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Abstract

Despite the growing international literature in theeld of efficiency and productivity
measurement there are very limited Greek applicatipartly due to inadequate and
incomplete datasets. The aim of this article idltstrate the main methodologies for health
care services efficiency and productivity measurdméo present their strengths and
weaknesses and to discuss the existing evidence &paplications in other countries.
Notwithstanding the fact that the related methodme have been recently developed these

methods may help practitioners and health care siess makers in improving health care
management in Greece.
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1. Introduction

In most western countries, the costs of healtle ¢t@ve shown substantial
increases during the last four decades and itpeard that this trend will continue
in the future. In the search to explain this insneg trend of health care expenditure
the list of factors that have been investigatediuohes: over-insurance, cost
increasing technology, aging of population, suppileduced demand and the
relative price effect. Recently, it has been argted inefficiency and low growth
productivity are two factors that have contributied this of health care costs.
Therefore, during the last twenty years, healtvises efficiency and productivity
measurement and analysis has been the focal daies@arch and there is a rapidly
growing literature in this field.

Health services performance measurement can lk fasemany purposes.
Firstly, it can be used as a performance and ssdodgator and as a managerial
control tool. In this context the measurement dicefincy may subsequently put
pressures on the producers to improve performancaddition it may be used to
investigate the factors that drive better perforogarand thus to improve the
management and organization of producers. Furthermthe scarcity of the
resources spent for the provision of health caeeessitates that these should be
allocated to those producers that maximize the utugwoduced with the given
money spent for health care. In this context efficy measurement may be used to
guide resource allocation decisions. In additiboan be used to evaluate alternative
health care measures and policies and to testrdaliffdnypotheses as regards to the
performance of the health care industry.

Given the size of the health care industry, evaallsimprovements in the
performance of health care providers may genenalstantial resource savings.
Hence, measuring and analyzing the efficiency aondyctivity has become an issue
of great importance. The approaches developed pplied to the performance
measurement and analyses are rooted either onciheomic and econometric
literature or on the management science and opesedtresearch literature. Thus,
they are based on different assumptions and teghgignd because of the special
characteristics of each approach, each has stemgith weaknesses. This article
presents the main approaches proposed and usear g$or fhealth care services
performance measurement. The evidence provided frenempirical literature is
also reviewed.

2. Theory
2.1 Efficiency and its M easur ement

Efficiency is a relative concept and it is meadune relation to optimum
performance. An organization paire technically efficient output is produced with
the least amount of factor inputScale efficiencyoccurs when an organization
operates at the optimal size of production, whishthe point of long term
equilibrium i.e. the point of constant returns twale. Pure technical and scale
efficiency combined defingechnical efficiency An organization is said to be
allocatively efficientif inputs are employed in the correct proportiamgerms of
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their prices, to minimize production cost for giveatput The concept obverall
efficiency combines allocative and technical efficiency asodcurs when an
organization is simultaneously pure technicalligatively and scale efficient.

To measure efficiency, we would ideally need towrwhat constitutes best
performance in a technical sense but this is radilide. In hospitals for example it is
impossible to know what is the maximum output ttmaty be feasibly produced or
what is the minimum amount of inputs that the hadpshould use given the
technology it employees. Instead, in empirical wargroup of hospitals is studied
so as to find which are the ones that produce roatput for given inputs or less
inputs to produce certain output. Such best pradtaspitals are then used to form a
benchmark or in other words a frontier against Whi@ measure the efficiency of
the hospitals under evaluation.

To illustrate this process graphically considegureé 1 which for simplicity
depicts the single input-output case. Figure 1as@ix hospitals namely, H1 to H6.
The input quantities used by each hospital are anedsin the horizontal axis and
the output produced in the vertical axis. Thus, pitat H6 uses input g and
produces output a, but as shown in the figure haispil also produces output a
with only e quantity of input. Hence, at this lewa&l production hospital H1 is
efficient in the pure technical sense whereas, itedsg6 is not. Theinput pure
technical efficiencymeasure of hospital H6 can be quantified by th® rae/og.
Suppose that this ratio was 0.75 this would impigt thospital H6 can produce
output a by using only 75% of the actual amountnpits it currently uses. The
same situation is depicted in the case of hosgialelative to H2 and H4 relative to
H3. Thus, hospitals H6, H5 and H4 are technicallgfficient because they can
reduce input usage as compared to their peers Kt21,and H3). In contrast,
hospitals H1, H2 and H3 are all technically effiti@and they form a short term
production frontierwhich exhibitsvariable returns to scaler VRS for shortEvery
hospital that lies on that frontier is also effitiavhereas every hospital that lies in
the interior of it is technically inefficient, wherthe amount of inefficiency is
defined in terms of the distance from the frontier.

It should be noted though that there is also &emdihce between the three
hospitals on the above mentioned frontier. Thahaspital H2 is related to greater
product to input ratio (e.g. has greater produitjvielative to H1 and H3. This is
due to the fact that this hospital operates antbst productive scale of production
(MPSP), which is related to the long term productivontier, which exhibits
constant returns to scale. Hence, even if hospialsand H3 are pure technically
efficient, they are not scale efficient. Hospital Hperates in an area of increasing
returns to scale and this implies that this hospttald increase further its efficiency
by increasing its scale of production. Thus, tHatiee scale efficiencyf hospital
H1 is measured by the ratio od/oe. Had this hdsp#an scale efficient, it would
have to operate at the production point that reladeoutput a and input d, which has
the same output-input relation as the productiantgbat relates to hospital H2. In
the same spirit, hospital H3 is scale inefficieetéuse it operates in an area of
decreasing returns to scale. This hospital canawgperformance by reducing its
scale of production. Hence, its scale efficiencyeasured by the ratio oh/o;.
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Finally, note the case of hospital H5 which isgtechnically inefficient but
scale efficient because it operates at the rigolesof production as it does hospital
H2. Hospitals H6 and H4 are both scale and putanteally inefficient.

The concepts of efficiency were represented abdowa an input oriented
perspective, in the sense that output was considgergiven and the analysis studied
how hospitals can reduce input usage whilst produdhat output. Alternatively,
one may take the input as given and examine howitaés could increase output.
The analysis so far has been confined only to iapdtoutput quantities and nothing
was mentioned about input prices which affect potida costs. Suppose that there
are two inputs e.g. doctors and hospital capital Hrat they only produce one
output, e.g. inpatient cases. This is depicted igufe 2. To facilitate the
presentation, output has been standardized sdahédigure depicts input used per
unit of output produced. Again hospitals H1 to H8 afficient and they form the
CRS frontier, which is also in this case calisoquant The VRS frontier has been
omitted in order to simplify the analysis. Teclatiefficiency in this case is
measured by the amount by which it is possibleettuce radially (proportionally)
input usage while still being able to produce & ohioutput. Hospital H4 used the
same input mix with H3 but it uses excessive amadiriioth inputs relative to its
peer. The technical efficiency of H4 can be measurg the ratio OH3/OHA4.
Suppose now that input prices are known. Let fetance annual salaries be the
price of the labor input and operating expense gmgrum be the price of capital
input. The sum of the product s of inputs to thpgices gives the operating cost of
each hospital. This is not always to the minimunsgilde. Take for instance the
case of hospital H4. The observed production cb#tai hospital is represented by
theisocost linethat goes through point H4. This is in excesshefdost that relates
to hospital H1 which uses input mix such that thargmal rate of substitution
between the two inputs equals their relative pmago. Hospital H1 is both
technically but also cost and overall efficient.eTproduction cost of hospital H4
can be radially contracted until it reaches the tia¢ relates to H1. In other words
hospital H4 can produce a unit of output at mualelo cost. Its overall (cost)
efficiency can be measured by the ratio OA/OH4gesiat A cost is the same as H1.
The line that goes through H1A is tmnimum isocost lin€lhe overall inefficiency
of hospital H4 is due to two factors. Firstly, besa of technical inefficiency, i.e.
excessive input usage. This form of inefficiencycaptured by the input oriented
measure of technical efficiency that has alreadgnbdiscussed. Secondly, it is
caused due to allocative inefficiency i.e. duehe fact that it employed a wrong
input mix in light of their prices. In our examptlis form of inefficiency is
measured by the ratio OA/OHS3. In other words ithis residual inefficiency that
explains cost inefficiency not accounted by tecahicefficiency.

In summary, when only input-output quantity data available it is possible
to measure and decompose only technical efficieAdge data can make it possible
also to measure overall efficiency and then decampbinto a technical and an
allocative part. The analysis illustrated above barrepeated from an output point
of view. Nonetheless, because it is difficult tduweaoutput in health care it is more
meaningless to analyze how to reduce productiontifgrtors and costs given the
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outputs produced. This analysis has its theoletmats to the works of Debrue
(1951), Koopmans (1951) and Farrell (1957). Howgeitebecame more popular,
when methods for the measurement of these coneegés provided by Charnes et
al. (1978) and Aigner et al. (1977) and Jondrovalet(1982), and subsequently
developed (see Féare et al., 1985; Fried et al.3;1Bfre and Primmont, 1995) by
others. Nonetheless, the first applications totheadre institutions are seen in the
American literature in the mid 80’s. Since therapid growth in their applications
and use for decision and policy making and planmag observed (Hollingsworth
et al.,, 1999)The analysis outlined above was static and involwelg data of one
period. Thus, it gives only a snapshot of hospsiformance. If panel data are
available one may repeat it and get a better viewpmductive performance.
However, in that case it is possible that aparinfrefficiency i.e. the relative
distance of a hospital from its frontier, it is pie that the frontier itself may shift.
This is the case when productivity change measureisenore appropriate.

2. 2 Productivity and its M easur ement

Productivity is defined as the ratio of an indexootput produced over an
index of the input used to produce it. In the caSene input and output this is an
easily obtainable measure, however, in the multipiput-output case, an
economically sensible aggregation method has toskd. The over time change of
this measure is callegiroductivity change For many years economists were
attributing productivity change to technical (ocheological) change. Technical
change reflects the impacts from the introductibmew techniques, treatments,
medical equipment etc. Thus, in this context the bencepts become synonymous.
Nonetheless, after the recent developments of iteture on efficiency it was
argued that productivity change can be caused #tiiltiency change rather than
technical change. In other words, output per infs&d to produce it can increase not
because of shifts in the frontier but because ififssbf the production unit (hospitals
in our case) from it. Thus, the productivity mea&sunent literature has recently
incorporated the efficiency measurement literatédrdarge number of economists
still measuring productivity ignoring efficiency bin such cases the effects of
technical change are confounded with the effectsfiidiency change and thus the
analysis may provide inaccurate insights into pobetity and its root sources
(Grosskopf, 1993).

Figure 3 represents the case where, under constanhs to scale, a single
input is used to produce a single in time periddand t+1, respectively. Let as
assume that there are some hospitals in each pehozh define the production
frontier and thus, hospital H1 that is under eviéidmeshifts from point Hlin period
t to point HE™" in period t+1. The frontier itself shifts upwaris period t+1 to
technical progress. As noted earlier productiviythe ratio of output to input.
Denote output in period t a§and input as %and similarly in period t+1 as‘yand
x"!. Productivity change then is the change in averpgmluct that is: PC =
("X YIXY). However, input here is the inefficient one anldais to be corrected
for this inefficiency. Denote TEand TE" the factor by which input in each period
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has to be corrected for inefficiency. Productivithange then becomes: PC =
("X TEF Y/ YIX'TEY. Then after some algebraic manipulation we thle¢ hPC

= (Iny**Iny") — (InX**Inx") — (INTE*- InTE"). In other words this is saying that
change in productivity is attributed to technichlange (change in output minus
change in input) and technical efficiency change.

In this case the efficiency of hospital H1 in pdriocan be measured by the
ratio od/of and in period t+1 by the ratio oe/odfidiency change then is captured
by the ratio (oe/og)/(od/of). This ratio indicateshether the hospital overtime
becomes more efficient i.e. whether it catchegsiprioduction frontier. A score less
than 1 would here indicate that the hospital besomere efficient over time and a
score more than 1 would indicate the opposite. ilieahchange is captured by the
ratio oc/od at the production mix of period t andthe ratio oe/oh at the production
mix of period t+1. Both of them multiplicatively sadefine productivity change. A
very popular way of pursuing this analysis is thalfdiquist productivity index. This
was first adopted in productivity measurement byeSaet al. (1982) and it was
decomposed into technical efficiency change antinieal change by Fare et al.
(1989), Maniadakis and Thanassoulis (1996, 20004 p8éxtended it further so as to
additionally capture allocative efficiency chandéshould be noted again that it is
easy to extend this analysis to include produatmsts rather than quantities only. It
is also easy to generalize it to the output origrdase. For obvious reasons such
extensions are not presented here but the intdresteler can find them in Féare,
Grosskopf and Lovell, (1994), Fried, Lovell and &tit, (1993) and Coelli, Batesse
and Rao (1998).

3. Methods of Efficiency and Productivity M easurement

There are two main approaches to efficiency andymtivity measurement.
The econometric approactemploys models that account for random noise and
errors in the data and they are often caffemthastic Also, because they require a
prior assumption about the functional form of teehinology, they are often termed
parametric However, it is rather confusing to use the temmametric only when
referring to the econometric approach, because sother models are also
parametric. In particular, the second approach ffwiency and productivity
measurement is based orathematical programmingnd includegparametricand
non-parametricmodels. As implied by the name, non-parametric etodio not
require any assumption about the functional forrtheftechnology, but they require
more general assumptions such as convexity andemgtiness. Mathematical
programming models are also call@eterministicbecause they do not account for
random noise or data errors. This implies thats® them one needs to be confident
about the quality of the data set. The non-parametathematical programming
approach is the most popular in hospital efficieang productivity studies.

3.1 The non-parametric mathematical programming approach
The non-parametric mathematical programming apprdesquently goes
by the nameData Envelopment Analysie DEA for short, attributed to Charnes,
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Cooper and Rhodes (1978) who introduced it. Thieenderives from the features
of the method which is piece-wise linear and litgranvelops the production input-
output set. DEA can easily handle multi inputs-otitfechnologies and it can be
applied to small data sets, given that there isasanable proportion between the
input and output variables and the number of oladEms. DEA is based on activity
analysis which since its introduction the relevditerature has been rapidly
expanding and now contains over two thousand ttieatarticles and applications
(see Emrouznejad and Thanassoulis (1997). Thesepigethora of non-parametric
programming models applied in efficiency and prdolity measurement. In this
article the basic ones will be represented.

Let being assumes that in any time period t, tregeej =1,...,J hospitals
which are using a vector of inputsex R", to produce a vector of outpute R™.
The K" producer consumes amountg, »f input n (n = 1,...,N) to produce amounts
yim Of output m, (m = 1,...,M). Then technical effio@y or its reciprocal distance
function (Féare, Grosskopf and Lovell, 1994), is mwgad in terms of how far is an
input-output bundle from the piece-wise boundarg tathnical change is measured
in terms of the over time shifts of that bound&pecifically, foreveryhospital, the
input oriented measure of technical efficiency dssed earlier can be computed as
follows:

J J
TEN(Y'x) = min 7. st le,-y}m 2 Vim 2 ZiXn S A X, 220 (1)
i= j=1

where s.t. stands for subject to and variable anisntensity variable used here to
form the convex combinations of inputs and outpdisis model compares the
distance of hospital k from the frontier formed dygroup of its peers (and convex
combinations of them) which produce output at leastlarge as the output of
hospital k and use input less than or equal torthet of hospital k. To compute the
input oriented measure of pure technical efficienng has simply to add in above

model the constrainﬁ zi=1 which makes the boundary of the technology to
1

exhibit VRS. Then, the ratio of the two measuref give the scale efficiency
measure. Assume also that in time period t inpisep w € R" are also available.

This implies that the'khospital will face pricesv, (n = 1,,N). Foreveryhospital k,
the minimum cost used to compute overall efficieasyollows:

J J
t . t t
C'(y W) =min Wi, xst:X2)¥in 2 Vi 2 Zj Xjn <Xn.2j20,x, 20 2)
X,z j=1 j=1

This model is in the spirit of the one in (1) [tuhinimizes over inputs until it
finds the minimum combination capable of securimg dbserved output. Note that
this minimization may not necessarily be radialr BFe computation of the input
oriented overall efficiency measure one has sinplgompute for every unit k, the
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n
ratio: C(y',w')/ ZWtkn Xk » Where the cost in numerator computed as in (@nT it
1

is also possible to compute residually the inpukerded allocative efficiency
measure as the ratio of overall to technical efficy. So far the focus was on
efficiency measurement. To compute technical chamgaoductivity change there
are various alternatives. One option is it to Umedo calledEA Window Analysis
This is an application of DEA to panel data. Assugnthat there are t = 1,...,T
years. Then, starting from the year t, “windows”sofears (s < T) are treated as a
cross-sections and DEA is applied consecutivelye (§harneset al. 1995).
However, this is an ad hoc method and not very niidime with the way technical
change and productivity change measurement wasedkin the previous chapters.
An alternative option is to computeeasures of progress or regre§diese are
described in Tulkens and Van de Eeckat (1995). 8 hez many computational and
conceptual difficulties in using such measures.hifeal change and productivity
change is measured in a much more elegant fashitninvthe Malmquist index
approach (Malmquist, 1953; Fare et al., 1989)cdmpute the index one needs to
use models such as the one in (1).

3.2 The parametric mathematical programming approach

The parametric mathematical programming (PMP) aggrorequires the
prior specification of a functional form for thectenology of production. Then, the
parameters of the model are calculated with theliGgiipn of mathematical
programming techniques, which were firstly used Fsrrell (1957) and then
extended by Aigner an Chu (1968); Forsund and Ja(k@/7) and Forsund and
Hjalmarsson (1979), among others. There is a dittdrence between the DEA and
PMP that frequently goes unnoticed. In DEA the lfauyg is estimated J times one
for each producer in the data set and it may difi@m one producer to the other.
This led Fareet al. (1994) to note that DEA estimates individual fierd. In
contrast, PMP — as well as the econometric apprpeesented next — estimates one
frontier that corresponds to the whole industnfidi&incy and productivity are then
computed by substitution of the data set into thaustry frontier. Assume as

earlier that there are j =1,...,J producers whighusing inputs» $}", to produce

output y € R™. There are various functional representations thay be used to

represent the technology of production, such agthduction function or the cost
function. Assume that the productivity change mearsent. They employed a
Translog frontier production function, which was lccdated with a linear
programming model of the following form:

min Z[f(x; , B,t) - yi], s.t. (% , B,t) -y >0, >0 (3)

where, x and y stand for inputs and outpiitsiepresents the parameters of the
function and t the time.
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The model can contain additional constrains, impgpsihe form of the
returns to scale, concavity, monotonicity or anlyeotproperty of the technology.
One first needs to estimate the parametejs,,d, of the above technology using
mathematical (linear or quadratic) programming. rhefficiency measures or
distances for every input-output bundle (i.e. pe®ty are computed by substitution
into the estimated function.

3.3 The econometric approach

The econometric approach is similar to the parametathematical approach
presented earlier in the sense that it requirew gpecification of the form of the
production technology. However, it also requiresuagptions about the distribution
of efficiency and errors. In addition, one needagsume independence between the
variables. A function estimated using ordinary tespiares or a similar regression
technique represents the average and not thedraetthnology. Thus, techniques
that estimate frontier functions are more appraeria measuring efficiency and
productivity. To estimate a function that will repent a frontier technology, in
econometric frontier analysis the residuals inrggession model are bounded to be
one-sided. The one-sided error term indicates hawhma producer lies below the
estimated production, revenue or profit frontieabove the estimated cost frontier
and thus it is being used to determine its (ingedficy or in general its distance
from it. The shift of the frontier itself is used measure technical change. For the
discussion to follow let it be considered agairt,tirmany time period t, hospital i (i

= 1,,) uses inputs, € R", available at pricegy}, € R", to produce outpuyitm

e RT. In the single output multiple input case, defihe production function and

assume that it has a parametric form. The produdtmntier function will then be
as follows:

yi= a'+ Bixu+ K-elel<0 4)
o', ,b’:] and y are the parameters to be estimated and k is a guwamable

representing time, for the case when panel dataaagable. This model has two
versions. In early work the entire error terg), was bounded from above, i.g.<

0, so as the forcq/t <F'(d' ,,B; x') . Therefore, the entire error term represents

technical (in) efficiency and this is why efficignmeasures here are defined with
reference to a deterministic frontier. This apploa@s first suggested by Aigner
and Chu (1968) who proposed that the parametetseomodel can be measured
with linear or quadratic programming. However, Afr{(1972) and Schmidt (1976)
proposed that this model can be made amenablatististl analysis and showed
how to estimate it. In later work by Aigner, Lovald Schmidt (1977) and Meeusen

and van den Broeck (1978) the error term was deosatpas followsg! =y -u'.

The first component,,, is a two-sided independently and identically
distributed component, capturing statistical noiged random shocks. This
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component accounts for the effects of events thatat under the control of the
production unit, such as luck, weather, strikesgepics, accidents and the effects

of measurement errors and omitted variable’s bid® second pai, is a non-

positive disturbance term, which forcgs< F' (g ,,B; x') +ui, and thus is used to

measure technical (in)efficiency. Thus, in this mlofin) efficiency is measured
relative to a stochastic frontier. Estimation tdges include: corrected ordinary
least squares (COLS), modified ordinary least ssgigMOLS), and maximum
likelihood (ML) (Schmidt 1986, and Fried, Lovell drschmidt, 1993). In most of
the cases the error component is assumed to fadlolmalf-normal distribution,
although other distributions (gamma, truncated)ehasen used. After the estimation
the disturbance term can be decomposed into the parts according to the
approach proposed by Jondrow, Lovell, Materov aclth#dt (1982) and Waldman
(1982).

The limitation of the production function is thiatis applicable only in the
case of single output multiple input technologiesthe case of multi input-output
technologies one may use a cost function. Therdadga of the cost function is that
incorporates multiple outputs easily and that itkegit possible to estimate and
decompose overall efficiency. The frontier costclion has the following form:

Cl= o'+ Bo¥Ym+ 7wt Kiel,el20 ®)

In this case the efficiency disturbance term is-negative, so that it forceg >

C'(a', B, Y., 7, wh) . Estimation techniques are the same as for theatian of

the production frontier function. It is notable thia a single-equation cross-section
framework one is able to estimate overall efficieiwt not to decompose it. The
decomposition of overall efficiency requires thee ug a system of equations. For
the cases where panel data are available, Baugd)$8ows how to do it.

4. Empirical Applications

During the last decade, the methodologies destiinéhe previous sections
have been extensively employed to measure andzntidg productive performance
of health care services. Most of the applicatiorsenmotivated by the desire to
measure efficiency and productivity and to investigtheir relation to observable
characteristics of efficient organizations, espciawnership and profit status
(profit vs. non-for-profit). It is worth noting thehealth industry is a particularly
interesting area of efficiency and productivity me@ment. Unlike a firm, a health
care institution is not always expected to be it (Wagstaff, 1989). There is no
obvious reason why a doctor should choose to heaeft. In the theory of the firm
efficiency is a simple corollary of utility maximimy behavior. Firms try to
maximize profits or minimize costs. However, as i8/81971) suggests, hospitals
do not adhere to maximizing/minimizing behaviortive traditional neoclassical
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sense. There is no evidence that the public health sector is profit-maximizing.
Moreover, one of the criticisms of the frontier eggch, that there might be a
systematic cross sample variation in the technegs not valid in the health care
sector. Usually, health care institution of similgpe and size employ similar
production technologies.

Looking into the literature it becomes clear thatimematical programming
literature is much more extensive than the econaenebe (Holingsworth, Dawson
and Maniadakis, 1999). Most studies are focusinghenmeasurement health care
services technical efficiency (Zukerman, Hadley dedzoni (1994), Wagstaff
(1989), Parkin and Hollingsworth (1997), Valdmaf(il®90, 1992), Register and
Bruning (1987), Banker, Conrad and Strauss (1946)ey, Fine and Loree (1990),
Boussofiane, Dyson and Thanassoulis (1991), She(tf84), Maindiratta (1990),
Ozkan, Luke and Haksever (1992), Ozkan and Luk®3)}9Burgess and Wilson
(1993, 1996), Vitaliano and Toren (1994), Koorem@dm®94), Kleinsorge and
Karney (1992), Nyman and Bricker (1989), Nunamdl@8@), Chilingerain (1995),
Grosskopf and Valdmanis (1987), Huang and McLaug(li989), Kamis Gould
(1991), Pina and Tores (1992), Rosko (1990), Sex#bnal. (1989), and
Thanassoulis, Boussofiane and Dyson (1995). Thexeoaly few studies which
focus on allocative and overall efficiency suchtlasse by Morey, Fine and Loree
(1990), Byrnes and Valdmanis (1995), Maniadakis drthnassoulis (2000).
Finally, it is clear that productivity has only yerecently attracted the research
interest and thus, there are only few applicatisnsh as those based on Malmquist
indexes by Fare et al. (1989, 1992), Burgess ardowi{1993c, 1995), Maniadakis
and Thanassoulis (2000) and Maniadakis, Holling#wand Thanassoulis (1999).

The econometric studies are far lesser and aedhasially on cost functions,
like for instance in Wagstaff (1989), Dor (1994hdaZuckerman, Hadley and L.
lezzoni (1994). The most commonly used functiorah is the translog. The
models are estimated with COLS or ML and in all shedies the inefficiency error
term is assumed to be half-normal distributed amsldecomposed according to the
methodology proposed by Jondrow et al. (1982). ofnmonly used strategy to
control for the multiproduct nature and heteroggnei health care production is to
stratify the organizations under investigation @itds, nursing homes etc.) into
similar groups and assume that the technology hedotutput-mix is reasonably
constant within each group. Hence, organizatiors gaouped according to their
size, locality, teaching status, ownership, anetiottbservable characteristics. Two
other approaches that have been used to contrdhéiheterogeneous nature of
output is the service-mix approach (grouping adogrdo services available or
delivered) and the case-mix approach (Specialty l6i® groupings, DRG's).

Because of the special characteristics of heatthstry and the difficulties in
measuring the final output of the health care miowi, there is a lot of controversy
about the choice of the appropriate input and dutptiables. The final production
outcome of this industry, that is “health improvenss, is heterogeneous, multiple
and it does not occur in district units. Thussitifficult to measure and at the same
time take into account the quality of the healtrecservices output. Subsequently, a
significant proportion of variability exists in thehosen input and output sets
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between different studies. The most commonly inpgesd include: number of staff
(doctors, nurses, technical, administrative aneogtaff or staff hours in different
activities or staff days per client), costs or exgiure (total costs, salaries, food
costs, total inpatient costs etc.), infrastructamel materials (beds, drugs, supplies,
dressings, capital charges, net plant assets) amdcas (nursing, ancillary,
administrative, general services). The most comynaséd outputs include: number
of patients, cases treated patient days and admsssihese output measures are
usually desegregated according to the departmerur@d (inpatient, outpatient,
surgical, maternity), the status of the person gmally disable, required limited
care, personal care or residential care), ageexd s

In some studies, in a second stage, efficiencyescare regressed against
various explanatory variables, in order to analifze relation between efficiency
and organizational characteristics. Variables tietve been used include:
institutional characteristics, ownership, size, upancy rate, teaching status, age,
affiliation, and organizational complexity, type mianagement, method of funding,
staff indices, patient indices, length of stay, andny others. Because of the
differences in the employed methodologies the tesuf the studies are
controversial and can not be generalized, since ofake times they are focusing
on organizations operating in specific environmeifitsey are discussed in more
detail in Hollingsworth, Dawson and Maniadakis (229

5. Discussion and Conclusion

During the last decades, the measurement of heatthces efficiency and
productivity has been in the focus of the reseantérest and there is already an
extensive literature which reflects this growindgemest. However, because of the
special characteristics of the health care indusegearch in this field should be
contacted cautiously and the results of differg¢aties should be interpreted and
used carefully. The inability to measure the finatput of the health care industry
and the low quality of the available data limit tapplication of the two methods
described in the earlier sections. As Newhouse 41 88tes, these two techniques
work better when the product is homogeneous andimentional (for example
kilowatt per hour) and not multiple and heterogerselike in the health care field.
The same author states that it is almost certaah Hialth industry studies suffer
from omitted variables (input, output) bias. Thehi@ques used to overcome these
problems are not satisfactory and often have bagcized. To complicate matters,
the estimated results are highly sensitive to chang the basic assumptions or
specifications of the used models.

Because of the above reasons, health servicesrparice studies should
use disaggregated observational data and theydslconcentrate on homogeneous
and small segments of the health care systemidrcéise the number of outputs and
the inputs are fewer, well defined and more aceunaieasurable. Also, the
transformation from input to output i.e. the proglue technology could be better
studied is smaller and more homogeneous produatinits. By studying less
complex operational units, the analysis becomesplsimand hence, the used
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throughputs may be better proxies of the real on&cand the calculated efficiency
scores may better estimates of the real efficieridhie organization. The results of
hospital (or other large institutions) efficiencytudies are ambiguous and
changeable, since there is no representative nmeeasfureal hospital outcome.
Perhaps this is the reason why hospital efficiesttydies provide contradicted
results.

The accuracy of the estimated efficiency measuegeiids strongly on the
use of an appropriate and well specified model,inbision of the relevant inputs
and outputs, the use of the relevant data. Thecehafi the appropriate model is an
important methodological issue in performance mesasant. Researchers seem to
exclusively apply the one approach or the othealirof the studies they conduct.
Science management scientists argue that DEA isuperier method, while
econometricians argue the opposite. However, tleen@thods are supplementary
and not competitive. Both approaches have advamtagd disadvantages and the
choice of the most appropriate estimation methaadishdepend entirely on the type
of organizations under investigation and the qualftthe available data. DEA is a
non parametric method and does not assume a faattform for the frontier.
Hence, it can accommodate wide ranging behavicapplications. This method
operates sufficiently even for small samples; ha@vemeasurement errors can bias
the results. Thus, DEA should be used for appboatihaving relatively small
measurement errors and not meeting the classicinggions, even when the
sample size is small. The econometric approachinexystrong assumptions about
the functional form and the distribution of thecgrterm and needs large sample
sizes, especially when many variables are usedomunction with a translog
function. Theoretically, when the assumptions oASIFe met, this approach has the
advantage that it accounts for the effects of ramdtocks and statistical noise.
However, deviations from the assumptions about fthectional form and the
distributions of the error term can result in estilon errors. Thus, the econometric
approach should be used when there is evidencehhatlassical assumptions are
met and when there is evidence of measurementseworeffects from the
organizations environment. The measurement errod #me organizational
environment are the decisive factors which nedaetoconsidered prior to the choice
of the appropriate research model.

A public sector institution, like a hospital, prass services for which it is
difficult to quantify outputs and identify inputddditionally, outcome measures are
highly susceptible to random fluctuation and théadsuffers from measurement
errors. In such cases, DEA should be used only where is strong evidence that
there are no measurement errors or effects fronoith@nizations environment and
the input-output set well defined and measurableother cases, it might be more
appropriate to use the econometric technique. Duthe special features of the
health care industry, these two methods must edesnd developed further, in
order to be able to provide reliable and usefulltssWe believe that at the present
they are more useful in investigating the assamiadf performance with managerial
and incremental characteristics of the productiaitsuand in hypothesis testing,
rather than in providing final statements abouiviitilal organizational efficiency
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and productivity. So far, the mathematical prograng approach has been more
extensively used in health services efficiency raemment. This method has to be
improved so as to be able to isolate the effects\@isurement errors and random
fluctuations. Hence, the development of a stochadd&EA should be a primary
research objective in this field. Surprisingly, tleenpirical application of the
econometric technique in health care industry ig/ \lenited. Here, the research
effort should be directed on the estimation of paitve frontiers and productive
efficiency. Another research objective should ke uke of panel data. As discussed
earlier, the observation of an organization for enperiods is more likely to provide
more consistent performance measures. Researchdsilso be directed towards
allocative efficiency and productivity measuremantl analysis. On a large extend,
progress in this field depends on the availabibfy high quality disaggregated
information. Thus, in short term the improvementhafalth information systems
must be a primary health policy objective. Duehe telative size of the health care
sector, increases in efficiency and in productiwii} result in substantial savings of
resources, which can be redirected to uncovereasaaad unsatisfied health care
needs. Thus, health care services performance negasuot and analysis should be a
priority in the research agenda and research snfited should be highly promoted.
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FIGURES

Figure 1: Input Oriented Efficiency M easurement and its Components
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Figure 3: Input Oriented Productivity M easurement and its Components
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