis of the initial values associated with 1998. The 

variation of LOS is based on the DRG-level analysis (Table 4).  

Insert Figure 1 

As can be seen in the figure, over the five-year span in the sample period 

(1998-2003) a typical hospital’s costs have grown about 14 percent. This is while the 

length of hospital stays and the number of empty beds have decreased by about 10 

and 18 percent respectively. As shown here and in previous literature, hospital costs 

are growing throughout many countries. This growth has been often associated with 

new medical procedures and pharmaceuticals as well as the extension of life 

expectancy. These are obviously external factors that are modeled by average trends 

in the model specification used here. The hospital-specific inefficiency is roughly 

speaking, the hospital’s excess costs as compared to the average increasing trend 

shown in Figure 1. The substantial rate of decline in LOS and hospital empty beds 

shown in the figure is an indicative that hospitals have made considerable efforts to 

contain the costs. The efficiency gain (loss) based on Equation (2) is a hospital-

specific measure of these efforts as reflected in costs. Similar measures are obtained 

for the length-of-stay and empty beds. 

With a series of statistical tests the differences between the three hospital 

groupings listed in Table 2, have been analyzed. The results generally suggest that the 

differences of across the ownership/subsidy types and hospital typologies are due to 

sampling error, not a systematic difference in the underlying distribution or type. The 
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observed significance level was rather high in most cases (always higher than 10%) 

and the results were confirmed using only the linear trends or the resulting change 

over the five-year span of the sample. This result is valid for all three measures 

namely, changes in cost-efficiency, excess capacity and LOS.  

The only statistically significant difference was found to be among the cost-

efficiency changes across the regions. Here again, there is no significant difference 

regarding excess capacity and LOS. Further exploration using pair-wise tests indicate 

that the efficiency improvement in the South region (the Italian-speaking canton 

Ticino) is significantly higher than all other regions. This difference is statistically 

significant at less than 5% significance level. Table 5 provides the temporal changes 

of efficiency by region. As seen in this table, the hospitals in Southern Switzerland 

(TI) have improved their cost-efficiency by about 8.4 percentage point over the 

sample period. The table also indicates that this region heads the list in curtailing 

hospital stays by an average rate of 9.7%, and cutting the empty beds by 28% on 

average, over the sample period. The numbers listed for other regions have however 

only an indicative value, because they do not show any statistically significant 

difference among them. 

Insert Table 5 

In order to further explore the differences between regions and cantons, a 

series of statistical tests between pairs of cantons have been conducted. These tests 

have been limited to cantons that have at least three hospitals in the sample. These 

tests show that there are only six cantons that have a cost-efficiency performance that 

is similar to that of Ticino. Using the significance level of 10%, the following cantons 

have been singled out: BS, BL, FR, GE, NE and VS. Looking at the hospital-specific 
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random coefficients suggest that the variation among individual hospitals often 

dominates the variations between regions and hospital types.  

Noting the important variation among individual hospitals, an important 

question is whether improvement in cost-efficiency are positively correlated with 

other measures like limiting the empty beds and shortening hospitalizations that are 

presumably aimed at cost reductions. In order to see an overall picture, the correlation 

matrix between these measures has been estimated. These coefficients listed in Table 

6, are based on the resulting changes in costs, excess capacity and LOS, over the five-

year span, and according to the predicted hospital-specific random coefficient. As 

expected the positive and significant correlation between efficiency measures related 

to cost and excess capacity indicates that hospitals that have been able to decrease the 

empty beds are also successful in cutting costs.  

Insert Table 6 

The striking result is that the same statement does not apply to hospital stays. 

While the hospital-level and DRG-level measures of changes in LOS are strongly 

correlated, both of them have a negative correlation with changes in cost-inefficiency. 

Only the hospital-level measure having significant correlation, this implies that a 

hospital’s efforts in curtailing hospital stays have no statistically significant on cost 

reduction. In order to explore this rather surprising result, a series of correlation 

analyses within various groups of hospitals has been performed. While detecting some 

significant correlations in a few groups, most of them tend to be negative. Therefore, 

according to the available data and based on the adopted measures in this paper, there 

is no conclusive evidence of significant correlation between changes in costs and 

those of hospitalization length. 
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Comparing the changes within hospital groups can however be insightful. For 

instance, Figure 2 illustrates the temporal changes for the five university hospitals in 

the sample. This figure shows about 13 percent increase in total costs, while a rather 

stagnating inefficiency. This implies that these hospitals on average are more or less 

like the average hospital in the sample (shown in Figure 1). A careful look into each 

one of these hospitals (not shown here) indicates however, that these hospitals differ 

from each other in all three measures.   

Insert Figure 2 

Finally, another way of investigation the relationships between costs and other 

measures, is by dividing the sample into two groups: A first group including hospitals 

that have contained their costs during the sample period namely, their improvement in 

cost efficiency were such that they could counter the growth in costs by external 

factors and thus overall shown non-increasing costs at the end of the period. The 

second group includes the rest of the hospitals that have a higher-than-average growth 

in their costs. Figure 3 and Figure 4 depict the temporal variation of efficiency in 

these groups respectively. Figure 3 shows that the 81 hospitals that had an efficiency 

improvement (in costs) have also considerably cut their hospital stays and empty 

beds. But comparing this figure with the average patterns in Figure 1, suggests that 

these hospitals while having a relatively high reduction in excess capacity, are not 

much different from average in terms of LOS. Another interesting point in Figure 3 is 

that the pattern of changes in cost-efficiency is very similar to that of length of stay. 

However, the correlation coefficient between the two measures is insignificant and 

negative, suggesting that even if the two curves are on average very close the 

individual hospitals do not follow this pattern.   

Insert Figure 3  
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Insert Figure 4 

Figure 4 shows a similar graph for 87 hospitals that have declined in cost 

efficiency over the sample period. Similarly, these hospitals show a change of LOS 

that is totally comparable to the averages shown in Figure 1. However, the excess 

capacity takes a somewhat milder reduction here. Another interesting result is that 

among these hospitals that had an increase in inefficiency, there is a positive and 

significant (less than 5% level) correlation between the changes in LOS and cost-

inefficiency. Could this mean that although curtailing hospital stays might not be 

effective for hospitals that have no excessive long hospitalizations, it could be quite 

useful for those hospital managers that perhaps have had a more relaxed way of 

considering the issue?!  

Figure 3 and Figure 4 also show that both groups of hospitals on average have 

changed their cost-efficiency by about 8 percentage points over the five-year span of 

the sample. This might suggest a good targeting benchmarking that is more or less 

comparable to the 2 to 3 percent annual efficiency gains targets set by the UK health 

care authorities (Jacobs and Dawson, 2003).  

 

6. Conclusions  

Using a panel data mixed effects model including fixed effects for unobserved 

time-invariant related to individual hospitals and DRG categories, and random 

coefficients representing the effects of time variables, this paper proposed an 

econometric specification inspired by Sickles’ (2005) general models. Recognizing 

the difficulties in identifying the hospitals’ time-invariant inefficiencies this paper 

focuses on the temporal variations in efficiency. The measures of interest are the 

hospitals’ gains in cost-efficiency, the realized cuts in empty beds and the shortening 
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of hospitalizations, over the period immediately after the beginning of the gradual 

implementation of the health policy reforms particularly the prospective payment 

system in Switzerland.  

The results indicate that after adjusting for the changes in outputs, labor prices 

and other characteristics such as teaching activities, hospital costs have risen 

considerably and increasingly over the six-year period from 1998 to 2003, amounting 

to an average increase of 14 percent in total costs for a typical hospital. It is assumed 

that this overall increase on average reflects the external factors such as progress in 

medical treatments and extension of life expectancy, and the remaining hospital-

specific changes in costs are assumed to be associated with efficiency gains or losses. 

The data also indicate that on average the length of hospitalization and the number of 

empty beds in a hospital have decreased by about 10 and 18 percent respectively.  

The results indicate a considerable variation among individual hospitals 

concerning cost efficiency gains and also the efforts in cutting the excess capacity and 

hospitalizations. In general hospitals that showed a relatively important decrease in 

excess capacity are likely to show a relative gain in cost-efficiency and vice versa. 

However, the results do not provide any conclusive evidence that gains in cost 

efficiency be associated with shortening hospital stays. Interestingly, only among 

hospitals that experienced an efficiency loss over the sample period, relatively low 

cuts in hospitalization length are likely to be associated with the hospitals with low 

efficiency gains. This result can be interpreted as suggestive evidence that hospitals 

that have a good performance in containing costs are not concerned about their 

hospitalization length which is probably far from excessive. Whereas among those 

hospitals that could not contain their costs, the length of stay could be an important 

parameter to consider.  
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While confirming the strong heterogeneity across hospitals regarding 

efficiency gains, the findings do not provide any evidence in favor of a particular 

ownership/subsidization type. Moreover, the efficiency differences across various 

hospital typologies (based on size and specialization) are not statistically significant. 

This result similarly applies to the measures of LOS and excess capacity. The only 

case of statistically significant differences was regarding gains in cost efficiency 

across cantons. Certain cantons have been singled out. In any case, the variations 

among individual hospitals appear to dominate all the studied hospital groupings.   

The adopted methodology is readily applicable to other cases and the 

assumptions are easy to understand and interpret. In addition, in line with several 

models in this field (probably starting from Cornwell, Schmidt and Sickles, 1990) the 

efficiency estimates do not rely on the skewness of the residuals in certain direction. 

The combination of fixed effects with random effects, allows a complete abstraction 

from the unobserved variables whose effects are not primordial for the analysis 

(through fixed effects) while at the same time providing an ‘statistically’ efficient 

estimation basis (random-effects) for the parameters that have certain importance for 

the study. In the estimation of efficiencies, the time-invariant component is difficult if 

at all possible to identify in a reliable manner. Therefore models that can provide 

reliable estimates of efficiency gains over time can be helpful in regulation and policy 

applications.  
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Figure 1: Temporal variation of costs, excess capacity and LOS (168 hospitals) 
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Figure 2: Temporal variations of inefficiency for five university hospitals 
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Figure 3: Variations in hospitals that improved in cost-efficiency (81 hospitals) 
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Figure 4: Variations in hospitals that declined in cost-efficiency (87 hospitals) 
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Table 1: Descriptive statistics 

Hospital's total costs 
(CHF '000) 69'655 124'286 924 15'657 32'592 65'129 884'764

Number of hospitalizations 6'306 7'128 116 1'845 4'096 7'871 50'774

Number of hospitalizations
(AP-DRG adjusted) 5'400 7'065 76 1'370 3'123 6'568 49'251

Average total cost per 
hospitalization (CHF '000) 10.02 6.38 1.76 7.04 8.74 11.21 90.13

Number of patient-days 51'619 58'348 1'068 19'570 32'470 57'419 410'140

Average length of
hospitalizations (days) a 10.4 6.6 2.0 6.6 8.4 11.5 57.6

Hospiatl's outpatient revenues  
(CHF '000) 10'752 20'458 0 1'301 4'118 10'281 144'802

Hospital capacity 
(number of beds) 175.2 202.0 12 63 104 210 1277

Excess capacity
(average # of empty beds) 35.1 52.3 1 10 20 40 523

P K (capital price) 
CHF '000 per bed      

28.04 26.68 1.46 11.05 17.19 36.28 242.57

P L  - physicians b

(CHF per day) 
334.51 114.22 66.80 263.03 321.15 393.43 781.63

P L  - other employees c

(CHF per day)       
178.11 33.09 69.43 158.91 176.98 196.85 302.01

Number of medical training 
position 41.6 91.3 1 6 14 31 583

Share of private-insurance 
admissions d       0.28 0.22 0.00 0.15 0.22 0.31 1

Hospital-level sample 11.3 6.4 3.7 7.8 9.0 12.3 57.6

DRG-level sample 9.7 6.1 1.0 5.2 8.0 12.6 36.3

Hospital-level sample 0.806 0.110 0.520 0.740 0.789 0.854 1.334

DRG-level sample 1.008 0.783 0.112 0.582 0.795 1.161 21.597

Min. 3rd 
Quartile

Mean Std. Dev. 1st 
Quartile

Median Max.

    Average  AP-DRG cost weight:

    Average length of full hospitalizations excluding semi-hospitalizations (days):

 
- Unless stated otherwise, the numbers are based on the hospital-level sample 
- The hospital-level sample includes 863 observations from 168 hospitals (1998-2003).  
- The DRG-level sample includes 108,227 observations from 492 AP-DRG categories. 
- All monetary values are adjusted by the global consumer price index relative to 2003 prices. 
a Semi-hospitalizations (shorter than 24 hours) are considered as one-day hospitalizations. 
b Employed physicians' average salary, adjusted for social benefits and excludes fees. 
c Average salary (adjusted for social benefits) of all hospital employees except physicians. 
d Based on hospital discharges; includes cases with private and semi-private insurance. 
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Table 2: Number of hospitals by category (1998-2003) 

 

Ownership/Subsidy status Frequency Percent

Non-subsidized For-Profit (FP) 27 16.07

Non-subsidized Non-Profit (NP) 16 9.52

Public (PUB) 81 48.21

Private subsidized (SUB) 44 26.19

Total 168 100  

Hospital typology Frequency Percent

University hospitals (centralized care) 5 2.98

Regional hospitals (centralized care) 18 10.71

Basic-care level 1 (relatively large) 26 15.48

Basic-care level 2 (moderate size) 52 30.95

Basic-care level 3 (local and small) 67 39.88

Total 168 100  

Region (Cantons) Frequency Percent

Central (LU SZ NW OW UR ZG) 13 7.74

East (ZH GR GL SG AI AR TG SH) 49 29.17

Mid-West (BE AG BL BS SO) 44 26.19

South (TI) 18 10.71

West (FR GE JU NE VD VS) 44 26.19

Total 168 100  
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Table 3: Estimation results (hospital-level analysis) 

0.300*
(.018)
0.025*
(.008)
0.228*
(.022)
0.124*
(.008)
0.008
(.013)
0.050*
(.021)
0.021*  0.003 
(.010)  (.014)
0.016*  -0.086*  -0.033*
(.006)   (.035)  (.013) 
0.002*   0.010  0.003 
(.001)   (.006  (.002)

  -0.447*        
  (.112)        
  0.147        
  (.208)        

 0.374*
 (.068)

0.062* 0.317* 0.153*
(.006) (.036) (.011)
0.011* 0.053* 0.023*
(.001) (.007) (.002)

 -0.894*  -0.915*  -0.939*
(.027) (.024) (.012)
0.040* 0.287* 0.052*
(.001) (.009) (.002)

Log Likelihood (restricted) 1288.16 -305.90 964.25

σ ε

Number of hospitalizations

Number of hospitalizations 
(AP-DRG adjusted)

Total Costs Length-of-Stay

Average length of 
hospitalizations

P K (capital price)     

P L  - physicians     

P L  - others         

Average AP-DRG
cost weight

σ 1

Number of 
training positions

Outpatient revenues

σ 12

σ 2

Excess Capacity

Share of private-insurance 
admissions       

Time (linear trend)

Time (squared)

 
* Significant at 5%; Standard errors are given in parentheses; All variables except AP-DRG 
cost weight and share of private insurance patients are in logarithms; The sample includes 863 
observations from 168 hospitals (1998-2003). 
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Table 4: Estimation results (DRG-level analysis) 

0.0046
(.0046)
 -0.019*
(.0022)

-0.00034
(.00039)
0.187*
 (.0027) 
0.032*

 (.00051) 
 -0.936*
(.0023) 
0.220*

 (.00061)
Log Likelihood (restricted) -1958.14

σ 2

σ 12

σ ε

σ 1

Length-of-Stay

Number of 
training positions

Time (linear trend)

Time (squared)

 
* Significant at 5%; Standard errors are given in parentheses; All variables except the time 
variables are in logarithms; The sample includes 108,227 observations from 492 AP-DRG 
categories from 162 hospitals (1998-2003). 

 
 
 



 43

Table 5: Temporal changes in inefficiency by region  

Hospital's Total Costs Linear Trend T-Squared Total change
(1998-2003)

Central (LU SZ NW OW UR ZG) -0.003 0.0011 0.014

East (ZH GR GL SG AI AR TG SH) 0.008 -0.0004 0.029

Mid-West (BE AG BL BS SO) -0.004 0.0013 0.011

South (TI) -0.022 0.0010 -0.084

West (FR GE JU NE VD VS) 0.005 -0.0016 -0.013

Hospital's Excess Capacity Linear Trend T-Squared Total change
(1998-2003)

Central (LU SZ NW OW UR ZG) -0.045 0.0083 -0.016

East (ZH GR GL SG AI AR TG SH) -0.061 0.0071 -0.129

Mid-West (BE AG BL BS SO) -0.055 0.0055 -0.139

South (TI) -0.043 -0.0026 -0.281

West (FR GE JU NE VD VS) -0.174 0.0238 -0.275

Overall Average -0.086 0.0101 -0.177

Length of Stay (DRG-level) Linear Trend T-Squared Total change
(1998-2003)

Central (LU SZ NW OW UR ZG) -0.021 -0.0005 -0.119

East (ZH GR GL SG AI AR TG SH) -0.018 -0.0005 -0.102

Mid-West (BE AG BL BS SO) -0.016 -0.0004 -0.088

South (TI) -0.019 -0.0001 -0.097

West (FR GE JU NE VD VS) -0.011 -0.0016 -0.096

Overall Average -0.016 -0.0007 -0.097
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Table 6: Correlation between various measures (across 168 hospitals) 
 

  
Excess 

Capacity 
Length-of-Stay 
(hospital-level) 

Length-of-Stay 
(DRG-level)) 

Total Costs 0.162*    -0.208** -0.091 

Ex. Capacity 1 -0.109  -0.193* 

LOS 
(hospital-level)  1     0.464** 

** Significant at 1%;   * Significant at 5%; 
The sample includes 863 observations from 168 hospitals (1998-2003). 
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