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OZET
Oztiirk, Elif Goksu OECD Ulkeri Saglik Sistemleri Performansi: Veri Zarflama Analizi,

Yiksek Lisans Tezi, Ankara, 2016.

Saglik ekonomisi iilkelerin gelismislik seviyesi, etkililigi ve etkinligini dlgmek igin
kullanilan en 6nemli ekonomi alanlarindan biridir. Her {ilke, i¢ginde bulundugu ekonomik,
kiltiirel ve sosyal duruma gore kendi saglik politikasina kendisi karar verir. Bu
politikalarin karar merkezindeyse genel olarak saglik finansmanlar1 ve sinirli kaynaklarin
kullanim1 g6z 6niinde bulundurulmaktadir. Bu noktada diinyada kullanilan dort ana saglik
sistemi modelinden bahsetmek miimkiindiir. Bu modelleri; vergi 6demeleriyle
finansmanini saglayan Beveridge, isveren ve is¢ilerin sigorta 6demeleriyle finansmanini
saglayan Bismarck, hem vergi hem sigorta 6demeleriyle finansmanini saglayan National
Health Insurance System (Ulusal Saglik Sigortasi Sistemi) ve son olarak direk olarak 6zel
O0demeleri temel alarak saglik sistemini finanse eden Out-0f-Pocket olusturmaktadir. Bu
tezin temel amaci az 6nce adi gegen saglik sistemlerinden hangilerinin iilkelerin saglik
sistemleri performansi ilizerinde daha etkili oldugunu kesfetmektir. Bu ¢calisma yapilirken
saglik sistemlerinin kaynaklar1 ve finansal saglik modellerinin farkliliklar1 g6z oniinde
bulundurularak OECD iilkelerinin saglik sistemleri performans seviyeleri arasindaki
farkliliklar bulunmaya c¢aligilmistir. Veri zarflama analizi iilkelerin etkililik seviyelerini
aciklamak i¢in kullanilmistir. Veri zarflama analizi sonuglarina gore, hangi saglik sistemi
modelinin digerlerine gore daha iy1 oldugu tartisilmistir. Beklenen Yasam Siiresi ve
Bebek Kurtulma Orani cikt1 verileri olarak almirken, Kamu Saglik Harcamalari, Ozel
Saglik Harcamaladir, Gayri Safi Yurti¢i Hasila ve Doktor Sayisi girdi verileri olarak
calismaya dahil edilmistir. Veri arali1 sozii gegen tiim girdi ve ¢ikt1 veriler i¢in 2000
yilindan 2014 yilina kadar ki 15 seneyi kapsamaktadir. Calismaya Veri Zarflama Analizi
uygulanmadan Once, secilen verilerin genel gercevesini géremek ve gilivenilirliginden
emin olmak i¢in dogrusal regresyon analizi yapilmistir. Veri zarflama analiziyle elde

edilen sonuglar gegmis ¢aligmalarin buldugu sonuglarla uyumluluk géstermektedir.

Anahtar Sozciikler: Veri Zarflama Analizi, Saglik Ekonomisi, Saglik Sistemi Modelleri,

Dogrusal Regresyon Analizi



ABSTRACT
Oztiirk, Elif Goksu. Health System Performance in OECD Countries: Data Envelopment

Analysis, Master’s Thesis, Ankara, 2016.

Health economics is one the most important areas of economical science to measure
countries’ development levels, efficiency and effectiveness. Every country implements
their own health policy according to countries’ economic, cultural and social situations.
These policies mainly include an arrangement about health financing and usage of limited
health resources. There are four main health financing approaches in the literature, which
are Beveridge based on tax payment to provide healthcare services to their citizens,
Bismarck based on employer and employees payroll deduction to provide healthcare
services to their citizens, National Health Insurance based on both tax payments and
insurance to provide healthcare services to their citizens and Out-of-Pocket based on
directly private payments to provide healthcare services to their citizens. The main
purpose of the study is to understand the effect of these different health system models
on healthcare system performances. In this dissertation, taking into account the resources
of health systems and the differences in their financing models, diversities were tried to
be found between the OECD countries’ health system performance levels. Data
Envelopment Analysis (DEA) was implemented to determine efficiency levels of
countries. According to DEA results, the question as to which health system model is
better was discussed. Life Expectancy and Infant Survival Rate were chosen as output
variables. Public Health Expenditures, Private Health Expenditures, GDP per Capita and
Number of Physicians were chosen as input variables. Data on the above variables from
2000 to 2014 were used in this thesis. Before the DEA implementation, linear regression
analysis was implemented to see the general frame and the robustness of the data.

Efficiency results mainly show compatibility with previous studies’ results.

Key Words: Data Envelopment Analysis, Health Economics, Health System Models,
Linear Regression Analysis.
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1. INTRODUCTION

Healthcare expenditures serve a big function in evaluating countries, since healthcare
system is directly related to the economic development level. (Hadad , Hadad , & Simon-
Tuval , 2011) A fast growing demand of public services prompts countries to improve
their health outcomes, education, research and development (R&D) systems, or briefly
their economies. One of the most important development index of economies is the
healthcare expenditures on Gross Domestic Product (GDP). Healthcare expenditures have
long been acknowledged as an important parameter on country development level.
However; several researchers in the literature show that the size and the government’s
policy on healthcare can also impact these expenses. Thus, we should not interpret

country's development level only by their expenditures.

There are many health care policies conducted by governments for reaching high
development levels on health care. In general, these models can be grouped into three

major types: Beveridge, Bismarck and National Health Insurance Models (WHO, 2000).

The Beveridge model was firstly implemented in England. In this system, patients never
get doctor bills. Government finances the healthcare expenditures with high tax rates.
This system can be called as tax based system, basically. Every healthcare services are
provided by the government. On the other hand, the Bismarck model was first
implemented in Germany (Kutzin , 2011). In contrast to the Beveridge model, healthcare
funding is provided by employers and employees through payroll deduction in Bismarck
model. This system may determine a kind of social health insurance system. (Kutzin ,
2011) The National Health Insurance Model has some aspects of elements from both
Beveridge and Bismarck. (WHO, 2000)

This thesis analyses and comparisons of the healthcare finance models across
Organization for Economic Co-operation and Development (OECD) countries are being
used for current health output and input data. Following part of the thesis includes detailed
explanation of health system models. In this process, advantages and disadvantages of

these models over each other will be discussed and the model used by OECD countries



will be analyzed. The second part of this research involves some descriptive information
about differences of health system and health system performances. Then, efficiency and
effectiveness will be discussed. Finally, Data Envelopment Analysis (DEA) and its
graphical explanation will be introduced. Life Expectancy and infant survival rate will be
used as outputs in the DEA model. Per capita GDP, number of physicians and healthcare
expenditure rates will be used as an input variables. For measuring financing and funding
system differences, expenditure rate will be separated into public and private expenditure
on health systems. The effects of these indicators on health care systems will be
determined. Moreover, there will be a broad literature review about previous studies in
third part of the study. After these theoretical parts, the empirical analysis part will
commence. OECD countries will be separated with respect to their health care system,
then, according to the selected inputs and outputs, DEA will be implemented. Before
DEA implementation, some statistical analyses will be generated to see the general frame
of data and time effect. Finally, countries will be compared with each other according to

conclusions and there will be a discussion about which healthcare system is better.

1.1. THE MODEL OF HEALTH SYSTEMS

From the beginning of the history, people tried to protect and care for their health. In
previous decades, herbal and spiritual treatments had been more common.
Industrialization, population growth, epidemics and wars forced governments to create
and organize health care systems and models for their inhabitants. Every country has a
health system which they implement for providing their citizens with healthcare

necessities.

According to definition of WHO, health is well-being completely from physical, mental
and social aspects and disappearance of sickness. Besides, Health is one of the most
important issues for every country. It affects all citizens. Likewise, it has effects on the
country's development level. High health expenditures do not always indicate a higher
development level, although health expenditures and development level of country shows
a parallelism with each other. However, the size of country should not be ruled out.



Healthcare expenditure (health system cost) is an increasing burden for economies. Every
country tries to provide easy access to healthcare services for their citizens in spite of
controlling cost applications (Mirmirani & Lippmann , 2004). The report of World Health
Organization (WHQO), 2000 reorganized all countries according to their healthcare
systems policies. Moreover, this report mentions that different health system models
show up according to different social requirements.

There are three main models which can be separated according to their funding systems.
These are Bismarck which is also known as Social Health Insurance (SHI); Beveridge is
also known as National Health System (NHS) and National Health Insurance Model.
There is one more a model implemented only by US, which is the Private Insurance
System. Detailed information about these healthcare system models and countries that

follow them are described below.

Beveridge Model was firstly implemented by UK in 1948. In this model, healthcare is
financed and provided by government. Citizens can access all kind of healthcare services
whenever they want without paying any bills. However, the citizens of the Beveridge
Model countries pay higher tax rates for getting medical care when compared to other
countries’ citizens because government finances the health care through tax payments.
The OECD members of this model are Australia, Denmark, Finland, Greece, Iceland,
Ireland, Italy, New Zealand, Norway, Portugal, Spain, Sweden, Slovenia and UK. (Kutzin
, 2011)

Bismarck Model was first implemented by Germany in 1883. Providers and payers of the
system are private. Thus, private insurance plans are mainly financed by employers and
payroll deduction. However, the system does not include any profit oriented purpose.
Moreover, one of the main aims of the system is covering all citizens’ needs
indiscriminately. Main attributes of this system are non-profit and government-run. The
OECD members of this model are Austria, Belgium, Czech Republic, Estonia, France,
Germany, Hungary, lIsrael, Japan, Luxembourg, Netherlands, Poland, and Slovakia.
(Kutzin , 2011)



National Health Insurance Model can be accepted as a mix of Beveridge and Bismarck
health system models and it started in Canada. Providers of this system are private while
payers are government-run insurance programs that are afforded through citizen’s
payments. In addition, they seek all healthcare systems from every part of their country
(Lanode , 1981). This system is also a non-profit system. Moreover, costs of the system
might be controlled by limiting the medical services or delaying the treatments of patients.
Furthermore, pharmaceuticals and medical equipment are easy to access and more
reachable for citizens. The only purpose of this system is to provide excellent healthcare
services to everyone. The OECD members of this model are Canada, Korea, Turkey, and
Mexico. (WHO, 2010)

Private Insurance Model (Out-of-pocket) is the special health care system of US. This
system does not cover needs of the all the citizens. If the patient has no money, the
government does not provide any healthcare system for them. All providers and payers
of this system are private. The biggest part of the medical care should be afforded by
patients themselves. The OECD members of this model are US, Chile and Switzerland
(Switzerland had implemented Bismarck Health System Model after it started to
implement Private Insurance Model in 2014) (WHO, 2014)

Bismarck and Beveridge healthcare finance models have been compared by Zee and
Kroneman (2007). Health outcome variables (overall mortality rate, infant mortality rate
and life expectancy at birth) and healthcare cost variables (healthcare expenditure per
capita in (purchasing power parity) PPP USD$ and health expenditure as percentage of
GDP) were available for 17 European countries over a long period of time (from 1970 to
2003 or 2004). One purpose of this study is to compare the health outcomes and the health
expenditure correlations between the health models. In addition, the other purpose of the
study was to recognize the level of satisfaction of the citizens. For measuring an indicator
like that, previous survey results were included in the analysis. Satisfaction variables were
taken from Eurobarometer studies. The conclusion of their study shows that after 1980s
Bismarck model performance on mortality rates and life expectancy have been better than
Beveridge model. There is no difference for infant mortality rate between the two types



of health model. Beveridge model has a better cost containment than the Bismarck model.

However, citizens of the Bismarck countries are more satisfied than Beveridge countries.

The substantiality of human life is one of the most important and essential values and
promoting and protecting the sustainability of human welfare is a prior issue for every
country. The World Health Organization (WHO, 2010) report focuses and analyses three
important health-funding problems of the countries. First problem is lack of resources.
This problem appears to stem from technological and financial impossibilities. Second
problem is over reliance on direct payments. Healthcare system does not only include
direct treatment costs but also includes some non-direct costs such as consultation fees or
medicines. This barrier might create a huge problem for citizens. Even if people have
some insurance from government-base, payment obligation of all healthcare costs on time
prevents many people’ treatment when people need care. The last problem is inefficiency
of health resources allocation. There is a range of 20-40% health resources waste every
year. (WHO, 2010) If that kind of waste could be saved, health efficiency of countries
would have been increased and the point of global coverage would have been reached.
The recommendations of this report for countries about healthcare funding system will
be detailed in the literature review part of the study. Moreover, several authors have
compared healthcare systems between countries by addressing several issues: efficiency
of healthcare system performances, health delivery systems, equity and availability of
health resources or effectiveness. These issues will also be analyzed in the literature
review. The main purpose of this thesis is to determine which funding policy performs
better, regarding the health care provision to their citizens. According to the findings,
better healthcare system (tax based or insurance base) will be determined. The
performance analysis will be implemented through DEA. Thus, some details of DEA and

the DEA models that are used during the research will be defined in the next section.



2. PERFORMANCE MEASUREMENT

2.1. CONCEPTS

Before the definition of healthcare system performance, healthcare systems providing
contribution to improve performance criteria should be described and the border of the
health system should be determined. According to WHO (2000), the main purposes of
health systems are briefly to improve, to renovate and to sustain all activities about health.
Explanation of health system is the basis of health systems performance evaluation and
interpretation. Moreover, WHO (2000) included some definitions about the borders of
health systems. The narrowest definition was to create the border of health care system
activities which are directly under the control of health administration. Activities
targeting to improve health level of community (e.g. increasing tax rates of tobacco or
alcohol products for blocking that kind of harmful consumption) are out of this definition.
The second definition is broader. Health systems include individual medical cares and
non-individual healthcare services while inter-sectoral activities aiming to increase health
system performances are not included in second definition. To clarify, traditional public
health activities such as agricultural spraying or health information transfer are included
while inter-sectoral activities such as clean water or sanitation programs are not
included. The third definition considers that all activities aiming to make healthcare
better are a part of the healthcare systems. This definition contain both non-individual
and medical healthcare services and sectoral regulations aiming to decrease traffic
accidental death rates etc. The last definition is the broadest. This definition contain every
activity contributing to create better health system and does not include operational
difference between educational, agricultural or health care services. (WHO, 2000). The
third definition which includes both medical and individual health services aiming to
improve to health level and inter-sectoral activities is the most appropriate definition
according to WHO (2001). This definition provides a wider perspective from medical and
individual services to the health system policy makers about how health services of
community can be improved in areas such as nourishment, tobacco consumption or traffic

safety arrangements.



Healthcare systems should aim to increase healthcare services that governments provide
to the community, answer the expectations of the community, and provide protection
against sickness or cost of health. (Ugurluoglu & Celik , 2005)

After defining healthcare systems, healthcare performance level can be defined as the
efficiency and effectiveness of healthcare services provided by the healthcare system in
government level. Governments try to reach higher level of efficiency, financial
sustainability and fair healthcare allocation. Other dimensions of performance can be:
Appropriateness which shows the level of relevant healthcare services; continuity which
shows to the extension of healthcare services for patients over time, safety which shows
the sufficient level of equipment and service to create benefit to the user or provider
(Papanicolas & Smith, 2013). Another key dimension can be effectiveness. Obtaining
desirable level of outcomes shows effectiveness. (Arah , Westert, Hurst , & Klazinga ,
2006) Furthermore, there are two different kinds of definition to understand the
effectiveness. One of them includes both patients who need to receive healthcare and
individuals who don’t need to receive health care. This effectiveness definition which
includes both patients and individuals is also called macro-level effectiveness. Effects of
physical, social and economic conditions on health of inhabitants generate the coverage
of this definition. Second one is called micro-level effectiveness, which focuses on
interactions between patients and providers. Benefit and satisfaction levels of patients
create the frame of this clinical perspective. (Aday, et al., 1999) Meeting the expectations
of clients and patients is one of the most important purposes of healthcare performances.
Resources, financial attributes and quality evaluations are also important variables for
measuring healthcare performance (Pransky , Benjamin , & Dembe , 2001). In addition,
equity should also be considered within the definition of the healthcare performance. In
other words, healthcare performances can be assessed according to distribution of the
benefits and costs of individual and communal health care. However, to understand the
real situation of public health and to measure health performance correctly, non-
healthcare indicators such as environment, lifestyle and human biology etc. should be
included. (Arah , Westert, Hurst , & Klazinga , 2006). Evaluation of healthcare
performance provides some means for understanding countries’ health system policies.
Describing healthcare systems’ deficiencies, understanding financial unfairness,

answering citizen’s expectations from health services and reaching similar healthcare



levels etc. can be analyzed with this evaluation. Moreover, healthcare performances’

changes can be observed over time. (Silva de , 2000)

According to Murray & Evans (2003), low-, middle- and high-income countries face
mainly five different problems when they try to reach a better healthcare performance
level. The first of these is the lack of transparency about goals of health systems. Second
is the financing of healthcare services. Third one is the inefficient control of resources.
Fourth one is trying to use most-cost effective technologies for improving healthcare
outcomes. Finally, the last problem is limited participation in the national health policy
debates.

From the beginning of the 1980s health sector reforms began broadly in all of the world.
Demographic, technological, and financial pressures forced these countries to maximize
their efficiency and effectiveness. Moreover, improving quality of healthcare services and
increasing patients’ satisfaction became one of the most important goals of governments.
(Saltman & Figueras , 1998). Countries’ healthcare efficiency depends not only on
adequate medical care but also on communities’ behaviors and welfare (Hadad , Hadad ,
& Simon-Tuval , 2011). The efficiency of health systems or the effectiveness of the health
care expenditures are an interest area for many researchers because the health sector is
one of the most important areas reflecting the development level of countries (Alexander,
Busch, & Stringer , 2003). Efficiency and equity are the most important keys for
improving general public health. These two key goals include both economic and social
objectives. If health expenditure or cost is conceived as a part of efficiency, there are two
levels of calculation: ‘macroeconomic level’ and ‘microeconomic level’. Macroeconomic
level aims sustainability of health spending or finding the adequate ratio of health
expenditure. (Arah , Westert, Hurst , & Klazinga , 2006) It includes total spending on
health. Besides, other health related goods and services’ effects on health costs are
included by definition of macroeconomic efficiency. (Papanicolas & Smith, 2013)
Microeconomic level aims decreasing the cost for same level of health outcomes. (Arah
, Westert, Hurst , & Klazinga , 2006) It aims to reach maximum level of productivity by
comparing the measured productivity of health systems. (Papanicolas & Smith, 2013)



Healthcare financing is also a very important factor for analyzing efficiency. The study
of Kutzin (2013) is an explanatory study for understanding funding and financing of
health systems. Kutzin (2013) tried to justify universal coverage (or universal health
coverage (UHC) (UHC concept is firstly suggested by WHO (2010) report)) or
understanding health financing reforms and schemes. WHO (2010) report has the
following definition of health financing and UHC: ‘‘Financing systems need to be
specifically designed to: provide all people with access to needed health services
(including preventions, treatment and rehabilitation) of sufficient quality to be effective;
and to: ensure that the use of these services does not expose the user to financial
hardship.”” ( (WHO, Health system financing, 2010), Pp.6). Every government’s aim,
when they are trying to implement a health care system, is to maximize health conditions
like fair allocation of health services and public health, responsiveness, financial
protection and equity in financing burden. The healthcare system should be created by
using system performance functions which are the planning and management of

resources, generating human and physical resources, service delivery and financing.

The objectives of health care financing policy are the distribution of the health funding
costs and the minimization of the financial risk or the creation of a universal protection.
The policy objectives have four main purposes, which are (i) supporting equal resource
usage, (ii) creating transparency between system and population, (iii) improving quality
of health delivery systems and (iv) promoting efficiency of healthcare organizations.
(Kutzin , 2013)

The UHC definition from WHO (2010) is that all healthcare services should be equal and
sufficient for all citizens and these services should be found easily whenever someone
need them. This definition refers to effective coverage at the same time. Unfortunately, it
is impossible to say that every country has a fully universal coverage level. Even if the
countries achieve the universal financing protection for themselves, the gaps will always
exist because not all the citizens can be aware of all of the health system services and
match them with their own needs. Thus, there is no country which will reach an universal

coverage level. (Kutzin, 2013)
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According to WHO (2010) the extent of coverage includes population, service and cost.
Population coverage refers to financial and services protection, cost coverage refers to
financial protection, and services coverage refers to good quality and equal health care
services. There are three goals associated with UHC: reducing the gap between the need
and utilization, increasing quality and increasing financial protection. If the
improvements are implemented only on the financial policies, this approach will not be
enough for increasing quality and awareness of the people. Firstly, healthcare efficiency
should be improved for enhancing health care coverage. Improving transparency can be
specified in two ways: people’s understanding of health care service usage and improving
accountability of public resources as fairness of healthcare resources usage. ‘Health
financing for universal coverage’ refers to support and increase the health care coverage

at the population and system level. (Kutzin , 2013).

2.2. EFFICIENCY AND EFFECTIVENESS

Any healthcare system is to achieve effectiveness and efficiency. Efficiency and
effectiveness are about the relationship of inputs, outputs and outcomes. Outputs are
about the direct and tangible products resulting from the completion of activities while
outcomes are the intended or achieved short term or medium term effects of outputs.

Figure 1 shows relationship between effectiveness and efficiency. As it can be seen in
Figure 1, input variables may include monetary or non-monetary resources. All the
processes depend on each other. Moreover, it is possible to see the distinction between
the outcome and output easily. Simply, reducing blood pressure, cataract surgery or
control of dementia should be considered as health outputs while life expectancy,

mortality rates or quality adjusted life years should be considered as health outcomes.

In addition to these, definition of productivity may be useful to understand the concept.
Productivity shows the efficiency of a system which creating useful outputs with raw
materials or inputs given. Cost reducing is also one of the most important ingredient of

productivity.
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Figure 1. Conceptual framework of efficiency and effectiveness (Mandl , Dierx , & llzkovitz , 2008)

The relationship between the level of resources invested and level of health outputs show
efficiency (Madore, 1993). In other words, efficiency can be defined as using the same
amount of input to produce more output (Sherman & Zhu, 2006). Maximizing outputs
effectively or maximizing health services delivery systems by using limited budget is the

main purpose of efficiency. (Madore, 1993)

Assessing the effectiveness is harder than assessing efficiency. Effectiveness regards the
achieved outcome not the cost reduction. It shows the effect of outputs achieved on
outcomes. The important point is not to get the highest product level for effectiveness.
The point is to get the highest benefit of achieved product level. (Mandl , Dierx , &
lizkovitz , 2008). The effects of medical practices and techniques on health services for
individuals are measured by effectiveness. (Madore, 1993) Effectiveness depends on the
input or output to produce outcome to be aimed. Even if outcome mostly depends on the
welfare and growth, it may be related to many different sort of factors, as well.
Effectiveness include both clinical and economic approaches of healthcare. For example,
if there are two drugs for the same health problem but one of them include less side effects
on patient, it can be said that the drug with less side-effect is more effective. (Madore,
1993)

Limited resources require medical practices and techniques to be are used effectively.
Stopping the funding on ineffective services may help to control health expenditures in a
better way. (Madore, 1993)
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According to Mandl et. al. (2008) efficiency concept and productivity measurement has
a distinction on one level. As it is mentioned above, efficiency obtains given level of
output with lower input level, however, the ratio of output produced to input used shows

simply productivity.

2.3. DEA METHODOLOGY

In this study Data Envelopment Analysis (DEA) model will be implemented for
measuring health system performance of OECD countries. This method is hon-parametric
and defines efficiency frontiers using linear programming techniques. DEA is one of the
most common approaches for measuring health system performances, as will be clear
below. Likewise, this method is also implemented for assessing the efficiency of other
types of Decision Making Units (DMUSs). (Asandului , Roman , & Fatulescu , 2014 )

Data Envelopment Analysis was first introduced by Farell (1957) for creating better
measurement methods for efficiency and productivity. Later Charnes, Cooper and Rhodes
(1978) (CCR model) operationalized Farrell models and named them DEA.

DEA provides a comparison between similar DMUs with different quantity of input and
outputs. (Soared De Mello, Lins, Soares dem Mello, & Gomes , 2002). There are two
basic versions of DEA, one of them is input-oriented and the other one is output-oriented.
In the input-oriented method, inputs are minimized for generating given levels of outputs.
As for the output-oriented method, outputs are maximized for given amounts of inputs.
(Asandului , Roman , & Fatulescu , 2014 )

For understanding the difference between input and output oriented approaches,
following figures will be helpful. Figure 2 and Figure 3 illustrate the efficient frontier and

the input and output orientation in CCR model.
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Figure 2.Projection frontier for the input-oriented CCR model
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Figure 3. Projection frontier for the output-oriented CCR model

Inefficiency is the distance to the frontier. If the input oriented method is used to measure
the efficiency level, the distance of inefficient points from horizontal line will be observed
(Figure 2). On the other hand, if the output oriented approach is implemented, the distance
of inefficient point form vertical line will be measured (Figure 3).

Projections of DEA can be observed in figures above. As it can be seen, the efficient
frontier and DMUs are provided. All points except one, which is located on frontier, are
inefficient. According to the figures, it can be stated that orientation methods may vyield
different projected values, but the efficiency score will be the same under the CCR model
(Cooper, Seiford, & Zhu, 2004)
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DEA model has two different approaches which are CCR and BCC. CCR model was first
used by Charnes, Cooper and Rhodes (1978). This model considers constant returns to
scale (CRS) and to find efficient outcomes, inputs and outputs are assumed proportional.
(Soared De Mello, Lins, Soares dem Mello, & Gomes , 2002) Basic input and output
oriented mathematical formulation of CRS model is shown in Table 1.

Output Oriented CRS model

Multiplier Model

Input Oriented CRS Model
Multiplier Model
max hy (u,v) = M
i=1 Vi Xio
Subject to (2.1)
S .
S, S
u. v; =0
j=12,....,n
i=1,2,....m; r=1,2,.....,8

m
i1 Vi Xig
S

min hy (u,v) =
r=1 ur yTO

Subject to (2.2)

Yiz1Vi Xij
Z?‘:l uT' yr]

1=1,2,.....m; r=1,2,.....,8

Table 1. Constant Returns to Scale (CRS) input and output-oriented DEA models (in fractional program
form or multiplier model) (Benneyan , Sunnetci , & Ceylan , 2008)

u, = Represent weight of output r
yrj = Represents the r' output for j™" DMU
v; = Represent weight of input i

X;j = Represents the ith input for jt" DMU

As it is seen in the formulation, maximization process is applied for input oriented method
because input oriented methodology aims to reach maximum amount of output by using
minimum level of input as we mentioned before. Weighted sum of output and weighed
sum of input are divided and maximum efficiency score is found. The opposite situation

is observed for output oriented approach. As we infer from the above definition, output
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oriented approach tries to find maximum level of output with minimum inputs. As it is
seen in the formulation, minimization process is applied and weighted sum of input and
weighted sum of output are divided. Weight of input, weight of output, all inputs and

outputs have to be positive.

The above equations show fractional program form. After linearizing the multiplier
models (in 2.1. and 2.2.) we can apply duality and arrive at the envelopment models
shown in equation 2.3 and equation 2.4. Input and output oriented envelopment model of

CRS model can be observed in Table 2,

Input Oriented CRS Model Output Oriented CRS Model
Envelopment Model Envelopment Model
min 6 max ¢
Subject to (2.3) | Subject to (2.4)
n n
qulj <0Oxy,; i=12,.... ,m qu/lj <X =12, .... ,m
j=1 j=1
n n
Zyrj/’lj >V r=12,.... ,S Zyrjxl >y, r=12,.... ,S
j=1 j=1
/’lj>0, j=1.2, ... ,n /1j>0, j=1.2,.... n

Table 2. Constant Returns to Scale (CRS) input and output-oriented DEA models (in linear program form
or envelopment model)

The purpose of linear program form is to provide immediate access to simplex and other
methods for efficiently solving such problems. (Cooper, Seiford, & Zhu, 2004)

In order to consider a VRS model, a further constraint needs to be added to models 2.3

and 2.4 which is the convexity constraint:
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j=1

According to Cooper et. al. (2004) “This added constraint introduces an additional
variable, into the (dual) multiplier problems. This extra variable makes it possible to effect

returns-to-scale evaluations (increasing, decreasing, and constant).” Pp.13

CCR and BCC production frontier graphs can be observed below. It can be helpful to see
the difference of these two DEA model visually. Figure 4 shows the CCR model
production frontier while Figure 5 shows the BCC model production frontier.

Output

Input

Figure 4. Production Frontier of the CCR Model (Mirmirani & Lippmann , 2004)

Output

Input

Figure 5. Production Frontier of the BCC Model (Mirmirani & Lippmann , 2004)

Both graphs show the cases of single input and single output. According to the Figure 4,
C and E points which are located in frontier show efficient DMUs, while B, D and A

show relatively inefficient DMUSs while according to the Figure 5, points B, C and E show
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the efficient DMUs and points D and A show the inefficient units. (Mirmirani &
Lippmann , 2004)

2.3.1. Program Efficiency

Basic DEA model assumes that input and output variables are discretionary and
controllable according to the used orientation model. Nonetheless, nondiscretionary or
exogenously fixed inputs or outputs may appear in reality. (Fried, Lovell, & Schmidt,
2008)

Non-discretionary variables could be internal or external and to account for the effect of
these variables, the frontiers separation is one of the approaches (Fried, Lovell, &
Schmidt, 2008). This approach divides the DMU’s based on some features or criteria.
Under the frontier separation approach every DMU group is assessed according to the
type they belong to. The efficiency scores of units computed in relation to their group
frontier is the within-group efficiency or managerial efficiency. To isolate the effect of
DMU which was calculated according to the group it belonged to, calculation is repeated
without separation between the DMUs. Charnes et al. mentioned this as a program
efficiency in their 1981 research. (Fried, Lovell, & Schmidt, 2008) However, Portela &
Thanassoulis (2001) used this model in a simplified way by providing a huge time saving
when target values are being calculated. So, it can be said that program efficiency is the
ratio of inter and within efficiency and it provides calculation avoidance of target values.
In other words, to calculate program efficiency, overall efficiency and managerial

efficiency should be divided by each other.

Moreover, decomposition of the DMUs according to types they belong to make it possible
to set units targets of achievement that can incorporate separate components of efficiency
improvement for DMUs both in general and managerial base. (Portela & Thanassoulis,
2001)

It is possible to see the program efficiency visually in Figure 6.
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Figure 6. lllustration of Frontier Separation Approach (Fried, Lovell, & Schmidt, 2008)

As it can be seen from the Figure 6, that there are 2 different types of DMUs. These types
have their own frontiers (thin lines) with their calculated within inter efficiency values.
Moreover, meta-frontier (thick line) can also be observed — this frontier is the intersection
of the within-type frontiers. Below equation shows how overall efficiency for unit A can
be calculated and decomposed.

(OC/AC) = (OB/OA) x (OC/OB)

Overall Efficiency = Managerial (within) Efficiency x Program Efficiency.

Assessing the calculated efficiency values without any system separation provides the
avoidance of the negative effects of calculated efficiency values with system separation.
(Fried, Lovell, & Schmidt, 2008)
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3. LITERATURE REVIEW

There are many researchers who tried to measure healthcare system performances of
OECD countries in the literature. Effectiveness of health, efficiency of health systems
and coverage, financing and allocation of resources etc. are the most important objectives
of these analyses. These studies focused on different issues, used different
methodologies, used different sets of the variables, and different number of years to
achieve their aims. This literature review focuses on the various aspects of previous
researches. In particular, the studies were addressed that used the same methodology as
is used in this thesis (DEA).

3.1.ISSUE ADDRESSED

There are many researches that compare health system performances or efficiency level
of countries in the literature. Most of these studies include a comparison between OECD
countries or developed countries. Furthermore, there are some studies that preferred to
classify their sample according to countries’ economic situation as low, lower-middle,
upper-middle and high income countries or countries which have low GDP rate and
countries which have high GDP rate (e.g. (Alexander, Busch, & Stringer , 2003),
(Benneyan , Sunnetci , & Ceylan , 2008)).

Arah et al. (2006) discussed healthcare system performances of OECD countries with a
special framework which was created by OECD and named The Healthcare Quality
Indicator (HCQI). The purpose of this framework was to compare health care indicators
and quality of the healthcare across OECD countries. There are many reasons that lead
the organizations or countries to measure their healthcare performances such as
increasing costs and spending, aging population, lack of quality, medical lapses,
inequalities etc. Public health and individualistic healthcare services were combined with
each other by using obtainable function from authorized organizations such as ministry
of health in order to describe all impacts of the activities and the structures concerning
health on society. Briefly, the study tried to discover the role of health care in health
system performance. Healthcare was conceived as one of the determinants of health.
Similarly, Alexander et al (2003), Hadad et al. (2011) and after then Asandului et al.
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(2014) tried to find the efficiency of healthcare systems of the selected countries. Besides,
Puig-Junoy (1998) and Spinks & Hollingsworth (2005) aimed to investigate the technical
efficiency of health production by measuring its relative performance. Greene (2003)
created an alternative solution for analyzing a very controversial report of WHO (2000).
This report includes a worldwide effectiveness of healthcare delivery evaluation.
Mirmirani & Lippmann‘s (2004) study tried to find efficiency of healthcare delivery
systems. The main discussion of the paper was the lack of universal healthcare coverage
and a single player system. Moreover, which health system model should be followed by
countries was tried to be determine. Healthcare efficiencies were measured. According to
findings, some deductions were made about policy implications of the countries.

Grosskopf et al. (2006) measured healthcare efficiencies. The question was how
efficiently health expenditures refers to better health? These measurement was made
based on health expenditure level and financing of countries. Actually, this paper differs
from the other studies regarding the methodology used. This study based on Malmquist
approach to measure healthcare productivity alterations. Moreover, the study used the
economic index number theory (and its components), quantity index and improvement
index to determine well-established axiomatic properties and to understand the meaning
of aggregate health outputs proxies. Asandului et al. (2014 ) tried to find a description
about public efficiency of healthcare systems. The researchers claim that health care
systems’ efficiency and health expenditures are directly related. Likewise, Grosskopf et
al. (2006) suggest that healthcare expenditures and mortality rates are directly
proportional. However, all the studies in the literature are not in the same path. According
to Mirmirani & llacqua (2008), good healthcare measures like bed utilization etc. do not
always guarantee of good healthcare systems. There are many other indicators which
affect the countries’ health systems. Thus, more health expenditures cannot be the only
indicator to determine better health conditions. Depending on countries surface and
citizen number or social-economic situation, the balance of expenditure or health
production might change. Countries may also obtain quite good healthcare outputs with
low amount money. In this point, countries’ gross domestic product (GDP) and education

level gain importance.
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Although there are more indicators that affect the efficiency level of the countries, health
expenditures are one of the most important indicator for measuring health performances
level. Effectiveness and fairness of health expenditures are very important factors when
evaluation is being made between the countries. Aging or alteration of tax rates might
impact the evaluation of health expenditure level for both high and middle income
countries (Asandului , Roman , & Fatulescu , 2014 ). One of the most important indicator
for understanding development level of western countries is health expenditure rate.
There are many variables for measuring healthcare efficiencies such as technological

improvements, proximity of death, and decentralization of healthcare systems.

Healthcare expenditures rate increased from 6.3 percentage of GDP to 8.9 among OECD
countries from the mid-70s. (Hadad , Hadad , & Simon-Tuval , 2011) In the literature,
there are some studies that focuses especially on health expenditure and efficiency
relationship. For example, Mills et al. (2001) performed some measurements which
showed the relationship between health service inputs, the quality of health services and
health expenditure level. Likewise, the study of Anell & Willis (2000) was implemented
on OECD countries and a comparison was made between alternative health resources and
health expenditure measures. As a combination of all of these studies, the main purpose
of Varabyova & Miiller, (2015) was to create a literature review combining all of the
studies’ results for observing some significant solutions on healthcare efficiency of
OECD countries. Researchers collected 22 different healthcare efficiency studies which
had implemented non-parametric or parametric measurement method for analyzing their
studies. The study broadly categorized inputs into three categories: health resources,
socio-economic factors and lifestyle factors. Socio-economic factors and lifestyle factors
did not directly measure the health care inputs, however, these factors were frequently
taken into account for the estimation of the production function because they might have
an influence on the obtained production set. The environmental variables included socio-
economic factors, lifestyle factors, policy variables and location characteristic. Input
variables in the health resources category included public and private health expenditures;
man power such as physicians, nurses, hospital beds, medical technologies and

pharmaceuticals etc. Socio-economic factors represented education, income, measures of
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unemployment and income inequality. Finally, lifestyle factors included tobacco
consumption, alcohol consumption, dietary choices and pollution.

According to OECD (2009) US health expenditure rate on GDP is almost twice higher
than OECD countries average health spending rate (Average of OECD %8.9 GDP, US
%16 GDP) (Pogas & Soukiazis, 2010). The main argument of the study of Andreson et
al. (2003) starts from following idea: ‘’higher health spending but lower use of health
services adds up to much higher prices in the US than in any other OECD country.”” Total
health expenditures -public and private spending- were discussed. The study includes
some discussion about pharmaceutical spending, health system capacity and use of

medical services alongside health spending.

There are also some studies which are mainly interested in social-economic factors and
lifestyle of community on efficiency or health system performances rather than the health
resources. The objective of Afonso & St Aubyn (2006) is to show the relationship
between health production and other factors. The article claims that health expenditure is
one of the most important expense item for almost all countries. When they compared the
expense rates between OECD countries and OECD average, they discovered a big
diversification between the countries. However, different levels of health expenditure
increases were observed for every country in spite of diversification of expense rates.
Briefly, health expenditure shows augmentation globally. Besides, the researchers tried
to evaluate the efficiency of health services between all selected countries. Input variables
were collected into two groups: directly health related inputs and environmental factors.
When calculation was made to see the efficiency of health services, output variables were
assessed on all selected input variables separately according to the group they belonged

fo.

Different from these studies, Benneyan et al. (2008) which is another exception from
many other previous studies, analyzed the healthcare systems’ benchmarking within
process improvement and six sigma context. Process improvement and management
decision making is common business practice for benchmarking. Six sigma is an

approach which content of define, measure, analyze, improve, and control (DMAIC). For
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instance, benchmarking of countries can create contributions about measurement,
analysis and improvement activities. For that purpose, DEA was implemented on hospital
level, national health system level and regional state level for benchmarking health care
systems efficiency in this study. Benchmarking of national healthcare system is the part

which is concerned with this study.

3.2.METHODOLOGY

Most of the papers that addressed OECD health performance used the non-parametric
DEA methodology. Exceptions can be found in Greene (2003) that used Stochastic
Frontier Analysis to analyze the WHO 2000 data set from 1993 to 1997.

As it can be seen in section 2 of this study there are several DEA models, which can be
distinguished in terms of orientation (input and output oriented), in terms of returns to
scale assumptions (CRS, VRS etc.) in terms of convexity assumptions (Free Disposal
Hull (FDH), or convex DEA). There are also some studies that implemented Malmquist

indices, second-stage Tobit models or bootstrapping procedures.

When the previous studies which implemented the DEA for measuring the efficiencies of
countries health system performances are examined, some of them appears to be focusing
on corporate efficiency while some of the others focus on system-wide macro level
efficiency. (Evans , Tandon, Murray , & Lauer, 2001)

There are many researchers who used output-oriented DEA method when analyzing
OECD health care efficiency. (e.g. (Alexander, Busch, & Stringer , 2003), (Benneyan ,
Sunnetci , & Ceylan , 2008), (Afonso & St Aubyn, 2006), (Hadad , Hadad , & Simon-
Tuval , 2011), (Spinks & Hollingsworth, 2005)). Most of these studies also implemented
other DEA methodologies which will be detailed below for measuring robustness or
understanding effects of other factors. However, Puig-Junoy (1998) and Asandului et al.
(2014 ) preferred to implement their research with input oriented DEA method.
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Alexander et al. (2003) used a particular output-oriented DEA model and the purpose of
choosing output-oriented method was to recognize potential of health outcome
improvement of developing countries rather than recognizing the potential of savings of

the health expenditures.

As it can be seen in section 2, BCC (variable returns to scale (VRS)) and CCR (constant
returns to scale (CRS)) are the two different approaches for input and output oriented
calculation system. Researchers generally prefer to choose one of these approaches. For
instance, Spinks & Hollingsworth (2005) and Asandului et al (2014 ) preferred to use
VRS type DEA model. However, sometimes, in some studies both VRS and CRS
approaches were used. (For example, Mirmirani & Lippmann (2004)). The aim of this
study was to separate input variables such as health resources and schooling for
understanding the real effect of health resources on efficiency and to recognize the
difference of schooling effect on efficiency level. Likewise, Puig-Junoy (1998) used also
both VRS and CRS model for discovering relative health production performance of the

countries. These countries were compared according to their relative technical efficiency.

Most of the studies used convex and traditional DEA models, but some studies also used
econometric models. For example, Hadad et al. (2011) used linear regression methods to
measure the relationship between health system efficiency (HSE) and social-economic,
environmental factors. Similarly, Evans (2001) implemented the regression technique to

evaluate relative efficiencies of national healthcare systems in 191 countries.

Many studies used Tobit analysis method and single and double bootstrap procedure in
second-stage analysis part. For example, Alexander et al. (2003) implemented Tobit
analyses in their study. DEA output oriented efficiency scores and variables related with
countries’ health system performance were included in the second-stage analysis part of
the study and regression analysis were run. Likewise, Afonso & St Aubyn (2006)
implemented their study with a two-stage DEA approach. In this study, both Tobit
analysis, single bootstrap and double bootstrap procedures were implemented. Moreover,
Afonso & St Aubyn (2006) used PCA (Principal Component Analysis) for collecting

dispersed variables and aggregating them with each other. Moreover, semi parametric
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procedure was implemented. Environmental variables were involved as control variables
in the second part of the analysis for finding the efficiency of health services. Puig-Junoy
(1998) also used a two-stage approach to find the differences between efficiency scores
which depend on environmental factors and stochastic censored model. There are two
important steps and some important features about the study of Puig-Junoy (1998). First
of all, inefficiencies were calculated by using the DEA model and environmental
variables were ignored. Secondly, environmental variables were included and the two-
stage approach was implemented. Researchers created a constrained DEA model in order
to find the optimal peer and weight structure for inefficient countries. According to this
model, weight of physicians must not be lower than the weight of non-physicians.
Likewise, weight of male life expectancy must not be higher or lower than weight of
female life expectancy four consecutive times. Consequently, using different DEA

efficiency scores average, overall, pure, and scale efficiency were calculated.

Furthermore, there are some studies which used Malmquist method. Grosskopf et al.
(2006) used The Malmquist method as well as traditional DEA. This study had a
difference from the other studies since the economic axiomatic index number theory and
efficiency literature for describing multilateral health sector quantity index and panel-
based improvement index were used. Likewise, Spinks & Hollingsworth (2005)
performed a study which made use of the Malmquist approach for measuring technical
efficiency of the countries. Besides, technical efficiency change, technological change
and total factor productivity chance were measured with Malmquist approach in cross-

country level.

Nonetheless, some studies show only comparison with the literature without any
calculation approach like Andreson et al. (2003) and Varabyova & Miiller (2015).
Andreson et al. (2003) didn’t use any calculation method. They directly obtained
variables about health resources and social-economic situation of citizens from OECD
database and created a comparison between the countries with using current literature and
collecting variables. Likewise, Varabyova & Miiller (2015) created a literature review
study. They collected many different researches which are used DEA or SFA for

measuring health system efficiency of OECD countries.
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3.3.INPUTS AND OUTPUTS USED IN DEA BASED STUDIES

There is not much controversy regarding the outputs used in DEA based studies. These
should proxy the health status of the population, and not many variables are able to
quantitatively measure the health development of the country. As a result, the most
frequently employed variables are life expectancy and infant mortality rate (note that
some researchers prefer to use infant survival rate as outputs for creating a positive
correlation with inputs). Examples of studies using these variables include, Spinks &
Hollingsworth (2005), Alexander et al. (2003), Mirmirani & Lippmann (2004), Benneyan
et al. (2008), Puig-Junoy (1998), Afonso & St Aubyn (2006), Asandului et al. (2014 ),
Hadad et al. (2011), Grosskopf et al. (2006). Most of these studies did not use only one
or two of these common output variables but also, employed many different kind of output
variables, too. Using life expectancy variables as an average of female and male is a
common approach while there are many researchers that preferred to separate this
variable as male and female. In this dissertation, life expectancy variable were considered

as an average of life expectancy at birth.

Another output that we can find in the literature is Disability adjusted life expectancy
(DALE). (Note that this variable can be used as average or male and female) It is also one
of the most common output variable used. Examples of the studies that used this variable
include, Spinks & Hollingsworth (2005), Alexander et al. (2003). However, there are
some very rare used variables such as non-adverse event rate, weighted combination of
urban-to-rural under five mortality rate, upper-to-lower wealth quartile, none-to-lower
wealth mother ratios, adult non-mortality, infant non-mortality and morbidity surrogate
but they were used by Benneyan et al. (2008). In this study, input variables show
diversification and difference according to purpose and economic references which are
micro level or macro level. Furthermore, with same logic of using infant survival rate
rather than the infant mortality rate, Afonso & St. Aubyn (2006) used potential years of
life not lost variable as an output rather than potential years of life lost. Health adjusted
life expectancy which can estimate mortality and morbidity variation of population was
used by Asandului et al. (2014 ). The reciprocal of the under-five mortality and real GDP
per capita variables were also rare output measurements in the literature used by
Grosskopf et al. (2006)
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Regarding the inputs, there are many different specifications in the literature. In general,
inputs can be grouped into several categories. One of the most effective study for
understanding how input variables should be grouped is Varabyova & Miiller’s study in
the literature in 2015. Researchers grouped the input variables based on their relation to

health resources, socio-economic factors and lifestyle factors.

In the view of this classification and also all previous literature, we preferred to group the
inpu