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Abstract – It is a fact that countries with robust and inclusive health services have a longer life expectancy at birth. Health
services aim to improve and maintain health. In order to achieve these objectives, an integrated combination of various
activities in which the production of more than one type of output and the consumption of more than one type of resource is
aimed is evaluated. In the study, to examine the efficiency of healthcare in Turkey between the years 2010-2014, which is a
nonparametric Malmquist DEA method is used. We have used three output variables: life expectancy at birth, health adjusted
life expectancy and infant mortality rate and three input variables: number of doctors, number of hospital beds and public
health expenditures as percentage of GDP. Findings reveal that there are a number of both developed and developing cities on
the efficiency frontier, while the great majority of the cities in the sample are inefficient.
Keywords – Efficiency, DEA, Health, Malmquist, Productivity
I. INTRODUCTION
One of the most basic needs of people is to provide
reliable, quality and stable health services. Health services
are all activities carried out by the health sector in order to
improve the health of individuals [1]. The Health
Transformation Program (HTP) of the Turkish health system,
which was initiated in 2003, has shown significant
improvements in wider access to health facilities, quality and
efficiency [2]. The HTP is designed to advance the primary
health outcomes that lag behind comparable countries,
improve the quality and efficiency of the health system,
increase equal access to health facilities, and achieve
universal coverage [3]. The reform combined multiple
coverage plans in which different authorization rules had a
single Social Security Institution (SSI), where restructuring
and redistribution were developed. The expansion was
around 7.7%, with healthcare spending well above other
OECD countries. Private sector over the past decade, Turkey
has developed rapidly, including the less developed regions
and currently represents about 18% of hospitals and 36% of
all hospital beds.
Life expectancy at birth, infant mortality, maternal
mortality and infant mortality are related as shown by the
statistics has improved over the last decade in an impressive
way in Turkey [4].
The health spending in Turkey is similar to the course of
development occurring in the world and is experienced yearover-year increase. During 2000-2016, according to data
obtained from TURKSTAT, the average share of total health
expenditure in GDP in Turkey is 5%. In addition, there is a
steady upward trend in total health expenditures and per
capita health expenditures. The average annual increase in
total health expenditures was 13.53%. Thus, total

expenditure, which was 51 billion in 2007, approached 120
billion in 2016 [5].

Liu and Zhang [6] analyzed provincial government health
input dynamic efficiency by Malmquist index method and
examined whether there exists convergence of the efficiency
of the eastern middle and west provinces. Hadad et al. [7]
analyzed the technical efficiency of health production across
the OECD countries, using the data envelopment analysis
(DEA) method. In their study, Data envelopment analysis
(DEA) was utilized to calculate OECD countries’ healthcare
system efficiency. Life expectancy and infant survival rate
were considered as outputs in both models. Healthcare
systems’ rankings according to the super-efficiency and the
cross-efficiency ranking methods were used to analyze
determinants associated with efficiency. Gok and Sezen [8]
investigated the efficiencies of hospitals in Turkey with
respect to their ownerships (i.e. state, education & research,
university and private) for the years 2001 to 2006. Gök [9]
examined the role of medical technology for improving
service quality. For this purpose he empirically analyzed the
relationship between the efficiency of medical technology
and perceived service quality in Turkish healthcare services.
Accordingly, inefficiency causes of medical technology were
also discussed in his study. Data Envelopment Analysis
(DEA) was applied to analyze the medical technology-based
efficiencies of teaching hospitals in Turkey for the study
years from 2008 to 2010. Kohl et al. [10] reviewed 262
papers of DEA applications in healthcare with special focus
on hospitals and therefore closes a gap of over ten years that
were not covered by existing review articles. The aim of this
study is to examine to the case of Malmquist indices
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constructed from nonparametric distance function estimates
using data of Turkey’s healthcare during the period of 2013
through 2017.
II. MATERIALS AND METHOD
DEA, as developed by Charnes et al. [11] and extended by
Banker et al. [12] is a linear programming technique based on
approach for measuring the relative efficiencies. The
efficiency of a Decision-Making Units (DMU) is expressed
in terms of a set of measures which are classified as DEA
inputs and outputs [11]. DEA evaluates the relative technical
efficiency with linear programming model by using input and
output variables from similar and homogeneous decision
making units (DMU). DEA has two key advantages for
efficiency analysis: (1) it readily analyzes multiple inputs and
outputs at the same time therefore, (2) captures more specific
production characteristics of each unit [8].
If there are m inputs and s outputs for each of the n
decision-making units in DEA, the i-input amount of the jth
decision-making unit is xij ≥ 0 and the r-output amount
produced by the j-decision maker yrj ≥ 0.
Input oriented fractional DEA model including:

The DEA relative efficiency measure for a target decision
making unit k can be determined by solving the CCR
(Charnes, Cooper and Rhodes) or BCC (Banker, Charnes,
Cooper) models. CCR model calculates the efficiency ratio
for the DMUs based on their inputs and outputs and it is
under constant returns to scale (CRS) technology which are
inputs and outputs linked in a strictly proportional manner.
The others BCC model is under variable returns to scale
(VRS) technology and it estimates the pure technical
efficiency of a DMU at a given scale of operation. The only
difference between the CCR and BCC models is the
convexity condition of the BCC model, which means that the
frontiers of the BCC model have piecewise linear and
concave characteristics, which lead to variable returns to
scale [12].
DEA assigns an efficiency score, one to efficient units and
less than one to inefficient units. Then, it evaluates the
technical efficiency of DMUs but doesn’t allow for a ranking
of the efficient units themselves. When the data of evaluated
DMUs is the panel data containing more than one observed
values of time points, the changes in productivity and the
respective roles of technical efficiency and technical progress
on the productivity changes can be analyzed, which is the
commonly-used Malmquist productivity index (MPI). [13]

first calculated the Malmquist Index by using the DEA
method, and decomposed the Malmquist Index into two
aspects of change: one is the change of technical efficiency of
the evaluated DMU in two periods; the other is the change of
production technology, reflecting the changes of the
production frontier in the DEA analysis.
Caves et al. [14] explained the following formula by
calculating the total efficiency between two different periods.

Here, y is the output vector and x is generated using the
input vector. The output specifies the process function and
the variable describes the efficiency change in the period t
and t + 1 under the boundary technology reference for period
t. As always, M gives the geometric mean of the period
studied and shows the progress or decline in the period of the
DMU s boundary value technologies. If M> 1, productivity
develops, M = 1 does not change productivity, M <1
decreases productivity. MPI is examined in two parts;
Technical Efficiency Index of Change (TECI): Indicates
the change in the proportional efficiency of an DMU for the
process t to t + 1.
Technological Change Index (TCI): Explain the
technological changes in the boundary between periods in the
time period.
MPI is described as follows.
Malmquist productivity index = TECI * TCI
While the Technical Efficiency Change Index describes the
performance of the decision-making unit in improving its
effectiveness, the Technological Change Index is used to
explain healthcare efficiency between the two periods and is
generally related to health operating technologies [15].
When creating a model, it was taken into consideration
that there are homogeneous systems that produce the same
outputs with the same inputs and are not affected by external
factors in a very different way in accordance with the purpose
of the study. For this reason, data were obtained from the
Ministry of Health, State Hospitals affiliated to the Ministry
of Health were selected for effectiveness measurement, and
the major cities and provinces where they were located were
accepted as Decision-Making Units (DMU). In the analysis,
no distinction was made between the big cities and provinces
and the activity scores of the DMUs were listed. From 2010
to 2014, efficiency analyzes of 55 metropolitan and
provincial hospitals were conducted with DEA using a nonparametric, input-oriented approach. In this model, total
factor productivity model of Malmquist Index was used with
the assumption of constant return to scale and the results
were evaluated. We have used three output variables: life
expectancy at birth (y1), health adjusted life expectancy (y2)
and infant mortality rate (y3) and three input variables:
number of doctors (x1), number of hospital beds (x2) and
public health expenditures as percentage of GDP (x3). Models
were analyzed in Max – DEA Ultra program.
III. RESULTS
Table 1 shows the efficiency of DMUs with all variables
between 2010 - 2014. The first part of the table shows the
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efficiency values for all DMUs during the years. If the
efficiency score is 1, there is no change in efficiency, if it is
below 1, it decreases and if it is above 1, it increases. When
the index of change in efficiency is greater than 1, it means
that the shift of service production limit is shifted up or new
innovations are applied. The scale efficiency (Pure Efficiency
Change and Scale Efficiency Change) calculated in the
analysis shows that the enterprise provides services at the
appropriate scale.

As the input and output variables differ in the future
studies, the findings will change to a great extent. Therefore,
the studies to be performed with different input and output
variables can be evaluated by comparing with this study.
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