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Abstract:

The paper estimates cost efficiency of 99 general hospitals in the Czech Republic
during 2001-2008 using Stochastic Frontier Analysis. We estimate a baseline model
and also a model accounting for various inefficiency determinants. Group-specific
inefficiency is present even having taken care of a number of characteristics. We
found that inefficiency increases with teaching status, more than 20,000 treated
patients a year, not-for-profit status and a larger share of the elderly in the
municipality. Inefficiency decreases with less than 10,000 patients treated a year,
larger population, and more hospitals in the region.
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1 Introduction

Tightening budget and increasing pressures on the efficiency of public spending represent cur-
rently major challenges for the Czech government. Health care provision is not an exception.
Public financing of health care in the Czech Republic is still enormous. Out of 250,802 million
CZK which was expended on health care in 2008, general government expenditure amounted
to 84.7%E] Debates about inefficiency of the Czech health care system have resulted in a
number of reforms. The major ones include increasing private involvement on health care
funding and privatization of hospitals. Indicators of relative efficiency are thus necessary to
gauge whether the cost-containment efforts were successful.

The first empirical literature on measuring efficiency of hospitals appeared in 1980s, exam-
ples include [Nunamaker| (1983)) or Sherman| (1984) who estimated efficiency of US hospitals.
However, their primary purpose was to test the appropriateness of frontier models to be used
in the sphere of health care. Since 1990s measuring efficiency of hospitals as well as examining
its determinants has been a major interest of health care economics all around the world. A
number of studies analyzed US data, such as |Zuckerman et al.| (1994), Rosko & Chilingerian
(1999), Vitaliano & Toren| (1996)), or Rosko (2001). In Europe, |Wagstaff & Lopez (1996)) and
Prior (1996) analyzed efficiency of Spanish hospitals. Magnussen| (1996) analyzed Norwegian
hospitals. Efficiency analysis of hospital sector spread to many other countries after 2000.
These include Austrian hospitals in Hofmarcher et al.| (2002), Swiss hospitals in Farsi & Fil-
ippini| (2004)) or British hospitals in |Jacobs| (2001). The list is not exhaustive, more examples
can be found in Worthington| (2004)) or Hollingsworth! (2008]) who provide an overview of
empirical studies dealing with hospital efficiency measurement, the latter of which is updated
on regular basis.

Individual efficiency scores are dependent on the characteristic features of each unit ex-
amined. When not accounted for, lower efficiency scores are taken as inefficiency even though
caused by the environmental factors. Factors which may influence inefficiency of a hospital
include size, ownership type, or location. Zuckerman et al.| (1994) is considered to be a pio-
neering work in the examination of determinants of inefficiency, later further studies emerged
(e.g. Rosko & Chilingerian, [1999; Roskol 2001; |Folland & Hofler, [2001)).

The high number of empirical studies dealing with hospital efficiency and its determinants
abroad supports the necessity to deal with the subject matter. Unfortunately, a similar analy-
sis of hospital efficiency is scarce or even missing in former Communist countries including the
Czech Republic. An analysis of efficiency of hospitals in the Czech Republic has been carried
out only in Dlouhy et al.| (2007) so far. They estimated technical efficiency of a cross-sectional
sample of 22 Czech hospitals in 2003 using a non—parametric approach (Data Envelopment
Analysis). Not only was the sample quite small, but no effect of environmental factors on in-
efficiency was taken into account. The small sample size is likely to bias the frontier. In other
words, when an efficient observation is not included, the frontier shifts down and originally
inefficient observations are considered efficient. Moreover, when determinants of inefficiency
are not taken care of, low efficiency scores might be wrongly considered as inefficiency even
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though caused by the environment-specific factors. Furthermore, limitations of the method
employed in |Dlouhy et al| (2007) stem from the fact that the entire deviation is regarded
as inefficiency and no statistical noise is taken care of. Parametric and non-parametric ap-
proaches should thus complement each other in order to provide an overall picture of efficiency
of Czech hospitals.

Our analysis contributes to the field of missing research. In order to measure efficiency
of Czech hospitals, we employ Stochastic Frontier Analysis, a parametric method that aims
to envelop the data such that the level of inefficiency of individual units is revealed. We
analyze efficiency firstly without determinants, consequently employ potential determinants of
inefficiency in an additional analysis and compare the results. We try to answer the following
questions: (i) how efficient Czech hospitals are under SFA with and without determinants;
(ii) which exogenous environmental factors, such as hospital status or geographical setting,
influence the estimated inefficiency scores and what effect they have; (iii) how much individual
efficiencies differ in terms of ranking with and without determinants.

The paper analyzes 99 Czech hospitals in the period 2001-2008; only general hospitals are
subject of the analysis. We estimate a Cobb-Douglas cost function in which total inpatient
cost adjusted for inflation is used as the dependent variable. Inpatient days, doctor/bed and
nurse/bed ratios and salaries are used as independent variables. A means to account for
severity of cases in inpatient days was developed. The paper analyzes the effect of various
determinants of inefficiency—size of the hospital according to patients treated, for-profit/not-
for-profit status, teaching status, population size and share of the elderly in the municipality
where the hospital is situated, as well as the number of hospitals in the region. All determi-
nants proved to have a significant effect on inefficiency. Teaching status increases inefficiency
of Czech hospitals since additional costs are expected to be incurred. Small hospitals tend
to be more efficient than big hospitals; hospitals with for-profit status are more efficient, as
well as hospitals in bigger cities. However, larger share of elderly people makes hospitals
less efficient. Larger number of hospitals in the region seems to put pressure on hospitals to
increase their efficiency.

This paper is organized as follows. Section [2] provides theoretical background for efficiency
analysis and describes the estimation methodology. Section [3| presents the dataset and intro-
duces variables employed. Section [4] presents results of the efficiency estimation without and
with determinants, respectively. Effects of determinants on inefficiency are analyzed and ef-
ficiency scores obtained under both methods are discussed. Section [5| concludes and provides
motivation for further research.

2 Methodology

The purpose of efficiency measurement is to find the maximum feasible amount of output
which can be obtained from a given set of input. A number of techniques to estimate efficiency
have been developed over past 40 years. The most widely applied approaches are frontier
techniques. These determine the distance of an individual observation from the efficiency
frontier. Such a frontier is formed from fully efficient observations from the data set, i.e.



those which employ inputs utmost economically.

The pioneering method of efficiency measurement in the work of Farrell (1957) dealt with
technical efficiency. Such a method employs inputs and outputs in physical units without the
requirement on any price information. It states that if an organization is technically efficient,
it is placed on the frontier. Farrell’s concept was enriched by |Charnes et al. (1978) who
introduced the concept of allocative efficiency stating that even if an observation is placed
on the frontier (from Farrell’s perspective), allocative inefficiency is present if it uses a mix
of inputs in suboptimal proportions given their respective prices and available technology.
Technical and allocative efficiently together represent the overall economic efficiency.

Depending on the purpose of the study, efficiency can be measured as input or output-
oriented. In the input orientation, under a given level of output, observations are compared
in terms of input minimization, while in the output orientation, input is given but output
maximized. In other words, if an observation, a Decision Making Unit (further ‘DMU’)
as called in the frontier literature, is placed on the frontier, it produces the same amount of
output employing less input than other DMUs below the frontier or, alternatively, it produces
more output for a given level of input. Whether input or output orientation is selected depends
to a large extent on what managers of the particular set of DMUs have most control over
(Coelli, |1996a, p. 23). A majority of studies in the health care sector have applied input-
oriented models since the DMUs have usually a certain level of output exogenously set, for
they respond to the demands from the community (Zuckerman et all [1994; Yong & Harris,
1999; Vitaliano & Toren, [1996; Kontodimopoulos et al., 2006)).

Frontier techniques may be divided into parametric and non-parametric; deterministic and
stochastic approaches. Parametric methods, aim at determining efficiency of an organization
against some idealized benchmark, while non-parametric methods evaluate efficiency of an
organization relative to other DMUs in the set. The parametric method requires that the
cost function be specified in order for the efficiency frontier to be formed. There is no such
requirement in non-parametric methods. These instead employ data in natural units.

Deterministic and stochastic approaches differ in the attitude to the error term. Determin-
istic methods assume that the entire deviation from the frontier is caused by inefficiency. On
the contrary, stochastic approaches acknowledge that the deviation from the frontier is com-
posed of two parts, one representing inefficiency and the other randomness. That is to say, the
stochastic frontier approach acknowledges external factors which may include differences in
uncontrollables directly connected with the production function, i.e. operating environments;
or econometric errors, i.e. misspecification of the production function and measurement errors.
It implies therefore that when using a deterministic approach, no observation can lie above
the efficient set, however, this must not necessarily be the case with the stochastic approach
since randomness can shift the DMU concerned above or below the efficiency frontier.

2.1 Stochastic Frontier Analysis

When estimating efficiency of hospitals in the Czech Republic, Stochastic Frontier Analysis
was employed (further ‘SFA’). It is a stochastic benchmarking parametric technique, the
cross-sectional variant of which was first proposed by |Aigner et al. (1977) and Meeusen &



van den Broeck! (1977) independent of each other.

The model is specified as a cost function. Cost function is more convenient to be used
in health care applications and thus such a specification was also often encountered in the
literature, such as Rosko| (2001)); Rosko & Chilingerian| (1999); |Wagstaff & Lopez (1996);
Jacobs (2001); [Yong & Harris| (1999)); (Chirikos & Sear| (2000)); Frohloff| (2007)); Zuckerman
et al|(1994). The function takes a Cobb-Douglas formﬂ

S M
ey =Bo+ Y Bslnyly+ Y BuInwyy, (1)
s=1 m=1

where ¢;; corresponds to total costs for DMU;, i € N, N = (1,...,n), at timet € T, y',...,9°
are output variables and w', ..., w™ denote input prices.

Two models will be used to analyze hospitals in the Czech Republic. Firstly, when only
data on output and input prices will be analyzed without accounting for heterogeneity, the
panel data version of the cost function will take the following form (Battese & Coelli, |1992)):

cit = f(Yit, Wit, B) + vie + Uit (2)

where y;; is a s X 1 vector of outputs of DMU; at time t; wy; is a m x 1 vector of input prices
and [ is a vector of unknown parameters to be estimated. wv; is a random variable which
is assumed to be i.i.d., vy ~ N(0,02) and independent of u;;. The inefficiency effect wu; is
expressed as

uy = ujexp(—n(t —1T)), (3)

where u; are non-negative random variables assumed to be independent identically distributed
as truncation at zero of the u; ~ N(u,02) distribution; parameter n allows for time-varying
inefficiency and represents a parameter to be estimated.

Secondly, we will take advantage of the model developed by Battese & Coelli (1995)). It is
primarily useful when efficiency determinants are analyzed since this model can accommodate
determinants of inefficiency directly in one-step estimationﬁ The model looks as in , except,
the inefficiency effect is specified as

Uit = 0%t + Wi, (4)

where z;; is a 1 X p vector of determinants of inefficiency of DMU; at time ¢, § is a vector
of parameters to be estimated, w; is a random variable defined by truncation of the normal

2A Translog specification was also considered but based on the results, it proved inappropriate.

3There are a number of other methods to account for heterogeneity. The simplest possibility includes
dividing the sample according to the criterion of interest as in|Zuckerman et al.| (1994)), Nayar & Ozcan| (2008)
or [Hofmarcher et al.| (2002)). However, efficiency scores cannot be compared across groups since each sample set
has a different reference point. Furthermore, if the sample size is small the analysis is jeopardized. The second
possibility comprises a two-stage approach, where efficiency scores from the first stage are regressed on a set
of possible determinants, nevertheless, the possibility of bias due to ’left out variables’ arises as an immediate
objection. As |Greene (2003)) puts it “if such covariates do have explanatory power, then they should appear
in the model at the first step”. Moreover, the distributional assumptions used in the first and second steps
contradict each other as explained by |Coelli et al.| (2005).



2 such that the truncation point is —dzg, i.e.

distribution with zero mean and variance o
Wit > —02zi. uy is thus of non-negative truncation of the N(6z;,0?) distribution. In other
words, determinants of inefficiency influence the mean of the truncated normal distribution.
It results, that if all the elements of the §-vector are equal to zero, the inefficiency effects are
not related to the z-variables and a half-normal distribution (with zero mean) is obtained.
Since the above formulated SFA models will be estimated using maximum likelihood, a
parametrization similar to Battese & Corral (1977)) will become useful. It creates a joint
density function for both inefficiency and the random noise and replaces o2 and o2 with

02 = 02 4+ 02. At the same time parameter + is identified such that

__ %
RCET)

Basically, SFA estimation of inefficiency in a panel relies upon the unobservable u;; being
predicted. It is obtained as a conditional expectation of u;; upon the observed value. Using
maximum 1ikelihoodE|, only

€it = Vit + Wit = Yir — PTit (5)

can be directly observed. Consequently, time and DMU-specific inefficiency u;; is conditioned
upon the observed overall residual as in Jondrow et al.| (1982)) or Battese & Coelli| (1988)):

O')\ ¢(ait)
Bluglea) = 25| -] 6
[Uzt|€zt] T al1— (I)(ait) (0773 ( )
where A\ = %; Qi = i%; ¢(aj) is the standard normal density evaluated at a;; ®(a;) is

the standard normal cumulative distribution function evaluated at a;.

3 Data

Panel data on 99 general hospitals in the Czech Republic for the period of 2001-2008 was
analyzed. From 140 Czech hospitals initially considered, 30% was excluded for various reasons.
Some of them were closed, incorporated into larger systems or transformed, and some hospitals
did not report data for certain years.The final unbalanced panel consists of 661 observation.
The number of observations in each cross-section varies from 76 in 2001 to 90 in 2006. The
list of hospitals analyzed in this paper is provided in Most of the hospitals treat up
to 20,000 patients a year on average. There are two very big hospitals in the sample treating
more than 70,000 patients a year. The third biggest hospital cures ‘only’ 54,700 patients a
year. The distribution of hospitals in terms of size is depicted in

The data on individual hospitals was obtained from the Institute of Health Information
and Statistics of the Czech Republic (further ‘UZIS’)E specifically from the following two
publications: ‘Healthcare - Regions and the Czech Republic’ (‘Zdravotnictvi kraje + CR’)
for individual years and ‘Operational and Economic Information on Inpatient Facilities in

4Subject to some sign changes, the log likelihood function of the cost function is to be found in [Battese &
Coelli| (1992).
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Figure 1. Size distribution of hospitals

Regions’ (‘Provozné-ekonomické informace luzkovych zafizeni v ... kraji’). Most of the data
used as determinants of inefficiency was obtained from the Czech Statistical Office, Regional
Yearbooks. Data concerning ownership and profit status was obtained from the Registry of
Companies in the Czech RepublicEl Data expressed in monetary terms, i.e. costs and salaries,
was adjusted for inflation using annual growth rate of inflation with 2001 representing the
base year.

Efficiency was estimated with s SFA software FRONTIER Version 4.1. ,
11996D)). For general analysis statistical softwares R 2.8.1 (R Development Core Team), 2006)
and Gretl (Cottrell & Lucchetti, |2007) were used.

3.1 Cost function

Since we estimate a cost function and thus measure cost efficiency, the dependent variable
is represented by total operating costs (denoted as ‘costs’ in the analysis), these include all
inpatient costs, but exclude capital costs. It was calculated as multiplication of operating
costs per patient day, the number of admissions and the average length of stay, all of which
are available from UZIS. UZIS calculates operating costs per patient day as:

D+J+N

T )
where L are costs for inpatient care, D costs for medical transport, J costs for other medical
care, N costs for non-medical procedures, A outpatient costs and T number of inpatient days.

UZIS acknowledges that this method to obtain operating costs per patient day is not
absolutely accurate from the economic point of view. However, it suffices for the purposes
of this paper since inpatient costs are not obtainable otherwise. Furthermore, since the

8 www.obchodnirejstrik.cz.



calculation method is the same for all hospitals, using this data should not result in major
difficulties.

Ideally, health output should be measured as an increment to patient health status, i.e.
as final products of hospitals. However, since this is technically impossible to measure, in
all hospital efficiency studies intermediate outputs of various kinds are used instead. In this
paper, only output from inpatient care is considered. Not only was data on complete output
not available but [Yong & Harris| (1999) also found out that inpatient care consumes majority
of hospital resources. These findings are supported by the data on economic information
provided from UZIS (2005), which disaggregate hospital costs into inpatient, outpatient,
transport costs and non-medical expenses. Inpatient costs of Czech hospitals are around
50% of total costs on average. Of the remaining categories, outpatient care accounts for
between 15-20% of total costs, the rest is taken up by transportation costs and non-medical
expenses. One should also keep in mind in this context that total operating costs, which
is used as dependent variable, refers to inpatient care only. Because of all these reasons,
employing inpatient care exclusively is absolutely appropriate.

In the studies mentioned above, inpatient output was approximated either by the num-
ber of admissions, i.e. number of patients treated, or the number of inpatient days. Some
discussion and controversies appear on which of these two variables should be preferable.
Specifically, [Zuckerman et al. (1994), |[Farsi & Filippini (2004) and [Hofmarcher et al. (2002)
suggest that the number of patients should rather be employed due to possible endogeneity
in the number of patient days. In other words, the length of stay, which to a certain extent
reflects how patients are treated, is in the direct control of the hospital, and thus the ineffi-
ciencies of production function are transferred into output and thus are likely to be correlated
with the inefficiency term of the cost function. On the other hand, Magnussen| (1996)) points
out that the number of inpatient days is assumed to be better since they are “a more med-
ically homogeneous units” (Magnussen, |1996, p. 30). Additionally, the length of stay could
be connected with the complexity of the cases treated as well as differences in management,
aspects which the number of patients specification would not take account of.

Based on the discussion, we assume that endogeneity is rather unlikely in the Czech
Republic since hospitals are place-constrained rather than deciding on the length of stay
themselves and thus transferring inefficiency into their production function. Moreover, in
the context of Czech hospitals competition in health care coverage does not work and thus
hospitals do not choose among patients with shorter or longer length of stay in order to
influence their efficiency. Moreover, the correlation of the inpatient days and the number of
patients is considerably high. Therefore, only inpatient days are used here.

Furthermore, as claimed by |[Rosko & Chilingerian (1999), Valdmanis (1992) and [Hof-
marcher et al| (2002), weighting according to severity of cases is absolutely vital for the
efficiency analysis[] We will weight the number of patient days according to the case-mix
criteria as of UZIS (2005) publications, which disaggregates total inpatient days into non-
operative wards (non_op_days), operative wards (op_days), intensive care (intense_days) and

TMagnussen| (1996) proved that the choice of weighting criteria has an effect on the resulting individual
efficiency scores and ranks.



nursing care/long-term care (nursing,days)ﬁ We, however, distinguish only among nursing
days and total number of non-operative, operative and intensive-care days (sum-3-days). In
the preliminary analysis below, we provide reasons for summing up these three types of care.

Besides the weighted number of patient days, there are other variables expected to play a
role. These include for instance indicators of the quality of care, which will also be included
into the analysis as output variables. Specifically, quality of care is likely to increase costs
of hospitals, however at the same time, output of higher quality can be considered as more
output. Quality of care was accounted for differently in the literature. For instance|Zuckerman
et al. (1994)) included mortality rates. Vitaliano & Toren| (1996) employed technology index
and occupancy rate, which is defined as a ratio of the actual patient days to the maximum
patient days possible. If there is excess capacity in a hospital, an admitted patient is likely to
be put into a separate room and thus is provided with a higher quality care. Moreover, doctors
devote more of their time and effort to each patient. Unfortunately, the inclusion of this
variable here was hampered by its correlation with patient days. Quality of care variables used
in this paper will comprise per day doctor/bed and nurse/bed ratios (doctor_bed, nurse_bed)
as in |Frohloff (2007). These ratios were calculated from the data from UZIS. Basically, the
more doctors/nurses attend one bed per day, the higher the quality of care is assumed to be.

To complete the cost function, input prices were included. These however represent wages
(salary) only, price of capital was left out, because of past empirical applications where
capital cost is deemed imperceptible and thus is neglected. Price of labor was proxied by
average monthly wages for districts. Although wages of doctors and nurses are partly given
by tariffs, prices of services and goods related to inpatient care purchased by a hospital reflect
expensiveness of the region. The Czech Statistical Office provides data only till 2004. From
2005 on, data is not statistically collected anymore and only regional information is available.
Therefore, for the remaining years, i.e. 2005-2008, information from 2004 was adjusted for
annual growth of the average wage in the region. This approximation is considered to be
sufficient for the analysis. The data was adjusted for inflation with 2001 representing the
base year.

3.2 Determinants of inefficiency

A set of variables usually explains some portion of inefficiency. The choice of variables used
as potential determinants in this paper has been guided by empirical studies in the sphere of
health care and data availability.

Teaching hospitals (teaching) tend to reveal a different structure of services providing
less of basic and more of highly specialized care, management and organization of resources.
(Vitaliano & Toren, 1996, p. 165). Therefore, the presence of teaching status has been ac-
knowledged as a very important determinant of efficiency.

8Information on disaggregation is available also for 2004, however it slightly differs dividing inpatient
days into basic care, specialized care, intensive care and nursing/long-term care. Share of intensive care and
nursing/long-term care, the two categories which were kept the same in both years were found to be considerably
stable, (share of intensive care with correlation of 0.98, nursing care was correlated by 0.85 between 2004 and
2005).



Hospitals in the sample were divided into three groups according to size since it is assumed
that being of certain size might reveal some economies or diseconomies of scale and thus
influence efficiency. The logics behind is consistent with |[Farsi & Filippini| (2004). The number
of beds and the number of treated patients were found to be correlated by 0.98. Therefore,
division according to either of the categories does not make much difference. In this paper,
hospitals were divided according to the number of patients treated to small hospitals (below
10,000, sizel), medium hospitals (10,000-20,000, size2) and big hospitals (above 20,000,
size8). All the groups contain equally 33 observations. Only the effect of small and big
hospitals in the sample will be studied.

According to the economies of scale rationale, one would expect that efficiency of a hospital
increases with its size. This hypothesis was proved by [Zuckerman et al.| (1994) and |Vitaliano
& Toren| (1996). On the other hand, using available beds to account for size, Yong & Harris
(1999) found out that it decreases efficiency. Yong & Harrigs findings could be explained by
the presence of other costs to manage complexity of a larger scale practice, such as professional
administration, information technology demands, infrastructure, etc. The mixed empirical
findings, suggest that size effect is region-specific. Therefore, either of the effects might result,
i.e. that size decreases inefficiency due to economies of scale effect, or, that size increases
inefficiency due to increased costs connected with the management of complex care.

Keeping in mind transformation of many of the Czech hospitals into joint stock companies
starting in 2004, ownership is expected to explain a significant portion of inefficiency because
the main purpose of privatization was to curb costs and increase efficiency. It is interesting
to point out that many of the hospitals which were transformed anytime during the period
examined, changed their status in 2006, 23 out of 41. Additionally, even though many Czech
hospitals have been transformed into joint-stock companies, regions, district or municipalities
are their major shareholders. Therefore, they are still to a large extent publicly owned.

Having carefully examined individual hospitals, it has been found that only 5% of for-
profit hospitals are owned by a private entity. Hence, it is hard to uncover the effect of
ownership (private versus public) for for-profit hospitals. Therefore, we aim to find effects
of the not-for-profit status (not_profit), when effects of for-profit hospitals (95% of them are
public) are compared to public not-for-profit hospitals. The hypothesis is that not-for-profit
public status has a positive effect on inefficiency.

The remaining determinants express attributes of the environment in which the hospital
is situated rather than of the hospital itself. Population size (population) is expected to
affect inefficiency. Data on population was gathered for municipalities where hospitals are
situated. Prague was taken as one municipality and thus its population was expected to
bias the results, therefore, the population of Prague was divided into core catchment areas of
individual hospitals. Specifically, the total population of Prague was split according to the
share of patients treated in each of the Prague’s general hospitals.

Population is expected to capture multiple effects, both positive and negative. An ex-
pected positive effect on inefficiency is connected with longer waiting times for treatments,
both for outpatient preventive care as well as inpatient care. The longer the waiting times,
and thus the later the illness is uncovered and treated, the lower the chance of full recovery at



Table 1. Descriptive Statistics

Inputs & outputs No. obs. Mean Median ~ Minimum  Maximum Std. Dev.
costs 661 5.072E408 2971E+08 4.037E+407 3.506E4+09 6.090E+08
non_op-_days 661 68771 46666 6759 296140 59798
op_days 661 52111 39272 5124 227318 41510
intense_days 661 14318 7918 723 109552 17355
sum_3_days 661 135200 93795 16062 607026 115660
nursing_days 370 17490 14937 3892 52470 10472
doctor_10_beds 660 1.4728 1.3998 0.4370 3.7606 0.3878
nurse_10_beds 660 5.3495 5.1632 2.6329 13.7757 1.0805
salary 661 15897 15463 11894 24416 2572
Determinants

teaching 661 0.1241 0 0 1 0.3299
sizel 661 0.3147 0 0 1 0.4647
size3 661 0.3570 0 0 1 0.4791
not_profit 661 0.7216 1 0 1 0.4485
population 661 65255 27544 3107 373272 89686
over_65 661 14.173 14.250 8.800 18.300 1.650
competition 661 15.9123 14 5 28 6.7074

a reasonable cost. A positive effect on efficiency, on the other hand, is expected to be repre-
sented by the availability of more advanced and modern technologies used for diagnostics and
treatments. The process of treatment thus becomes more efficient. The results are expected
to depend on which of the two effects (positive or negative) is likely to overweight.

The share of the elderly population (over-65) is expressed as a proportion to the total
population in the municipality. It is assumed that more people over 65 in municipality
increase inefficiency of hospitals since the elderly usually require more demanding and costly
treatments such as bypass, recovery after heart-attack, stroke, etc.

Competitive pressures in the hospital market is measured as the number of hospitals in the
region (competition), consistent with [Zuckerman et al.|(1994). A higher number of hospitals
is assumed to increase efficiency. The rationale is based on the assumption that if a public
hospital is inefficient, its existence is threatened as it competes for government finances with
other public hospitals.

Descriptive statistics of all variables is provided in [Table 1] [Table A2|shows a correlation

matrix both of functional and efficiency variables.

4 Empirical results

Prior to efficiency measurement, the data on output variables was thoroughly analyzed. The
correlation between the two sets of output variables initially considered, i.e. patients and
patient days, was high (0.9808), so only one set of these outputs (patient days) was decided
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upon. Examining the different kinds of output (i.e. non-operative, operative, intensive, nurs-
ing patient days), a high level of correlation among the first three was discovered varying from
0.88 to 0.93. Including all these variables in the cost function may lead to multicollinearity.

It was thus highly desirable to restructure the data in such a way to keep as much informa-
tion in the data as possible to account for the output mix but also to avoid multicollinearity.
Similar to |Janlov (2007)), the Principal Components Analysis (further ’PCA’)H was carried
out to reveal internal structure of the data. provides the results for patient days in
natural units.

Table 2. Principal Components Analysis: patient days

PC1 PC2 PC3 PC4

Eigenvalue 2.935 0.941 0.077 0.047
Proportion 0.734 0.235 0.019 0.012
Cumulative  0.734 0.969 0.988 1.000

non_op_days  0.566 0.139 0.559 0.589
op-days 0.568 0.048 —0.797 0.199
intense_days  0.570 0.119 0.218 —0.783
nursing. days 0.177 —0.982 0.067 —0.001

The first two components express over 96.92 % of information of the data. We therefore
transform the four initial variables and include only two types of care. The first component
loadings are assumed to express variance in the first three variables, while the second ones
account for the variance in nursing days. When looking at loadings for the first component,
their similarity for the three variables concerned (non-operative, operative, intensive care) is
striking. Instead of multiplying the original variables by their loadings for each of the two
most significant components, we can thus simply transform the data by summing up the
non-operative, operative and intensive care days. Hence, only nursing days and sum of the
non-operative, operative and intensive care days are included among outputs (sum-3-days)
besides others.

4.1 Baseline model

We estimated efficiency using the Cobb-Douglas cost function. The baseline model, in which
determinants are not included, takes the following form:

In(costsiy) = Bo+ f1In(sum_3_days;;) + (2 In(nursing_days,;;) + 83 In(doctor_bed;;) +
+B4 In(nurse_bed;) + B5 In(salary;,) + vir + uit (7)

9PCA projects the data on the new coordinate system such that the greatest variance lies on the first
coordinate which is expressed by the first component. The second greatest variance is explained by the second
component which is however uncorrelated with the first one and so on. Consequently, only the greatest
variances are taken into account and thus the original set is transformed into a lower dimensional data not
correlated with one another. For explanation of PCA see |Jolliffe| (2002]).
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Results of the estimation of are provided in Parameter p was allowed to vary
and was significant suggesting that truncated-normally distributed inefficiency term (with
non-zero mean) is the caseH

Except for nursing days, all of the output variables proved significant and have positive
signs. Furthermore, the highest elasticity of the sum of non-operating, operating and intensive
days is not surprising since they are assumed to be enormously resource demanding areas of
hospital care. The insignificance (even though at the border level) and the negative sign
with nursing days was not expected, however. It is believed that there might be a hidden
effect of size since big hospitals tend to have nursing wards separated from the hospital itself.
They thus have separate accounting and management, and nursing days are not included in
the analysis out of methodological reasons. Assuming that big hospital have higher costs
and no nursing days integrated into the analysis, being a smaller hospital with some nursing
days immediately suggest that nursing days decrease costs, even though insignificantly. The
likelihood ratio test on one-sided error term reveals that the difference between using a one-
sided error term or excluding it is extremely statistically significant. The inclusion of the
inefficiency term into the model is thus appropriate. Moreover, the value of the variance of
the inefficiency term is quite large in relation to the variance of the composed error as revealed
by the v parameter. Statistical noise thus accounts only for a small portion of the total error
variance.

Table 3. Baseline model

Coefficient S.E. t-ratio
Bo 6.66479 0.81254 8.202 o
sum_3_days 0.53309 0.04292 12.42 o
nursing_days —0.00989 0.00788 —1.255
doctor_bed 0.07115 0.03835 1.855 *
nurse_bed 0.20919 0.07111 2.942 ok
salary 0.62413 0.07079 8.817 o
o? 0.22084 0.01669 13.23 ok
0 0.93729 0.00852 110.06 ok
7 0.90993 0.07609 11.96 ok
Log likelihood function 229.61
LR one-sided error 612.79 o

Note: ***significant at 1% level, * significant at 10% level.

provides summary statistics for the efficiency scores, both for the sample as a
whole and in division into groups as described earlier. Mean efficiency for the whole sample is
slightly over 0.41 and standard deviation around 0.20 which can also be read from
One further notices that there is not a single fully efficient observation. Looking at the
standard deviation, it is smaller when hospitals are divided into groups than for the overall
sample. It suggests that the division was reasonable revealing a considerable homogeneity of

0As a result of prior tests, restriction on parameter 1, n = 0, was imposed, and thus a time-invariant
alternative estimated.
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hospitals within size groups (big hospitals in particular). It is further apparent that average
efficiency decreases as group size increases, being around 0.59 for small hospitals; it falls to
around 0.4 for medium hospitals and decreases rapidly for big hospitals. The efficiency scores
are however quite low in absolute terms regardless of size of the hospital. presents
individual efficiency scores and ranking of hospitalsE

Table 4. Summary statistics: efficiency scores in the baseline model

Whole sample Size 1: < 10,000 Size 2: 10,000-20,000 Size 3: > 20,000

mean 0.4105 0.5895 0.3993 0.2428
min 0.1124 0.3730 0.1124 0.1132
max 0.9305 0.9138 0.9305 0.3794
st.dev. 0.1922 0.1452 0.1533 0.0768
no. obs. 99 33 33 33

0.25

0.2

Relative frequency
I
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o

0.05

0.2 04 0.6 0.8 1
Efficiency score

Figure 2. Distribution of average efficiency scores in the baseline model

HThe interpretation the individual scores is such that when a hospital reaches the efficiency score of 0.8, it
employs total costs which are 25 % higher than what it would have been were it frontier efficient. In other
words, there is a scope for efficiency improvement reaching 20 percentage points.
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4.2 Model with determinants

In this section, we present estimation results, when determinants are included in the model.
Battese and Coelli (1995) method allows us to estimate efficiency and its determinants in one
step which avoids a problem of serial correlation present in a two-step estimation. The cost
function is the same as in , but the inefficiency term takes the following form:

ui = 0p + 01 teaching + do sizel + d3 size3 + d4 not_profit 4+ d5 population +
+dg over_65 + d7 competition + wj (8)

Results are provided in All variables of the cost function are significant. As
opposed to the regression without determinants, not only did the variable for nursing days
prove to significantly influence costs even at 1 % level but the coefficient is positive as well.
It is believed that a hidden effect in the output variable ‘nursing days’ in the results of the
baseline model is uncovered when determinants are included in the model. Of all the output
variables, the highest elasticity was for the sum of non-operative, operative and intensive care
days, which is consistent with The sum of coefficients for output variables is bigger
than one. Since axes are reversed in the input orientation (input, output), decreasing returns
to scale are present.

Table 5. Model with determinants

Coefficient S.E. t-ratio
Bo 6.33286 1.02738 6.164 ok
sum_3_days 0.84386 0.03293 25.63 ok
nursing_days 0.01676 0.00235 7.132 ok
doctor_bed 0.37563 0.05380 6.982 o
nurse_bed 0.68356 0.06603 10.35 o
salary 0.45600 0.09724 4.689 ok
do 0.03765 0.08395 0.448
teaching 0.42822 0.05008 8.551 o
sizel —0.23717 0.06650 —3.567 o
size3 0.08460 0.04144 2.042 o
not-profit 0.14022 0.04417 3.174 ok
population —4.89E-07 0.00000 —3.062 ok
over_65 0.00566 0.00424 1.336 t
competition —0.00413 0.00268 —1.540 t
o? 0.06313 0.00393 16.06 o
vy 0.01387 0.00627 2.214 o
Log likelihood function —24.19
LR one-sided error 105.16 ok

0k
17

Note: *** significance at 1% leve significance at 5% level, T one-tail significance at

10% level.

The likelihood ratio test on one-sided error term, i.e. the test on the presence of the
inefficiency term, is significant suggesting that the inefficiency term is highly appropriate in
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the analysis. Parameter v is also significant but much smaller than in the baseline analysis.
It means that the variance of the inefficiency term takes up a much smaller part of the total
variance than before. In other words, compared to the previous regression, more of the total
variance of the error term is now captured by the variance of the white noise rather than
inefficiency since a certain portion of inefficiency was explained by determinants and thus is
smaller than before.

All determinants of inefficiency proved significant. Teaching status has a positive effect on
inefficiency as expected, moreover, its coefficient is the largest of all the determinants. The
result thus confirms that teaching hospitals are very special in their nature. They incur specific
costs connected with teaching material, facility or personnel. Additionally, size dummies
indicate that being a very small hospital decreases inefficiency while being very big has a
positive effect of inefficiency, even though by quite a small amount. The results suggest that
there are decreasing returns to scale present in the production technology of hospitals and
thus being of a certain size should explain some portion of inefficiency.

Hospitals with not-for-profit status tend to be more inefficient than for-profit hospitals.
The result is consistent with the initial hypothesis keeping in mind that the purpose of
transformation into joint-stock companies was to curb extensive costs and inefficiency. For-
profit hospitals seem to manage resources in a more efficient way.

If a hospital is situated in a bigger municipality in terms of its population, it seems to
be more efficient. Population may influence inefficiency of hospitals by various channels; the
occupancy rate may be higher in bigger cities and thus hospitals demonstrate more patient
days; at the same time, the quality effect which decreases because of higher occupancy rate
(medical staff does not have so much time for each patient, patients do not have separate
rooms) increases through the availability of better medical equipment and more advanced,
effective and less costly means of treatment.

The higher the share of the elderly, the higher the inefficiency of hospitals as expected. The
coefficient proved significant at 10 % at one-tail distribution. The hypothesis of the negative
effect on inefficiency is significantly rejected. It is comsistent with the findings of |[Frohloff
(2007) who concluded that a large share of the elderly increases inefficiency of hospitals
considerably.

The sign of the coefficient for the number of hospitals in the region is negative which is
consistent with the initial assumption that competition exerts pressures to decrease ineffi-
ciency. The coefficient proved significant at 10 % one-tail, however. We thus reject the null
hypothesis of a positive effect of this variable. The same result concerning the sign of the
coefficient was reached by |Zuckerman et al.| (1994) who measured efficiency of hospitals in
the U.S.A., however their coefficient proved insigniﬁcant@

Cross-sectional efficiency scores were obtained for individual years for each hospital. How-
ever, Spearman’s Rank Coefficient was calculated to obtain intertemporal correlation. The
results revealed the rankings of the efficiency scores to be stable over time, with the correlation

12An alternative measure of competition was tested such that the number of hospitals in the region was
weighted by the size of the population of respective regions. It was expected that in bigger regions compe-
tition among hospitals is less harmful. Weighting by population was assumed to account for this problem.
Nevertheless the weighted competition variable proved insignificant.
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coefficients varying from 0.94 to 0.99 for the neighboring years. Therefore, there is no loss of
information when results for each hospital are averaged over time. Averaged efficiency scores
are provided in[Table A3| [Table 6|summarizes statistics for the whole sample as well as for size
groups. The results are further supported by the distribution of average efficiency scores in
Interestingly, having accounted for size in the regression, differences among groups
with respect to average efficiency pertain, even though decrease considerably compared to

the specification without determinants. It is also worth pointing out that standard deviation
is again smaller when the sample is divided according to size groups. However, as opposed
to the regression without determinants where it was the lowest, standard deviation is the
largest for big hospitals. It is thus expected that there might be omitted variables connected
only with some bigger hospitals which influence their efficiency. This serves as motivation for
further research.

Table 6. Summary statistics: efficiency scores in the model with determinants

Whole sample Size 1: < 10,000 Size 2: 10,000-20,000 Size 3: > 20,000

mean 0.8634 0.9926 0.8753 0.7223
min 0.5007 0.9820 0.8086 0.5007
max 0.9972 0.9972 0.9818 0.8982
st.dev. 0.1328 0.0038 0.0379 0.1213
no. obs. 99 33 33 33
035 -
03
0.25
ag’ 02
E 0.15
0.1
0.05

0.5 0.6 0.7 0.8 0.9 1

Efficiency score

Figure 3. Distribution of average efficiency scores with determinants
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4.3 Discussion

Individual efficiency scores increased with the incorporation of determinants, from 0.41 to
0.86 in the mean for the whole sample. It suggests that using determinants is important since
otherwise low efficiency scores might be wrongly regarded as inefficiency while instead being
caused by various individual-specific characteristics beyond the control of hospitals. The total
standard deviation of the efficiency scores also decreased remarkably. Since it is impossible
to compare efficiency scores, efficiency rankings of the two different sets of results were ana-
lyzed instead. The obtained Spearman’s Rank Correlation Coefficient for the whole sample
is 0.8091. Nevertheless, on the disaggregated level, the correlation is either insignificant or
significant with a low coefficient (big hospitals). It implies that individual-specific determi-
nants cause some asymmetric shifts in efficiency ranks depending on the characteristics of
each hospital. However, rankings differ mainly within groups than across groupSE

Table 7. Hospitals in top and bottom deciles

Baseline model Model with determinants
Top decile Bottom decile Top decile Bottom decile
Milosrd. bratii, Brno  Na Homolce, Praha  Rumburk FN Hradec Kralové
Jesenik FN Brno Karvina FN Olomouc
Hranice FN Olomouc Brandys n. L. FN Plzen
Opocno FN Hradec Krélové  Kutna Hora FN Kral. Vinohrady, Praha
Mladé Boleslav FN Sv. Anna, Brno VN Brno FN Thomayerova, Praha
Trutnov FN Motol, Praha Sedl¢cany FN Na Bulovce, Praha
Dvur Kralové n. L. FN Ostrava Roudnice n. L. VFN Praha
Sedl¢cany FN Plzen Rychnov n. K. FN Ostrava
Susice VFN Praha Hranice FN Motol, Praha
Kadan Ust{ n. Labem Kadan FN Sv. Anna, Brno

Note: The first hospital in the top (bottom) decile is the most (least) efficient in the sample. FN = teaching
hospital, VN = military hospital.

identifies the most and least efficient hospitals under the model with and without
determinants. A closer scrutiny reveals that hospitals with the highest efficiency scores belong
to the group of small hospitals (with two exception from medium hospitals). On the other
hand, the group of the least efficient hospitals is formed primarily by teaching hospitalﬁ
which belong to the group of big hospitals, and is quite stable across methods. The exceptions
in the bottom decile without determinants are hospital in Ust{ nad Labem which is a very large
hospital, and hospital Na Homolce which approaches patients on very individual basis. These
are, however, not classified as least efficient when determinants are included. It thus suggests
that with the inclusion of determinants, these hospitals improved their relative position in
the sample. Bottom decile in the model with determinants is taken up by teaching hospitals
exclusively.

Table Ad] provides overview of results, as well as Spearman’s correlations.
There are 11 teaching hospitals in the Czech Republic, Hradec Kralové, U sv. Anny - Brno, Brno, Olomouc,
Ostrava, Plzen, VFN Praha, Thomayerova, Motol, Na Bulovce, Krilovské Vinohrady
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Consequently, shifts in ranks for average efficiency scores between model with and without
determinants were analyzed for the entire sample. Average shift was by 13.5 ranks for all 99
observations. On the disaggregated level, the biggest changes are observed for medium hospi-
tals, by 16 ranks on average. lists the most positively and negatively effected hospital
and their group affiliations as well as the number of ranks by which the position changed.
Hospitals Na Homolce, UVN Praha and VN Brno experienced major improvements. These
hospitals are very special in their nature and thus had originally been disadvantaged when
determinants were not accounted for. Nevertheless, one notices that major shifts towards
higher ranks are not very much group specific. On the other hand, major deteriorations took
place primarily in groups of medium and big hospitals. Moreover, when looking at the own-
erhsip structure of hospitals in it reveals that enormous improvements in ranks took
place for not-for-profit hospitals (top three improvements), while major deteriorations took
place among for profit hospitals (top two deteriorations).

Table 8. Major improvements and deteriorations of ranks

Improvement Deterioration
size 1D change size 1D change
2 Na Homolce, Praha 52 2 Valagské Mezitici —-51
2 VN Praha 43 2 Svitavy —35
1 VN Brno 40 2 Slany —34
1 Karvinskd hornické 38 2 Trutnov —-33
1 Hodonin 28 2 Milosrdnych bratii, Brno —33
2 Kolin 27 3  Nové Mésto na Moravé -33
3 Meéstska nemocnice Ostrava 26 3 Teplice —25
3 Ust{ n. Labem 24 3 Kyjov —23
2 Benesov 24 1 Susice —23

Note: Plus denotes shifts towards higher ranks and visa versa. Size l1=small, 2=medium, 3=big
hospitals.

Average efficiency scores from the model with determinants for individual hospitals were
further averaged for each region. shows average efficiency scores and ranks for regions.
Karlovarsky region ended up as the most efficient, however, the results should be interpreted
with caution since only one hospital from that region was included in the analysis. Further-
more, there are mostly big hospitals, i.e. the most inefficient group, in the Vysoc¢ina region.
The Capital of Prague has the lowest average efficiency score of all the regions reaching only
0.6973 since majority of teaching hospitals, which belong to the least efficient ones in the
analysis, are situated in Prague. Indeed, comparison with reveals that 5 from the
10 least efficient hospitals are situated in Prague. On the other hand, three from the most
efficient hospitals belong to the Usti region (Rumburk, Roudnice n. L., Kadan) and two to
the Central Bohemian region (Brandys n. L., Kutnd Hora). Comparison of individual and
aggregated results however suggests that, except for Prague, efficiency scores for hospitals
within regions are rather dispersed.
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Table 9. Average efficiency of hospitals in regions

Region Obs. IDs Efficiency Rank
Karlovy Vary Region 15 0.9938 1
Ust{ Region 67-74 0.9118 4
Central Bohemian Region 75-86 0.9350 2
Liberec Region 1622 0.9168 3
South Bohemian Region 1-7 0.8952 6
Plzen Region 61-66 0.8999 5
Hradec Kralové Region 8-14 0.8832 7
Moravian—Silesian Region 44-55 0.8569 9
Olomouc Region 34-40 0.8629 8
South Moravian Region 23-33 0.8550 10
Zlin Region 95-99 0.8264 11
Pardubice Region 41-43 0.8199 12
Vysocina Region 56-60 0.7611 13
Prague 87-94 0.6973 14

In any case, the results suggest that Czech hospitals are not on average overly relatively
inefficient when determinants of inefficiency are identified and taken care of. pro-
vides an overview of the number of hospitals classified in intervals corresponding to efficiency
scores. Having accounted for determinants, a high level of inefficiency is rather group-specific.
In particular, efficiency scores for teaching hospitals are much lower compared even to other
big hospitals, i.e. the score for the most efficient teaching hospital reaches 0.6086 with de-
terminants but immediately following another big hospital with score of 0.7377. In further
research, we will thus concentrate on outputs specific for big and teaching hospitals.

Table 10. Number of hospitals in intervals: model with determinants

Whole sample Small Medium Big Teaching

<0.6 10 0 0 10 10
0.6-0.7 1 0 0 1 1
0.7-0.8 10 0 0 10 0
0.8-0.9 37 0 25 12 0
0.9-1 41 33 8 0 0
Total 99 33 33 33 11
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5 Conclusion

This paper examined cost efficiency of 99 general hospitals in the Czech Republic in the
period 2001-2008. Stochastic frontier analysis was employed. Having added determinants of
inefficiency into the SFA regression, an additional model was developed. Efficiency of Czech
hospitals was evaluated and compared under both models. At the same time, effects of various
environmental factors on inefficiency were discussed.

Concerning determinants, teaching status increases inefficiency since additional costs con-
nected with teaching material, staff, etc. are incurred. Being a very small hospital decreases
inefficiency, while being very big increases it. Not-for-profit status was found to increase
inefficiency. These findings support reasons for the ongoing privatization process of Czech
hospitals. Size of the population in the municipality where the hospital is situated was found
to increase efficiency. The results thus show that the effect of more advanced, complex and
efficient care in bigger cities overweight the effect of longer waiting times (and costly care
afterwards). The share of the elderly in the population tends to increase inefficiency of hos-
pitals. The number of hospitals in the region was found to decrease inefficiency, consistent
with the hypothesis.

Having accounted for determinants, efficiency scores of all hospitals remarkably increased.
Furthermore, with the inclusion of determinants, rankings within the group of all hospitals
changed, suggesting that determinants exerted asymmetric effects on hospitals, depending on
the characteristic features of each of the analyzed hospitals. The most profound shifts took
place among medium hospitals which treat 10,000-20,000 patients a year.

The results of the model with determinants reveal that Czech hospitals are not overly
relatively inefficient as a whole, as differences of scores are not as large. Nevertheless, it has
been uncovered that the persistence of inefficiency is rather group specific. Put differently,
even having accounted for size and teaching status, teaching and very big hospitals in gen-
eral preserve some level of inefficiency. Furthermore, the scores for big hospitals are rather
dispersed. The results suggest that when additional determinants of inefficiency specific for
teaching hospitals in particular are accounted for, their efficiency might increase. In further
research, we will concentrate on the identification of these variables.

Besides, the paper has a number of other implications. The panel has been restricted
to 8 years of observations in an unbalanced form. Extension to a balanced panel with more
observations for each hospital would enable a more extensive intertemporal comparison of the
results.

The system of Diagnostic-Related Groups, common abroad as a case mix adjustment
mechanism in efficiency analyses, is currently being developed in the Czech Republic. Once
the system functions fully, variations in output-mix would be accounted for more precisely.
The motivation is thus to replicate the results once this information is available.

Effects of alternative determinants and variables for input prices should be tested in further
research. These include accounting directly for wages of medical staff instead of using average
salary in the district as a proxy for input prices. The data was however, not available when
this analysis was carried out. The competition variable could take into account distances
to other hospitals instead of accounting for the number of hospitals in the region as such.
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Moreover, the effect of the process of transformation of hospitals, rather than only ownership
status, should be tested.

The results of this analysis should not serve as a background for immediate policy re-
sponses. It rather points out to special circumstances and provides motivation for further
research. At the same time, it is fully acknowledged that economic analysis of Czech hospi-
tals is not telling the whole story. It should be supplemented by surveys of satisfaction with
the quality of care, etc. in order for the analysis to provide an overall picture.
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Appendix

Table A1. Overview of hospitals

ID Name ID Name

1 Nemocnice Ceské Budgjovice, a.s. 51  Nemocnice s poliklinikou Novy Ji¢in, p.o.

2 Nemocnice Cesky Krumlov, a.s. 52  Biloveckd nemocnice, a.s.

3 Nemocnice Jindfichuv Hradec, a.s. 53  Slezskd nemocnice v Opavé,p.o.

4 Nemocnice Pisek,a.s. 54  FNsP Ostrava

5 Nemocnice Prachatice, a.s. 55  Meéstskd nemocnice Ostrava, p.o.

6 Nemocnice Strakonice, a.s. 56  Nemocnice Havlickuv Brod, p.o.

7 Nemocnice Téabor, a.s. 57  Nemocnice Jihlava, p.o.

8 Fakultni nemocnice Hradec Krélové 58  Nemocnice Pelhfimov, p.o.

9 Oblastni nemocnice Ji¢in, a.s. 59  Nemocnice TTebi¢, p.o.

10  Oblastni nemocnice Néchod, a.s. 60 Nemocnice v N. mésto na Moravé, p.o.

11  Oblastni nemocnice Rychnov n. Knéznou, a.s. 61  Domazlickd nemocnice, a.s. Domazlice

12 Oblastni Nemocice Nachod, a.s. Opoc¢no 62 Klatovskd nemocnice, a.s., Klatovy

13 Meéstkd nemocnice, a.s. Dvur Kralové n. L. 63  Nemocnice Susice, o.p.s.

14 Oblastni nemocnice Trutnov, a.s. 64  Fakultni nemocnice Plzen

15  Nemocnice Maridnské Lazné, s.r.o. 65  Stodska nemocnice, a.s., Stod

16  NsP Ceské Lipa, a.s. 66  Rokycanskd nemocnice, a.s. Rokycany

17  Nemocnice Jablonec n. Nisou, p.o. 67 Krajska zdravotni,a.s. - Nem. Décin

18  Krajskd nemocnice Liberec, a.s. 68  Luzickd nemocnice a poliklinika, a.s. Rumburk
19  Nemocnice Frydlant, s.r.o. 69  Krajskd zdravotni, a.s. - Nem. Chomutov, o.z.
20 Masarykova méstskd nemocnice Jilemnice 70  Nemocnice Kadan, s.r.o.

21  Panochova nemocnice Turnov, s.r.o. 71  Podfipskd NsP Roudnice n. Labem, s.r.o.

22 NsP Semily, p.o. 72  Krajska zdravotni, a.s. - Nemocnice Most, 0.z
23 Fakultni nemocnice U sv. Anny, Brno, p.o. 73  Krajska zdravotni, a.s. - Nemocnice Teplice, o0.z.
24 Nemocnice Milosrdnych Bratii,p.o. Brno 74  Kr. zdrav., a.s. - Masaryk. nem. Usti n. Lab., o.z.
25  Fakultni nemocnice Brno, Brno 75  Nemocnice Rudolfa a Stefanie Benesov, a.s.

26  Vojenskd nemocnice Brno, p.o. 76  NH Hospitals, s.r.o. Nemocnice Hofovice

27  Nemocnice Ivancice, p.o. Ivancice 77  Oblastni nemocnice Kladno, a.s.

28  Nemocnice Bfeclav,p.o. Bfeclav 78  Nemocnice Slany, p.o.

29  Meéstska nemocnice Hustopece, p.o 79  ON Kolin, a.s.

30 Nemocnice TGM Hodonin, p.o. Hodonin 80 Nemocnice Kutna Hora, s.r.o

31  Nemocnice Kyjov, p.o. Kyjov 81  Meélnickd zdravotni, a.s.,NsP Mélnik

32  Nemocnice Vyskov, p.o. 82  ON Mlada Boleslav, a.s.

33  Nemocnice Znojmo, p.o. 83 PP Hospitals, s.r.o. Nemocnice Brandys nad Lab.
34  Jesenickd nemocnice, s.r.o., Jesenik 84  Oblastni nemocnice Piibram,a.s.

35  FN Olomouc 85  MEDITERRA - Sedl¢any, s. r. o.

36  Vojenskd nemocnice, Olomouc, Klaster.Hradisko | 86 PRIVAMED Healthia, s.r.o. NsP Rakovnik
37  Stfedomor. nemocniéni,a.s. - Nem. Sternberk 87  Nemocnice Na Frantisku s poliklinikou

38  Stfedomor. nemocnicni, a.s. - Nem. Prosté&jov 88  Vseobecna fakultni nemocnice v Praze

39  Stfedomor. nemocnicni, a.s. Pferov 89  Fakultni Thomayerova nemocnice s poliklinikou
40  Nemocnice Hranice, a.s. Hranice 90 Nemocnice na Homolce

41  Chrudimskd nemocnice, a.s. Chrudim 91  Fakultni nemocnice Motol

42  Pardubické krajskd nemocnice, a.s. Pardubice 92  Fakultni nemocnice Na Bulovce

43  Svitavskd nemocnice, a.s. Svitavy 93  Ustfedn{ vojenskd nemocnice, Praha 6

44  Nemocnice Krnov, p.o 94  Fakultni nemocnice Kralovské Vinohrady

45  Nemocnice ve Frydku-Mistku, p.o 95  Kromérizska nemocnice, a.s. Kroméfiz

46  Nemocnice T¥inec, p.o 96  Uherskohradistskd nemocnice,a.s.

47  Nemocnice s poliklinikou, Karvina - R4j, p.o. 97  Vsetinskd nemocnice, a.s., Vsetin

48  Nemocnice s poliklinikou Havitov, p.o. 98 Nemocnice Valasské Mezitici, a.s.

49  Bohuminskd méstskd nemocnice, a.s. Bohumin 99  Krajskd nemocnice T. Bati, a.s. Zlin

50  Karvinska hornickd nemocnice, a.s.

Note: Name valid in the year 2008
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Table A2. Correlation matrix

@ 3) (4) (B (6) (7) ®) (9) (10) (11) (12)
1 0203 0.3359 0.3641 0.4184 0.7922 —0.5427 0.7472 0.3064 0.6564 0.3024 0.2074 sum_3_days (1)
1 —0.0405 —0.1028 —0.0328 0.238 —0.2517 0.2062 0.0769 0.2143 —0.1376 —0.1626 nursing.days (2)
1 0658 0.5261 0.3193 —0.2311 0.1731 0.0662 0.3019 0.2623 0.1639  doctor_bed (3)
1 04157 03065 —0.2846 0.2296 0.0638 0.3611 0.2697  0.158 nurse_bed(4)
1 0.4818 —0.1338 0.2961 —0.0269 0.4478  0.4357  0.4375 salary (5)
1 —0255 0505 0.2337 0.6352 0.3526 0.2562 teaching (6)
1 —0.5049 —0.3278 —0.2974 —0.0655 —0.0665 sizel (7)
1 02937 0.4456 0.0891 0.1181 size3 (8)

1

0.2735 —0.0628

1

0.1843 not_profit (9)

0.3355  0.3317 population (10)
1 00713 over_65 (11)

1 competition (12)

Table A4. Summary statistics and correlations across methods: average scores

Rank correlation

obs. mean min max st.dev. Baseline With det.
Whole Sample
Baseline 99 04105 0.1124 0.9305 0.1922 1
With determinants 99 0.8634 0.5007 0.9972 0.1328 0.8091*** 1
Size 1: < 10,000
Baseline 33 0.5895 0.3730 0.9138 0.1452 1
With determinants 33 0.9926 0.9820 0.9972 0.0038 0.1426 1
Size 2: 10,000-20,000
Baseline 33 0.3993 0.1124 0.9305 0.1533 1
With determinants 33 0.8753 0.8086 0.9818 0.0379 0.1527 1
Size 8: > 20,000
Baseline 33 0.2428 0.1132 0.3794 0.0768 1
With determinants 33 0.7223 0.5007 0.8982 0.1213 0.5006*** 1

Note: *** significant at 1% level.
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Table A3. Efficiency scores and ranks: baseline model and model with determinants

Size ID Baseline With det. Size ID Baseline With determinants
eff. rank eff. rank ‘ eff. rank eff. rank

3 1 0.2110 87 0.8401 65 2 51  0.4167 41 0.8575 58
1 2 0.4222 39 0.9893 28 1 52 0.5533 22 0.9931 17
2 3 0.2907 73 0.8628 53 3 53  0.2934 71 0.7913 81
2 4 0.4277 38 0.8580 57 3 54 0.1425 93 0.5833 92
1 5 0.5577 21 0.9903 27 3 55 0.3023 69 0.8982 43
2 6 0.3804 48 0.8599 55 3 56 0.2833 76 0.7377 88
2 7 0.3237 60 0.8663 50 3 57  0.2598 81 0.7529 86
3 8 0.1139 96 0.5007 99 2 58  0.2874 74 0.8086 75
2 9 0.4336 37 0.8950 44 3 59  0.3046 67 0.7596 85
2 10 0.3411 57 0.8861 45 3 60 0.3636 54 0.7469 87
1 11 0.4824 30 0.9954 8 1 61 0.5195 24 0.9921 21
1 12 0.8912 4 0.9949 14 2 62  0.4569 35 0.9143 40
1 13 0.7534 7 0.9953 11 1 63 0.7118 9 0.9839 32
2 14  0.8391 6 0.9151 39 3 64  0.1436 92 0.5247 97
1 15 0.4743 34 0.9938 16 1 65 0.6153 13 0.9922 19
3 16 0.2629 80 0.8173 72 1 66  0.4798 31 0.9921 20
2 17 0.2660 79 0.8283 68 2 67  0.4987 28 0.9250 37
3 18  0.2167 86 0.8237 70 1 68  0.5665 20 0.9972 1
1 19 0.5816 15 0.9951 13 2 69 0.4128 43 0.9091 41
1 20  0.5422 23 0.9840 31 1 70 0.7087 10 0.9953 10
1 21 0.5006 27 0.9875 30 1 71 0.5708 19 0.9956 7
1 22 0.6239 12 0.9820 33 3 72 0.3144 65 0.8273 69
3 23 0.1146 95 0.5984 90 3 73 0.3794 49 0.8099 74
2 24 0.9305 1 0.9818 34 3 74 0.1729 90 0.8350 66
3 25 0.1132 98 0.6086 89 2 75 0.3223 62 0.9209 38
1 26 0.4104 45 0.9964 5 1 76 0.5028 26 0.9928 18
1 27 0.4760 33 0.9911 25 3 7 0.2550 82 0.8143 73
3 28  0.3274 59 0.8029 7 2 78 0.5725 18 0.8632 52
1 29  0.6517 11 0.9921 22 2 79  0.3199 63 0.9263 36
1 30 0.3730 51 0.9921 23 1 80 0.5728 17 0.9964 4
3 31 0.3228 61 0.7883 84 2 81  0.3832 46 0.8996 42
2 32 0.3041 68 0.8620 54 3 82  0.3177 64 0.8693 49
3 33 0.3137 66 0.7910 82 1 83 0.8644 5 0.9964 3
1 34 0.9138 2 0.9952 12 2 84  0.3469 56 0.9502 35
3 35 0.1135 97 0.5022 98 1 85 0.7470 8 0.9962 6
1 36  0.5908 14 0.9893 29 1 86  0.4768 32 0.9949 15
2 37 0.4143 42 0.8405 64 1 87  0.4909 29 0.9919 24
2 38 0.3819 47 0.8516 59 3 88 0.1611 91 0.5747 93
2 39 0.4110 44 0.8659 51 3 89  0.2874 75 0.5531 95
1 40 0.9011 3 0.9953 9 2 90 0.1124 99 0.8744 47
2 41 0.2922 72 0.8476 62 3 91 0.1410 94 0.5929 91
3 42 0.2462 84 0.7893 83 3 92  0.2357 85 0.5551 94
2 43 0.4358 36 0.8228 71 2 93  0.1877 89 0.8853 46
2 44 0.3794 50 0.8510 60 3 94  0.1980 88 0.5513 96
3 45 0.2666 78 0.8036 76 2 95 0.3384 58 0.8581 56
2 46 0.3553 55 0.8499 61 3 96  0.2805 7 0.7942 80
3 47 0.3014 70 0.7963 79 2 97  0.3723 52 0.8469 63
2 48 0.3692 53 0.8707 48 2 98 0.5730 16 0.8303 67
1 49  0.5080 25 0.9909 26 3 99  0.2515 83 0.8028 78
1 50  0.4195 40 0.9968 2
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