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HEALTH EFFICIENCY MEASUREMENT IN TURKEY BY
USING DATA ENVELOPMENT ANALYSIS:
A SYSTEMATIC REVIEW

Gozde YESILAYDIN'
ABSTRACT

Objective: This paper provides a systematic literature review that
compiles studies on health efficiency analysis using data envelopment
analysis (DEA). This study aimed to compare different researches on
efficiency analysis in healthcare in Turkey. Also it was aimed to determine
which decision making unit (DMU), which input and output variables were
used frequently in these researches.

Method: Data envelopment analysis (DEA) is one of the most
commonly used efficiency measurement methods in health care. In DEA,
selection of input and output variables is very important issue for assessing
efficiencies of decision making units. Because this selection varies from
researcher to researcher, so it is a subjective issue. In this study, studies
conducted by using DEA in health care between 2010 and October 2017
have been examined.

Results: For the selection of studies conducted using DEA in health
care, some eliminations were made according to the criteria determined by
the author. According to the results, In Turkey, DEA was frequently used in
2010. Researches are published as only articles in 2017.The greatest
diversity in terms of types of the studies is in 2010. More than half of the 52
studies (approx. 62 %) selected hospital as a decision-making unit.The most
frequently used input variable was identified as "the number of physicians"
and output variable was “the number of surgical operations”.

Conclusion: It is thought that this study will guide for researchers,
academics and health economics to evaluate the efficiency of health care
using DEA in terms of the selection of input and output variables which is the
most important stage of DEA applications. Also, with this study, it has tried to
create awareness for policymakers and health managers toimprove the
efficiency of their organizations.

Keywords: Data envelopment analysis, efficiency, healthcare, hospital,
systematic review
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Veri Zarflama Analizi ile Tiirkiye’de Saglik Etkinliginin Olgiilmesi:
Sistematik Bir Analiz

Ozet

Amag: Bu calisma, veri zarflama analizi yontemikullanarak saglik
alaninda etkinlik analizi yapan c¢alismalarin derlendidi bir sistematik analiz
calismasidir. Calismada Turkiye'de saglik alaninda etkinlik analizi tzerine
yapilan farkli arastirmalarin karsilastirilmasi amaclanmistir. Ayrica bu
calismalarda hangi karar verme birimlerinin; saglikla iligkili olan hangi girdi
ve ¢ikti degiskenlerinin ne siklikla kullanildigi belirlenmeye calisiimistir.

Method: Veri zarflama analizi (VZA), saglik alaninda yaygin olarak
kullanilan etkinlik 6lgme yontemlerinden biridir. Veri zarflama analizinde
karar verme birimlerinin (KVB) etkinliklerinin degerlendirilmesi icin girdi ve
cikti degiskenlerinin sec¢imi oldukga &6nemlidir. Cunkd girdi ve ¢kt
degiskenlerinin sec¢imi, arastirmacidan arastirmaciya degismektedir, bu
nedenle secim Ozneldir. Calisma kapsaminda 2010-Ekim2017 yillan
arasinda saglik alaninda veri zarflama analizi kullanan g¢alismalar
incelenmigtir.

Bulgular: Saglik hizmetlerinde veri zarflama analizi yontemi
kullanilarak yapilan calismalarin secimi igin, yazar tarafindan belirlenen
kriterlere gore bazi elemeler yapilmistir. Calismanin sonuglarina gore,
Tarkiye'de veri zarflama analizi siklikla 2010 yilinda kullaniimistir. 2017
yilinda yapilan calismalarin hepsi makale olarak yayinlanmigtir. Yayin
tirine gére en fazla gesitlilik 2010 yilina aittir. incelenen 52 calismanin
yarisindan fazlasi (yaklasik %62’si) karar verme birimi olarak hastaneleri
secmistir. Calismalarda en sik kullanilan girdi degiskeni “hekim sayisi”; ¢ikti
degiskeni ise “ameliyat sayisi” dir.

Sonug: Bu calismanin, veri zarflama analizi uygulamalarinin en énemli
asamasi olan girdi ve ¢ikti deg@iskenlerinin segimi agisindan veri zarflama
analizi yontemini kullanarak saglik alaninda etkinlik degerlendirmek isteyen
arastirmacilara, akademisyenlere ve saglik ekonomisi calisacaklara yol
gOsterecedi dusunidlmektedir. Ayrica bu calisma ile politika yapicilar ve
saglik yoneticileri icin orgitlerinin etkinligini iyilestirmek adina farkindalik
yaratilmayagaligiimistir.

Anahtar Kelimeler: Veri zarflama analizi, etkinlik, saglik, hastane, sistematik
analiz

Introduction

Health services, which are one of the development indicators of
the societies, are important for all countries. Due to the acceleration
of globalization, the advancement of technology, the increasing
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awareness of healthcare users and the rising the costs of health
services, healthcare providers should be more careful in providing
healthcare services and evaluate the efficiencies of their services.

Today, the needs are endless, but the resources needed to meet
them are limited. For this reason, one of the most important elements
of competing in a changing and developing world is to use available
resources effectively and efficiently. It is necessary to measure
whether resources are being used efficiently, to determine at what
level they are used efficiently, to make comparisons between
countries or businesses that operate in the same sector or produce
similar products / services. For this purpose, efficiency analysis is one
of the commonly used methods by researchers.’*

With efficiency measurement, it is possible to determine the
current situation, weaknesses and strengths, to compare with relative
activities of similar economic units, to determine the differencesand to
make further analyzes on these differences, to identify priorities to be
used in decision making, to set policies, realistic goals and new
strategies for improving the efficiency.>fIn this way, information that
can be a guide for businesses, administrators and policy makers can
be obtained.

One of the major problems in terms of management of
enterprises is the determination of the relative efficiencies of decision-
making units that produce similar outputs with similar inputs’. This
challenge is also the case for health care institutions. Moreno et al.
(1999) stated that hospital efficiency can reach an adequate level if
hospital administrations distribute resources appropriately.®

Despite the different techniques used for efficiency
measurement, DEA has ingreasingly been widely used method. DEA
is a linear programming based, nonparametric method used to
measure relative efficiencies of multiple similar decision making units
and to produce similar outputs using similar inputs.®'3In this method,
the "best" decision-making unit that produces the most output
composition by using the least input composition is determined. This
"best" decision-making unit sets the efficient frontier. This is
considered as a "reference" and the efficiency of the ineffective
decision-making unit is measured radially according to this reference
point. The efficiency of other decision-making units are determined by
proportionally measuring their distance from this frontier.'
®Therefore, the DEA compares each decision-making unit with only
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the "best".’® 7In the DEA, each decision-making unit is evaluated
separately and the efficiency of them is determined by whether it is
above or below the efficient frontier”.

Determination of inputs and outputs is the most important issue
for researchers to conduct DEA application. In the course of this
thought, in this study, it was aimed to determine which decision
making unit, which input and output variables are used frequently to
evaluation of health efficiencies. So,this study will guide for
researchers and academics to evaluate the efficiency of health care
using DEA in terms of the selection of input and output variables
which is the most important stage of DEA applications.

Data Envelopment Analysis In Health Sector

Data envelopment analysis is a method that is frequently
preferred and widely used in health sector'® ' While some of the
studies usingDEA in health sector have been published as research
articles; some studies have been designed as systematic review
articles.For example, Hollingsworth et al. (1999) counted a total of
ninety oneDEA studies in health careby 1997."°O'Neill et al. (2008)
examined seventy nine studies conducted between 1984 and 2004 to
evaluate the efficiencies of hospitals using DEA in which twelve
countries were represented.?’ In the study, the input and output
variables are grouped and detailed information about them is
presented.Pelone et al. (2015) compiled studies that measure the
efficiency of institutions that provide primary health care using DEA.
21As a result of certain criteria, a total of 39 studies have been
reviewed. In theirstudy, some features such as countries where the
studies are conducted, the types and numbers of decision-making
units and the models are mentioned. For example, when looking at
the graph of changes in numbers of studies by years, it seems that
maximum number of studies conducted using data envelopment
analysis in primary health care services have been done between
2011-2014. Ayricay and Ozcalici (2014) examined more than a
hundred articles using data envelopment analysis published in Turkey
between 1997 and 2012.22They found that DEA was used to evaluate
the efficiencies of health and financial institutions at the most.

The selection of inputs and outputs is a subjective issue because
there is not a definite rule for the selection of them.%Selected inputs
must include the resources and selected outputs must reflect the
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activities of decision-making units."” 3The inputs and outputs which
do not represent the process well in the analysis will cause the
efficiency measurements to be unhealthy.”®On the other hand,
ignoring an important variable can change the outcome of the
efficiency and cause to decrease the efficiency scores of the
decision-making unit that actually uses this variable effectively.?*For
this reason, a list of all variables considered to be necessary and
influenced by the process of selection of input and output should be
extracted. But in addition to this, the number of inputs and outputs
should be kept at a reasonable level." *Because of this issue, if
there are many variables, the number of decision-making units also
increases. But this situation disrupts a homogeneity problem.®

Methodology

The selection of input and output variables has a great
importance, especially for the health sector. In general, for health
services it is very difficult to find appropriate variables 2°, to obtain
accurate input and output data and to access reliable databases
where have uniform definitions of input and output. For this reason,
the aim of this study is to determine what input, output variables and
decision-making units are used in studies, which efficiencies of
healthcare is assessed by DEA; and what input and output variables
used in the last few years are.

In this study, firstly researches in the health care literature
evaluated efficiency by DEA have been determined. The literature
has been thoroughly reviewed and it has seen that data envelopment
analysis has been used in a wide range of studies in healthcare. In
order to narrow the numbers of these studies and to obtain up-to-date
information, it has been decided to examine those studies involving a
seven-year period. Therefore, studies conducted by using DEA in
health care between 2010 and October 2017have been examined.

Databases such as Google Scholar, Ebscohost, Institutions of
Higher Education Database in Turkey were scanned to reach all of
the studies that measure health care efficiency using data
envelopment analysis. Afterwards, some eliminations were made
according to the criteria determined by the author. The criteria set by
the author are as follows:
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v' Using data enveloping analysis in applications for health
care,

\

To include research article, not review article,

Using Turkey, the presence of Turkey or health institutions
operating in Turkey as decision-making units,

(\

To access the full text of research,
The publication of the studies between 2010 and 2017,
Published in English and Turkish languages,

To find ‘efficiency", ‘"efficiency analysis" or "data
envelopment analysis" statements in the title of the study

AN

Publications matching these criteria have been evaluated within
the scope of the study. A total of 52 publications fulfilled the inclusion
criteria. These researches were examined according to the
publication year, type of the research, input variables, output
variables and decision-making units used by these publications.

As a result of the findings, numerical and percentage data about
input, output variables and decision-making units of publications
matching the criteria are shown with graphs and tables.

Results

Within the scope of the study, there are 52publications (see the
Appendix) published in seven years period between 2010-2017. The
distribution of these publicationsby years is given in Figure 1.

Figure 1

In Turkey, DEAwas frequently used in 2010 to analyze efficiency
of healthcare service. In 2011, the numbers of the studies used in
DEA decreased suddenly and in this year there are only six studies in
terms of the criteria. Although there are increased interest to apply
DEA after 2011, it has not reached the level of 2010 again (Figure 1).
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Figure 1. Number of DEA Publications by Years
The distribution of types of publications by years are presented in
Figure 2.
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Figure 2. Distribution of Types of Publications by Years
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It has been determined that publications are only published as
articles in 2017. In 2011, 2012, 2014 and 2015 also master thesis
have been published out of articles. In terms of the types of studies,
the greatest diversity is seenin 2010.Unlike other years, one doctoral
thesis and one proceeding paper also have been published in 2010
(Figure 2).

Table 1 provides an overview about different DMUs used in
publications.

Table 1. Decision-Making Units of DEA Applications

Decision Making Units n %
Hospital 32 61.54
Family Medicine Units 4 7.69
OECD Countries 3 5.77
Physicians / Family Physicians 3 5.77
Nomenclature of Territorial Units for Statistics in Turkey 2 3.85
Oral and Dental Health Center 2 3.85
Public Hospitals Association 2 3.85
Organ Transplant Center 1 1.92
Provinces of Turkey 1 1.92
Turkey and The Balkan Countries 1 1.92
G-20 Countries 1 1.92
Total 52 100.00

In a large number of studies, hospitals has also been used as
DMUs. More than half of the 52 study (61.54%) selected hospitals as
decision-making units. Out of the hospital, 7.69% of the studies used
the Family Medicine Unit, 5.77 % of them used the OECD countries
and physicians/family physicians, 3.85 % of the studies evaluated the
efficiency of Nomenclature of Territorial Units for Statistics in Turkey,
Oral and Dental Health Center and Public Hospitals Associationas
DMUs (Table 1).

Different input and output variables are used to analyze the
efficiency of different decision making units. In this study, it was
determined which input and output variables was used frequently in
the publications. But, DEA is a data-driven method and the results are
sensitive to selection of these variables. For this reason, in order to
provide homogeneity, information about the most commonly used
input and output variables to evaluate the efficiency of hospitals was
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presented in this paper. Because hospital is used commonly (61.54
%) as a DMUs in publications.

Information about input variables used in the thirty two
publications that selected the hospital as a decision-making unit is
given in Figure 3.
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Figure 3. Input Variables Used in Publications That Selected The
Hospital as a DMU

*Since more than one input variable is used in the same study, the sum of
the numbers is more than 52

“Number of phyisicians” was used in 28times and ‘humber of
beds” was used in 27times as an input variable in the studies which
decision-making unit was a hospital.In addition to these two input
variables, “‘number of nurses”, “number of other employees” and
“amount of expense” are often used in the studies (Figure 3). While
some of the studies using the number of physicians as an input
variable refered to the total number of physicians; some of them used
a number of specialist physicians, general practitioners, and assistant
physiciansseparately as an input variable. However in this study,
there was no distinction of physician type.

Information about the output variables used in the thirty two
studies that selected the hospital as a decision-making unit is given in
Figure 4.
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Materials Used in Medical Activities & 1
Number of Hospitalized and Discharged Patients &l 1
Hospital Mortality Rates &l 1
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Number of Surgical Operations & d 23
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Figure 4. Output Variables Frequently Used in Researches Using the
Hospital as a Decision-Making Unit

*Since more than one input variable is used in the same study, the sum of
the numbers is more than 52

“The number of surgical operations” was used as an output
variable in 23 times and “Thenumber of discharged patients” was
used as an output variable in 15times in the studies which decision-
making unit was a hospital. Out of these two variables, other output
variables that are frequently used are “number of outpatients, number
of inpatient” and “number of inpatient days” (Figure 4).

The list of 52selected publications selected according to the
criteria are in Appendix.

Conclusion And Recomendations

In recent years, limitation of resourcesin health services, which is
an important issue for individuals and community life, the continuous
increase in health expenditures, changes in disease structure,
innovations in medical science and technology and also competition
among service providers require health services to be delivered
effectively and efficiently. For this reason, the businesses
continuously measure their efficiency.
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Data envelopment analysis (DEA) is one of the widely used
efficiency measuring method in the literature. But, there is no
common DEA model to meet needs of all businesses. Each
Businesses chooses the appropriate input and output variables
according to their structure. Selection of input or output variables is
an important issue that varies depending on what you want to see as
an output, which inputs or environmental factors are more likely to
affect this output?®.Therefore, the input and output variables used to
compare the relative efficiencies of decision-making units are selected
with great care and accuracy. 2”2 Moreover, in order to measure health
outcomes, the appropriate analytical method which combines the
possible number of inputs and outputs should be defined. %°

Data envelopment analysis is also often used for efficiency
measurement in health care. The selection of input and output
variables is also very importantfor the health sector. In general, it is
very difficult to find appropriate variables according to the nature of
health services?S, to obtain accurate input and output data and to
access reliable databases where uniform definitions for input and
output variables related to the healthcare are involved in.

Because of the absence of a standard input—output set in health
care, there are different inputs and outputs in the literature. This is a
distressing and complicated situation for researchers who want to
measure efficiency using data envelopment analysis. This study is
designed to resolve this complexity, to give information about the
most frequently used input and output variables and be able to help to
the researchers, academics and health economics.

In this study, there are 52 studies that meet the criteria set
created by the author. In Turkey, DEA was frequently used in 2010 to
analyze efficiency of healthcare service. Researches are published as
only articles in 2017. In 2011, 2012, 2014 and 2015, master thesis has
also been worked out of the articles. The greatest diversity in terms of
types of the studies is in 2010.Unlike other years, one doctoral thesis
and one proceeding paper also were published in 2010.

More than half of the 52 studies (approx. 62 %) selected hospital
as a decision-making unit. In this study, since the most used decision-
making unit was the hospital, information about the most commonly
used input and output variables of publications evaluated the
efficiency of hospitals was presented.lt is thought that the
homogeneity will be provided in the compilation of the data. Input and
output variables that are frequently used in top five of
researchesevaluated the hospitalefficiencyare given in Figure 5.
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HOSPITAL

n= 32*

Inputs

Number of Number of Number of Number of Other Amount of
Physicians Beds Nurses Employees Expense
n=28 n=27 n=12 n=8 n=8

Evaluation of

Hospital Efficiency
Outputs
No.of Surgical No. of Discharged No.of No.of Inpatient No.of
Operations Patients Outpatient Inpatient Days
n=22 n= 15 n= 14 n=12 h0

Figure 5. The Summary oflnput and Output Variables of Publications Evaluated The Hospital Efficiency

*Several input and output variables have been used in more than one studies



Ankara Saglk Bilimleri Dergisi 2017 (1-2-3) 61

It is very important that health manpower must be sufficient in
terms of quality and quantity for assessing the efficiency of hospitals.
In this study, the most frequently used input variable was identified as
"the number of physicians". This input variable is followed by “the
number of beds”, “the number of nurses”, “the number of other
employees” and “amount of expense” respectively. Input variables
that are frequently used in top five of 32 studies whose decision-
making unit was a hospital can be collected under three groups
(labor, beds, expense).Similarly, O'Neill et al. (2008) collect hospital
input variables under three broad sub-categories (capital investment,
labor and other operating expense).?® When foreign literature is
examined except for the publications made in Turkey, similar findings
are optained with this study.In international publications, the number
of physicians, number of nurses, number of beds, number of other
personnel, total amount of expense were used as input variables in
evaluation of hospital efficiency.3%-33

In the study, the most frequently used output variable was “the
number of surgical operations”. This output variable is followed by
“the number of discharged patients”,“the number of outpatients”, “the
number of inpatient”, “the number of inpatient days” respectively.
O’Neill et al. (2008) identified hospital oputput variables into four sub-
categories: (1) “medical visits, cases, patients and surgeries”; (2)
“‘inpatient days”; (3) “admissions, discharges and services”; (4)
“atypical, teaching and specific output categories.Findings in this
study are also compatible with these four categories. It can be said
that the output variables used in the studies are more diversified than

input variables.

As a result, the aim of this study isto determine commonly used
decision making units, input and output variables in health carein
Turkey through a systematic review. This study will provide important
information about understanding the strengths, gaps and limitations of
evaluating the health efficiencies and assist to hospital managers,
policy makers, researchers, academics and health economics. With
this study, also it will be contributed to the literature and future studies
to be conducted on healthcare efficiency.

For future researches, it is recommended to fill the gaps in
selection of input and output variables, to integrate the using of the
other relevant input and output factors such as environmental
variables like socio-economic and lifestyle factors. Varabyova and
Muller (2016) considered education, income, unemployment, income
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inequality and age structure as an socio-economic factors; tobacco
consumptions, alcohol consumptions, dietary choice and pullution as
an lifestyle factors.3* All of these factors are related to health, whether
directly or indirectly. Because, health is not a single concept, it isa
multidimensional notion.
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