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Abstract

The aim of this paper is to compare English Genrattitioner (GP) units in terms of
their overall referral costs through Data EnveloptmEnalysis (DEA). Results revealed
potential cost savings and benchmark practices ruddperspectives: ‘overall cost
efficiency’, ‘technical efficiency’, ‘allocativefé@ciency’, and ‘price efficiency’.
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Introduction

General Practitioner (GP) units are the gatewayhéalth services delivered to

individuals in England. Except for emergencies, @R&e the clinical decisions to refer

or otherwise an individual and if so whether asatignt or outpatient. In addition GPs

exert considerable influence as to the providehefservices that the referred patient is
to receive. These GP decisions lead to inpatiethtoarpatient referral costs incurred by
the NHS. It is these referral costs that are tlgesti of this paper.

Using a method known as Data Envelopment AnalyBBA) the referral costs
incurred by each GP practice are set against #ee 8iix by age, gender and multiple
deprivation of the list population registered wigach practice. This leads to the
identification of benchmark GP units which incurnimum referral costs relative to
size and mix of population covered. These practcesseen as potential repositories of
cost-efficient operating practices, subject to ichh quality of services not being
compromised. For GP units that are not identifiedanchmark the analysis ascertains
the following information:

- The scope for savings on referral costs througlplsimeducing but not altering
the mix between inpatient and outpatient referrals;

- The scope for additional savings in referral cdabt®ugh switching between
inpatient and outpatient referrals;
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- The scope for a third component of savings on rafeosts through securing
lower inpatient and/or outpatient prices. This poment could reflect a judicious
choice of providers by benchmark GP units.

For each non benchmark practice a small numbereoichomark GP units are
identified at which the former can look at in orderidentify operating practices that
may enable it to realise the estimated savingsfermal costs. The benchmark practices
corresponding to each non benchmark practice on eamponent of potential savings
are identified so as to be as close as possiblerins of list size and mix of patients
covered by age, gender and deprivation.

State of the Art

The total costs incurred by a GP can be dividea twb types: theost of providing
the health service (related to doctors and nurse time, drugs andmatgeosts), and the
cost of purchasing hospital care for their patients (cost of referrals). This distinction
has been put forward by Puig-Junoy and Ortun (20030 analysis of primary health
care services in Catalonia, Spain. Most studie&Brunits in the literature have looked
at the efficiency of providing the health servides. the efficiency of translating
resources available (staff, materials and techrlagfo health intermediate outputs
(such as consultations and treatments of variopgss)y Examples of such studies
include Szczepura et al. (1993), Thanassoulis et(1895), Zavras et al. (2002),
Rosenman and Friesner (2004), and Amado and Sa@@89). According to
Chilingerian and Sherman (2004), the perspectivioaiing at a practice as an entity
transforming medical and other resources into meeliate outputs is a managerial
perspective. Another possibility is the clinicalrggective, where efficiency requires
that medical decision-making utilizes the minimahaqtity of clinical resources (such as
consultations, referrals, treatments, and drugsjctueve a constant quality outcome,
when caring for patients with similar diagnosis @bexity and severity. Note that the
intermediate outputs in the managerial perspedieetaken as inputs in the clinical
perspective (see for details, Chilingerian and Blagr, 2004).

In our analysis we follow more closely the clinigarspective of GP units, but the
intermediate outputs we focus on are only the ralfeto hospital care. Therefore, our
aim is to understand how practices compare betwkemselves in the costs and
volumes of ‘purchasing’ hospital care. We will tefre analyse both cost and volumes
of referrals within GPs.

Other studies, such as Luoma et al (1996), Sallmenez and Smith (1996), Puig-
Junoy and Ortun (2003), and Sorensen et al. (20@8)e focused on costs for the
assessment of GPs. Sorensen et al. (2009) anaBRsdn Denmark where the health
care system appears to be similar to the one irJesince “GPs play a key role in
allocating the use of resources available in thethecare system” (p.1). The authors
were mainly interested in analysing the followingpenditures associated with GP
units: treating patients in their own practice;erehg patients to other health care
providers; and prescribing pharmaceuticals. Theptbmethodology was multilevel
analysis. The total costs modelled were expenditwéh fee-for—service activity,
pharmaceuticals, referrals to practicing specwmliseferrals to outpatient care and
referrals to inpatient care. The total cost waslysea in relation to variables that
reflected the list composition of the GP (e.g., bemof enrolled persons aged 0 to 19,
number of enrolled persons aged over 65, malesavitlyher education (disaggregated
in categories of employment — self employed, emgiipyunemployed, on transfer
income), females with a higher education (disagapedjin categories of employment —
self employed, employed, unemployed, on transfeonme), males with no higher
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education (disaggregated in categories of employmeself employed, employed,

unemployed, on transfer income), and females wathigher education (disaggregated
in categories of employment — self employed, emgiipyunemployed, on transfer
income)). The inclusion of these variables to ctiargse the list population relate to the
fact that some Danish studies show that the nurab&mpatient visits increases with

age, and unemployment and decreases with the defjeskication. The variables were
therefore related with age, gender, education amd wtatus. Our analysis is similar to
that carried out by Sorensen et al. (2009), singeaim too is to analyse the referral
costs incurred by GP units, given the size andhtheof the population covered by the
practice.

Data set

We use Data Envelopment Analysis (DEA) to compd&ré&P units in the UK on costs
of referrals. In this framework referral costs wik the input to the model while the
outputs will be variables that reflect the size anid of population covered through
these referral costs. Table 1 reflects the inpu$ autputs used in the DEA model
reported in this paper.

Table 1: Alternative Models for Assessing GP units on Costs of Referrals
Inputs Outputs
Cost of referralsfor inpatient care List of population enrolled in the
practice, divided into homogeneous
Cost of referralsfor outpatient care  groups

The outputs used are not ‘real’ outputs in the potidn economics sense. We use
list population on the output side as a controlalde for comparing the referrals costs
on the input side. There is some discussion inliteeture regarding the use of total
population registered versus the use of the patidatt actually visited the practice. For
example, Amado and Dyson (2008) suggest that tkeotisegistered population has
some problems since it assumes that all the patiesgistered are receiving the
necessary services, and that the services proaigedppropriate and of similar quality.
Therefore they suggest that, since having a patanthe list does not mean service
delivery, the use of visits/consultations wouldldsgter than the list population. In our
case, however, we favour the use of list populatagher than the use of consultations
on the output side of the assessment. The reasdhi$ochoice is that a higher number
of visits can in fact be an indicator of inefficanall else being equal. If a GP practice
does not treat patients with adequate clinicaligyahey tend to visit the practice more
often than when the service is better. Therefore prefer to use on the output side a
variable that the practice cannot control (list glagon) rather than a variable that
could be easily manipulated to show the practice etter light (number of visits).

Note however, that the argument of Amado and Dyg008) regarding the
assumption of equal quality of care is also bemgked in our case. This is because we
allow for size and mix of population when comparprgctices on referral costs but do
not allow for the quality of clinical care receivdyy those patients. Therefore we
implicitly assume that all GPs deliver care of samiquality in the sense that their
clinical judgment takes priority over economic calesations in deciding how to refer a
patient. This assumption was also made by Soreztsan (2009).

Research and clinical judgment shows that the Iheededs of an individual, among
other things, are dependent on age and gender.eHenorder to reflect the health
needs of the population covered by a GP, we sulgivis list population into

3



age/gender groups. Note that this is not implyimat tall those in a given age/gender
group will have the same health needs. Rather dasiproportion of those in a given
group would have a given health need all else @egrivation level) being equal. In
order to construct homogeneous groups by age amtbgave used 8 groups, in Table 2.

Table 2: Age/gender bands considered

Band code Age/gender Average % in this
band in the GP

Band 10 age<3 3.09%

Band 20 age >= 3 and age <18 17.58%

Band 30 age >= 18 and age < 35 and sex = Male 10.23%

Band 35 age >= 18 and age < 35 and sex = Female 9.84%

Band 40 age >= 35 and age < 48 and sex = Male 10.48%

Band 45 age >= 35 and age < 48 and sex = Female 9.92%

Band 50 age >= 48 and age < 70 27.11%

Band 60 age >=70 11.74%

Apart from gender and age, research and clinickdment suggest that factors such
as education, employment and income do have ancingmathe health condition of an
individual. The proportion in the population incka geographical area that suffer each
type of deprivation (e.g. education, income, livegace, etc.) have been computed by
the Department for Communities and Local Governnierthe UK and corresponding
indices of deprivation by Lower Super Output AréSQA) are availabfe There are
seven “domain” deprivation indices that are usedcaostruct an overall index of
multiple deprivation (IMDj.

In order to reflect the level of deprivation of tpepulation in the list of each GP
practice, we adopted the following procedure: eaetson brought to the practice the
value of the index of multiple deprivation of theographical area where they reside.
We deemed that the index values above a certagstibtd would reflect high health
dependency while those below not. Percentile valwese determined at national
(England) level. Then the number of people in eagb/gender band at each GP was
subdivided into two subsets, one subset contaitimoge having deprivation index
above some given percentile threshold, and thensetwose having an index value
below that threshold. Therefore, our output vagakdre of the typgaeople in age band
k living in LSOAs where the index of multiple deprivation is below the percentile z, and
people in age band k living in LSOAs where the index of multiple deprivation is above
the percentile z The age bands considered were those in Tabled®the percentile
considered was the 80% (this choice was done #fgarg several alternatives, and
applying regression and DEA models to several mspletifications, including trials on
different deprivation indexes).

DEA Models

! For more details on the deprivation indices see:

www.communities.gov.uk/communities /neighbourhoodrenewal/deprivation/deprivation07/).

2 Deprivation indices are only available for 2004 and 2007. We used the 2007 indices. It should be noted that the higher the
value of an index the higher the level of the deprivation concerned.
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Each GP unit will be referred to as a Decision MgkUnit or (DMU). Consider for
DMU j (j = 1, ..., n) a vectorx; =(X;;,X,;,..,.X,;) reflectingm inputs consumed for

producing a vector of outputsy; =(Y,;,Y,;.....Yg). Consider also, that prices of

inputs are known and given by a vector =(p,;, Py;---,Py) - The cost efficiency

model for each DMU o is the solution of the lingaogram in (1), where input
quantities x and the intensity variabled, are taken as the decision variables while
prices are considered exogenous (see e.g. Thatiasstoal., 2008):

Min{c: D P 1A% SX DAYy 2 Y, A% 2 O} 1)
i=1 j=1 j=1
The optimal solution from model (1) yields the miim cost (¢) at which DMU o

could secure its outputs,py Cost efficiency is obtained as the ratio betwdlea

minimum cost and observed cost,/¢®). This ratio measures the extent to which a

DMU needs to change its inputs in order to becoast minimising, given the prices it

faces. Reduction in costs is considered attainaldetwo-stage process: (i) reducing the

volumes of inputs pro-rata to achieve the producti@ntier; (ii) change the mix of
inputs, if necessary, in a way that this mix is thest favourable given the input prices
faced by the DMU. The first way to reduce costsalledtechnical efficiency, and the
second is calledllocative efficiency.

Technical efficiency is obtained as the optimausoh of model (2).

Min{ﬂZ)ljxij SO%0, DAYy 2 Vior A 20} )
=1 =1

Since cost efficiency is the product of technicadl allocative efficiency, from the
optimal solution of (1) and (2) we can retrieveedltive efficiency as:

Allocative efficiency = cost efficiency/technical efficiency

Clearly, apart from the above mentioned we can #isk of a third way to reduce
costs, which is to reduce the prices at which tiputs are secured, if the DMU has
some control over this. If prices are to some extemtrollable by the DMU, we can
also computerice efficiency. This has been done previously by Fare et al.q;12994)
and addressed recently by Tone and Tsutsui (2007/3his paper we investigate price
efficiency through a modification of this latter pgpach as there is a possibility GP
units can alter care providers on price.

The approach followed to find price efficiency ssawith the traditional model (1)
for finding the referral volumes that minimise &given the prices a unit faces. Then
taking the optimal referral volumes from this mogiel) we compute the corresponding

cost levels:C' = p X , for inpatient and outpatient referrals respetyiveNext we use
these cost levels in model (3) below.

Min{zici |Zl/1jci}sci, Z;Ajy”. 2V, A zo} (3)
j= j=

Model (3) seeks to minimise the aggregate coshpétient and outpatient referrals
of practice o, so that its list patients gyare served taking as reference the
correspondences of inpatient and outpatient costpooents to list levels other
practices have. When model (3) does identify casings beyond those yielded by
model (1) the savings can only be through explgitinit prices, as model (1) exhausts
savings possible for the list population of pragtic treating its unit prices as given.
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Let us denoteCV* the minimum cost for practice o yielded by modg)l ((.e. taking
its own inpatient and outpatient unit costs as mjveLet the minimum cost yielded for
the same practice by model (3), be deno(eFﬂ. Then the overall cost efficiency
inclusive of price efficiency isC,/C,, the denominator being the observed cost of
referrals at practice 0. This ratio can be seethaproduct of cost efficiency exclusive
of price efficiency C,/C,, and price efficiency C./C,, since we have:

G GG
C, C y
changed first and prices are changed residuallys€arch for even lower costs). The
results would change if the assumption was thaeprshould change first and only after
that volumes could change residually. We do nospeithis avenue here.

Note that to all DEA models used in this analysesght restrictions were added to
reflect different degrees of importance of outpéis.analysis of inpatient costs per age
band in Table 2 revealed that costs are very diffebetween age bands, with elderly
people costing more, female costing more than maled costs for more deprived
people being higher than those for less depriveguladion. Therefore, weight
restrictions between outputs were imposed to goeeathat the relationship between
weights posed on outputs did not contradict theoigmce (in cost terms) of that
output.

. Clearly in this decomposition we are assumingt thalumes are

(]

Main Results

Before producing results on the cost efficiencyG# units and its decomposition we
investigated issues of returns to scale of GP umtie 75 practices that compose our
data set have very different sizes, and it is irfgyarto ascertain, before any comparison
is made, if large and small practices are comparghls would be so if we assume that
what happens at a small scale practice can beapdi in a large scale practice without
any gain or loss accruing from higher volumes ofise).

Intuitively we might expect scale economies to gm® that the larger the practice in
terms of list size the lower the referral costs |sted person. This could be so for
example because larger practices may have moresansd specialist doctors (e.g.
obstetricians) who could deliver care more econattyiavithin the practice rather than
referring certain patients to hospital. Figure bwh total inpatient and outpatient cost
per person on the practice list against list sidee data are for the year 1/4/07 to
31/3/08. Average costs in Figure 1 appear to b@lestanging from 328.73 pounds per
person for the smallest practices with list siziowe3000 to 338.8 for practices with list
size between 7000 and 10000 persons. Figure 1 doesontrol for the mix of
individuals by the health bands of Table 2. Inespif that, it is clearer from Figure 1
that variation in cost per list person is much éarfpr practices with small list sizes and
reduces as the list size increases. Indeed, snpatletices are the ones showing both the
lowest cost and also the highest cost per listepatiThis large variability may be
because the one year time span of our data malyenloing enough to capture the more
rare diseases or treatments that may arise in $rnheot all of the small GP units.
Referral costs relating to such rare diseases cawvddage out across large list sizes
within each year but not so within a small listessand within one year.
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Figure 1: Average cost per list patient

In view of the foregoing findings GP units were qmared under the assumption of
Variable Returns to Scal& RS). The VRS assumption permits economies or indeed
diseconomies of scale with list size. As such,nitygermits comparison between GP
units of similar scale size.

The DEA analyses have made it possible to breakndbes overall potential for savings
on referral costs as follows:

- Savings from eliminating technical inefficienfgaptures the extent to which a GP practice
could reduce referral costs through reducing in antdpatient referral cases keeping
their mix constant - this is achieved as a solutoomodel (2));

- Savings from eliminating allocative inefficien@eflects the extent to which a GP unit
can further reduce its in and out patient refecdts by adjusting their mix to better
exploit the unit cost it faces per in and out patiease and (achieved by comparing this
the solution of models (1) and (2));

- Savings from eliminating price inefficiency (iefts the extent to which a practice
which has already exploited the foregoing two congmis of savings can realize
additional savings by looking for lower inpatientdaoutpatient unit costs — this is
achieved as a solution to model (3)).

Table Error! Reference source not found. shows the scope for savings broken
down into its constituent components. The firstnpavorthy of note is that in Table 3
we identify potential savings of £30.83m, whichmade up of three components. Some
£15m of these savings are possible by simply lavgetihhe volumes of referrals without
changing the mix between in and out patients. €amponent of £15m, as noted above,
would be perhaps the first one to be sought siti@ccepts implicitly the choice a GP
has made between inpatient versus outpatient a¢fand simply suggests that non-
benchmark practices have on the face of it morernalf cases than their benchmark
counterparts when we control for list populatiomreltteristics. The next component of
£6.42m is achievable by switching from inpatienotdpatient in order to best exploit
differences in the related unit costs (or pricésally there is a component of £9.41m
of potential savings that is achievable through GfR®osing judiciously their providers
to attain prices that best match the inpatient aumghatient cases identified above for
attaining the foregoing two components of savings.
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Table 3: Scopefor savingsin referral costs by component, net of economies of scale.
Grand Technical eff.  Allocative eff. Price eff.

total savings savings savings
(Em) 30.83 15 6.42 9.41
(% of actual total referrals cost) 18.20 8.85 3.8 5.55

Benchmark GP units were identified for each of #fve efficiency assessments
and GPs showing the highest scope for savingsdn eéanension could be compared to
the benchmark units used in the reference seteaf ¢ffficiency assessment.

As can be seen in Table 3 the largest componepoteintial savings at a practice is
through reducing the volume of referrals rathemthlarough altering their mix or
seeking lower provider prices, though at some prestthe latter two components can
be quite significant too.

Table4 shows referrals per 1000 list persons at certambenchmark practices and
at some of their corresponding benchmark practites.very evident in this table that
referral volumes are much higher at the non bendhmeactices compared to their
benchmarks. For example, benchmark G44 has alnmestsame list size as non
benchmark G68. Yet G44 has only 129 inpatient rafeiper 1000 in the list population
compared to 208 at G68. Similarly G44 has 805 digpa referrals per 1000 list
population compared to 1023 at G68.

Table 4: Referral Volumes at the 3 GPs with the Largest Scope for Savingsin technical
efficiency and a sample of their Benchmarks

GP  Scopetosaveradially in TC List size (total) Inpatient Outpatient
and out patient referrals referrals per referrals per
(% of TC) 1000 list 1000 list
population population
Practices with largest scope for reducing referoélimes
G45 36.89 1,281,258.47 3,519.00 243.82 1,214.83
G8 26.29 3,389,944.23 8,948.00 24117 1,091.31
G68 26.13 1,100,569.55 2,930.00 208.19 1,023.55

Samplebenchmark practices for the above non benchmark practices

G40 4,077,506.31 14,696.00 165.83 813.69
G44 - 649,911.87 2,786.00 128.86 805.81
G13 - 2,518,018.96 9,004.00 162.48 773.88

Table4 does not allow for gender, age and deprivatiotheflist population, which
may explain to some extent the higher referral nas at the non benchmark practices.
However, G44 does have list patients with high tepion and these factors have been
taken into account by the actual DEA model, whitth suggests that the differences in
age, gender and deprivation between the list ptipungof the non benchmark practices
and their benchmarks do not explain the differemcesferral rates.

In the comparative assessment of GPs that consatemsging the mix between
inpatient and outpatient referrals for the currprites of each practice, we produced
targets for GPs to achieve after changing the vekimadially. Table 5 summarises the
information obtained for the 75 GPs, where TVI T&O) is the estimated volume for
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inpatient (or outpatient) referrals under the mimmcost model (1), which seeks to
exploit differences between in and out patientgwicThe estimated values in Table 5
consider changes in mix after technical efficierayings have been attained.

Table 5: Changesin referrals to achieve minimum cost (model (1)), after radial volume savings
have been achieved

Target Level/Observed Cases and Ratio Cases and Ratio

L evel TVIIVI TVO/NVO

>1 # cases 13 43
average 1.006 1.033

<=1 # cases 46 16
average 0.906 0.904

=1 # cases 16 16
average 1.000 1.000

So far as inpatient referrals are concerned 13r&fsdre a rise (of 0.6% on average)
to attain the savings in question, while 46 pradicneed to reduce the volume of
inpatient referrals by an average of 10%. In cattsa far as outpatients are concerned
43 practices should raise volume by, on averag®o 3vhile 16 other practices should
reduce their volume by 10%. Some 16 practices apfedave the right mix of
inpatient to outpatient referrals for the purposkeminimising the two cost components
in question. Thus in general most savings in tieecomponents can be achieved by a
reduction in the volume of inpatient referrals, andrease in volume of outpatient
referrals. This suggests that after reducing vokimaglially, GP units face some mix
inefficiencies, where in general they tend to haxeess of inpatients and slack of
outpatient referrals (the results suggest that smmanefficient GP practices should do
the trade-off between inpatient to outpatient rafis).

Finally with the price efficiency model we tried seek for further savings in costs
after volume savings (radial changes and mix cha@nigave been considered. In Figure
2 the mean inpatient and outpatient volumes, VId@drespectively, mean unit cost of
inpatient and outpatient referrals, Pl and PO retsgy, and the mean total referral
cost for inpatients (Cl) and outpatients (CO) dneven for benchmark practices and
non-benchmark practices. Values have been norndalizg the price efficient
benchmarks (strong line). Figure 2 shows quiterttehat while volumes of inpatient
and outpatient referrals at non benchmark pracaceson average less than 5% above
those of the benchmark practices, inpatient reffensts (Cl) are about 13% higher on
average than those of the benchmark practices.iJhisn is primarily due to inpatient
referral prices at non benchmark practices bebwut10% higher than at benchmark
practices.

—#— Unit cost benchmarks

Figure 2: Contrasting benchmark and non benchmark practices on price assessment
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Conclusion

This paper has analysed the potential for reduogfigrral costs in English GP units
when the characteristics of the population servgdhe practices is accounted for.
Results suggest that substantial cost reductionlksl dze achieved through the reduction
in the volume of referrals, through changes inrtixe between inpatient and outpatient
referrals, and through changes in the prices oféferral service provided by hospitals.
This analysis has been done in conjunction withoeta from the primary care trust
involved in this analysis and the results were mered relevant for the management of
GP units, since strong inefficiencies were reveddgdsome practices. Clearly several
reasons may exist to justify such inefficiencieg.(esmall scale practices, few nurses
and other personnel, health severity conditiongatients, etc.), and these reasons
should be looked at within GP units. This analysi continue in a more detailed
study where the actual patients served by the ipeaand the severity of their health
conditions will be considered rather than the pafah served by the practice.

References

Amado, C.A.F. and Santos, S.P. (2009) Challengegddormance assessment and improvement in
primary health care: The case of the PortuguesiéhhesntresHealth Policy 91, 43-56.

Amado, C.A.F, and Dyson, R.G.(2008) On comparirgperformance of primary care providers,
European Journal of Operational Research 185, 915-932.

Chilingerian, J. A. and Sherman, H.D. (2004) Headile applications in Cooper, Seiford and Zhu (Eds)
Handbook on Data Envelopment Analysis, Kluwer AcaidePublishers, 481-537.

Fare, R., Grosskopf, S., and Nelson, J. (1990pi@e efficiency)nternational Economic Review 31/3,
709-720.

Fare, R. , Grosskopf, S., and Lovell, CAK (19®4dduction Frontiers, Cambridge University Press

Luoma, K., Jarvio, M-L., Suoniemi, I., and Hjerppe (1996) Financial incentives and productive
efficiency in Finnish health centrddealth Economics 5, 435-445.

Puig-Junoy, J, and Ortun, V. (2003) Cost efficieirtprimary care contracting: A Stochastic frontest
function approach, working paper.

Rosenman, R. and Friesner, D. (2004) Scope and seificiencies in physician practicésealth
Economics 13, 1091-1116.

Salinas-Jimenez, J. and Smith, P. (1996) Data epwe#nt analysis applied to quality in primary hiealt
care,Annals of Operations Research 67, 141-161.

Sdrensen, TH., Olsen, KR., and Gyrd-Hansen, D0O9pDifferences in general practice initiated
expenditures across Danish local health authoriti@snultilevel analysidjealth Policy, in press
Szczepura, A., Davies, C., Fletcher, J. and Boiasef A.(1993) Efficiency and effectiveness in gahe

practice Journal of Management in Medicine 7/5, 36-47.

Thanassoulis, E., Boussofiane, A., and Dyson, RL995) Exploring output quality targets in the
provision of perinatal care in England using dateetopment analysis. European Journal of
Operational Resreserach 80, 588.

Thanassoulis, E., Portela, M. C.A.S. and Despi¢2008) DEA - The mathematical programming
approach to efficiency analysis. In Fried, H.O. ethvCAK. and Schmidt, S.S. editors, The
Measurement of Productive Efficiency and Produtti@rowth, Oxford University Press.

Tone, K, and Tsutsui M.(2007) Decomposition of affitiency and its application to Japanese-US
utility comparisons, Socio-Economic Planning Scendl, 91-106.

Zavras, Al., Tsakos, G., Economou, C., and Kyridpsul. (2002) Using DEA to Evaluate Efficiency
and formulate Policy within a Greek national prisnaealth care network, Journal of Medical
Systems 26/4, 285-292.

10



