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Abstract

Efficiency which could be related to the performance of the processes is one
of the main concerns of the organizations. It is therefore important to measure
and perform continuous improvement in the efficiency of the processes. This is
also valid for the health services as in all others. In literature, there have been
several modeling and assessment approaches developed for this purpose. This
paper presents a review of the respective researches with related findings in
field. Main focus of the review is given to data envelopment analysis which
one of the very popular assessment tool for decision making systems. In
addition, the review is extended not only to the modeling approaches but also
respective software tools as well as strengths and weaknesses of this
technique.
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SAGLIK I.ﬂZN.[.ETIJERiNDE VZA iLE ETKINLIK
OLCUMU- BiR GENEL BAKIS

Ozetce

Stireglerin performanst ile ilgili olabilen etkinlik organizasyonlarin énemli
ilgi alanlarindan biridir. Bu nedenle, siireglerin etkinliklerinin olgiim ve
siirekli gelisimlerinin saglanmasi onem arz etmektedir. Bu durum, diger
alanlarda oldugu kadar saglik hizmetleri iginde gegerlidir. Bu amagla
literatiirde bir¢cok modelleme ve degerlendirme yaklasimlary gelistirilmigtir.
Bu c¢alismada bahse konu alanla ilgili arastirma ve ilgili sonuglarim
ozetlemektedir. Calismada temel olarak, karar vermede yaygin bir
degerlendirme araci olan veri zarflama analizine odaklanilmistir. Bunlara ek
olarak c¢alismada modelleme yaklagimlarimin yam siwra, ilgili yazilim ve
yontemin kuvvetli/ zayif taraflar: da gosterilmigtir.

Keywords: Efficiency Measurement, Data Envelopment Analysis, Health
Services

Anahtar Kelimeler: Etkinlik Ol¢iimii, Veri Zarflama Analizi (VZA), Saghk
Hizmetleri

1. INTRODUCTION

Efficiency has been the subject of research in a wide range of
production activities. It is expressed as a percentage which can calculate as
the ratio total output power to total input power under specified conditions.
Efficiency analysis has always been linked to the relative difficulty
encountered is assessing the performance of decision-making units (DMUSs)
[1] to find its weakness so that subsequent improvements can be made.

Modeling efficiency measurement is a non-parametric way was
introduced first by Farrell (1957) [2] including that measurement of price
and technical efficiencies and the derivation of the efficient production
function. Method summarizes all inputs and outputs into a single virtual
input and single virtual output [3].
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Efficiency Measurement techniques in general consist of four
classes:

e Parametric

e Non-parametric

e Deterministic

e Stochastic.

Each set of techniques has its own strengths and weaknesses.
Parametric techniques are regression-based approaches in general, and
assume a specific functional form for the frontier, where as non-parametric
techniques do not [4]. Parametric techniques are susceptible to model
misspecification, as the efficiency scores are sensitive to distributional
assumptions regarding the error term [4, 5].

Deterministic methods do not contain random error component.
Hence, they may be sensitive to extreme observations since they assume that
the observed distance to the frontier is due to inefficiency. Stochastic
methods are less sensitive to outliers since part of the distance to the frontier
can be attributed to random error [4].

Most relevant applications deal with activities in which some outputs
and / or inputs are intangible, and therefore, the efficiency analysis of such
activities can hardly be performed by aggregating benefits and costs in
accounting terms [6].

2. EFFICIENCY MEASUREMENT OF HEALTH SERVICES

The first study of hospital efficiency studies sought to assess hospital
efficiency by concentrating on the development of single productivity
indices [1, 7]. Econometric theory helped to appreciate the multi-product
nature of hospital outcomes and became possible to formulation of multiple
inputs and outputs in the assessment of efficiency [1, 8, and 9]. Donabedian
et al. [32, 33] stated that efficiency in health care can be categorized in to
two

I.  Production efficiency (i.e., how services are produced);
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I. Clinical efficiency (i.e.; how services are integrated with efficient
strategies of care).

The inputs for the efficiency measurement usually are (but not
limited) labour (doctors, nurses, physicians, housekeepers, and capital
inputs and etc.) and capital inputs (land, buildings, medical equipment and
etc.) [33]. Optimization based methodologies such development of
performance indicators is improved [ 1, 10]. Today both parametric and non-
parametric are used to measure production efficiency related to the
utilization of available resources such as facilities, technologies and
workforce [1, 11, and 12].

3. DATA ENVELOPMENT ANALYSIS

Data envelopment analysis (DEA) is an empirically based
methodology that eliminates the need for some of the assumptions and
limitations of traditional efficiency measurement approaches. The basic
DEA model as introduced by Farrell in 1957 and later developed by
Charnes, Cooper and Rhodes (CCR Model) uses an oriented radial measure
of efficiency, which identifies a point on the boundary with the same mix of
inputs (input orientation) or outputs (output orientation) of that of the
observed unit [1].

DEA is a technique to measure relative efficiency of a set of
decision-making units (DMUs) having similar multiple inputs to produce
similar multiple outputs. The relative efficiency of a DMU is defined as the
ratio of the sum of its weighted outputs, to the sum of its weighted inputs.
The objectives are to identify units that are relatively inefficient and setting
targets for them based on examining the operational practices of the units
classified as efficient. The underlying concept of DEA is based on Pareto
optimality (Charnes et. al., 1985). A DMU is considered relatively efficient
if there is no other DMU or a combination of DMUs which can produce at
least the same amount of all outputs with less of one input and not more of
any other input [13]. It computes the comparative ratio of outputs to inputs
for each unit, with the score expressed as 0—1 or 0—-100%. A DMU with a
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score less than 100% is inefficient compared to other units. It is used to
identify best practices and is increasingly becoming a popular and practical
management tool. DEA has been initially used to investigate the relative
efficiency of nonprofit organizations but now, its use has spread to hospitals,
school, banks, and network industries, among others.

In the first stage, DEA assesses efficiency by estimating a frontier
based on input or output orientation. Then, each DMU is assigned an
efficiency score by comparing the output and input ratio of the DMU on the
efficient frontier. Mathematically, technical efficiency for each DMU is
computed as [14]:

Consider a system under evaluation, consisting of n DMUs. The
inputs and outputs of every DMU are all nonnegative and every DMU has at
least one positive input and one positive output, i.e., x>0, x#0andy >0, y
# 0. Then, the economic efficiency of DMU is defined as follows:

2U.Yyp  Weighted sum of inputs of DMU,

Efficiency == =
o 4 gvi X, Weighted sum of outputs of DMU |
i=1

(1)

In this case, the DMUs can be easily compared. However, since the input
costs and output prices are not always precisely available, DEA models are
generally utilized for this purpose [15].

It can be solved by one of two linear programming formulations.
The first formulation maximizes the outputs that can be obtained and
constrains the sum of the inputs to be unity [11].
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This linear fractional programming model is called the CCR ratio
model, which can be linearized using Charnes-Cooper’s transformations as

follows [15]:
max z r Y10

r=1

St

z Hr}’rj'z vix;j< 0 forj=1,..,n,

r=1 i=1

m

z ViXio = 1

i=1

w=>0,vi >0 for r=1,....s;1=1,...,m.

xi are inputs, yi are outputs and u and v are scalar values chosen for each
production unit such that the efficiencies of each unit are maximized and no
efficiencies are greater than one.

The second formulation minimizes the inputs needed and constrains
the sum of the weighted output at unity. The adopted DEA model represents
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the dual of the first linear programming formulation. The linear
programming dual is expressed as the following [11]:

min 0

Z Xij/lj <@ xj fori=1,...m,

z Vidi =2y forr=1,...s,

Jj=1

Ay =20 for j=1,...n.

where; 0y represents the radial efficiency of DMUj and 2; is the weight
placed by DMUO on DMUj. DMUs for which the optimal solution 6<1 are
inefficient.

For some applications, the goal is to increase outputs for a fixed
quantity of inputs. The corresponding dual form of the output-oriented
model is given by

max ¢
st

n
z Xij/lj < xp fori=1,...,m,
j=1

n

Z Vidi = @ ywo forr=1,....s,

J=1

A;y =0 for j=1,...n
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Here, DMUs for which the optimal solution ®>1 are inefficient. The
vast majority of DEA studies in health care use the input-oriented model
since the goal is to reduce costs rather than increase the volume of services
provided.

3.1 DEA Models

The CCR model was introduced by Charnes, Cooper and Rhodes in
1978, which became the basis for a branch of operations research called data
envelopment analysis (DEA). After the introduction of the CCR model,
other models such as the BCC, RAM, SBM, additive, FDH, models were
introduced to enrich DEA [15]. Table 1-1 presents the CCR model in input-
and output versions, each in the form of a pair of dual linear programs.

Table 1: CCR DEA Model

Input Oriented
Envelopment Model Multiplier Model
min@-e(z S;Jrz S:) maxZ:z Kr Yro
i=1 r=1 r=1
subject to subject to

n s

z Xij/1j+Si_:0 Xio z WeYij - Z Vix;i< 0
j=1 r=1 i=1
Fori=1,2,....m

Z Yrjﬂj‘S:=Yr0 z ViXpo =1
Jj=1 i=1

Forr=1,...5s,

A;j =0 for j=1,...n. W vi=e>0
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Table 1(continued): CCR DEA Model

Input Oriented
Envelopment Model Multiplier Model

S

m m
_ . _
max ¢+8(z Si+z Sr) m1nq=z ViXio
i1 =1 i1

subject to subject to

z Xij/1j+Si_:Xio z ViXij - z Ly =0
=1 i=1 r=1
Fori=1,2,....m

z Yrjlj' S::¢Yr0 Hryo=1

j=1 r=1

Forr=1,...,s,
A; 20 for j=1,...n. pr,vi=e>0

If the constraint Z;’.zlﬂj is adjoined, they are known as BCC

(Banker, Charnes, Cooper, 1984) models. This added constraint introduces
an additional variable, po, into the (dual) multiplier problems [12].

The main difference from the CCR model is the treatment of returns to
scale. The CCR version bases the evaluation on constant returns to scale
(CRS), whereas the BCC version is more flexible and allows variable
returns to scale (VRS) [1].

3.2 DEA Software Tools

Although the DEA process is quite sophisticated the problem
simplifies to a linear program can be solved by the simplex method. Given
the large amounts of data involved, DEA is usually performed with the aid
of a computer. Software such as Microsoft Excel and Lindo have
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itemization solvers that are capable of solving the problem. Additionally,
shareware software can be found online [13, 16] to solve most DEA
problems. For this research, DEA solver software was developed as an add-
in for Microsoft Excel [16].Some of the DEA soft wares are given below:

Frontier Analyst
DEA-Solver
OnFront
Warwick DEA
DEAP

EMS

Pioneer

GAMS

3.3 Strength and Weaknesses of DEA
The advantages of DEA can be listed in as follow [1]:

= [t is underpinned by economic theory and methods.

= [t focuses on relative not absolute efficiency.

= [t has the ability to incorporate multiple inputs and outputs
simultaneously and identifying actual good practice and
performance targets.

= [t does not require a specific production function as opposed to
typical econometric models.

DEA’s main limitations include: 1) the impact of omitting important
variables, ii) the impact of outliers, and iii.) the impact of missing
observations [30]. All three situations may cause the efficiency scores to be
wrongly computed [18]. So the weaknesses of DEA can be stated as follow:

=  When complex production processes are involved, specifying a
model populated with good quality data can be difficult for
several reasons. In particular, an unmanageable number of

10
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variables may be needed to capture the process adequately or the
quality of available data may be too poor to provide accurate
measurement and produce valid results [1, 31].

= DEA is a deterministic rather than statistical technique; DEA
produces results that are particularly sensitive to measurement
error. DEA only measures efficiency relative to best practice
within the particular sample. Thus, it is not meaningful to
compare the scores between two different studies.

» DEA results are insensitive to statistical noise and the
measurement of comparative efficiency rests on the hypothesis
that efficient units are genuinely efficient [1, 31].

4. DEA MODELS IN HEALTH SERVICES

Data envelopment analysis (DEA) has proven to be an effective and
versatile tool for health care efficiency measurement, and its use has spread
throughout the world [1].

DEA received wide acceptance by researchers and practitioners in
many public and private sectors. However, it has not been used extensively
in health care. The first hospital efficiency studies sought to assess hospital
efficiency by concentrating on the development of single productivity
indices [1, 7]. Advanced in econometric theory helped to appreciate the
multi-product nature of hospital outcomes and econometric models have
been developed that enable the formulation of multiple inputs and outputs in
the assessment of efficiency [8, 9]. Moreover, optimization-based
methodologies have emerged as tools for healthy service research including
the development of diagnostic related groups and development of
performance indicators [1, 10].

The first empirical test of DEA on hospitals was given by David
Sherman [19] who applied DEA to a group of teaching hospitals. DEA is
found to provide meaningful insights into the location and nature of hospital
inefficiencies as judged by a panel of hospital experts. Grosskopf and
Valdmanis [20] employed DEA to find out the effect of ownership type on

11
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hospitals efficiency. Morey ef al. [21] compared the allocative efficiencies
of 60 hospitals in the USA. Finkler and Wirtschafter [22] presented an
application of DEA to a system of nine hospitals that offer obstetric
services. The study confirms its robustness which justifies its inclusion in
the cost managers’ tool kit. Efficiency and effectiveness in general practice
was measured by DEA [23]. The authors expected that DEA should prove a
useful tool, offering not only a method for assessing efficiency but also the
opportunity to identify practices where improvement in effectiveness may
not be feasible without additional resources. Janet Lynch and Yasar Ozcan
[24] used DEA to construct an efficiency index to test a hypothesis that
inefficient and underutilized hospitals in competitive markets are at greater
risk for closure. Chilingerian and Sherman [25] suggested the use of DEA as
an evaluation method to classify physicians according to their efficiency
rate.

In 1996, an issue of “Amnals of Operations Research”; which
addresses the applications of Operations Research in health care, included
four out of eleven studies that addressed the application of DEA in
healthcare. The first paper investigates the trends in labor efficiency in U.S.
hospital markets for a five-year window using DEA [26], the second one
investigates physician practice pattern to identify benchmarks for practices
and to reduce costs by applying a multistage DEA [27]. Morey and Dittman
[28] used DEA with non-discretionary factors and new hypothesis testing
procedures to shed some light on reimbursement methods to hospitals by
public insurers. The last paper used DEA to measure PHC quality in
England [29]. In general, these studies not only demonstrate that DEA is an
effective technique for evaluating the efficiency of Health Care
organizations but also reflects the variety of problems in health care
management which can be handled by DEA [9].

5. CONCLUSION

As DEA has the ability of accommodating multiple heterogeneous
inputs and outputs to model the complex and chaotic relations it is an
appropriate approach for efficiency measurements in health care. [33] And
due to this ability and expediency it found a broad implementation area in

12
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this field. This basic overview study is hoped to shed light to the future works
that are going to be made in the field.

REFERENCES

[1] N. Kontodimopoulos, and D. Niakas, “Efficiency measurement of hemodialysis units
in Greece with data envelopment analysis”, Health Policy 71, 2005, pp. 195-204.

[2] J. K. Sengupta,” Quality and Efficiency” Economic Modelling 17, 2000, pp. 195-207.

[3] S.Ketabi, “Efficiency Measurement of Cardiac Care Units of Isfahan Hospitals in
Iran”, J Med Syst, 2009.

[4] L. O’Neilla, M. Raunerb, K.Heidenbergerb, and M. Krausc, “A cross-national
comparison and taxonomy of DEA-based hospital efficiency studies”. Socio-Economic
Planning Sciences 42, 2008, pp. 158—189.

[5] M. Rosko, “Impact of internal and external environmental pressures on hospital
inefficiency”. Health Care Management Science, 1999, pp.63—74.

[6] E. Ballesteroa, and J. A. Maldonadob, “Objective measurement of effciency: applying
single price model to rank hospital activities”, Computers & Operations Research 31,
2004, pp. 515-532.

[7] M. Feldstein, “Economic analysis for health services efficiency.”Chicago: Markham
Publishing Company, 1968.

[8] R.F. Conrad, and R. Strauss, “A multiple-output multiple-input model of the hospital
industry in North Carolina”, Applied Economics 15, 1983, pp.341-52.

[9] T. Cowing, A. Holtman, “Multiproduct short-run hospitalcost functions: Empirical
evidence and policy implica-tions from cross-section data.” Southern Economics
Journal 49, 1983 , pp. 637-653.

[10]L.X. Li, and W.C. Benton, “Performance measurement criteria in health care
organizations: review and future research directions”, European Journal of
Operational Research 93, 1995, pp. 449—-468.

[11]M. Al-Shammari, “A multi-criteria data envelopment analysis model for measuring the
productive efficiency of hospitals”, International Journal of Operations & Production
Management, Vol. 19 No. 9, 1999, pp. 879-890.

[121W.W. Cooper, L.M.Seiford, and J.Zhu, “Data Envelopment Analysis History, Models
and Interpretatitons”, Handbook on Data Envelopment Analysis, 2nd edition, 2004,
1.Chapter.

[13]A. Emrouznejad, Ali Emrouznejad’ s DEA HomePage, Warwick Business
School, Coventry CV4  7AL, UK, 1995-2001, Electronic publication:
http://www.deazone.com/books/DEA-socioEcoPlanning.pdf

[14]R. F. Lavado, E.C. Cabanda, “The efficiency of health and education expenditures in
the Philippines”, CEJOR 17, 2009, pp. 275-291.

[15]G. R. Eslami, M. Mehralizadeh, and G. R. Jahanshahloo, “Efficiency Measurement of
Multi-Component Decision Making Units Using Data Envelopment Analysis”, Applied
Mathematical Sciences, Vol. 3, 2009, no. 52, pp. 2575 — 2594.

13



Efficiency Measures in the Health Service with DEA - An Overview

[16]S. V. Birman, P. E. Pirondi, E. Y. Rodin “Application of DEA to Medical
Clinics” Mathematical and Computer Modelling 37,2003, pp. 923-936.

[17]A. M. A. Bahurmoz, “Measuring Efficiency in Primary Health Care Centres in Saudi
Arabia”, J. KAU: Econ. & Adm., Vol. 12, No. 2, 1998, pp. 3-18.

[18]N. Donthu, E. K. Hershberger, T. Osmonbekov “ Benchmarking marketing
productivity using data envelopment analysis ” Journal of Business Research 58, 2005,
pp. 1474— 1482.

[19] Sherman, D., “Hospital Efficiency Measurement and Evaluation, Empirical Test of a
New Technique”, Medical Care 10, vol. 22, 1984, pp. 922-939.

[20]S. Grosskopf, and V. Valdmanis, “Measuring Hospital Performance- a Non —
Parametric Approach”, Journal of Health Economics, vol. 6, 1987, pp. 89-107.

[21]1R. Morey, D. Fine, and S. Loree, “Comparing the Allocative Efficiencies of
Hospitals”, OMEGA, vol. 18(1), 1990, pp.71-83.

[22]Finkler, Merton D. and D. D. Wirtschafter, “Cost-effectiveness and Data Envelopment
Analysis”, Health Care Management Review, vol. 18(3), 1993, pp. 81-88.

[23]A. Szczepura, C. Davies, and J. Fletcher, “Efficiency and Effectiveness in General
Practice”, Journal of Management in Medicine, vol. 7, No. 5, 1993, pp. 36-47.

[24]1J. R Lynch, and Y. A. Ozcan, “Hospital Closure: An Efficiency Analysis” ,Hospital &
Health Services Administration, vol. 39, No. 2, 1994, pp. 205-220.

[25]J. Chilingerian, and H. Sherman, “Evaluating and Marketing Efficient Physicians
toward Competitive Advantage", Health Care Strategic Management, vol. 12(5), 1994,
pp. 16-19.

[26]Y. Ozcan, S.C. Yeh, D. McCollum and J. Begun, “Trends in Labour Efficiency among
American Hospital Markets”, Annals of Operations Research, vol. 67, 1996, pp. 61-81.

[27]1J. Chilingerian, and H. Sherman, “Benchmarking Physician Practice Patterns with
DEA: A Multi-Stage Approach for Cost Containment”, Annals of Operations Research
67, 1996, pp. 83-116.

[28]R, Morey, and D. Dittman, “Cost Pass-Through Reimbursement to Hospitals and Their
Impacts On Operating Efficiencies”, Annals of Operations Research, vol. 67,1996, pp.
117-139.

[29]J. Salinas-Jimenez and P. Smith, “Data Envelopment Analysis Applied to Quality in
Primary Health Care”, Annals of Operations Research, vol. 67, 1996, pp. 141-161.
[30]V. Bhagavath, “Technical Efficiency Measurement by Data Envelopment Analysis: An

Application in Transportation”, Alliance Journal of Business Research.

[3171A. Giuffrida, H. Gravelle, “Measuring performance in primarycare: econometric
analysis and DEA.” Applied Economics 33,2001, pp. 163—-175.

[32]Donabedian A, Wheeler JRC, Wyszewianski L., “ Quality, Cost and Health:An
Integrative Model.”, Medical Care, 20(10), pp. 975 - 992, 1982.

[33]Fixer T., “A Data Envelopment Analysis Approach for Measuring the Efficiency of
Canadian Acute Care Hospital”, Master Thesis, University of Toronto, 2008.

14




Journal of Naval Science and Engineering 


2010, Vol. 6 , No.1, pp. 1-14

Efficiency Measures in the Health Service with DEA - An Overview


Banu ÇALIŞ KENGİL & Nilgün GÖKMEN & Hakan TOZAN 




 EFFICIENCY MEASURES IN THE HEALTH SERVICES WITH DEA - AN OVERVIEW


Banu Çalış KENGİL


Marmara University Department of Industrial Engineering Istanbul,Türkiye 


bcalis@marmara.edu.tr

Nilgün GÖKMEN

Marmara University Department of Industrial Engineering Istanbul,Türkiye 


nilgun.gozbay@bte.mam.gov.tr

Hakan TOZAN

Turkish Naval Academy Department of Industrial Engineering Istanbul,Türkiye

htozan@dho.edu.tr

Abstract


Efficiency which could be related to the performance of the processes is one of the main concerns of the organizations. It is therefore important to measure and perform continuous improvement in the efficiency of the processes. This is also valid for the health services as in all others. In literature, there have been several modeling and assessment approaches developed for this purpose. This paper presents a review of the respective researches with related findings in field. Main focus of the review is given to data envelopment analysis which one of the very popular assessment tool for decision making systems. In addition, the review is extended not only to the modeling approaches but also respective software tools as well as strengths and weaknesses of this technique.


SAĞLIK HİZMETLERİNDE VZA İLE ETKİNLİK ÖLÇÜMÜ- BİR GENEL BAKIŞ


Özetçe


Süreçlerin performansı ile ilgili olabilen etkinlik organizasyonların önemli ilgi alanlarından biridir. Bu nedenle, süreçlerin etkinliklerinin ölçüm ve sürekli gelişimlerinin sağlanması önem arz etmektedir. Bu durum, diğer alanlarda olduğu kadar sağlık hizmetleri içinde geçerlidir. Bu amaçla literatürde birçok modelleme ve değerlendirme yaklaşımları geliştirilmiştir. Bu çalışmada bahse konu alanla ilgili araştırma ve ilgili sonuçlarını özetlemektedir. Çalışmada temel olarak, karar vermede yaygın bir değerlendirme aracı olan veri zarflama analizine odaklanılmıştır. Bunlara ek olarak çalışmada modelleme yaklaşımlarının yanı sıra, ilgili yazılım ve yöntemin kuvvetli/ zayıf tarafları da gösterilmiştir. 


Keywords: Efficiency Measurement, Data Envelopment Analysis, Health Services


Anahtar Kelimeler: Etkinlik Ölçümü, Veri Zarflama Analizi (VZA), Sağlık Hizmetleri 


1. INTRODUCTION


Efficiency has been the subject of research in a wide range of production activities. It is expressed as a percentage which can calculate as the ratio total output power to total input power under specified conditions. Efficiency analysis has always been linked to the relative difficulty encountered is assessing the performance of decision-making units (DMUs) [1] to find its weakness so that subsequent improvements can be made. 


Modeling efficiency measurement is a non-parametric way was introduced first by Farrell (1957) [2] including that measurement of price and technical efficiencies and the derivation of the efficient production function. Method summarizes all inputs and outputs into a single virtual input and single virtual output [3]. 

Efficiency Measurement techniques in general consist of four classes:


· Parametric 


· Non-parametric


· Deterministic 


· Stochastic. 

Each set of techniques has its own strengths and weaknesses. Parametric techniques are regression-based approaches in general, and assume a specific functional form for the frontier, where as non-parametric techniques do not [4]. Parametric techniques are susceptible to model misspecification, as the efficiency scores are sensitive to distributional assumptions regarding the error term [4, 5]. 


Deterministic methods do not contain random error component. Hence, they may be sensitive to extreme observations since they assume that the observed distance to the frontier is due to inefficiency. Stochastic methods are less sensitive to outliers since part of the distance to the frontier can be attributed to random error [4]. 


Most relevant applications deal with activities in which some outputs and / or inputs are intangible, and therefore, the efficiency analysis of such activities can hardly be performed by aggregating benefits and costs in accounting terms [6].


2.  EFFICIENCY MEASUREMENT OF HEALTH SERVICES 


The first study of hospital efficiency studies sought to assess hospital efficiency by concentrating on the development of single productivity indices [1, 7]. Econometric theory helped to appreciate the multi-product nature of hospital outcomes and became possible to formulation of multiple inputs and outputs in the assessment of efficiency [1, 8, and 9]. Donabedian et al. [32, 33] stated that efficiency in health care can be categorized in to two 


I. Production efficiency (i.e., how services are produced);


II. Clinical efficiency (i.e.; how services are integrated with efficient strategies of care).


The inputs for the efficiency measurement usually are (but not limited) labour (doctors, nurses, physicians, housekeepers, and capital inputs and etc.) and capital inputs (land, buildings, medical equipment and etc.) [33]. Optimization based methodologies such development of performance indicators is improved [1, 10]. Today both parametric and non-parametric are used to measure production efficiency related to the utilization of available resources such as facilities, technologies and workforce [1, 11, and 12].  


3.  DATA ENVELOPMENT ANALYSIS 


Data envelopment analysis (DEA) is an empirically based methodology that eliminates the need for some of the assumptions and limitations of traditional efficiency measurement approaches. The basic DEA model as introduced by Farrell in 1957 and later developed by Charnes, Cooper and Rhodes (CCR Model) uses an oriented radial measure of efficiency, which identifies a point on the boundary with the same mix of inputs (input orientation) or outputs (output orientation) of that of the observed unit [1]. 


DEA is a technique to measure relative efficiency of a set of decision-making units (DMUs) having similar multiple inputs to produce similar multiple outputs. The relative efficiency of a DMU is defined as the ratio of the sum of its weighted outputs, to the sum of its weighted inputs. The objectives are to identify units that are relatively inefficient and setting targets for them based on examining the operational practices of the units classified as efficient. The underlying concept of DEA is based on Pareto optimality (Charnes et. al., 1985). A DMU is considered relatively efficient if there is no other DMU or a combination of DMUs which can produce at least the same amount of all outputs with less of one input and not more of any other input [13]. It computes the comparative ratio of outputs to inputs for each unit, with the score expressed as 0–1 or 0–100%. A DMU with a score less than 100% is inefficient compared to other units. It is used to identify best practices and is increasingly becoming a popular and practical management tool. DEA has been initially used to investigate the relative efficiency of nonprofit organizations but now, its use has spread to hospitals, school, banks, and network industries, among others. 


In the first stage, DEA assesses efficiency by estimating a frontier based on input or output orientation. Then, each DMU is assigned an efficiency score by comparing the output and input ratio of the DMU on the efficient frontier.  Mathematically, technical efficiency for each DMU is computed as [14]: 


Consider a system under evaluation, consisting of n DMUs. The inputs and outputs of every DMU are all nonnegative and every DMU has at least one positive input and one positive output, i.e., x ≥ 0, x ≠ 0 and y ≥ 0, y ≠ 0. Then, the economic efficiency of DMU is defined as follows:
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In this case, the DMUs can be easily compared. However, since the input costs and output prices are not always precisely available, DEA models are generally utilized for this purpose [15]. 


It can be solved by one of two linear programming formulations. The first formulation maximizes the outputs that can be obtained and constrains the sum of the inputs to be unity [11].
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This linear fractional programming model is called the CCR ratio model, which can be linearized using Charnes-Cooper’s transformations as follows [15]:
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xi are inputs, yi are outputs and u and v are scalar values chosen for each production unit such that the efficiencies of each unit are maximized and no efficiencies are greater than one. 


The second formulation minimizes the inputs needed and constrains the sum of the weighted output at unity. The adopted DEA model represents the dual of the first linear programming formulation. The linear programming dual is expressed as the following [11]:
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where; θ0 represents the radial efficiency of DMU0 and λj is the weight placed by DMU0 on DMUj. DMUs for which the optimal solution θ<1 are inefficient.


For some applications, the goal is to increase outputs for a fixed quantity of inputs. The corresponding dual form of the output-oriented model is given by
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Here, DMUs for which the optimal solution Φ>1 are inefficient. The vast majority of DEA studies in health care use the input-oriented model since the goal is to reduce costs rather than increase the volume of services provided.


3.1 DEA Models


The CCR model was introduced by Charnes, Cooper and Rhodes in 1978, which became the basis for a branch of operations research called data envelopment analysis (DEA). After the introduction of the CCR model, other models such as the BCC, RAM, SBM, additive, FDH, models were introduced to enrich DEA [15]. Table 1-1 presents the CCR model in input- and output versions, each in the form of a pair of dual linear programs.


Table 1: CCR DEA Model
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Table 1(continued): CCR DEA Model


                                 


  Input Oriented


Envelopment Model

     Multiplier Model




max 

[image: image38.wmf]f


+ ε(

[image: image39.wmf]å


=


m


i


1




[image: image40.wmf]S


i


-


+

[image: image41.wmf]å


=


s


r


1




[image: image42.wmf]S


r


+


)          min q = 

[image: image43.wmf]å


=


m


i


1


vi xi0  


subject to

                 subject to




[image: image44.wmf]å


=


n


j


1


xij

[image: image45.wmf]l


j +

[image: image46.wmf]S


i


-


= xi0 
                   

[image: image47.wmf]å


=


m


i


1


vixij - 

[image: image48.wmf]å


=


s


1


r


µr yrj ≥ 0 

For i =1,2,…,m





[image: image49.wmf]å


=


n


j


1


yrj

[image: image50.wmf]l


j - 

[image: image51.wmf]S


r


+


=

[image: image52.wmf]f


yr0  
                        

[image: image53.wmf]å


=


s


1


r


µr yr0 = 1

For r = 1,…,s,




[image: image54.wmf]l


j  ≥ 0  for    j = 1,…,n.               µr, vi ≥ ε > 0



If the constraint 
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  is adjoined, they are known as BCC (Banker, Charnes, Cooper, 1984) models. This added constraint introduces an additional variable, μo, into the (dual) multiplier problems [12]. 


The main difference from the CCR model is the treatment of returns to scale. The CCR version bases the evaluation on constant returns to scale (CRS), whereas the BCC version is more flexible and allows variable returns to scale (VRS) [1].


3.2 DEA Software Tools


Although the DEA process is quite sophisticated the problem simplifies to a linear program can be solved by the simplex method. Given the large amounts of data involved, DEA is usually performed with the aid of a computer. Software such as Microsoft Excel and Lindo have itemization solvers that are capable of solving the problem. Additionally, shareware software can be found online [13, 16] to solve most DEA problems. For this research, DEA solver software was developed as an add-in for Microsoft Excel [16].Some of the DEA soft wares are given below:


· Frontier Analyst 


· DEA-Solver


· OnFront


· Warwick DEA


· DEAP


· EMS


· Pioneer


· GAMS

3.3 Strength and Weaknesses of DEA


The advantages of DEA can be listed in as follow [1]: 


· It is underpinned by economic theory and methods. 


· It focuses on relative not absolute efficiency. 


· It has the ability to incorporate multiple inputs and outputs simultaneously and identifying actual good practice and performance targets.


· It does not require a specific production function as opposed to typical econometric models.


DEA’s main limitations include: i) the impact of omitting important variables, ii) the impact of outliers, and iii.) the impact of missing observations [30]. All three situations may cause the efficiency scores to be wrongly computed [18].  So the weaknesses of DEA can be stated as follow:


· When complex production processes are involved, specifying a model populated with good quality data can be difficult for several reasons. In particular, an unmanageable number of variables may be needed to capture the process adequately or the quality of available data may be too poor to provide accurate measurement and produce valid results [1, 31]. 


· DEA is a deterministic rather than statistical technique; DEA produces results that are particularly sensitive to measurement error. DEA only measures efficiency relative to best practice within the particular sample. Thus, it is not meaningful to compare the scores between two different studies. 


· DEA results are insensitive to statistical noise and the measurement of comparative efficiency rests on the hypothesis that efficient units are genuinely efficient [1, 31].


4. DEA MODELS IN HEALTH SERVICES 


Data envelopment analysis (DEA) has proven to be an effective and versatile tool for health care efficiency measurement, and its use has spread throughout the world [1]. 


DEA received wide acceptance by researchers and practitioners in many public and private sectors. However, it has not been used extensively in health care. The first hospital efficiency studies sought to assess hospital efficiency by concentrating   on the development of single productivity indices [1, 7]. Advanced in econometric theory helped to appreciate the multi-product nature of hospital outcomes and econometric models have been developed that enable the formulation of multiple inputs and outputs in the assessment of efficiency [8, 9]. Moreover, optimization-based methodologies have emerged as tools for healthy service research including the development of diagnostic related groups and development of performance indicators [1, 10]. 


The first empirical test of DEA on hospitals was given by David Sherman [19] who applied DEA to a group of teaching hospitals. DEA is found to provide meaningful insights into the location and nature of hospital inefficiencies as judged by a panel of hospital experts. Grosskopf and Valdmanis [20] employed DEA to find out the effect of ownership type on hospitals efficiency. Morey et al. [21] compared the allocative efficiencies of 60 hospitals in the USA. Finkler and Wirtschafter [22] presented an application of DEA to a system of nine hospitals that offer obstetric services. The study confirms its robustness which justifies its inclusion in the cost managers’ tool kit. Efficiency and effectiveness in general practice was measured by DEA [23]. The authors expected that DEA should prove a useful tool, offering not only a method for assessing efficiency but also the opportunity to identify practices where improvement in effectiveness may not be feasible without additional resources. Janet Lynch and Yasar Ozcan [24] used DEA to construct an efficiency index to test a hypothesis that inefficient and underutilized hospitals in competitive markets are at greater risk for closure. Chilingerian and Sherman [25] suggested the use of DEA as an evaluation method to classify physicians according to their efficiency rate. 


In 1996, an issue of “Annals of Operations Research”; which addresses the applications of Operations Research in health care, included four out of eleven studies that addressed the application of DEA in healthcare. The first paper investigates the trends in labor efficiency in U.S. hospital markets for a five-year window using DEA [26], the second one investigates physician practice pattern to identify benchmarks for practices and to reduce costs by applying a multistage DEA [27]. Morey and Dittman [28] used DEA with non-discretionary factors and new hypothesis testing procedures to shed some light on reimbursement methods to hospitals by public insurers. The last paper used DEA to measure PHC quality in England [29]. In general, these studies not only demonstrate that DEA is an effective technique for evaluating the efficiency of Health Care organizations but also reflects the variety of problems in health care management which can be handled by DEA [9].

5. CONCLUSION 


As DEA has the ability of accommodating multiple heterogeneous inputs and outputs to model the complex and chaotic relations it is an appropriate approach for efficiency measurements in health care. [33] And due to this ability and expediency it found a broad implementation area in this field. This basic overview study is hoped to shed light to the future works that are going to be made in the field. 


REFERENCES


[1] N. Kontodimopoulos, and D. Niakas, “Efficiency measurement of hemodialysis units in Greece with data envelopment analysis”, Health Policy  71, 2005, pp. 195–204.


[2] J. K. Sengupta,“ Quality and Efficiency” Economic Modelling 17, 2000, pp. 195-207.


[3] S.Ketabi, “Efficiency Measurement of Cardiac Care Units of Isfahan Hospitals in Iran”, J Med Syst, 2009. 


[4] L. O’Neilla, M. Raunerb, K.Heidenbergerb, and M. Krausc, “A cross-national comparison and taxonomy of DEA-based hospital efficiency studies”. Socio-Economic Planning Sciences 42, 2008, pp. 158–189.


[5] M. Rosko, “Impact of internal and external environmental pressures on hospital inefficiency”. Health Care Management Science, 1999, pp.63–74.


[6] E. Ballesteroa, and J. A. Maldonadob, “Objective measurement of effciency: applying single price model to rank hospital activities”, Computers & Operations Research 31, 2004, pp. 515–532.


[7] M. Feldstein, “Economic analysis for health services efﬁciency.”Chicago: Markham Publishing Company, 1968.


[8] R.F. Conrad, and R. Strauss, “A multiple-output multiple-input model of the hospital industry in North Carolina”, Applied Economics 15, 1983, pp.341–52.


[9] T. Cowing, A. Holtman, “Multiproduct short-run hospitalcost functions: Empirical evidence and policy implica-tions from cross-section data.” Southern Economics Journal 49, 1983 , pp. 637–653.


[10] L.X. Li, and W.C. Benton, “Performance measurement criteria in health care organizations: review and future research directions”, European Journal of Operational Research 93, 1995, pp. 449–468.


[11] M. Al-Shammari, “A multi-criteria data envelopment analysis model for measuring the productive efficiency of hospitals”, International Journal of Operations & Production Management, Vol. 19 No. 9, 1999, pp. 879-890.


[12] W.W. Cooper, L.M.Seiford, and J.Zhu, “Data Envelopment Analysis History, Models and Interpretatitons”, Handbook on Data Envelopment Analysis, 2nd edition, 2004, 1.Chapter.


[13] A.  Emrouznejad,  Ali  Emrouznejad’ s  DEA  HomePage,  Warwick  Business  School, Coventry  CV4  7AL,  UK,  1995-2001, Electronic publication: http://www.deazone.com/books/DEA-socioEcoPlanning.pdf

[14] R. F. Lavado, E.C. Cabanda, “The efficiency of health and education expenditures in the Philippines”, CEJOR 17, 2009, pp. 275–291.


[15] G. R. Eslami, M. Mehralizadeh, and G. R. Jahanshahloo, “Efficiency Measurement of Multi-Component Decision Making Units Using Data Envelopment Analysis”, Applied Mathematical Sciences, Vol. 3, 2009, no. 52, pp. 2575 – 2594.


[16] S.  V.  Birman,  P.  E.  Pirondi ,  E.  Y.  Rodin “Application  of  DEA  to  Medical  Clinics” Mathematical  and  Computer  Modelling  37, 2003, pp.  923-936.


[17] A. M. A. Bahurmoz, “Measuring Efficiency in Primary Health Care Centres in Saudi Arabia”, J. KAU: Econ. & Adm., Vol. 12, No. 2, 1998, pp. 3-18.


[18] N. Donthu, E. K. Hershberger, T. Osmonbekov  “ Benchmarking marketing productivity using data envelopment analysis ” Journal of Business Research 58, 2005, pp. 1474– 1482.


[19] Sherman, D., “Hospital Efficiency Measurement and Evaluation, Empirical Test of a New Technique”, Medical Care 10, vol. 22, 1984, pp. 922-939.


[20] S. Grosskopf, and V. Valdmanis, “Measuring Hospital Performance- a Non –Parametric Approach”, Journal of Health Economics, vol. 6, 1987, pp. 89-107.


[21] R. Morey, D. Fine, and S. Loree,  “Comparing the Allocative Efficiencies of Hospitals”, OMEGA, vol. 18(1), 1990, pp.71-83.


[22] Finkler, Merton D. and D. D. Wirtschafter, “Cost-effectiveness and Data Envelopment Analysis”, Health Care Management Review, vol. 18(3), 1993, pp. 81-88.


[23] A. Szczepura, C. Davies, and J. Fletcher, “Efficiency and Effectiveness in General Practice”, Journal of Management in Medicine, vol. 7, No. 5, 1993, pp. 36-47.


[24] J. R Lynch, and Y. A. Ozcan, “Hospital Closure: An Efficiency Analysis” ,Hospital & Health Services Administration, vol. 39, No. 2, 1994, pp. 205-220.


[25] J. Chilingerian, and H. Sherman, “Evaluating and Marketing Efficient Physicians toward Competitive Advantage", Health Care Strategic Management, vol. 12(5), 1994, pp. 16-19.


[26] Y. Ozcan, S.C. Yeh, D. McCollum and J. Begun, “Trends in Labour Efficiency among American Hospital Markets”, Annals of Operations Research, vol. 67, 1996, pp. 61-81.


[27] J. Chilingerian, and H. Sherman, “Benchmarking Physician Practice Patterns with DEA: A Multi-Stage Approach for Cost Containment”, Annals of Operations Research 67, 1996, pp. 83-116.


[28] R, Morey, and D. Dittman, “Cost Pass-Through Reimbursement to Hospitals and Their Impacts On Operating Efficiencies”, Annals of Operations Research, vol. 67,1996,  pp. 117-139.


[29] J. Salinas-Jimenez and P. Smith, “Data Envelopment Analysis Applied to Quality in Primary Health Care”, Annals of Operations Research, vol. 67, 1996, pp. 141-161.


[30] V. Bhagavath, “Technical Efficiency Measurement by Data Envelopment Analysis: An Application in Transportation”, Alliance Journal of Business Research.


[31] A. Giuffrida, H. Gravelle, “Measuring performance in primarycare: econometric analysis and DEA.” Applied Economics 33, 2001, pp. 163–175.


[32] Donabedian A, Wheeler JRC, Wyszewianski L., “ Quality, Cost and Health:An Integrative Model.”,  Medical Care, 20(10), pp. 975 - 992, 1982.


[33] Fixer T., “A Data Envelopment Analysis Approach for Measuring the Efficiency of Canadian Acute Care Hospital”, Master Thesis, University of Toronto, 2008. 






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































1

14

13



_1326469686.unknown



_1330600447.unknown



_1330601575.unknown



_1330603294.unknown



_1330601147.unknown



_1326470324.unknown



_1326308714.unknown



_1326309455.unknown



_1326469609.unknown



_1326469552.unknown



_1326309225.unknown



_1326306655.unknown



_1326306898.unknown



_1326308560.unknown



_1326306811.unknown



_1326305958.unknown



_1326305727.unknown



