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The Austrian health policy aims to maintain and even expand high-quality health care. The implementation of an integrated master plan, which contains input and output target values for the overall
health care system, is an important regulatory intervention. To support the regulatory authorities, efﬁciency studies that simultaneously reveal input and output improvement potential can be promising. To
serve this purpose, we computed bootstrapped non-oriented super-efﬁciency measures to identify any
improvement potential in inputs and outputs for the Austrian hospital inpatient sector for four years.
Variations in hospital efﬁciency were investigated using non-parametric post-efﬁciency analyses.
© 2015 Elsevier Ltd. All rights reserved.
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1. Introduction
Endeavors to assess the efﬁciency of health care systems and
health care providers have grown rather than diminished during
recent decades, mainly as a result of tight budgets and everincreasing hospital costs. Austria has, similarly to other countries,
committed itself to identifying and exploiting any efﬁciency potential to cope with the many challenges that a health care system
faces. The most important of these are the demographic development, the health status of the population, the development and
diffusion of technologies and new medical procedures, and the
organizational design of the health care system, because these are
directly related to health care expenditures and their growth [1].
Since Austria relies on public funds to ﬁnance health care, the need
for efﬁcient use of resources is exacerbated [2]. The triggers of efﬁciency studies have often been interventions in the health care
system in the form of regulatory measures. In Austria, health care
regulation takes place at different levels to varying degrees and
with different instruments. The monitoring of regulatory interventions, in turn, is conducted to ensure that the regulated
supply of the population with health services can be maintained or
even expanded in the future. In Austria, efﬁciency studies have
predominantly been performed by academic researchers and
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devoted to the hospital sector, mainly due to data availability
reasons.
Following the efforts of health policy to maintain and even
expand high-quality health care, the Austrian health care system
has faced a plethora of regulatory reforms during the last two decades, which have addressed its various problems. Two reform
initiatives are highlighted here as they are considered to be closely
connected to efﬁciency considerations: ﬁrst, the transition from the
per diem ﬁnancing of inpatient care in public and private not-forproﬁt (NFP) hospitals to activity-based ﬁnancing based on
Austrian-speciﬁc diagnosis-related groups (DRGs) in 1997 [3]; and
second, the transition from solely input-oriented and rather uncoordinated planning of the health care system to an integrated
master health plan (the so-called OESG), set at the federal level for
the overall health care system, and its reﬁnement in the form of the
regional health plans at the state level (so-called RSGs) in 2005 [4].
For a comprehensive overview of the reform initiatives until 2012,
see Hofmarcher and Quentin [5].
Following the 1997 hospital ﬁnancing reform, efﬁciency assessments in the hospital sector have repeatedly been the subject of
scientiﬁc studies in Austria. Many studies have used data envelopment analysis (DEA), but some of the more recent studies have
complemented DEA with stochastic frontier analysis (SFA) to assess
the sensitivity of the results with respect to the methodological
approach [6e13]. While DEA is free from any ex ante assumptions
concerning the functional inputeoutput relationship but prone to
outliers, SFA requires ex ante speciﬁcations of the functional relationship between inputs and outputs and the distributional
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characteristics of the inefﬁciency term. For an overview of the most
important advantages and disadvantages of both approaches, see
Jakobs et al. [14]; for an introduction to benchmarking in health
care, see Ozcan [15].
So far, the motivation for performing efﬁciency studies in
Austria has predominantly been to analyze the impact of the DRGbased ﬁnancing on hospital technical and scale efﬁciency. A common feature of the above-mentioned Austrian-speciﬁc DEA studies
was the use of an input-oriented efﬁciency measure. Input orientation was basically justiﬁed by the argument that hospitals, as
decision-making units (DMUs), have an inﬂuence on inputs while
output control is either beyond their capabilities or undesirable
from a regulatory perspective. In the ﬁrst case, it is argued that
hospitals have a passive role, that is, they can only respond to patients' needs and cannot perform proactively. In the latter case,
output control is basically equated with supplier-induced demand.
If, however, the regulatory authority suspects supplier (physician)induced demand, action must be taken to identify its causes. As
recent research has revealed [16,17], institutional corruption may
explain the undesirable activities of actors, such as hospitals and
hospital doctors, whenever they improperly depend on third
parties whose objectives deviate from public health goals.
Following the deﬁnition provided by Lessig [17], institutional corruption reﬂects systemic and strategic practices or inﬂuences that
undermine an institution's effectiveness. As hospitals and hospital
doctors, in particular, receive additional income from supplementary health insurance in Austria, income-generating behavior on
the part of physicians and hospitals may conﬂict with public health
needs. However, one should bear in mind that output control may
well have desirable aspects, such as strengthening specialization
initiatives and exploiting void capacities through reorganizing patient ﬂows, all of which are of considerable importance in the light
of regulatory interventions.
Based on the two above-mentioned arguments, any efﬁciency
enhancement so far has concentrated on input adjustments. In so
doing, the above-mentioned studies have complied with the majority of hospital efﬁciency studies in the literature. Although the
overview paper by Hollingsworth [18] did not explicitly capture the
orientation of efﬁciency measures, the economic efﬁciency studies
referenced in the review referred to cost efﬁciency only (as opposed
to revenue efﬁciency), thereby indicating input orientation. An
earlier study by Sommersguter-Reichmann [13] covering 54 hospital studies published between 1980 and 2000 revealed that most
studies (74%) had chosen an input-oriented perspective, a result
that was conﬁrmed by the more recent taxonomy provided by
O'Neill et al. [19, p. 171]. Input-oriented performance assessment
can still be found in recent hospital studies (see, for example, Biørn
et al. [20], who investigated hospitals' responses to ﬁnancial reforms in Norway using bias-corrected cost-efﬁciency estimates, or
Blank and van Hulst [21], who scrutinized the impact of hospital
governance characteristics on bootstrapped cost-efﬁciency estimates; Ferrier and Trivitt [22] used DEA to assess the input efﬁciency of US hospitals based on output-oriented measures to
consider quality aspects).
The opinion, however, that output control can be quite reasonable and cannot be reduced to supplier-induced demand only
seems to be increasingly prevalent. In an early paper, Chang et al.
[23] justiﬁed the use of an output-oriented radial efﬁciency measure to assess the impact of regulatory interventions in the form of
the introduction of national health insurance in Taiwan with the
argument that health care providers anticipate a certain extent of
demand and therefore take actions, for example in terms of investments, to cope with the expected demand. Inputs, in their
opinion, are difﬁcult to adjust in the short term, while output
control is quite possible. Mogha et al. [24] also justiﬁed the use of an
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output-oriented efﬁciency measure with the limited inﬂuence on
inputs in the short run, ‘[ … ] while outputs [ … ] somewhat may be
increased by providing better facilities to the patients.’ Araújo et al.
[25] motivated the use of a radial output-oriented approach to
assess the efﬁciency of Brazilian proﬁt-oriented hospitals with the
argument that proﬁt-oriented hospitals are supposedly revenuemaximizing businesses. Attempts to take quality measures and
bad outputs into account have also been associated with the choice
of an output-oriented efﬁciency measure: Karagiannis and
Velentzas [26] assessed output-oriented productivity changes for a
sample of Greek public hospitals while considering the quality of
services. Using an output directional distance function to consider
good and bad outputs (such as mortality and infection rates),
Falavigna et al. [27] studied the impact of the hierarchical administrative organization on the efﬁciency of hospitals in Italy; Wu
et al. [28] applied an output-oriented directional distance function
approach to measure the quality-adjusted performance of hospitals
in Taiwan. Mogha et al. [29] used an output-oriented slack model to
reveal the overall improvement potential of public sector hospitals
in India.
Recently, Spinks and Hollingsworth [30, p. 424] argued that the
public wants the maximum of health outcomes to be provided
with the minimum of resources. This is a strong argument for the
use of a non-oriented efﬁciency measure that is able to capture
input and output improvement potential simultaneously. Their
line of thought was also taken up by Bilsel and Davutyan [31], who
applied a non-oriented directional distance function approach to
assess the efﬁciency of rural Turkish hospitals. Similarly, Du et al.
[32] used a non-oriented additive super-efﬁciency model to
analyze the efﬁciency of US general acute care hospitals. Kawaguchi et al. [33] integrated a non-oriented slack-based model
within a dynamic network approach to measure the efﬁciency of
Japanese municipal hospitals following regulatory interventions
to overcome the ﬁnancial crisis that hospitals have faced during
the last decades.
With regard to the situation in Austria and in view of the 2005
health reform, it is obvious that a comprehensive efﬁciency evaluation is essential as the OESG/RSGs contain input and output
target values that are, at least to a certain extent, based on actual
performance. If, however, inefﬁciencies in service provision prevail,
there is a signiﬁcant risk that these inefﬁciencies will be carried
forward in the future and will probably continue to increase. While
the 1997 hospital ﬁnancing reform inspired several efﬁciency
studies to assess whether hospitals, as DMUs, respond to changes in
ﬁnancial incentives, the importance of efﬁciency studies with regard to the health reform of 2005 lies elsewhere: if the target values
used in the OESG/RSGs are based on inefﬁcient service delivery, the
goal of obtaining the best possible result from regulatory interventions is vulnerable. In the worst case, unnecessary capacity
building might be the result given the projected growth in the
demand for health care services. This means for efﬁciency studies
that both input and output inefﬁciencies have to be eliminated to
avoid unnecessary capacity expansion or to hinder capacityreducing innovations, particularly within the cost-intensive inpatient care sector. The use of a non-oriented efﬁciency measure
therefore seems to be an appropriate tool for supporting the regulatory authorities regarding the possible extent of input- and
output-side improvements.
While in the ideal case efﬁciency studies will be carried out for
all the sectors covered by the OESG/RSGs, namely the inpatient
sector, the ambulatory sector and the rehabilitative and nursing
care sector, the actual situation reveals that the data availability and
data quality outside the inpatient care sector still have to be classiﬁed as rather poor. Therefore, for a while, efﬁciency studies will
still have to concentrate on the hospital (inpatient) setting, for

