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Abstract In recent years, almost all countries around the world face budget cuts in health
spending, which force public and private hospitals in these countries to use their resources
effectively and to provide more efficient health care. In this context, the present study
evaluates hospital efficiency across 29 OECD countries between 2000 and 2010 and
investigates the determinants affecting hospitals’ activities. In the first stage of the two-
stage performance analysis, efficiency scores of the hospitals were measured by data
envelopment analysis (DEA) while, in the second stage, Panel Tobit Analysis was used to
identify the environmental factors that affect the efficiency scores obtained in the first
stage. The paper also explores the changes in the factor efficiency compared to the pre-
vious years by decomposition through the Malmquist Productivity Index. In the first stage,
it was found that the efficiency scores achieved after 2000 began to decline in 2004 and
reached their lowest levels between 2009 and 2010. The highest slack values were found in
the figures regarding tomography, MR, and nurses, respectively. In the second stage, due to
the censored nature of the dependent variable obtained by DEA, in order to achieve
consistent and unbiased estimators, the use of Panel Tobit Analysis was proposed. Esti-
mations showed that, among the environmental factors that secondarily affect hospital
efficiency, income, education and number of private hospitals affect efficiency in a positive
way, while the effects of public and private health expenses and the number of public
hospitals on such efficiency was negative.
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1 Introduction

It is an inevitable phenomenon for organizations to perform performance assessment and,
thus, to define more effective and efficient processes so as to increase their competitive
advantages by ensuring continuity. Public and private hospitals both should make the
health services they provide to society, as well as the use of the resources, more effective
and more efficient. Particularly, the global financial and economic crises that occurred in
recent years caused the countries to decrease their spendings on health care. Though health
spending varies among nations, the average health expenditure per capita across the OECD
countries increased by 4.1 % p.a. between 2000 and 2009, while this rate dropped by 0.2 %
between 2009 and 2011. From 2009 to 2011, out of 34 OECD countries 11 countries
decreased their health spendings (OECD 2013). This caused the countries to use the
resources assigned to health sector in more effective ways. The challenge of providing
health care without compromising on quality, even improving it by using their resources in
more effective ways, made the governments to pursue the matter more rigorously.

In the light of the foregoing aspects, evaluation, improvement and analysis of health
care performance provided by country at international levels, as well as discussing its
shortages to ensure its efficiency and finally to level up hospital efficiency to advanced
levels are all great importance. Traditional data envelopment analysis (DEA) is a com-
monly used technique by a decision making unit (DMU) in the calculation of relative
overall efficiency. However, with this technique, only those variables that directly affect
hospital efficiency can be taken into account and interpreted, whereas in the evaluation of
health care performance of a country, some elements specific to that country such as
economic and social elements also play a secondary role. Therefore, by using a two-stage
analysis, it is important to examine the environmental variables that affect the overall
hospital efficiency obtained by DEA during stage I in the second stage by using econo-
metric models. However, because the efficiency scores obtained through the DEA model
have a censored structure, parametric estimations of ordinary least square (OLS) regression
to be used in the second stage will be biased and inconsistent. Efficiency analysis has
become more extensive by examining the cross-section data by the years, and the use of
Panel Tobit Analysis instead of traditional panel in the second stage will ensure that
consistent and unbiased estimators are obtained.

Examining the hospital efficiency of countries by a one-stage analysis would be
insufficient, and addressing just 1 year—as previous studies did—would limit our vision of
the overall course. The aim of this study in which 10 years of data (2000-2010) regarding
29 OECD countries was used, is to thoroughly investigate hospital efficiency by using a
two-stage performance rating. In the first stage of the study, assuming constant returns to
scale (CRS), the hospital technical efficiency scores for each year and each country were
obtained using DEA. The countries were ranked according to their efficiency in the health
care sector so that efficient and inefficient countries be identified. Also, the changes in the
individual efficiency of the countries for each year over a ten-year period were evaluated
by the Malmquist Index, by which the total factor efficiency was decomposed. In the
second stage of the study, since the dependent variable obtained by DEA has a censored
structure, in order to obtain consistent and unbiased estimators Panel Tobit Analysis was
proposed instead of traditional analysis. Also, which country-specific social and economic
factors affected hospital efficiency were identified. As far as the others of the present
studies are consulted, this research is among the first attempts to investigate the health care
performances across OECD countries in such an extensive way.
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The rest of the paper is organized as follows. The first section provides the literature
reviews on the studies of hospital efficiency. This section is followed by the next section
constituting the descriptions on data sets and variables used in the study. Then, the two-
stage analysis and the methods used in each stage are explained. Following the detailed
results and discussions of the analyses comes the final section, which consists of a sum-
mary of the contributions, conclusions and limitations of the study.

2 Literature Review

Achieving a high score of efficiency in performance assessment is a principal aim for any
business, and this also applies to hospitals. Most studies evaluating hospital efficiency have
employed a one-stage efficiency analysis, using DEA. Mobley and Magnussen (1998),
Steinmann et al. (2004), Bhat (2005), Spinks and Hollingsworth (2009), Alexander et al.
(2003), Sherman (1984), Grosskopf et al. (2006), Puig-Junoy (1998) and Retzlaff-Roberts
et al. (2004) are among such studies. Puig-Junoy (1998) and Retzlaff-Roberts et al. (2004)
are specifically among those that compare health care performance across OECD countries
using DEA.

In addition to DEA in the analysis of hospital efficiency, there are other studies that how
employed parametric or non-parametric methods. For example, Varabyova and Schreydgg
(2013) obtained hospital efficiency scores through DEA and stochastic frontier analysis
(SFA). Using two outputs and four inputs, their study investigated nine DEA models, six of
them being input-oriented and the remaining three being output-oriented, and three SFA
models, later to focus on the correlation between the results. In this comparison performed for
2007, it was found that there are closer results between those of output-oriented DEA models
and those of SFA models, when compared to input-oriented models. Afonso and Aubyn
(2005), on the other hand, have used two different non-parametric methods, Free Disposable
Hull (FDH) and DEA, in the estimation of hospital efficiency scores. Hollingsworth and
Wildman (2003) found that using only one method to estimate countries’ health care per-
formances by the The World Health Organization (WHO) was a restricted effort in the report
for the year 2000, and, instead, they reevaluated the efficiency of 191 countries by panel data,
DEA, Malmquist, and SFA methods, using the data provided by the WHO.

In order to examine the efficiency changes by years in the one-stage efficiency mea-
surement, Malmquist Productivity Index (MPI) is used in addition to DEA. Sahin et al. (2011)
analyzed the effects of health transformation program on hospitals in Turkey between 2005
and 2008 by using DEA and Malmquist Index. For the period between 2002 and 2006,
Chowdhury et al. (2014) have analyzed the performance of the hospitals in Ontario, and Chu
(2011) did the same for the performance of Chinese hospitals using DEA and MPI. Weng et al.
(2009) in their study of comparing the performances of hospitals, proposed a Panel-based
extended DEA. They tested the validity of their proposed model with MPL

Another group of studies that measures efficiency is that using a two-stage analysis.
Such studies use the efficiency scores obtained through DEA in an econometric model in
the second stage.

There are some other studies that employ OLS regression in the second stage of a two-
stage analysis. Medin et al. (2011), in a study where they compared hospital efficiency,
performed an international efficiency comparison among four Nordic countries and used
DEA in the first stage and, then, OLS regression analysis in the second. Pelone et al.
(2012), measured the technical efficiency of general practice across 20 regions of Italy first
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by using DEA, and then identified the contextual variables that affect such efficiency using
regression analysis. Similarly, Gok and Sezen (2013) have obtained the efficiency scores of
hospitals in Turkey by DEA in the first stage and analyzed the effects of such efficiency
and structural quality on the satisfaction of the patients by regression analysis in the second
stage using hospital efficiency as an explanatory variable.

Nevertheless, since the dependent variable consisting of the efficiency scores obtained
through DEA is censored data, it makes the estimations done by OLS regression analysis both
biased and inconsistent. Therefore, it’s better to have the estimations done by Tobit or
truncated regression. Mitropoulos et al. (2013), the author who obtained the efficiency scores
of Greek hospitals by DEA in the first stage, analyzed the effects of operational environment
on hospital efficiency by truncated regression in the second stage. Nedelea and Fanin (2013),
in their study on cost-effectiveness in US hospitals, used DEA in the first stage, and truncated
regression in the second stage, using environmental variables as explanatory variables. Puig-
Junoy (2000) used DEA in the first stage of his study on efficiency across 94 Catalan intensive
care hospitals, and log regression in the second stage.

Moran and Jacobs (2013) is one of those studies that compare the efficiency of 32
OECD countries in terms of the health care provided to mental patients by employing a
two-stage DEA method. For 2010, the efficiency of the countries was obtained through
DEA in the first stage, and then the relation of environmental variables such as alcohol
consumption, income, education, unemployment, etc. with the efficiency was identified by
using Tobit regression analysis. Also in the study, countries were divided in clusters as
efficient and inefficient using cluster analysis. Ancarani et al. (2009) investigated the
effects of managerial perspectives on the efficiency of hospital wards’ in Italian hospitals.
Adapting a two-stage approach, the author used DEA in the first stage, and Tobit
regression in the second. Hu et al. (2012) in the first stage of their study where they
investigated the effects of health insurance reform on the efficiency of Chinese hospitals,
obtained the efficiency scores through DEA, and analyzed the relationship between the
efficiency and the environmental variables by Tobit regression. Afonso and Aubyn (2011)
measured the hospital efficiency across 21 OECD countries for 2005 by DEA, and then
analyzed the relation between efficiency and environmental variables by Tobit regression.
Similarly, Chilingerian (1995) evaluated the efficiency of 36 physicians working in the
same hospital by using DEA in the first stage, and by Tobit regression in the second stage.

The second stage model that has been preferred by some studies doing health care
performance comparison over a number of years is panel data analysis. Kjekshus and
Hagen (2007) one of such studies, have measured, by a two-stage approach, if the align-
ment of 17 hospitals in Norway increased the efficiency. Evaluation the period between
1992 and 2000, the authors had obtained the hospital efficiency by DEA, and in the second
stage they tested the effect of the unification on the efficiency by panel data analysis. Biorn
et al. (2003) in their study of the Norwegian hospital sector, have analyzed the effects of a
cost-based accounting system on hospital efficiency during 1992-2000 by employing the
DEA method in the first and Panel regression in the second stage. Similarly, Kittelsen et al.
(2008) have used the DEA in the first stage and a fixed effect model in the second stage to
determine whether or not the centralization reform of the hospitals in Norway has any
positive effect on the efficiency of the hospitals.

However, since the efficiency scores obtained in the first stage has a censored nature,
Tobit Panel Analysis is required in the second stage instead of panel data analysis. Chen
et al. (2005) have obtained the efficiency scores of Californian hospitals by DEA and by
subtracting these scores from 1, they found the inefficiency scores for each hospital. In the
second stage, they used Panel Tobit method to analyze the relationship between
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inefficiency scores and variables such as organization structure, management, demo-
graphics, and competition.

In this study, we used the DEA method in the first stage to obtain the efficiency scores,
and in the second stage we used an econometric modeling approach to analyze the rela-
tionship between efficiency scores and country-specific socio-economic variables.
Covering a 10-year period research across the OECD countries, this study has employed
Panel Tobit Analysis in the second stage. Also, we analyzed the changes over years by
decomposing them, using Malmquist Index.

3 Data and Variables

In this study, an available data set was used concerning 29 OECD countries for the period
of 2000-2010. Completed as a two-stage performance evaluation study, DEA and Panel
Tobit were used in the first and second stages, respectively. Further, the MPI values were
computed for the panel data. DEA and Malmquist analyses were performed on five inputs
and two outputs. These variables consist of controllable items that can directly affect health
care services provided by a hospital. In the model, discharge rate and infant survival rate
were used as health outcome measures. Improvement on countries’ health systems were
denoted by increases in these variables. Five inputs were used as health care resources for
production of health. These variables are health care equipment (beds, MRI, CI) and health
workforce employed in hospitals (nurses, physicians) that provide more efficient health
care services. In the Panel Tobit Analysis, at the second stage, environmental variables that
affect hospital efficiency indirectly were used as independent variables. Such environ-
mental variables are secondary (or indirect) variables including country-specific factors
thought to impact health care performance in countries. In the identification of variables,
the OECD reports published annually under the title of “Health At a Glance” (2012, 2013)
(OECD 2012, 2013) as well as studies measuring hospital efficiency (Varabyova and
Schreydgg 2013; Chowdhury et al. 2014; Afonso and Aubyn 2011; Greene 2004, b; Self
and Grabowki 2003; Berger and Messer 2002) were used. The variables used in the models
are presented along with their definitions in Table 1.

The data used in this study was taken from the World Data Bank, Eurostat, OECD statistics
and the National Health System of Spain databases (The World Bank 2014; Eurostat 2014;
OECD 2014; National Health System of Spain 2014). Figures for many of the variables we
used in this study only covered up to 2010 in aforementioned institutional reports of 2014.
Due to this limitation, this study could be done until 2010. The missing values for some
countries going back 2 or 3 years were filled in by linear interpolation. Chile, Norway,
Poland, Slovenia, and Sweden, due to the absence of variables were not included in the
analyses. In the end, the size of the sample was limited to 29 OECD countries.

4 Methodology
4.1 Data Envelopment Analysis (DEA)
Data envelopment analysis (DEA), a non-parametric method, was first proposed by Farrell

(1957) and then improved by Charnes et al. (1978) and Banker et al. (1984) thereby finding
a larger application field. DEA is a mathematical programming method to measure the
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Table 1 Model variables

Definition

Measurement

Outputs
Discharge

Infant

Inputs
Beds

Physicians

Nurses

MRI

CT

Independent variables
GDP

Public exp.

Private exp.

Discharge rates from all hospitals

Hospital discharge is defined as the number of
patients who leave a hospital after receiving
care. The rate includes the patients who have
stayed at least one night in hospital and the
deaths in hospital following inpatient care

Infant survival rate

It is calculated by subtracting “hospital infant
mortality rate” from one (1). Infant mortality
rate is the number of deaths of children
<1 year of age

Total hospital beds

Hospital beds are the total number of beds that
are available for inpatients in hospitals. They
include beds in general hospitals, mental
health hospitals, and other specialty hospitals

Physicians employed in hospitals

Practising medical doctors, are the number of
doctors who are providing care directly to
patients. In many countries, the numbers
include interns and residents

Professional Nurses and midwives employed in
hospitals

Data of nurses is defined as the number of nurses
employed in public and private hospitals
providing services directly to patients

Number of Magnetic Resonance Imaging (MRI)
units

Number of MRI includes the equipment in
hospitals and the ambulatory sector

Number computerized tomography (CT)

scanners

Number of CT includes the equipment in
hospitals and the ambulatory sector

Gross domestic product

GDP per capita is divided by midyear population

Health expenditure of public hospitals

Public health expenditure includes recurrent and
capital spending from government budgets,
external borrowings and grants, and social
health insurance funds

Health expenditure of private hospitals

Private health expenditure consists of direct
household (out-of-pocket) spending, private
insurance, charitable donations, and direct
service payments by private corporations

Per 100 000

1- (hospital infant mortality
rate deaths per 1000 live
births)

Density per 1000
population

Density per 1000
population

Density per 1000
population

Per 100 000 population

Per 100 000 population

Per capita, PPP (constant
2005 international $)

% of GDP

% of GDP
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Table 1 continued

Definition Measurement

Education Educational expenditure in tertiary % of total educational
Spending on tertiary education is defined as the expenditure
total expenditure including private expenditure
on schools, universities, and other private
institutions delivering or supporting
educational services

Public hospital Number of publicly-owned hospitals Per million population
Public hospitals are the total number of hospitals
that are owned or controlled by a government
unit or other public corporations

Private hospital Number of privately-owned hospitals Per million population
Private hospitals data include the total number of
for-profit privately owned hospitals that set up
for producing goods and services and are
capable of generating a profit or other financial
gain
Lifeexpect. Life expectancy At birth, total (years)
Life expectancy at birth measures how long, on
average, a newborn can be expected to live.
The value is calculated using the unweighted
average of life expectancy of men and women

Source: Eurostat, OECD Health at a Glance 2013, OECD Statistics, The National Health System of Spain,
World Bank Indicators (WDI)

relative efficiency of decision-making units, using multiple inputs and outputs (Erdogan
and Samut 2013). In the efficiency measurement by DEA, there are two presumptions,
variable return to scale (VRS) and constant returns to scale (CRS). In the studies on
hospitals’ performance, the CCR model (Charnes, Cooper, and Rhodes) (Charnes et al.
1978) is preferred in that it gives better results. The reason for choosing CRS model in the
analysis of hospital efficiency is because there is no restricting scale or effect on the
relation of inputs and outputs (Gok and Sezen 2013). One common aim of all health care
organizations is to provide high quality services using their resources, such as beds, per-
sonnel, etc. in the most minimal way. This shows that CCR input-oriented models are
suitable to be used in the evaluation studies on the performance of a hospital (Weng et al.
2009). The controllability of inputs compared to outputs also requires the use of input-
oriented DEA model in this study. An input-oriented DEA—CRS model that gives an
efficiency score for n number of DMUs by using m outputs and s inputs is presented below:

ZS—1 HrYro
r=1r 1
maxy y Z;n:l ViXo ( )

subject to

Looihdn oy
Do Vi (2)
u,>0,v; >0, forallr,j.

In the model, DMU; gives outputs to y,; by consuming an amount of input in x;;. The
weights of the outputs and inputs in the formula are shown in . and vj, respectively. All
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inputs, outputs and all weights are considered as >0, and to obtain technical efficiency
scores for n DMU, the program would be run n times (Cooper et al. 2011; Witte and
Marques 2010). The obtained technical efficiency scores will take a value between 0 and 1,
and if TE = 1, it means that DMU is technically efficient and that it produces on the
production frontier. Scale efficiency, a component of technical efficiency, is the proportion
of CRS to VRS, and if it is equal to 1, this means that the DMU is scale-efficient.

4.2 Malmquist Productivity Index (MI)

Malmgquist Productivity Index (MI), a DEA-based non-parametric efficiency index, was
first found by Malmquist (1953) and improved by Caves et al. (1982), Faré€ et al. (Fire and
Grosskopf 1992, Fire et al. 1994). MI is a frontier analysis that measures the changes in
total factor productivity and enables the evaluation of DMUs by years. The total factor
productivity change (tfpch) is divided into two parts: technical change (techch) and
technical efficiency change (effch) (Lovell 2003). Efficiency change is the measurement of
effects of capturing best production fronts for both periods. Technical change gives the
degree of progress arising from the innovations occurred between two periods (Ray 2004).
Efficiency change is obtained by multiplying pure efficiency (pech), which measures
managerial efficiency, with scale efficiency (sech), which measures whether DMUs are in
fact working in an appropriate scale for them.

The distance functions are addressed in both ways, input- and output-oriented. The
Malmquist TFP change index M,’f' is expressed as follows, where x}, = (Xip, Xons, - - ) 18
the input vector, and y}, = (Y, Yopr, - - ) is the output vector that can be produced from the
input vector (Fidre and Grosskopf 1992):

D;(X’“,Y’“)D;,H(X[, Y+ 1/2

Dy (X", Y")  DLF(X',Y")

M;l+1 (X;Fl’ Y}l;+l’X;l’ Y;;) —

(3)

If the computed TFP change index takes a value >1, then it is evident that TFP is
increased from t until t 4+ 1 period; and if it is <1, then TFP is decreased for the same
duration.

4.3 Tobit Panel Analysis

In the regression models, where the change range of the dependent variable is somehow
restricted, the variables that take values in a limited range are defined as “censored” or
“truncated” data. If the observations outside of a certain range are excluded systematically
from sample and completely lost, then they are called “truncated” data, and if the
observations do not have any information on the dependent variable, but at least the
independent variables could be observed, then they are called “censored” data (Davidson
and MacKinnon 2003). If the observations resulted from the analysis of DEA are >1, then
they would not be excluded from the sample as it was the with the truncated data.
However, they cannot take their own values either and, thus, they are censored to 1
(Chilingerian 1995). In this context, since the dependent variable consisting of efficiency
scores from the DEA is limited to [0,1] and that the independent variables that correspond
to 1 can be observed, it has a censored structure.

Estimating a model with a censored dependent variable by the OLS method leads to
biased and inconsistent results in parametric estimations (Greene 2003). Furthermore, DEA
scores having a relative efficiency index, rather than an absolute index, and the correlation
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between the efficiency scores make the OLS regression invalid (Atkinson and Wilson
1995). For the foregoing reasons, Tobit regression, one of limited dependent variable
models that takes a censored structure into account, is used in the present study.

For parameter estimations, the Maximum Likelihood Estimation (MLE) method is used
in the Tobit model. Since the parameters obtained through MLE are non-linear, the pre-
dictions of the estimations are performed by iterations. Also, since it requires less time and
fewer iterations as an iteration method, thus offering other advantages, the Newton—
Raphson method has been utilised here (Jamil 2013).

Panel data means the observed data of N different sections at T different times, i.e.
combination of cross-section data and time data. In this context, the basic formula of Panel
Tobit used in this study is expressed as follows:

Yir = B 2t + & 4)
oy <t L _
y,,f{ I otherwise i=1,...Nandt=1,....T (5)

where subscript i defines the country and subscript ¢ defines the time. y;, is the explanatory
variable in the dimension of 1 x k and f is the parameter vector on the dimension of k x 1
(Baltagi 2008).

The error term in panel data application is generally defined as follows:

i = Ai + Uy (6)

where /; is the unobservable individual effects and u;; is the unobservable individual and
random effects. Individual effects are addressed in two different ways as follows:

If /; is assumed fixed for each individual, then it is referred to as a “Fixed Effect”
estimator; or if it is considered to be picked up randomly from a probabilistic distribution,
then it should be referred to as a “Random Effect” estimator (Thomas 2007).

Nevertheless, since the Tobit model is non-linear, using fixed effects in Panel Tobit
Analysis would increase the o; as N is increased, thus causing incidental parameter
problems and resulting in biased outcomes (Fernandez-Val and Weidner 2013). It has been
emphasized that there is a problem related to the distribution of disturbance variance
estimator with the fixed effect Tobit models beyond the incidental parameters problem
(Greene 2004, b). Therefore, it would be more appropriate to use a random effect esti-
mation for Panel Tobit.

The results of DEA and Malmquist in this study were obtained through WIN4DEAP
(Coelli 1996) the results of Panel Tobit were obtained using LIMDEP and Eviews 7
programs.

5 Results and Discussion

This study investigates hospital efficiency at international level. The productivity structure
across 29 OECD countries for 2000-2010 was investigated through a two-stage analysis. In
the first stage of the study, DEA was used while, in the second stage, Panel Tobit Analysis
was applied. Also, Malmquist Productivity Index values were computed for the panel data.
While efficiency scores of DMUs were measured by DEA, evaluation of total factor
productivity change by years was obtained by MI. Besides, by decomposing the total factor
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productivity, opportunity of a detailed analysis was provided. The results concerning the
DEA model, MI, and the Panel Tobit appear in the following.

5.1 Results of DEA Model

The input-oriented DEA analysis across 29 OECD countries was conducted under CRS
assumption. The hospital efficiency scores of the countries for 2000-2010 were obtained
using 2 outputs and 5 inputs. Table 2 shows the technical efficiency scores for each country
and descriptive statistics. When considering the average technical efficiency scores of the
countries by years, it is seen that the increase achieved in efficiency scores began to
decrease in 2004. Again, these scores declined substantially in 2009 and 2010, with values
at 0.842 and 0.819, respectively. A basic reason for this can be the cuts in health spending
across OECD countries, particularly between 2009 and 2011, due to the financial crisis
(OECD 2013). Assessing the distribution of the countries based on the efficiency score
ratings, it can be observed that the number of fully efficient countries reached 12 in 2004
but, afterward, the number dropped and finally totalled only 6 in 2010. The rate of the
countries that have efficiency scores above the average in 2000 and 2001 was approxi-
mately 52 % and 59 %, respectively, and it even reached 65.5 % in 2003; yet, it began to
decrease in later years, and finally in 2010 only 37.9 % of the countries had an efficiency
score above the average.

The countries that were fully efficient during this 10-year period are Mexico, Turkey,
and the United Kingdom. Moran and Jacobs (2013) also reached the conclusion, in their
study on hospital efficiency for 2010, that Turkey and Mexico were efficient. From the
perspective of our study, the main reason for this is that both Turkey and Mexico had the
minimum length-of-stay values. Though it has an under-average efficiency score for all the
years, Japan also has the maximum length of stay value. The OECD indicates that this is
because Japan has a health care service payment structure that encourages the patients to
stay in hospital for longer times (OECD 2013). Beside Japan, Iceland, France and Belgium
have under-average efficiency scores for all the years.

An investigation into the input slacks of these countries revealed that there were slacks
in the variables of beds, nurses, and MRI for Belgium; in the variable of nurses for France;
in nurses, MRI, and CT for Iceland; and in beds, nurses, and CT variables for Japan for all
years. It’s been found that physicians were used efficiently and that there are no capacity
excesses in any of these countries.

Table 3 shows the input slacks averages for each year. In general, the highest slack
values are on the CT, MRI and Nurses, respectively. In 2010, it can be seen that CT should
be decreased by 6.492 averagely, MRI by 2.513, and Nurses by 2.707 units. Also, it is
determined that in 2009, 14 countries and, in 2010, 18 countries have a CT excess. Again
in 2009 and 2010, there was MRI excess in about 28 % of the countries. This tells us that
most of the OECD countries have a slack capacity in their medical technology inputs. As
for the health workforce, physicians work in full capacity, while nurses have a serious
capacity excess. In 2009, there was a nurse slack in 15 countries out of 29 countries, and in
2010 this figure increased to 19 countries. In order to provide a more effective health
service, inputs should be used in a more effective way to obtain better outputs. Therefore, it
is important in terms of health performance to use that slack capacity, particularly in these
three inputs.
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Table 3 The mean input slacks of the countries

Inputs 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Beds 0261 0301 0319 0312 0.241 0224 0267 0521 0672 0.613 0.529
Physicians 0.104 0.107 0.038 0.019 0.019 0.054 0.083 0.084 0.116 0.157 0.210
Nurses 1.605 2.129 2492 2323 2388 2601 2834 2650 2869 2424 2.707
MRI 2247 2485 2352 2342 209 3295 2794 3.038 2361 1982 2.153
CT 4651 4.726 3535 3.827 3.259 5.030 5967 7.562 5549 5.174 6.492

5.2 Results of Malmquist Index

In this study, the 10-year productivity scores of these OECD countries were computed
using input-oriented MI TFP. The analysis results of the tfpch, techch, effch, pech and sech
for the countries are given in the Table 4. In the 10-year period under investigation, the
general average tfpch of the countries was found at 0.978. Of this, 1.3 % resulted from
decrease in technology, and 0.9 % from a decline in technical efficiency. During this
period, 22 out of 29 countries have had an average tfpch value under 1.

The highest efficiency increase was scored in Greece by 2 %, owing to its efficiency
score increase in the technological progress. Technical efficiency in Greece had decreased
by 2.5 %, while its technological efficiency increased by 4.5 %. The country that has seen
the biggest decrease in its efficiency during this 10-year period is Ireland. Hospital effi-
ciency in this country decreased averagely by 11.9 %, while its technical efficiency
decreased by 2.3 %, and its technological efficiency decreased by 9.9 %. The decrease in
Ireland’s technical efficiency was entirely due to scale inefficiency. Greece needs to
provide services in an appropriate scale, using optimal inputs. Pure efficiency in Ireland
was constant, indicating that the source of such inefficiency was not managerial.

When considering the changes in the average factor productivity against the years, it is
seen that there was either a slight decrease or non at all in each year (Table 5). The biggest
decrease rate in the total factor productivity was seen in 2000-2001, decreasing by 6.2 %
in 2001 compared to its previous year. The reason for this decrease was the decline in the
technical efficiency by 7.7 % in 2001. This shows us that, in general terms, the countries
did not make any progress in terms of technology. Similarly, the decrease in the countries
total productivity still resulted from the lack of technological progress in 2001 and 2002. In
2009 and 2010, technological progress finally began to increase but, this time, technical
efficiency dropped. The reason for the decrease by 0.9 % in the total productivity rate was
the decrease in technical efficiency by 4.8, 4.5 % of which was caused by scale efficiency.
This shows that the countries, in general, did not work in a scale fit to their capacities by
2009.

Figure 1 is a visual representation of the annual average tfpch, effch, and techch for
2000-2010. Even though no increase was found in the change of tfpch overall, it can be
seen that its decrease was slowing until 2004-2005. Had this trend been able to continue by
2005, then health productivity across OECD countries would have taken a positive turn.
However, we see that productivity began to decrease again in the upcoming years. The
biggest share in the increase showed by total factor productivity until 2005 was mostly
coming from the increase in techch. We see that efforts were made to slow the decline in
technological progress until 2005. However, by 2010 efficiency did not change compared
to 2009.
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Table 4 Efficiency averages of
countries in Malmquist Index

5.3 Results of Panel Tobit

Countries tfpch effch techch pech sech

Australia 0.992 0.985 1.008 0.991 0.994
Austria 0.998 0.984 1.015 1.000 0.984
Belgium 1.000 1.006 0.994 1.012 0.994
Canada 0.990 1.010 0.980 1.000 1.010
Czech R. 0.979 1.006 0.974 1.000 1.006
Denmark 1.000 0.978 1.023 0.988 0.990
Estonia 0.982 0.993 0.989 1.006 0.987
Finland 0.974 0.978 0.995 1.000 0.978
France 0.974 1.011 0.964 0.994 1.017
Germany 1.004 1.020 0.984 1.010 1.009
Greece 1.019 0.975 1.045 1.000 0.975
Hungary 0.956 1.000 0.956 1.000 1.000
Iceland 1.010 0.988 1.022 1.000 0.988
Ireland 0.881 0.977 0.901 1.000 0.977
Israel 0.999 1.003 0.997 1.000 1.003
Ttaly 1.001 0.972 1.030 0.991 0.981
Japan 0.990 1.004 0.986 1.000 1.004
Korea 0.971 0.988 0.983 1.000 0.988
Luxembourg 0.978 0.972 1.006 1.000 0.972
Mexico 0.931 1.000 0.931 1.000 1.000
Netherlands 0.991 1.005 0.986 1.000 1.005
New Zealand 0.981 0.984 0.996 0.991 0.993
Portugal 0.895 0.976 0.917 1.000 0.976
Slovak Republic 0.951 0.994 0.956 0.986 1.008
Spain 1.010 0.993 1.018 1.000 0.993
Switzerland 0.996 0.961 1.036 0.983 0.978
Turkey 0.923 1.000 0.923 1.000 1.000
United Kingdom 0.999 1.000 0.999 1.000 1.000
United States 1.010 0.978 1.034 0.985 0.992
Mean 0.978 0.991 0.987 0.998 0.993

Assuming the efficiency scores obtained from the DEA as dependent variables, Panel Tobit
Analysis was applied in the second stage of the study to examine the socio-economic
environmental variables affecting the efficiency. The estimation results of the Panel Tobit
Random Effects model are shown in Table 6. Three models were estimated by Panel Tobit
Analysis. By including the number of the private hospitals into the first model a second
model was obtained and, by including life expectancy into this model, a third model was
formed. In these models, a positive and statistically significant relation was found between
GDP and efficiency, and also in all the three models a statistically significant and positive
relation was seen between education and efficiency. Namely, as the income and education
levels increase, so does efficiency. This finding supports the hypothesis of “Wealthier is
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Table 5 Annual efficiency averages of Malmquist Index

Year Efficiency Technical Pure efficiency Scale TFP change
change change change (pech) change (tfpch)
(effch) (techch) (sech)
2000-2001 1.017 0.923 1.007 1.010 0.938
2001-2002 1.013 0.945 0.997 1.016 0.957
2002-2003 0.995 0.970 1.000 0.994 0.965
2003-2004 1.001 0.989 0.999 1.001 0.989
2004-2005 0.968 1.033 0.998 0.970 1.000
2005-2006 0.967 1.017 0.992 0.974 0.983
2006-2007 1.016 0.960 1.002 1.014 0.975
2007-2008 1.011 0.976 1.003 1.008 0.987
2008-2009 0.952 1.041 0.997 0.955 0.991
2009-2010 0.974 1.027 0.983 0.991 1.000
Mean 0.991 0.987 0.998 0.993 0.978
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Fig. 1 Annual tfpch, effch and techch averages of Malmquist Index

Healthier”, which means that more educated and economically viable individuals live in
healthier states (Self and Grabowki 2003; Pritchett and Summers 1996).

Regardless of public or private sector, there is a significant and negative relationship
between health spending and efficiency. However, public health spending affects efficiency
in a more negative way in comparison to private health spending. Berger and Messer
(2002) correlated the increase in public health spending rate within the total health
spending with higher mortality rates, suggesting that public spending not only affects the
health outcomes but also reflects demographic factors, such as income level, age structure
and health behavior of the population. There are some findings that show, particularly for
OECD countries, that health spending does not increase efficiency, decreasing it instead
(Afonso and Aubyn 2005; Berger and Messer 2002; Evans et al. 2000). In those studies, it
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Table 6 Random effects Tobit

. Variables Model 1 Model II Model IIT
regressions results
GDP 0.049423 0.172816 0.239635
(0.059673) (0.070464)*  (0.079997)%*
Public exp. —0.045900 —0.087284 —0.084828
(0.012433)%%  (0.011944)5%  (0.012250)%**
Private exp. —0.015817 —0.017723 —0.023146
(0.005940)**%  (0.008919)**  (0.010043)**
Education 0.011441 0.014967 0.014649
(0.002315)%  (0.002714)***  (0.002510)%**
Public hospital ~ —0.002757 —0.005979 —0.006176
(0.001128)**  (0.000934)***  (0.000949)**
Private hospital 0.004442 0.004682
(0.002524)* (0.002439)*
Dependent variable is the country ~ Lifeexpect. —0.008406
CRS index for each available (0.007782)
year. Standard errors (Huber/ Constant 0.520961 —0.507851 —0.521511
White) are in brackets (0.542708) (0.606837) (0.559341)
#E p < 0.01; %% p < 0.05; LogLikelihood ~ 36.98166 42.20669 4277662

*p<0.1

was emphasized that an increase in life expectancy causes the number of aged people to
increase drastically, resulting in an increase in health spending across the OECD countries.
Since health spending also reflects the age structure of the population, an increase in those
aged over 65 also increases the mortality rate in the country, while decreasing efficiency.

Life expectancy at birth, reflecting average life expectancy, was found statistically
insignificant. The number of private hospitals was statistically significant and positive,
while the number of public hospitals was found statistically significant and negative. An
increase in the number of public hospitals does not increase efficiency; rather, it decreases
it. It is assumed that an excess in the number of public hospitals due to wrong assignment
of the resources resulting from self- interested expense-preference behavior of public
managers, as well as market failure resulting from the lack of competition in public
hospitals, negatively affect efficiency (Mobley and Magnussen 1998). On the other hand,
an increase in the number of private hospitals, where competition is intense, affects effi-
ciency in a positive way.

6 Conclusion

This study carried out a two-stage performance assessment across 29 OECD countries for
2000-2010. In the first stage of the study, the efficiency scores of the hospitals measured
by DEA. In the second stage the environmental factors affecting the efficiency scores
obtained in the first stage were identified by Panel Tobit Analysis. The paper also
examined the change in the total factor productivity compared to previous years by the
decomposing the change, using Malmquist Productivity Index.

In the first stage of the study, the efficiency scores of the countries were obtained for
each year, using two outputs and five inputs by DEA under the presumption of CRS. It was
found that the efficiency scores achieved after 2000 began to decrease across the countries
in 2004, and reached their lowest points in 2009 and 2010 by 0.842 and 0.819, respectively.
The main reason for this drop is thought to be the cuts made by these countries in their
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health spendings between 2009 and 2011 due to the financial crisis. While Turkey, Mexico,
and the United Kingdom were the most efficient countries during that 10-year period,
Japan, Iceland, France, and Belgium had an efficiency score below the average level. The
reason for this is, in general, the high slack values occurred in the numbers of tomography,
MR, and nurses. It is concluded that these countries should remove the idle capacity
formed on those input values in order to make these processes more efficient. As another
input variable, physicians were found working in full capacity in almost every country. As
for Malmquist total factor productivity, it was concluded that it did not increase on an
annual basis during this 10-year period. The lack of technological progress in 2001 and
2002 was found to decrease in the later years but, this time, there was technical
inefficiency.

In the second stage of the study, the socio-economic factors affecting the technical
efficiency scores obtained by DEA were identified by Panel Tobit Analysis. It was pro-
posed in the paper to use the Panel Tobit Analysis instead of traditional panel data analysis
in order to obtain consistent and unbiased estimators since the dependent variable obtained
by DEA has a censored structure.

As a result of the estimation, there was found a positive relation between GDP and
education; also a positive relation between GDP and efficiency. It is concluded that
countries with more educated and wealthy population have more efficient health systems.
Also, a negative but statistically significant relation between health spending and efficiency
existed. Public health spending was found to impact efficiency in a more negative way
compared to private health spending. Due to the high rate of aged population in these
OECD countries, this is thought to have affected efficiency negatively as a result of an
increase in the care costs for the elderly, chronic diseases, and mortality rates.

It is observed that there is a statistically significant and negative relation between the
number of public hospitals (as another environmental variable) and efficiency. Since public
hospitals are not profit-oriented and do not work to improve their reputation, in short, due
to a lack of competition they might affect efficiency in negative ways, thus leading to such
results. A positive and statistically significant relation was found between the number of
private hospitals and efficiency. Since an increase in this number also brings about com-
petition, it affects efficiency in a positive way.

This study has been intended to not only contribute to the literature but also, to policy-
making strategies. The authors have tried to provide suggestions on what variables should
be focused on and how to have a more effective and efficient health system. A limitation of
this study, in which a number of variables have been used, is the exclusion of some
countries from the analysis due to lack of data.

7 Policy Recommendations

The study found that the GDP as well as education positively correlated with efficiency.
The findings show that people with less education and lower income tend to have poorer
efficient health systems so growth policies are important to foster health production. Also,
increasing the level of education is of great importance because more educated people are
more conscious about their health, and they make healthier life style choices. It is con-
cluded that there is negative relation between the number of public hospitals and effi-
ciency, but a positive relation was found between the number of private hospitals and
efficiency. Since public and private health spending have negative impact on efficiency,
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policy recommendations should address the inefficiency in spending and improper allo-
cation of resources. One of the major policy recommendation that emerges from the study
is for policy makers to pay more attention to allocation of resources in public hospitals.
Resource allocation should be increased or sanctioned based on the health outcome of the
hospitals, rather than number of people treated by the hospitals. Since unlike private
hospitals, there is no motivation created by competition in public hospitals, desired out-
come can only be obtained by proper oversight by the policy makers. In OECD countries, a
growing spending due to chronic illnesses such as cancer, diabetes, and depression, in
addition to health threat caused by obesity and inactivity create a big burden on the budget.
Training programs, guidelines, public spots, etc. should be prepared for better lifestyles,
disease prevention and early diagnosis. Also, health workers should be trained or retrained
to raise awareness and consciousness of the people.
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