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Abstract

This paper reports the results of an investigation into the technical
efficiency (i.e., the ability to convert inputs into outputs) the NHS
hospital sector. The method employed is the 'stochastic frontier
production function'. In contrast to the approach adopted by Feldstein in
his 'Economic Analysis for Health Service Efficiency’, the stochastic
frontier approach recognizes that a hospital's failure to produce exactly
what would be expected of it on the basis of the parameters of its
production function may be due not only to technical inefficiency but also
to random influences outside its control (e.g. viruses). The model is
estimated on data from 193 maternity hospitals for the financial year
1971/72. Various special cases of a transcendental logarithmic frontier
production function are estimated, including a Cobb-Douglas function; all
are estimated under the assumption that the 'error' term reflecting
inefficiency has a half-normal distribution. Surprisingly, in none of the
models estimated was there any evidence of technical inefficiency.
Interpreted literally, therefore, all the hospitals in the sample were
operating at 100% technical efficiency, obtaining maximum 'output'

(deliveries) from their bundles of inputs.
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1. Introduction

Attempts by economists to measure the efficiency of hospitals in the
British National Health Service (NHS) have been relatively few. The great
majority of the work which has been undertaken to date has been directed at

the issue of allocative efficiency. Comparatively little research effort

has been directed at the issue of technical efficiency. Indeed, there has

been only one study to date which claims to shed light on the issue of
technical efficiency in the NHS hospital sector, namely that of Feldstein
(1967). Feldstein estimated a variety of production functions on data for
large, acute non-teaching hospitals and used the residuals to identify
hospitals of below-average and above-average technical efficiency.
Feldstein’s work represents an important step forward in the measurement of
technical efficiency in NHS hospitals. It does, however, suffer from
certain shortcomings, which - though difficult to avoid with the techniques
available in the 1960s - may be more easily avoided with techniques
developed over the course of the last few years. Specifically, the
stochastic frontier production function (Cf Forsund et al, 1980; Schmidt,
1986) provides a more satisfactory - though not perfect - means of

estimating the extent of technical inefficiency than the method used by

Feldstein.

This paper employs the stochastic frontier production function to
analyse technical efficiency in a sample of NHS maternity hospitals. It
begins in Section 2 with a discussion of the limitations of the previous
work in the area and shows how these can be avoided using the stochastic
frontier approach, Section 3 then outlines the data and model used, and
discusses the estimation problems. The next section - Section 4 - presents

the empirical results and the final section - Section 5 - contains a

discussion.



2. The Previous Literature

The only study to date purporting to shed light on the issue of
technical efficiency in the NHS hospital sector is that of Feldstein
(1967). Feldstein used a variety of functional forms to estimate a
production function for NHS acute hospitals and interpreted the residuals
as a measure of technical efficiency. Thus hospitals with residuals equal
to zero were said to be of average technical efficiency, whilst hospitals
with residuals which were greater (smaller) than zero were said to be of
above-average (below-average) technical efficiency (Feldstein, 1967, pp
110-115). The rationale behind this is that the output of a hospital wifh
a zero residual is exactly the output that would be expected of it on the
basis of the estimated input coefficients, A hospital with a positive
(negative) residual, by contrasﬁ, produces more (less) than what it would
have been expected to produce on the basis of the estimated parameters of

the production function.

There are two main problems with this method. First, it only enables
a ranking of hospitals by technical efficiency : it provides no information
on how far a hospital is from the frontier. Second, it implicitly assumes
that all cross-sample variation in the error term is due to variation in
efficiency. In reality the residuals are likely to reflect random
influences outside the hospital's control (viruses, for example) as well as

"statistical noise".

Both problems can be overcome - at least partially - within the
frontier production function approach. The first can be overcome by
constraining the error term in the production function to be one-sided:
hospitals can therefore produce on or beneath the frontier, but not above.

Modifying the production function model in this way gives rise to the



deterministic production frontier model of Aigner and Chu (1968) and Afriat
(1972). The second problem can be resolved by assuming the error term to
be comprised of two parts: the first is a symmetric term capturing random
shocks and noise, and the second is a one-sided term reflecting
inefficiency. This gives rise to the.stochastic frontier model of Aigner
etal, (1977) and Meeusen and van den Broech (1977). The stochastic

frontier model therefore allows both shortcomings in Feldstein's approach

to be overcome.

3. Model Specification and Estimation Issues

The empirical analysis in the present paper is based on a sample of
NHS maternity hospitals. Like other single speciality hospitals, maternity
hospitals have the advantage that their output is relatively homogenous (cf
Lavers and Whynes, 1978; Steele and Gray, 1982). The considerable problems

encountered when trying to measure output in general hospitals can

therefore be side-stepped (cf eg Tatchell, 1983)..

3.1 The Data

The data used are those used by Lavers and Whynes (1978) - hereafter

LW - and relate to 193 NHS maternity hospitals in England for the financial

year 1971/72. A description of the data is to be found in LW.

3.2 Model Specifications

As in LW it is assumed the hospital's production frontier is of the

translog variety. The model is therefore
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(1) Iny, = o+ LB I, + (1/2) 5 Zygy Inxg Inxe, e
where Vi is output for hospital t (t=1,...,T), the X;, are inputs, @ and

the Bi and are parameters and €, an error term. As in LW output is

Yij
measured by cases treated and four inputs are used: X is medical staff,

Xp is beds, X4 is drugs and dressings and Xy is nursing staff. All inputs
except Xy, are measured on a per annum expenditure basis. In contrast to LW

it 1s assumed that Et'is composed of two parts: thus
(2) € = Vp T up

where Vi is a symmetric term capturing exogenous shocks and statistical
noise and uy is a one-sided term (ut>0 all t) reflecting technical

inefficiency. Thus the core of the hospital's production frontier is given

by
o+ ZiBilnxit + (l/2)Ziijij lnxitlnxjt

which is common to all hospitals and is non-stochastic, The actual

frontier is given by
d'+ZiBilnxit + (1/2)%FjYij lnxitlnxjt + vy

which is stochastic and henée varies from one hospital to the next. The
extent to which the hospital operates beneath its stochastic frontier is
given by the one-sided term, Uy, which provides a measure of technical
inefficiency. The primary objective of the exercise is therefore to obtain

an estimate of u, for each hospital in the sample.



In passing it ié worth noting that there are two features of the NHS
hospital which make it a particularly interesting area of application for
the frontier model. The first is that, unlike the firm, the NHS hospital
may reasonably be expected to be technically inefficient. This is because
there 1s no obvious reason why the primary decision-maker (the hospital
doctor) should choose to be technically efficient. In the theory of firm,
technical efficiency is a simple corrolorary of utility maximizing
behaviour (cf Stigler, 19276). 1In the NHS hospital, by contrast, being
technically efficient may generate disutility for the doctor, since
treating most cases will be associated with a heavier workload (cf Culyer
and Cullis, 1975). Technical 1inefficiency may well be consistent,
therefore, with utility maximizing behaviour. The criticism of the
frontier production function appreoach that it "flies in the face of
clasgsical microeconomics" (Greene, 1986, p 336) would seem, therefore, to
carry less weight 1in the context of the NHS hospital than in the context of

private sector industry.

The other feature of the NHS hospital which is of special interest in
the present context is the fact that hospitals of comparable size will tend
to facebroadly the same technology. Stigler (1976) has emphasized that
since technology 1is costly to acquire, firms will differ in their
investments in new technology and will therefore face different frontiers.
The stochastic frontier model allows for cross-sample variations in the
frontier, but does so by adding the symmetric error term, Vi to the non-
stochastic core of the production frontier. Each firm's frontier 1is
therefore a "neutrally scaled transfcrm" of every other firm's frontier,
with the parameters of the production technology being common to all firms.
This is, as Schmidt (1986) acknowledges, probably too simplistic: if
technologies differ across firms then the perameters of the production

frontier will also differ. Failure to allow for such differences will



almost certainly have consequences for the distribution of the inefficiency
error term in the stochastic frontier model (c¢f Forsund, 1986)., 1In a study
of private sector firms, therefore, one may well end up ascribing to
technical inefficiency the effects of systematic cross-sample variations in
technologies. Because hospitals in the NHS may reasonably be assumed to
face the same technology, however, this criticism of the frontier approach
would seem to carry less weight in the context of the NHS hospital than in

the context of the private sector firm,

3.3 Estimation of the Frontier Production Function

In order to estimate (1) assumptions need to be made about the
distributions of Vi and Uy . The present paper follows Aigner et al. (1977)
and assumes that the v, are normal ly distributed with zero mean and
constant variance 03, and that the u, are half-normal: thus u, =lu:’ with
u:~N (O,oi% It 1s also assumed that Uy and vy are independent of one

another and are independent of the X, g

Since (l) is intrinsically linear, 1t can be estimated by maximum
likelihood using the method proposed by Greene (1982), In the first step
(1) is estimated by OLS : the parameter estimates and the second and third
moments of the residuals are then used to obtain consistent estimates of o

2 and 02. Except 1n the case where the third moment of the

By vy Oy u

OLS residuals,113, is positive, the OLS estimates are then used as starting
values and the maximum likelihood estimates are obtained by iteration. If
the OLS residuals are positively skewed q%>0), the iterative procedure

becomes unnecessary. Waldman (1982) has shown that in this case the

maximum likelihood estimates of a, B., Y... 02 and 02 are @ : B.osoy.l Sz,
i 1j v u 1 17,
and O respectively, where g, B, and vy ., denote the OLS estimates of u'Bf Yij'
i ij



. 2 .
and 82 1is the OLS estimate of the variance of g¢. Since Ou = 0 implies up =

0 all t, a positive U3 would indicate that each hospital in the sample is

operating at 100% technical efficiency.

4, Empirical Results

As in LW, (1) is estimated on rescaled data along the lines suggested
by Sargan (1971). Specifically all variables were rescaled so that at

their means the values of Ilny and lnxi (i=1,...,4) were zero, (1) can

then be interpreted as a second-order Taylor series approximation to any
general production function, with the Bi and Yij interpreted as first and

second derivatives at the sample mean.

The equation was then estimated subject to five sets of
restrictions. Model Ml is equation (1) subject to symmetry restrictions

- ie Yij = in all i,j - and is estimated using the equation

)2+Z.Z v.. Inx, 1Inx. +¢€

(3)  Iny, = o+ LB, Inxge+ (1/2)2;7;; (Inx i%9>1 Yig i 5T &

it

Model M2 1is (1) subject to symmetry and homogeneity restrictions -

ie 'Yij = in all i, j plus ZiYij =0 j = l,i.e,k - and is estimated from

2 2
(4)  dny, = o+ DBy Inxg + ZiToy o Imegy I - (1/2) 100 ) T+ (nxg 071} e

Model M3 1is (1) subject to the restrictions implied by homogeneity

and constant returns to scale (CTRS) - ie Yij = in all i,j plus
L.Y.. =0 j=1l,...,kand Z.B. =1 : model M3 estimated from
i'ij i7i
k :
- = » - . . P . lI'lX. - l 2 lI'lX. )
(5) lny, ~ Inx;, =@ + Z_oB(Inx, - Inx ) + ZlZJ Yis {lnx:Jt 5o~ (1/2) [(Anx,
2. |
+ (lnxjt) 1}+ €



Model M4 is the Cobb-Douglas - ie'yij =0 all 1i,j - and is estimated from

(6) lny = g + ZlBl lnxlt t+ e

t t

Finally, model M5 is the Cobb-Douglas with CRTS imposed: it is estimated
using

k

(7) Iny, - lnx1 =g + Zj_—2 Bi(]_nxit - lnx1 Y + €

d 2 £
and 0, for

: 2
The maximum likelihood (ML) estimates of g, Bi’Yij v Oy

models M1l to M5 are given in Table 1. 1In each model By was positive
. . . 2 :
indicating that the ML estimate of Ou is zero - le u.= 0 all t - and that

2 .
the OLS estimates of g, R. . and o, are ML. The extent of skewness in

it Vi
the OLS residuals can be assessed using the test statistic /bl(cf Schmidt

and Lin, 1984), where

8 v =

(8) bl U3/U2

The 1% critical value of /pL for a one-tailed test is 0,403 (Biometrika
Tables for Statisticians, Vol I), which is greater than any of the values
of /51 in Table 1. Thus, though the OLS residuals are skewed in the

"wrong" direction for a production frontier, the skewness is not

significant.

Because the estimates in Table 1 are the OLS estimates, they are
similar to those reported by LW. The models can be set up in nested
sequences, with sequence A as M1, M2, M3 and M5, and sequence B as M1, M2,
M4 and M5, where M1l is the most general model., The validity of the extra

restrictions implied by each model can be tested using the likelihood



ratio. The likelihood ratio for testing the homogeneity restrictions
imposed in moQing from model M1 to M2 i, 30.372. The upper 0,01 point of
the Xg distribution is 13.28, indicating that the homogeneity restrictions
are rejected. Since each of the models M2 to M5 are special cases of model

M1, the most general specification, M1, is to be preferred.

5. Discussion

Interpreted literally, the results reported in the previous section
indicate that all hospitals in the sample are operating at 100% technical
efficiency. Before accepting this result at face value, however, it is

important to consider how far it might be due to model misspecifications.

There are two obvious sources of potential model misspecification,
The first is in the specification of the systematic component of (1), It
may be the case, for example, that certain relevant inputs have not been
included or that those that have been included have not been measured
correctly., To some extent both are likely to be true in the present
context. Some inputs have been excluded from (1l). However, they tend to
be relatively unimportant in terms of their share of the hospital's budget

and exhibit little cross-sample variation (cf Lavers and Whynes, 1978).

-

Moreover, it is usually argued that the effect of omitting relevant inputs
will be to bias upwards rather than downwards the estimate of technical
inefficiency (cf Schmidt, 1986, p321). It is also true that there may be
measurement error in the inputs. As Feldstein (1967) noted, measuring the
inputs in terms of expenditure rather than physical units may result in
biased perameter estimates. Whether or not it will result in a biased

2

estimate of g , however, is not clear. On balance, therefore, it is not
u

at all obvious that the results are due to a misspecification in the



systematic component of (1).

The second and more serious source of potential misspecification is in
the error structure of (l). The estimates are based on the assumption that
the v N(O, %) and th half- i = |u}]

¢ are R OV an e.u, are alf-normal - 1ie Uy = [ugl,
* 2 )
where ut,vN(O, uL This 1s by far the most popular assumption in applied
*
work in the field. It appears to be the case, however, that if the u; are

~

not normally distributed, U3 > 0 may not necessarily imply that the ML
estimate of (Ii is equal to zero (Waldman, 1982, fn 5). A ﬁ3> 0 may
therefore be compatable with some inefficiency if the ut are non—normal,
Whether;3 > 0 is compatable with o > 0 when the u: are normally
distributed but do not have a zero mean (cf Stevenson, 1980) is not clear

from the literature. If so, this might be another source of potential

misspecification,

Since there are no strong a priori reasons for believing the u, to be
half-normal, this i1s not an entirely satisfactory state of affairs. The
problem would be worse, however, if the /EI statistics had been
significantly different from zero., As it is, it is not clear how the
results of the /BI tests could be consistent with 0i>'0, unless the vy were
non-normal., Ultimately, therefore, as recently acknowledged by Schmidt
(1986), one's conclusions regarding the extent of technical inefficiency
depend critically on the correctness of the distrilbational assumptions about
the error structure of the frontier, All than can be concluded in the
present context is that providing'one is prepared to defend the assumption

that the v, are N(O,OZ), there would not appear to be any evidence of
t v

technical inefficiency in this particular sample of maternity hospitals.

10
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