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SUMMARY

The measurement of efficiency and productivity of health service delivery has become a small industry. This is a
review of 317 published papers on frontier efficiency measurement. The techniques used are mainly based on non-
parametric data envelopment analysis, but there is increasing use of parametric techniques, such as stochastic
frontier analysis. Applications to hospitals and other health care organizations and areas are reviewed and
summarised, and some meta-type analysis undertaken. Cautious conclusions are that public provision may be
potentially more efficient than private, in certain settings. The paper also considers conceptualizations of efficiency,
and points to dangers and opportunities in generating such information. Finally, some criteria for assessing the use
and usefulness of efficiency studies are established, with a view to helping both researchers and those assessing
whether or not to act upon published results. Copyright r 2008 John Wiley & Sons, Ltd.
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1. INTRODUCTION

As stated in a recent editorial in Health Economics ‘Applied academic research into efficiency has grown
into a thriving industry’ (Hollingsworth and Street, 2006). The editorial concludes that the supply side
of the market for efficiency analyses in health care is impressive, while the demand side is weak. In this
paper I ask several questions including: What do we (as health economists) really mean by efficiency?
What do we mean by outcome measurement, in terms of whether hospitals and doctors improve the
mental and physical functioning of patients? Is it possible to move towards a ‘gold standard’ of practice
for carrying out efficiency studies, or is this impossible at present? What are the problems we still have
to overcome?

Looking at the supply side, the paper reviews published applications of efficiency measurement in
health care. This encompassed a systematic search of all available and relevant databases. As in
previous reviews in this area (Hollingsworth et al., 1999; Hollingsworth, 2003) published papers are
reviewed with a view to determining methods and data used, models specified, sensitivity analysis
employed, results and policy implications. In addition, results are summarised in a basic form of meta-
analysis in order to synthesise results and cautiously draw out potential implications.

Previously I have hypothesised that much work undertaken and published in this area is of the ‘have
software—will analyse’ nature (Hollingsworth, 2003). The danger of this is that over-interpreted data on
‘efficiency’ may lead to policy decisions based on potentially unreliable information, with potentially
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disastrous consequences. Additionally, given the increase in data available, there may now be pressure
which means ‘have data—must analyse’, with little thought to model specification, a critical area that is
difficult to test statistically in frontier efficiency measurement. There is a positive way forward and
health economists can help policy makers actually improve efficiency, provided this is an objective of the
health system. As such, I suggest some non-exclusive Use and Usefulness criteria, to help researchers
decide how to undertake useful efficiency measurement research, and to help policy makers decide
whether they should actually make use of the results they are presented with.

There is, up to mid-2006, a published literature consisting of 317 journal papers and book chapters.
This helps to set in place, robust foundations and guidelines for an agenda for future research in this
area. As an appendix to this paper, study findings are summarised, which will hopefully be a useful
resource in itself.

2. BACKGROUND

What do we mean by efficiency? Based on the seminal definitions of efficiency by Farrell (1957),
technical efficiency is producing the maximum amount of output from a given amount of input or
alternatively, producing a given output with minimum input quantities, such that when a firm is
technically efficient, it operates on its production frontier. Allocative efficiency occurs when the input
mix is that which minimises cost, given input prices or alternatively, when the output mix is that which
maximises revenue, given output prices. Technical and allocative efficiency comprise ‘overall efficiency’.
When a firm is efficient overall, it operates on its cost or revenue frontier.

We can illustrate these efficiency concepts by considering the simple case of a single output (y) being
produced from two inputs, X1 and X2 , see Figure 1 (from Hollingsworth et al., 1999). The production
function (or frontier) represents the maximum output produced from all input combinations and, in
general, is: y5 f(X1,X2). Initially assume the production function is linearly homogeneous —Farrell
assumed constant returns to scale but differing returns are possible. The efficient unit isoquant, y5 1 in
Figure 1, shows the technically efficient input combinations used to produce a unit of output. Suppose
that the actual observed input–output combination is at P, with input mix ðX0

1;X
0
2Þ and unit output

y5 1. Production at P is technically inefficient since the firm could produce output y5 1 employing the
same input mix but using the input quantities at point R on the isoquant. Therefore, technical efficiency,
TE, at P is: TE5OR/OP (0oTEr1.)

If TE5 1, the firm is on the efficient isoquant and is technically efficient; and when TEo1, the firm is
technically inefficient and the more inefficient the unit, the smaller the TE. A firm may also be cost-
minimising. With given relative factor prices, shown in Figure 1 by the isocost line ab, the optimal (cost-
minimising) input mix to produce y5 1 is at Q. If the unit at P is technically efficient that is, operating at
R, its cost is represented by the isocost line cd, which is above minimum cost ab. As such, at its observed
input mix, unit P needs to use input quantities that correspond to point S to deliver a unit of output at
minimum cost. Therefore, allocative (or price) efficiency, AE, is: AE5OS/OR (0oAEr1). The overall
cost of producing at Q relative to P is the measure of overall (economic or productive) efficiency, OE,
which is the product of technical and allocative efficiency, that is: OE5OS/OP5OR/OPxOS/OR
(0oOEr1).

This initial Farrell analysis is static but efficiency can be measured over time, i.e. the frontier may
shift due to technological advances. Productivity is defined as the ratio of an index of output to an index
of input usage. Change over time of this measure is productivity change. Initially economists attributed
productivity changes to technological changes, i.e. shifts of the production or cost frontier. However,
following Nishimuzu and Page (1982) it became increasingly accepted that productivity change can also
be caused by efficiency change, that is, by shifts over time of firms relative to their frontier, and
recently productivity measurement has incorporated efficiency measurement (see Grosskopf 1993, and
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Hollingsworth et al., 1999 for more detail; and Färe et al., 1997 for an explanation of the difference
between catching up with a frontier, and how a frontier moves.).1

Ideally when measuring efficiency in health, we would measure health gains of individual patients, i.e.
the final output, and we may be getting closer to being able to actually do this, given datasets linking
individuals to their health care usage, now being collected in several countries. Most research published
so far has used some variant of intermediate outputs, in terms of numbers of patients treated. Even
adjusted for case mix this is not ideal, as it does not tell us whether the patient’s health has improved.
This critique was summarised in Newhouse (1994) which in turn is fully discussed in Jacobs et al. (2006).
Jacobs et al. conclude that a cautious approach is desirable, but just because something is difficult to
measure, we should not give up. They conclude by suggesting one way forward may be the use of
multivariate models, which treat different objectives as part of a system of equations, but allow for
correlations across equations (Hauck and Street, 2006), and the logical extension of multivariate, multi-
level models, which allow for the fact that health care improvements may only be one of several
objectives of health service actors. These objectives may include quality. Smith (2002) argues that in the
UK, the pressure to be efficient has led to a low cost, low quality system, but this may be a result of
equity considerations as well.2

Given the nature of what health economists mean by efficiency, it is important to establish how
efficiency has been measured in health care, and in the following section published applications are
reviewed with a view to summarising the methods and data used, and models specified, partly in order
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Figure 1. Radial efficiency measurement

1Considering the tradeable and non-tradeable nature of health care goods is also relevant. How can the value (or price) of an
untradeable good be measured? This may help determine which method is used, for example, non-parametric measurement may
be used if there is a problem of valuing (or weighting) non-tradeable inputs and outputs.

2It is outside the scope of this paper to present a theory of the relationships, incentives and potential trade offs between quantity,
quality and equity. That would take us back to the argument of what is best - low cost, low quality, highly equitable, or high cost,
high quality, but inequitable (see Rice, 2003; Culyer, 2005, 2006, for a further discussion of these issues – both efficiency and
equity considerations are important for finding optimal solutions). In terms of ethics, as in Culyer (1992), I generally assume ‘use
of the term ‘efficiency’ can be asyethical as the objective which is sought efficiently to be attained.’ If access to health care is a
right of citizenship, and maximising health given resources is the objective of health services, then it can be ethical to be efficient.
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to establish some initial criteria for assessing why research in this area has had limited use in policy
terms.

3. APPLICATIONS

Since the early 1980s, efficiency analysis has been used to measure and analyse the productive
performance of health care services. The number of studies has increased dramatically over the past few
years (Hollingsworth and Street, 2006; Hollingsworth, 2003). The principal techniques used, based on
data envelopment analysis (DEA) and stochastic frontier analysis (SFA) have been extensively
summarised elsewhere in general terms (Cooper et al., 2004; Coelli, 2005) and in health care in
particular (Hollingsworth et al., 1999; Jacobs et al., 2006). This paper will not go over the methods
again, but points the interested reader to these references for more information.

One aim of this paper is to update previous reviews of methods and results of studies which measure
efficiency and productivity of health services using efficiency measurement, a literature, up to and
including papers published (and available) by mid-2006, of 317. Just under 70 per cent of these studies
publish quantifiable scores that can be analysed.3 The rapid increase in published studies over recent
years is evident from Figure 2; 55 per cent have been published since 2000.

DEA alone is used in 48 per cent of studies, see Figure 3, a further 19 per cent of studies use DEA in
some form of secondary regression, even though there are doubts about the validity of this (Simar and
Wilson, 2007).4 Non-parametric analysis is used in over 80 per cent of frontier efficiency analyses, and
most studies are still cross sectional in nature. Malmquist studies are used in 8 per cent of studies, and
SFA and other parametric frontier techniques are used in 18 per cent of studies, showing an increase
over the last 5 years.

Fifty-two per cent of applications are in hospitals, see Figure 4. Analyses have been undertaken using
data from over 30 countries (excluding cross country analyses, which make up 4 per cent of
applications). This may perhaps reflect a lowering of barriers in terms of data and software availability
(Hollingsworth and Street, 2006).

Most studies use output (or throughput) measures of physical performance, such as inpatient days or
discharges. There is some use, in 9 per cent of studies, of outcome measures examining changes in health
status, mortality or quality of care for individuals treated. In output terms, there is a tendency towards
using inpatient days rather than inpatient cases, even though in general use of some form of case mix
adjusted outcome may give a more accurate measure of intermediate output. Input variables are mainly
measures of staff and capital employed, and most analysis is of technical efficiency. Only a small
number of studies test methods such as weight restricted models and analysis of returns to scale or use
statistical or sensitivity analysis of results.

3.1. DEA applications in health care

Initially overall measures of efficiency in hospitals are concentrated on, before going on to examine the
non-hospital literature.

3.2. The hospital literature

Details of hospital efficiency studies can be found in the appendix and these show the type of hospital,
country, number of hospitals in the sample, author(s) and efficiency scores. Most studies report results

3A list of those references not specifically mentioned here can be obtained by contacting the author.
4Inference may be invalid due to complicated and unknown serial correlation among the estimated efficiencies.
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from the USA and can be categorised into different types of hospitals. The main division is made
between public and private provision.5 The public providers include Department of Veterans Affairs
(VA), Department of Defense (DOD) and other Federal units.
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Figure 3. Methods used in reported studies
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Figure 2. Number of efficiency studies 1983–2006

5Ownership definitions used here are: public - state owned/run firms; for profit - privately run; not-for profit - in some cases are
voluntary/charity run firms which serve the poor. However, health care not-for-profit firms obtain 90 per cent of revenue from
sales and receipts, are privately run, are entitled to many tax exemptions and advantages, make a residual surplus and compete
with for-profit hospital firms.
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The summary statistics are shown in Table I, and a box-plot of the efficiency scores by hospital
category is shown in Figure 5. The mean efficiency across the whole sample is 0.835 (excluding the
within-hospital studies) and the median is 0.85.

Figure 5 summarises the results for each hospital type. The box-plot shows the median, quartiles and
extreme values for each hospital group. This allows us to see at a glance which hospital groups are more
efficient and the range of scores. Comparing efficiency across the sector, defense/VA hospitals (which
are public in nature) have the highest mean efficiency (0.885) with a median score of 0.895, compared
with not-for-profit (generally private) hospitals which have a lower mean efficiency (0.825) and a lower
median score (0.86). Public hospitals also have a high mean score (0.881) and a high median score
(0.906), compared with not-for-profit hospitals. Not-for-profit firms treat most hospital patients in the
USA (Folland et al., 2001) and these results reiterate earlier comparisons (Hollingsworth, 2003).
Examination of the standard deviations and minimums demonstrate the room for efficiency gain. For
not-for-profit hospitals the standard deviation is 0.109 and the minimum 0.60, demonstrating
considerable deviation from the mean of 0.825 and so room for improvement. Potential efficiency gains
are similar for public hospitals (standard deviation 0.094, minimum score 0.689 and mean of 0.881), and
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Figure 4. Areas of application

Table I. Summary statistics for hospital efficiency scores

No. Mean Median St. Dev. Minimum

For Profit 4 0.801 0.855 0.130 0.61
Not-for-profit 12 0.825 0.86 0.109 0.60
Public 17 0.881 0.906 0.094 0.689
Defense/VA 6 0.885 0.895 0.056 0.82
Non-teaching 2 0.742 0.742 0.046 0.71
Teaching 3 0.673 0.65 0.087 0.60
Acute/general 27 0.843 0.865 0.086 0.65
Non specified 26 0.839 0.81 0.104 0.61
Psychiatric 2 0.600 0.60 0.183 0.47
All hospitals 99 0.835 0.85 0.107 0.47
USA Hospitals 59 0.826 0.85 0.115 0.47
Euro. Hospitals 28 0.860 0.872 0.084 0.72
Non USA/EU 12 0.839 0.861 0.121 0.61
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less for defense/VA hospitals (standard deviation 0.056, minimum 0.82 and mean of 0.885). There is also
some potential for gain for Acute/general hospitals (standard deviation 0.086 and a minimum of 0.65),
deviating from the mean of 0.84. The small sample of studies specifically examining teaching in hospitals
shows non-teaching units to be more efficient (0.742 compared with 0.673).

A further way to compare efficiency is to compare the efficiency of hospitals across countries. This
also gives some indication as to the efficiency of different means of health care delivery. Most studies are
from the USA where the average efficiency is 0.826, with a median of 0.85 and a minimum of 0.47. Here,
the system is predominantly one of privately provided health care insurance, with a safety net of
Medicaid and Medicare to cover the poor and elderly, respectively. This can be compared with Europe
where health care is characterised by public provision or social insurance. In the European sample the
average efficiency is 0.86, with a median of 0.872 and a minimum of 0.72. These results are slightly
higher than those for the sample of USA hospitals, where there is some potential for efficiency gain,
with a standard deviation of 0.115 and a minimum of 0.47, compared with 0.084 and 0.72 for the
European sample. There are an increasing number of studies outside the EU and USA, especially in
developing countries. However, the merits of comparing efficiency in developing countries has been
debated recently in terms of the usefulness of frontier measures in this context (Asian Development
Bank, 2006).

The results, both that public provision seems in general more efficient, and that European hospitals
have higher average efficiency, may reflect many confounding factors, including methodological
differences between studies, differences in models (which are rarely justified in terms of economic
theory) or sample sizes (which are often small) impacting upon robustness and validity. Results are
conditional upon basic differences in study design and samples, rather than any real variation in
efficiency meaning, it is difficult to compare results beyond looking at generalities. It may also be the
case that public and private enterprises have different objectives (see the work of, for example, Pestieau
and Tulkens, 1993; Marchand et al., 1984), i.e. they operate with respect to different technological
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Figure 5. Box-plot of distribution of efficiency scores by category of hospital
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frontiers and simply cannot be compared, for example the objective may actually be to provide a
different level of service, for example a public cheap, but basic, dental service, relative to a private more
costly, but non-universal service.

3.3. The general health literature

There are several other health care areas in which DEA has been applied. Details of the general health
studies can be found in the appendix and show the type of organisation, country, sample size, author(s)
and efficiency scores. The summary statistics are shown in Table II and a box-plot of the distribution of
efficiency scores in Figure 6.

Examination of the statistics in Table II and the box-plot of the distribution of scores in Figure 6
demonstrate that there is potential for efficiency gain. For Health Districts there is room for
improvement, both in Europe and the USA (means of 0.839 and 0.742 and minimums of 0.80 and 0.5,
respectively). There is also scope for efficiency gain in primary care where in Europe the mean is 0.821
compared with the USA mean of 0.712 where there is also greater potential for improvement (standard
deviation 0.229 and minimum of 0.390). However, this may reflect the differences in service delivery in
the USA and Europe. A more valid comparison is of nursing homes which in the USA seem less
efficient, compared with those in Europe (means 0.765 and 0.821, medians6 0.81 and 0.83), whereas both
demonstrate potential for improvement, with the minimum scores of 0.38 and 0.70 and standard
deviations of 0.158 and 0.114. Previously, it has been reported that for-profit-homes appear more
efficient than not-for–profits (Hollingsworth, 2003; Anderson et al., 2003).

One interesting observation in the non-hospital literature is: what are the objective functions of the
units of observation (for example health care area organisations), and who has managerial
responsibility for efficiency? What type of inefficiency is being measured in a ‘non-firm’ setting? The
nature and validity of cross country efficiency measurement has also been questioned (Spinks and
Hollingsworth, 2005), with several theoretical and modelling concerns.

3.4. Malmquist productivity applications

A summary of Malmquist based productivity studies is provided in the appendix. As with the SFA
section which follows, summaries of results are provided from a selection of more recent studies,7 as
direct meta-type analysis is not appropriate due to small numbers, and methodological incompatibility.
Half of these more recent studies are conducted on samples of hospitals in the EU. Some highlights
include Sola and Prior (2001) who look at quality, finding change driven by technology. Ferrari (2006)
finds a small productivity improvement in UK hospitals of 2 per cent (with technological improvements,
but inefficiency increases). Lyroudi et al. (2006), look at efficiency changes in clinics in 10 Greek public
hospitals, finding efficiency improvement. Maniadakis and Thanassoulis (2004) also look at a sample of
Greek hospitals, interestingly including a decomposition into cost inefficiency. Chen (2006) who looks
at Taiwanese hospitals, decomposes quality (in terms of doctors and nurses per department), finding a
productivity decline (2.7 per cent), with a change in the overall sample outweighing individual efficiency
improvements.

The studies do seem to reflect the cutting edge of research in the area of efficiency analyses, perhaps
because software packages are not as available ‘off the shelf’ for this type of analyses, keeping numbers
of studies low, but perhaps more innovative in nature.

6Analysis in this way is one way to demonstrate that DEA can be very sensitive to outliers.
7Highlights of earlier Malmquist and SFA studies are in Hollingsworth (2003).
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3.5. (SFA) and other parametric applications

A summary of studies using SFA and other parametric techniques is provided in the appendix. Of the
more recent studies, most are conducted on samples of USA hospitals, a smaller number on EU
hospitals and EU nursing homes.

Some highlights include Deily and McKay (2006) who include quality, in terms of in hospital
mortality, finding a mean efficiency, using a hybrid function, in US urban acute hospitals of 87 per cent.
Yaisawarng and Burgess (2006) account for access and quality in VA hospitals, finding efficiency of
around 94 per cent. Rosko (2004) also accounts for quality in USA hospitals, but finds it has a minimal
impact. McKay (2002/2003) estimates efficiency on a very large sample of 4 075 US hospitals, finding
not for profits most efficient (86 per cent), followed by government (85 per cent) and for-profits (84 per
cent). Linna et al. (2006) account for quality in Finnish hospitals, in mortality terms, finding efficiency
of around 82 per cent. Gannon (2005) tries different functional forms (including Cobb Douglas and
Translog) on a sample of Irish hospitals, finding large degrees of inefficiency. Street (2003) compares
SFA and corrected ordinary least squares (COLS) in UK hospitals, and concludes choice of technique
impacts upon efficiency rankings.

Table II. Summary statistics for general health efficiency scores

No. Mean Median St. Dev. Minimum

Care programme 2 0.623 0.623 0.032 0.60
Health Districts Euro. 4 0.839 0.838 0.04 0.80
Health Districts USA 9 0.742 0.80 0.114 0.50
Nursing Homes Euro. 6 0.821 0.83 0.114 0.70
Nursing Homes USA 19 0.765 0.81 0.158 0.38
Primary Care Euro. 6 0.821 0.815 0.104 0.675
Primary Care USA 9 0.712 0.827 0.229 0.390
Primary Care (non USA/EU) 2 0.79 0.79 0.014 0.780
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Figure 6. Box-plot of distribution of efficiency scores by general health
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Beyond hospital applications, Kathuria Sankar (2005) look at public health in Indian States, looking
at the infant mortality rate, and the impact upon this of various factors including literacy, income, water
availability and health care, modelling fixed and random effects. Several studies look at nursing homes
in the EU, including Crivelli et al. (2002) who use a translog function for Swiss nursing homes, finding
ownership not to be significant. Swiss nursing homes are also looked at by Farsi and Filippini (2004),
who find private homes to be more efficient than public. Laine et al. (2005b) look at institutional elderly
care in Finland, including quality indicators, finding a mild association between some aspects of quality
and technical efficiency.

As with the Malmquist studies, the relatively low number of applications may reflect the complexity
of analyses involved with SFA. However, increasing numbers of applications may be a consequence of
inclusion of SFA in the better known econometric software packages and the increased potential for use
with panels of data.

4. USE AND USEFULNESS CRITERIA FOR SUPPLIERS AND DEMANDERS

4.1.Suppliers

Is there a way of undertaking research in this area which would make the supply of studies more
effective? In other words, are there specific criteria or guidelines, which would make efficiency
measurement more user friendly? Here I establish some initial non-exhaustive criteria as a starting
point, in both macro and micro terms. By macro I mean the overall process of undertaking the study in
terms of set up and management, in a way to help ensure that the information provided will be of use in
policy terms. By micro I mean the actual production of the efficiency scores.

Macro issues include:

1. Applied research needs to be placed in a policy context. One important element of any efficiency
analyses is to get potential end users involved early on. This helps ‘ownership’ of the research from
the users perspective and keeps the researcher on track. This may initially involve finding the right
person or group of people (having a number of people involved reduces risks, e.g. staff moving
positions). Meetings to feedback results at various stages and to different levels of users, e.g. hospital
managers, health department staff, will help make sure information is provided to those who want to
use it. An advisory group to initially help set up model specification may be useful.

2. Hospital managers may have concerns about health authorities using efficiency measures as ‘big
sticks’ and are generally interested in more detailed information on their specific unit. Health
authority staff tend to be more interested in the overall picture and comparisons between hospitals.
The researcher has to balance these views, and providing all the information to everyone may help.
Also ask what information it would be useful to provide that the data/modelling is not providing
right now, try and accommodate this, or suggest means (e.g. extra data) which could help. Visit
your model specification frequently, and provide sensitivity analyses. What value are you adding to
the way efficiency is measured already?

3. Have you given your end users the information you set out to? Surveying them, perhaps including a
short report, may help refine your measures. Disseminate your results as widely as possible. Make
sure users know the limitations of efficiency measures; they are a useful policy tool, not the useful
policy tool. Results can be manipulated so full provision of information to all may be helpful.

Micro issues include:

1. Are you asking the right questions?
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2. What is your underlying economic theory of production (or cost, does duality theory and the
requirement for cost minimisation as an objective really apply).

3. Is your model specified correctly? Have you undertaken extensive sensitivity analysis? Ask your
advisory group if there are any obvious omitted variables.

4. Are your data really good enough to answer the questions, particularly your output data?
5. Have you any data on quality? What will results using just quantity (throughput) data really

show? Will any inefficiency be just made up of omitted quality data?
6. If you do have quality data, how will you weight it relative to quantity data, to avoid it being

‘swamped’ by relatively large numbers of throughput information? Unless carefully weighted,
potentially vital information on quality may have little impact on results.

7. Is your sample inclusive enough, are you comparing like with like? Exploratory analyses are
useful, just because all hospitals in your sample have the sample categorisation, there may be a
rogue specialist unit or teaching hospital in there which will confound your results, as frontier
techniques are very susceptible to outliers. Sample size is also an issue.

8. If you are happy with your data and models, what techniques will you use, parametric, non-
parametric or both? If you have multiple inputs/outputs non-parametric techniques have an
advantage (when comparing DEA and SFA) in terms of dis-aggregation.8 They allow you to
feedback more detailed information on areas of inefficiency. Panel data techniques will also allow
you to feedback more information, not only on what happens between units, but what happens
over time. Looking at trends over time is more useful than a snap shot.

9. Are you undertaking two stage analyses? If so how are you accounting for any statistical
problems (see Simar and Wilson, 2007)?

10. Do you need to generate confidence intervals? Unless you are certain your sample is all inclusive,
then you might wish to account for sampling variation.9

4.2. Demanders

In Table III I have suggested a check-list for assessing if an efficiency analysis should be made use of.
This (again) is a starting point, based on the Drummond et al. (2005) list for assessing economic
evaluations. Suppliers of efficiency studies may also wish to take note of these points.10 The two
assessment questions asked by Drummond et al. (see their chapter 3) are also pertinent here: is the
methodology appropriate and are the results valid? If the answer to this is yes – do the results apply in
my setting? As Drummond et al. acknowledge, it is unlikely that every study can fulfil every criterion,
but criteria are useful as screening devices to identify strengths and weaknesses of studies, and of course
to identify the value added by comprehensive extra analysis of this nature.

5. SUMMARY AND CONCLUSIONS

The number of studies which seek to measure health service efficiency and productivity continues to
increase quite dramatically. Research in this area should be reviewed carefully and the results of studies
interpreted and used cautiously, as it is still an area which is under development. The outlook is

8A single output stochastic production frontier can be adapted to the multiple output case, making use of distance functions,
however endogeneity of regressors may be a problem. There is a growing technical literature in the area of multiple output
distance functions, see for example, Kumbhakar and Lovell (2000); Coelli et al, (2005).

9See Coelli et al. (2005: pp 202–203) for a discussion about concerns with sampling distributions, i.e. you are measuring the frontier
when you have all the hospitals in a country, but estimating the frontier if not.

10I am talking about applied efficiency measurement here. I am not suggesting technical advances are second best forms of
research, and health data are sometimes a great way of demonstrating a technical advance. I also acknowledge the pressure to
publish, see Hollingsworth and Street (2006) for a discussion of this.
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improving, as sample sizes increase, and statistical techniques evolve; perhaps a little more faith can be
placed in well-conducted studies in this area. However, the estimated results are still sensitive to changes
in the basic assumptions and specifications of the models used and the characteristics of the
environment in which the units operate. Thus, as concluded previously, the results may only be valid for
the units under investigation raising generalisability issues.

The review of results here should be treated with a certain amount of caution, as there are no accepted
criteria for comparing efficiency studies, as there are for assessing the criteria for including clinical trials
in meta-analyses. However, results here may be useful in identifying certain trends. There is still a lot of
room for improvement, but as the use of Malmquist and SFA panel data techniques is showing, there is
cause for optimism in terms of validity and robustness of results as longitudinal data allows more

Table III. A check-list for assessing efficiency measurement studies11

1. Is the question well defined, and answerable?

- Are the inputs and outputs clear?
- Is there a particular viewpoint stated (whose objectives are accounted for–managers, Government policy makers, patients?), is

any decision making context established?
2. Is a comprehensive description of the sample given?

- Can you tell if any relevant comparator units are excluded?
- Are the samples strictly comparable, are there potential outliers?

3. Are the quality and quantity output data clear and comprehensive?

- Where do the data come from, who collected them, and why?
- Are quantity data case mix adjusted?
- Are quality data useful, e.g. can individual patients be followed through the system?

4. Are all the relevant inputs and outputs included?

- Is the range wide enough to answer the research question?
- Do they cover all relevant viewpoints (e.g. hospital mortality may be of interest to patients, scale of operation to policy

makers, and range of services to managers).
- Are there measures of physical quantities of inputs as well as costs (although in a number of contexts costs alone may be

appropriate)?
5. Are inputs and outputs measured accurately in appropriate units?

- Are all resources used relevant to the analysis accounted for?
- Are any data omitted? If so what is the justification?
- Are there any special circumstances, which make measurement difficult, e.g. joint use of staff? Were these circumstances

handled appropriately?
6. Were inputs and outputs (or objectives) valued (or weighted) correctly?

- Were the sources of all values clearly identified? E.g. market prices for inputs, case mix weights?
- Was the value of outputs appropriate? Were the right weights placed upon the relationship between quantities (and qualities)

of outputs?
7. Were analyses over time undertaken?

- Were values (and outputs) adjusted to present value?
- How are the specific techniques justified?, E.g. are random or fixed effects models used, how is scale accounted for, how is

efficiency decomposed?
8. Do techniques add incremental value?

- For example is data envelopment analysis used? Or stochastic frontier analysis? Which cross sectional or panel data (over
time) techniques are used?

- Are the techniques used justified clearly, for example what incremental value do they add beyond how efficiency is currently
measured?
9. Was allowance made for uncertainty?

- Were appropriate statistical analyses undertaken?
- Were sensitivity analyses performed, which dimensions are tested?
- Were the results sensitive to the statistical/sensitivity analysis?

10. Did the presentation and discussion of study results include all issues of concern to users?

- Were the conclusions based on an overall measure, or individual comparisons of efficiency?
- Were the results compared with others who have investigated the same question?
- Did the study discuss the generalisability of the results to other settings?
- Did the study allude to other important factors in the decision or choice under consideration, e.g. ethical issues, or access

issues, or equity?
- Did the study discuss issues of implementation, such as the feasibility of adopting efficiency changes, given existing

operational constraints, and whether freed resources could be redeployed to other more efficient programmes?

11This Checklist relies heavily on Box 3.1 in Drummond et al. (2005) for more than just inspiration.
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information to be generated than a simple cross sectional snap shot. Accuracy of the estimated
performance measures is multifactorial in nature, i.e. whose objectives are we accounting for when
specifying our functional forms? Model specification is still an important methodological issue, and there
is still room for increased use of more advanced methods, such as panel data analysis. If we look at the
general trends in health care results, public rather than private provision of health care seems more
efficient for hospitals. However, these results may be confounded by different objectives of providers.

I started off by asking if there was a ‘gold standard’ in this area, and there may well be. A number of
criteria are suggested for judging whether research published in this area is potentially useful in a policy
context. It should be noted that, as with the original economic evaluation criteria on which they are
modelled, these criteria should be used as a means to interpret results, not a check list for dismissing the
usefulness of individual studies on a generic basis; what is of no use to one user may be very useful to
another, working from a different viewpoint in a different health system. As such I have not reviewed
every study in this context, I simply use the experience of reading them to suggest the means by which
studies may be made more user friendly, in terms of identification of their strengths and weaknesses.

In terms of ‘best practice’ for undertaking efficiency studies, it may be that the use of multiple
techniques might help indicate trends in inefficiency. If the multiple techniques (parametric and non-
parametric, including techniques which can account for multiple objectives) point to the same inefficient
organisations, and the organisations cannot sensibly explain them away (i.e. omitted variables, policy
shocks), then perhaps we are picking up some form of inefficiency. Of course, it may be that in certain
circumstances one method is obviously more useful, for example, when there are multiple outputs, SFA
may not be appropriate due to problems with having to aggregate variables. Justification of the method
used is sometimes difficult at present as there are few criteria for which are ‘best’, although, in practice
different measurement methods often show similar results. Another danger at present is relying on exact
numbers; small differences in inefficiency may not truly reflect inefficiency, and should be viewed with
caution. Trends over time may be more reliable.

There are still data problems, not only on the output side, where use of case mix adjusted outputs is
increasing. We should not forget input data requirements, in terms of human capital for example.12

There is still a large disparity between the number of studies published in this area and the actual use of
efficiency measures in this area, but anecdotally there does appear to be increased interest in use of
efficiency and productivity measures internationally by policy makers, and this, if handled properly may
be useful, although issues concerning appropriateness of use in developing countries are worth bearing
in mind, given a potentially totally different set of system objectives.

As economists we need to bear in mind the basics of what we mean by efficiency, but of course, we do
not own the term, and many other professions such as management scientists publish useful work in this
area. However, not only must we decide how we measure economic efficiency and productivity, but
why, and how important it is relative to other societal objectives in terms of the delivery of health care.
Weightings are important, both within efficiency measures and between objectives within a social
welfare function. How do we decide upon these weights? Choice of method impacts upon this for the
measurement of efficiency, non-parametric measures use organisational specific weights, parametric
measures common weights (Smith and Street, 2006). For the placing of efficiency among other
objectives in a health care system, various methods have been suggested, but whose preferences are we
to use, the public, those elected to represent them, health care professionals? The WHO attempted a
study of this nature, with the World Health Report (2000), leading to much debate.

There are many challenges not discussed here, such as the impact on measuring performance overall,
of the principal-agent relationship and the impact this might have on the relative weighting of objectives
(see Smith and Street, 2006, for a discussion of this); efficiency measurement as discussed here is really

12A point not discussed in this paper is the value of information, and the use of Bayesian methods. Perhaps this could help with
certain data problems.
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only a partial measure of overall performance. Also, at what level are performance measures most
useful (Hollingsworth and Parkin, 2003; Propper and Wilson, 2006) – for example, it may be difficult to
convince organizations that measures will not be used as a stick rather than a carrot. Is productivity
measurement (by which I mean performance over time) a link between static efficiency measurement
and actual improvement in performance?

Is there a way forward? As well as refining techniques so that we measure efficiency accurately in its
own right, and recognising and measuring the relative importance of efficiency as an objective, we need
to translate our work carefully to those who may actually be interested in it. As noted by Burgess (2006)
and Hollingsworth and Street (2006) the actual demand for efficiency measurement is well out of line
with supply. If we can surmount some of these problems, convincing ourselves and others, and bearing
in mind other perhaps equally important objectives, it may be that, in the end, patients may actually
benefit from increased efficiency in our health services.

APPENDIX

Studies not detailed in Hollingsworth (1999; 2003) are listed here

Hospital type Country Number Author Efficiency Scores

Federal/Defense/
Veterans’
Administration

USA 131 hospitals in 1998,
121 in 2001

Harrison and Ogniewski, 2005 1998 0.86 (sd 0.11) 2001
0.86 (sd 0.11)

Not- for-profit
USA 480 hospitals in 1998,

471 in 2001
Harrison and Sexton, 2006 1998 0.72 (sd 0.15) 2001

0.74 (sd 0.16)
Acute/General

USA 89 hospitals Chen et al., 2005 VRS TE 0.81–-0.85 CRS
TE 0.75–0.80 SE
0.93–0.94

USA 170 hospitals Ferrier et al., 2006 TE 0.95 SE 0.98
USA 348 hospitals Mobley and Magnussen,

2002
TE 0.908

Public
Taiwan 1996–483 hospitals

1997–473 hospitals
Chang et al., 2004 Efficiency range:

0.58–0.93. Private
hospitals more efficient,
may be down to case
mix or quality

Ireland 33 hospitals Gannon, 2005 Efficiency range:
0.94–0.97

USA 1998–280 Federal
hospitals, 2001–245
Federal hospitals

Harrison et al., 2004 Means: 1998 0.68 2001
0.79

Kenya 54 hospitals Kirigia et al., 2002 TE: 0.956 SE: 0.968
Finland 114 Public health centre

hospitals
Laine et al., 2005a Mean: 0.72

Norway and
Finland

47 in Finland, 51
in Norway

Linna et al., 2006 CRS: Norway 0.83
Finland 0.86 VRS:
Norway 0.92 Finland
0.92

China 6 hospitals Liu and Mills, 2005 1978: 0.97 1997: 0.73

Norway 51 hospitals Martinussen and Midttun, 2004 1999: 0.827 2000: 0.835
2001: 0.841
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Thailand 68 hospitals Valdmanis et al., 2004 Mean: 0.954 (sd 0.69)
Namibia 26 district hospitals Zere et al., 2006 TE: range 0.627–-0.743

SE: range 0.732-–0.837
South Africa 56 hospitals Kirigia et al., 2000 TE: 0.906

Teaching
USA 254 hospitals Grosskopf et al., 2004 TE: CRS 0.6, VRS 0.71

SE: 0.85
Non-specific

USA Hospitals in 306 metro-
politan areas

Bates et al., 2006 Mean Effic. 0.888

USA 38 (then 19) merged
hospitals

Ferrier and Valdmanis, 2004 1996 OE 0.79 TE 0.88
SE 0.9 1997 OE 0.8 TE
0.88 SE 0.87

Greece 17 hospitals Kontodimopoulos et al., 2006b Hospital services mean:
0.749 (sd 0.112)

USA 53 non-metropolitan
hospitals

O’Neill and Dexter, 2004 Median: 0.99

Ghana 17 district hospitals Osei et al., 2005 VRS TE: 0.61 (sd 0.12)
SE: 0.81 (sd 0.25)

Spain 29 hospitals Prior, 2006 1990, without quality:
0.929; with quality 0.95
1993, without quality:
0.907; with quality 0.92

Oman 20 hospitals Ramanathan, 2005 CRS mean: 0.872 VRS
mean: 0.926

Botswana 13 hospitals Ramanathan et al., 2003 Mean: 0.99
Italy 117 hospitals Siciliana, 2006 CRS: range 0.65-1 VRS:

Range: 0.63-1 FDH
range: 0.75-1

Germany 1,700 hospitals Staat, 2006 Mean: 0.79
Germany and
Switzerland

105 German and 251
Swiss hospitals

Steinmann et al., 2004 German range 0.79-
0.828, Swiss range:
0.719–0.752

Germany 2 ,020–2, 145 hospitals Helmig and Lapsley, 2001 Range: 0.769–1
France and
USA

Dervaux, 2004 France inefficiency:
19.8% (SE 9.5%, TE
7.1%, congestion 3.2%);
US inefficiency: 23.7%
(SE 6.3%, TE 14%, con-
gestion 3.4%). Direct
comparison difficult.

Psychiatric USA 506 hospitals Ferrier and Valdmanis, 2002 Mean: 0.47 Private
NFP: 0.65 Private FP:
0.57 Public: 0.23-–0.28

Greece 90 facilities Kontodimopoulos et al., 2006a Mean: 0.73 Public: 0.688
Private: 0.866

AE, Allocative efficiency; CE, Cost efficiency; FDH, Free disposable hull; FP, For Profit; NFP, Not-for-profit; OE, Overall
efficiency; SE, Scale efficiency; TE, Technical efficiency; VA, Veterans administration.

Organisation type Country Number Author Efficiency Scores

Cross country OECD 24 countries Afonso and St Aubyn, 2005 CRS: 0.815 VRS:
0.832–0.946

OECD 24 countries Bhat, 2005 Mean: 0.901
OECD 27 countries Retzlaff-Roberts et al., 2004 Mean: 0.89–0.958
Developing
countries

51 countries Alexander et al., 2003 Effic: 1.033–1.036

Primary Care

USA 16 primary care physi-
cians

Collier, 2006a, b Mean: 0.96

Hospital type Country Number Author Efficiency Scores
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USA 115 physician practices Andes et al., 2002 Mean: 0.39
USA 156 primary care prac-

tices (& 346 specialist
care)

Rosenman and Friesner, 2004 TE: 0.736 AE: 0.913 CE:
0.75 SE: 0.876

USA 27 primary care physi-
cians

Wagner et al., 2003 Range: 0.65–1

USA 21 primary care physi-
cians

Wagner and Shimshak, 2000 Score: 0.903

Sierra Leone 37 public health units Renner et al., 2005 TE: 0.72 SE: 0.82
Austria 591 GPs Staat, 2003 Mean: 0.84
Kenya 32 Public health centers Kirigia et al., 2004 Mean TE: 0.8 SE: 0.9

Nursing Homes
Finland 10 Long term care facil-

ities (64 units)
Björkgren et al., 2004 Mean 0.86–0.87

Netherlands 71 homes Blank and Valdmanis, 2005 TE: 1 SE: 1 AE: 0.95 CE:
0.95

USA 487 homes Anderson et al., 2003 Mean: 0.72 FP: 0.77
NFP: 0.74

Vaccination
Bangladesh 117 sites/clinics Valdmanis et al., 2003 CRS TE: 0.33 (sd 0.26)

VRS TE: 0.50 (sd 0.29)
SE 0.64 (sd 0.27)

Dental services
USA 279, 999 patient encoun-

ters
Coppola et al., 2003 Mean: 0.788 (sd 0.13)

EU 6 countries Parkin and Devlin, 2003 Health care median:
0.848 Oral health median:
0.483

Renal care
UK 70 haemodialysis units Gerard and Roderick, 2003 Mean: 0.9
Greece 118 haemodialysis units Kontodimopoulos and Niakas,

2005
Overall Mean: 0.704 (sd
0.139) Public: 0.65 Pri-
vate: 0.82

USA 49 renal dialysis
facilities

Ozgen, 2006 Mean range: 0.876– 0.896
(sd 0.01–0.09)

AE, Allocative efficiency; CE, Cost efficiency; FDH, Free disposable hull; FP, For Profit; NFP, Not-for-profit; OE, Overall
efficiency; SE, Scale efficiency; TE, Technical efficiency; VA, Veterans administration.

Organisation type Country No of units Author Results

Cross country
— 143 countries Grosskopf et al., 2006 Inefficiency: 11-–22%,

Developed countries
0-–3%, less developed
22-–44%

Hospital Taiwan 40 hospitals Chen, 2006 2.6% overall fall in pro-
ductivity, technology
falls outweigh efficiency
improvements.

UK 53 hospitals Ferrari, 2006 2% increase in total
productivity (technology
increase 3%, efficiency
fall 1%).

Greece 10 public hospital
clinics

Lyroudi et al., 2006 Efficiency is improving,
range: 1-–1.56

Greece 30 hospitals Maniadakis and Thanassoulis,
2004

Malmquist: 0.97 Cost
Malmquist: 0.96

Organisation type Country Number Author Efficiency Scores
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Spain 20 hospitals Sola and Prior, 2001 Malmquist: 1.3, change in
quality 0.98, TE change
0.98, technology change
1.36. Technology driving
global fall in index.

Spain 68 public hospitals Ventura et al., 2004 TE: 0.829 Pure TE: 0.89
SE: 0.93

Pharmacy
Spain 80 pharmacy labora-

tories
Gonzalez and Gascon, 2004 CRS: 0.68 VRS: 0.84

SE: 0.81 Technology
change minimal.

Dialysis USA 140 dialysis facilities Ozgen and Ozcan, 2004 Mean: 0.918. Technol-
ogy regress, efficiency
increase, may mean in-
crease in quality.

Primary care Austria 591 GPs Staat, 2003 Productivity Index 1.05,
individual efficiency im-
proves (0.98), technol-
ogy falls (1.08).

AE, Allocative efficiency; CE, Cost efficiency; FDH, Free disposable hull; FP, For Profit; NFP, Not-for-profit; OE, Overall
efficiency; SE, Scale efficiency; TE, Technical efficiency; VA, Veterans administration.

Organisation type Country No of units Author Results

Hospitals
Holland General hospitals in

27 health care regions
Blank and Eggink, 2004 TE: 0.86 AE: 0.92 There

is technical regress
through time

USA 57 rural hospitals Butler and Li, 2005 58% inefficient Returns
to scale measured

USA 140 hospitals (1999),
139 (2000), 137 (2001)

Deily and McKay, 2006 Mean efficiency 87%.
Cost inefficiency has a
positive and significant
effect on mortality.

Ireland 33 hospitals Gannon, 2005 Various models, includ-
ing time varying, and
compares with DEA,
concluding that DEA is
not controlling for cer-
tain factors.

USA 22 VA networks, 138
medical centres

Gao et al., 2006 93% efficiency.

Finland 48 acute hospitals Linna et al., 2006 Average efficiency: 82%.
May be economies of
scope in University hos-
pitals.

USA 4,075 hospitals McKay et al., 2002/3 Efficiency: All: 0.859-
–0.852 NFP: 0.865–-
0.859 FP: 0.837–-0.833
Govt.: 0.853–-0.844

USA 616 hospitals Rosko, 2004 1990 Efficiency: 85.65%
1999 Inefficiency: 88.22%
decreases associated with
HMO penetration, and
time; increases associated
with FP status and Med-
icare share.

USA 1,368 urban general
hospitals

Rosko and Proenca, 2005 Mean Efficiency: 0.852.
Network/system users
were more efficient.

Organisation type Country Number Author Efficiency Scores
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UK 226 acute hospitals Street, 2003 COLS: 0.694 SF: 0.874-
0.903. COLS overstates
inefficiency if hospitals
are prone to random
events, and choice of
technique affects ranking.

USA 131 VA hospitals Yaisawarng and Burgess,
2006

Mean effic: 0.94.

USA 382 USA non-teach-
ing hospitals

Koop et al., 1997 Mean effic: 0.85 NFP:
0.86 FP: 0.79 Govt.: 0.87
Model specification is ro-
bust (Bayesian SFA).

Cross country WHO 141 countries
(1993–1997), 50 more
in 1997

Gravelle et al., 2003 It is premature to reach
conclusions on the pro-
duction of health, given
available methods.

Nursing homes
USA 653 homes Anderson et al., 1999 Bayesian SFA, Overall

effic.: 0.69 Indep: 0.784
FP: 0.901 NFP: 0.725

Switzerland 886 homes Crivelli et al., 2002 Median efficiency 87%.
Ownership not signifi-
cantly related to ineffi-
ciency.

Switzerland 36 homes Farsi and Filippini, 2004 Private NFP are more
efficient than public by
3%. There are potential
scale economies.

Finland 122 institutional care
wards for the elderly

Laine et al., 2005a Technical efficiency: 84%.

Primary care
Spain 180 primary care

health teams
Puig-Junoy and Ortûn, 2004 Overall effic: 0.92 Pub-

lic: 0.928 Contracted
out: 0.837

States

India 16 states public health
systems

Kathuria and Sanker, 2005 Inefficiency range:
0.686–1 in fixed effects,
0.725–1 in random ef-
fects, 0.719–1 in maxi-
mum likelihood.

AE, Allocative efficiency; CE, Cost efficiency; FDH, Free disposable hull; FP, For Profit; NFP, Not-for-profit; OE, Overall
efficiency; SE, Scale efficiency; TE, Technical efficiency; VA, Veterans administration.
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Chander P, Drèze J, Lovell CK, Mintz J (eds). Springer: USA.

Prior D. 2006. Efficiency and total quality management in health care organisations: A dynamic frontier approach.
Annals of Operational Research 145: 281–299.

Propper C, Wilson D. 2006. The use of performance measures in health care systems. In The Elgar Companion to
Health Economics, Jones A (ed). Edward Elgar: Cheltenham.

Puig-Junoy J, Ortun V. 2004. Cost efficiency in primary care contracting: a stochastic frontier cost function
approach. Health Economics 13(12): 1149–1165.

Ramanathan R. 2005. Operations assessment of hospitals in the Sultanate of Oman. International Journal of
Operations and Production Management 25(1): 36–54.

Ramanathan TV, Chandra KS, Thupeng WM. 2003. A comparison of the technical efficiencies of health districts
and hospitals in Botswana. Development Southern Africa 20(2): 307–320.

MEASUREMENT OF EFFICIENCY 1127

Copyright r 2008 John Wiley & Sons, Ltd. Health Econ. 17: 1107–1128 (2008)

DOI: 10.1002/hec



www.manaraa.com

Renner A, Kirigia JM, Zere EA, Barry SP, Kirigia DG, Kamara C et al. 2005. Technical efficiency of peripheral
health units in Pujehun district of Sierra Leone: a DEA application. BMC Health Services Research 5: 5
(11 pages).

Retzlaff-Roberts D, Chang CF, Rubin RM. 2004. Technical efficiency in the use of health care resources:
a comparison of OECD countries. Health Policy 69(1): 55–72.

Rice T. 2003. The Economics of Health Reconsidered. Health Administration Press: Chicago.
Rosenman R, Friesner D. 2004. Scope and scale inefficiencies in physician practices. Health Economics 13(11):

1091–1116.
Rosko MD. 2004. Performance of US teaching hospitals: a panel analysis of cost inefficiency. Health Care

Management Review 1: 7–16.
Rosko MD, Proenca J. 2005. Impact of network and system use on hospital X-inefficiency. Health Care

Management Review 30(1): 69–79.
Siciliana L. 2006. Estimating technical efficiency in the hospital sector with panel data. A comparison of parametric

and non-parametric techniques. Applied Health Economics and Health Policy 5(2): 99–116.
Simar L, Wilson P. 2007. Estimation and inference in two stage, semi parametric models of production processes.

Journal of Econometrics 136: 31–64.
Smith PC. 2002. Measuring health system performance. The European Journal of Health Economics 3: 145–148.
Smith PC, Street A. 2006. Concepts and challenges in measuring the performance of health care systems. In The

Elgar Companion to Health Economics, Jones A (ed). Edward Elgar: Cheltenham.
Sola M, Prior D. 2001. Measuring productivity and quality changes using data envelopment analysis: an

application to Catalan hospitals. Financial Account Management 17(3): 219–245.
Spinks J, Hollingsworth B. 2005.Health production and the socioeconomic determinants of health in OECD countries:

the use of efficiency models. Working Paper No. 151, Centre for Health Economics, Faculty of Business and
Economics, Monash University: Australia.

Staat M. 2003. The efficiency of treatment strategies of general practitioners. The European Journal of Health
Economics 4: 232–238.

Staat M. 2006. Efficiency of hospitals in Germany: a DEA-bootstrap approach. Applied Economics 38: 2255–2263.
Steinmann L, Dittrich G, Karmann A, Zweifel P. 2004. Measuring and comparing the (in)efficiency of German and

Swiss hospitals. The European Journal of Health Economics 3: 216–226.
Street A. 2003. How much confidence should we place in efficiency estimates? Health Economics 12(11): 895–907.
Valdmanis V, Kumanarayake L, Lertiendumrong J. 2004. Capacity in Thai public hospitals and the production of

care for poor and nonpoor patients. Health Services Research 39(6): 2117–2134.
Valdmanis V, Walker D, Fox-Rushby J. 2003. Are vaccination sites in Bangladesh scale efficient? International

Journal of Technology Assessment in Health Care 19(4): 692–697.
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