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A NONPARAMETRIC APPROACH TOESTIMATING AND TESTING THE
PRODUCTIVE EFFICIENCY DIFFERENTIAL

Mansor Jusoh and Hamid Jaafar

ABSTRACT

This paper was conceived as an extension of the contribution by Kopp (1981) in developing an approach to
efficiency measure that synthesizes. Farrell efficiency measure and the frontier production function. The extension
is in the aspect of providing a measure for comparing productive efficiency differential between two groups of
firms existing in the same competitive industry. To test the efficiency differential, we proposed the Mann-
Whitney Test Statistic. As an illustration of the proposed measure, we used data from three Malaysian agricultural
processing industries, that is, rice milling, rubber remilling and oilpalm processing. In the exercise, we estimated and
test the technical efficiency differential between private and public firms in each industry and found that in rice
milling and rubber remilling, private firms are technically more efficiency than their public counterpart. In
oilpalm processing, the two groups of firms are equally efficient (or equally inefficient).

1, INTRODUCTION

The concept of productive efficiency, along with its computational framework, was
first introduced by Farrell (1957). Since the pioneering studies considerable amount of
theoretical and applied work has been done utilizing the concept introcuced in Farrell ( 1957 )
and Farrell and Fieldhouse ( 1962 ). The focus of these studies is on establishing
measures of technical and/or allocative efficiency of production units within an
industry”. The works of Aigner and Chu (1968), Afnat ( 1972), Aigner, Lovell and
Schmidt (1977), Schmidt and Lovell ( 1979 ), Greene ( 1980 ), Mansor Jusoh and Pa
Ismail ( 1983 ) involved modelling of firm's production technology explicitly
recognizing the existence of productive tneificiercy. The approach leads to efficiency
measures in production frontier functions. On the other hand, the works of Timmer (
1971 ), Seitz (1971), Fare and Lovell ( 1978 )'extended the approach to efficiency
measurement utilized in Farrell (1957 ).
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Recently. Kopp ( 1981 ) proposed an approach to efficiency measurement that synthesizes
Farrell efficiency measure and the frontier production function. The approach produced a
series of efficiency indexes for each firm in a representative per group. These indexes measure
firm's allocative and technical efficiency performance as deviations from the efficiency
standard, represented by a production frontier function, set by the group. The utilization of a
production frontier allows for the relax3tion of homogeneity and homotheticity assumptions
on part of technology utilized by production unit ( Kopp 1981, p. 488-89 ).

This paper is an attempt to provide measures that can be used to compare productive
efficiency of one group of firms to another within an industry. This subject matter seems to
escape the attention of previous writers. For this purpose we extend Kopp's approach to the
measurement of productive efficiency differential. The measure of efficiency differential to
be proposed has the advantage of being able to be subjected to statistical test, albeit a
nonparametric one.

The plan of this paper is as follows. Section 2 reviews Farrel's original approach to
the measurement of productive efficiency, focusing on the distinction between the technical
and allocative efficiency. In this section we also review farrell-type efficiency measures
utilizing production frontier function as efficiency standard. Two proposed measures are
discussed: the output-based Timmer measure of technical efficiency and the input-based
Kopp's generalized Farrell measures of technical and allocative efficiency. Section 3
proposes a method of constructing measure of efficiency differential, utilizing Kopp's
measure of technical efficiency as an illustration. The section also present a nonparametric
approach to testing efficiency differential. Section 4 illustrates the empirical application of
the proposed measure with data from three Malaysian agricultural processing industries. In
the exercise we estimate and test the difference in technical efficiency between private and
public firms in each of the industry. The final section offers some concluding remarks.

I1. CONCEPT AND MEASUREMENT OF PRODUCTIVE EFFICIENCY

Productive efficiency is defined as the ability of a production organization, e. g., a firm, to
produce a well specified output at minimum cost. Farrell (1957) distinguished two sources of
inefficiency. One is due to excessive use of inputs,
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called technical inefficiency, and another is a result of firm employing inputs in
the wrong proportion. The latter is called allocative inefficiencies. Both alloca-
tive and technical inefficiencies are costly. Furthermore, Farrell assumed that
the components of allocative and technical inefficiency are i ndependent and thus
could be measured individually

To visualize Farrell’s idea consider an industry with several firms, each
utilizes two inputs x = (x,, Xg) to produce a single outputy. Assume there exist
for the industry an efficiency standard, characterized by an efficient transforma-
tion of inputs into output, y=1f(x); that is, a production frontier function2.
Assume also that the function f is linear homogeneous so that the frontier func-
tion can also be characterized by a unit isoquant in x,/y and Xg/y. This efficient
unit isoquant is denoted Il in Figure . One should note that points below Il
are infeasible, while points above are inefficient.

Now, suppose a firm is observed at a production plan (¥, %5, %3 ), shown as
point A in Figure |. The firm js clearly inefficient as it uses input combination
(%}/%,%3/%,), which is more than the least combination required, i. e.,
(%5./vo,x5/ ¥ ), shown by point B on Il. Notice that production plans A and B.
utilize the same input proportions and is independent of input prices. Therefore,
the ratio OB/OA measures the firm's technical efficiency, the physical aspect of
productive efficiency.

Given the relative input prices shown by the line ww’ in Figure | and the
efficient unit isoquant 11, the least cost input combination to produce one unit of
output is ( x/ v.,x3/v, ), which conrresponds to point C. Since D lies on the
isocost line ww’, input combination at this point also cost the same. Conseque-
ntly, allocative efficiency can be expressed as one ratio 0oD/0B3,

Farrell’s measure of efficiency can be generalized to a different efficiency
standard. Primarily, the Farrell unit isoquant is quite restrictive in the sense
that it requires the technologies employed by the firms being linearly homogene-
ous. On the other hand, frontier production function is a parametric represen-
tation of efficient technology in input-output space. As such, it assumes a spe-
cific functional form. However, as an efficiency standard, the production frontier
function is considered superior to the Farrell efficient unit isoquant, because a
properly specified functional form eliminates the need properly specified functionat
form eliminates the need for linear homogensity or homotheticity assumption,
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P
Figure . Farrell Efficiency Measures.

Generahzataon of the Farrell measures to productlon funcuon requires the
frontier 1o be of a specmc type. In pamCuIar |ts must satisfy the foliowing three.
conditions (chpjg ‘,[,p' 488) First, the funcuon is strictly monotonic,
continuous and quasiconcave. Second, the frontier should be a boundary
function so that all sample observations (i. e., the firms ) must not lie above
the frantier. Third. the frontier model assumes all variation in output to be the
result of technical inefficiency alone. These compatibility requirements clearty
limit the type of frontier function that can be used as the efficiency standard.
The frontier function proposed by Afriat ( 1972 ), Richmond ( 1974), Aigrer,
Amemiya and Polrier (1976). Aigner, Lovell and Schmidt (1977) is not compa-
tible since each of them are ‘average’ in nature, and thus sample observations
can either lie above or below frontier surface. In addition the model attributes
some variations in output to random disturbances. Few models that satisfies
Kopp's three compatibility requirements are the deterministic frontier functions
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by Aigner and Chu (1968 ) and Timmer (1971) an@m ﬁ m max:mum
m&oﬂ ﬁwdfei %y ‘G’i‘ﬁé’he "(‘13809

mmﬁ%w@ ‘aww Measures ;
The bas7c idea underfymg Ttmmefs and Kopps approa

measurement can best be illustrated using Figure Il. This diagram ( redrawn
based on Figure Il in Kopp 1981, p. 489 ) depicts the fronitier surface OXYZ and

the isocost plané JJ ‘L' L. Inthe dkwwqﬂmés?m‘eﬂiﬁhmzemma Fane

Figure IL.  Timmer and Kopp Medsutes of Efficiency
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Consider a firm denoted by point R in' the three dimensional space. R”is
inefficient since it lies below the frontier surface OXYZ. Timmer (1971)
suggested the ration R* R/R'R* as a measure of firm R’s technical efficiency. This
ration reflects the actual output produced by the firm, 0Q‘=R" R, compared to
the output that could have been produced by an efficient firm, i. e., a firm on
the OXYZ surface, using identical inputs.

Another measure of technical efficiency relates actual inputs usage of the
firm to the inputs that could have been used by an efficient firm to produce
identical output and with identical input proportion. In the diagram input
set for the firm is shown by point R, whereas input set for the efficient firm is
point B on the isoquant qq. The ratio of these two points constitutes a measure
of relative input usage for firm R. If we describe point R by its input vector
r and point B by its input vector b, this ratio can be expressed interms of r
and b. Kopp proposed the ratio of vector nofms Il b I / Il r Il as the index of
technical efficiency.

The index, denoted as Kopp TE in the remainder of this paper, is bound
between zero and one. This index can be interpreted in terms of cost savings
associated with technical inefficiency. In particular, 1-Kopp TE indicates the
fraction of total cost a firm could have reduced if it eliminated the extra inputs
associated with technical inefficiency. Furthermore, Kopp TE index and
Timmer TE index are bound to give different measure of technical efficiency; only
when the technology is characterized by constant return to scale do the indexes
provide identical measure. The reason for this is obvious. Timmer TE is
measured on the basis of points on the frontier surface, where as Kopp TE
is measured on the basis of points of equal input proportions in the input plane.
For this reason also, Timmer TE does not have equivalent cost interpretation,

Kopp's allocative efficioncy measure, denoted as Kopp AE, can be illustrated
with the help of the isocost plane JJ L'L in Figure Il. In the diagram this plane
touches the efficient isoquant qq at point E. Thus, E represents an allocative
and technically efficient input combination for producing output OQ’. Given
this input price ratio the cost equivalence of Eis D, The technically efficient
input combination for producing OQ” is point B, thus, the distance between point
B and D should indicate the difference in inputs utilization due to allocative
inefficiency alone. As a measure of allocative efficiency Kopp suggested the
ratio Q' D/Q’ B. Given the input vector d associated with point D, this measure
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is equivalent to the ratio of vector norms 11d 11 /11 b . A cost interpretation

- similar to that of Kopp TE applies as well to Kopp AE.

L. -MEASUREMENT OF EFFICIENCY DIFFERENTIAL

This section describes a procedure utilizing indexes of efficiency in the:
preceding section to derive @ measure of productive efficiency differential. in
tne lattel part of this section we also present methods for estimation and test
of this measure. Description of the procedure is based on Kopp TE index, but
apply to other indexes as well.

It is assumed that each firnr in-an industry of ‘several firms can bé ¢lassified

= into two well-defined.groups-and all firms™ within the industry are compstitive-
- and-adopted identical: ex-ante “technology. “~‘These assumpticns show ‘slight
- deviation from the wusual textbook {reatment®'of firtis ‘but’ closer to‘real life:

situatioh which-sse, for example, public' and private’ firms: eXist “side-by-side:
within a competitive industry, The assumption of competitive environment
require firms in the industry to  have some -degree -of - competitiveness and this-
we assume may come from the technology firms have adopted. Given various-
production techniques available, - firms within' the industry choose the best.
Hence, the assumption of identical ex-ante technology seems plausible$,

Itiis also assumed that fof the industry, there exist an’ efficiency ‘standard
characterizad by a production frontier function common to“every firm in the-

Jindustry. The function is a well-behave neoclassical function and is of-a fuli
Jfrontier type, i.e.. the function  satisfies Kopp's compatibility requirements

mentioned earlier. Restrictions on nature of - the - frontier function ensure that
firms within the industry, - regardless of .groups, are necessarily no more
efficient than the frontier fim?. Consequently, it follows that there exist for
every firm a Farrell-type measure of productive efficiency, particularly the
Timmer TE, Kopp TE or Kopp AE. in what follows, we distinguish firm by its-
Kopp TE index and since the efficiency standard is identical to every group
within the industry, the index of éfficiency of a firm in any particular group is
comparable to that of the other group. This condition is crucial to the analyses
that follows3,

Now, consider firms in one of the group, say A, within the industry and
denote X as real-valued function associating each and everyone of these firms-
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-with its respective Kopp TE measure. X, then, is a random variable defined over
teal number between zero and one, corresponding to values taken by the index.
The distribution of X is obviously unknown, but we assume that it is symmetric
around a location parameter Ua, In like manner, we define a random variable Y
-over firms in group B and assume it has a location parameter Up,

Let the location parameters, Ua and Ug, be the means of the random variable
X and Y respectively®. We then could interpret each of these parameters as
representing an average value of the technical efficiency measures of firms in
-each group. Specifically, Ua describes the average value of Kopp TE measures
of firms in group A, and likewise, Ug represents the average for firms in group B.
such that Ua and Ug are each bound between zero and one. A value of Up
(orUs) close to one indicates firmsin group A (or groupB ) are on the
average highly efficient, and a value close to zero indicates that they are on the
average inefficient. A value of say 0.5 shows that a majority of fifms in the
group has Kopp TE measures centered around an index of efficiency of 0.5.

Thus, location parameters Ua and U B, in particular | Ua —Ug 1, can be used
1o provide a measure of efficiency differential. The interpretation of this measure
is straight forward. If the absolute value of Ua —Up approaches zero, firms
in group A and B are equally efficient, i.e., either they are both equally
efficient or equally inefficient. On the other hand, if the absolute value of
the difference approache unity, either firms in group A are more efficient than
firms in group B or vice versa.

In practice, often Ua and Ug are unobservable and thus have to be estimated
from sample observations. Consider taking two independent random samgles of
size n from group A and size m from group B; and denote X,, .., Xn as sample
from A and Y, ..., Y as sample from group B. Hence, unbiased estimators for
Ua and Ug are the respective sample means :

Vs =Xi [n,

Us =Yi /m,
Unbiased estimates of 4 and 5 are respectively

Ua =<ZXi/n,

Us =Zvi/m,
where xj denote the observed values of the random variable xj ,i=1, ......,n
and y; denote observed values of the random variable Yj . i=1, ..., m.
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Furthermore, it follows that an unbiased estimator for the difference

Ua —U gis

UD = UA —‘UB
and unbiased estimate of U, is
Up =Tua —Us .

Neither distributions of X and Y nor that of X-Y are assumed known.
Thus, a paramatric test on Tp is not applicable. A nonparamstric test, we
propose, is based on the Mann-Whitney U Statistic10. |n the following, we

illustrate how the test statistic can be derived.

Recall that X,, ..., X, and Yi,.e. Yy are samples from group A and
group B respectively. Sample observations X1 e Xp and Y,, ... Y, are the
observed Kopp TE measures for firms in the respective group relative to a common
efficiency standard. Thus, each of the observed values are comparable. In
particular, if we combine the two samples, all sample observations can be ranked
according to the observed technical efficiency measures. Subsequently, com-
bining the two sample observations and ranking X,,..., x, P Ve Y from
smallest to largest and denoting this ordering by Z11eenZoin . then, rank (Z)=i
i=1,...,n4+m. In case of tied observations, the mean of the rank positions
they would have occupied had there been no ties is assigned to each of the
observations,

Denote S as the sum of the ranks assigned to sample observations from

group A. When firms in group A are on the average less efficient than firms

ingroup B, i. ., U, is smaller than Ug ., we would expect all observations from

this group ( x,, ....%, ) to rank 1, ..., n, and hence, S=n (n+1)/2. Thus,

the statistic

T=S—n(n+1)/2

could be used as a test statistic. AsT approaches zero, it signifies Uy is less
. than Ug and as T becomes large, it signifies U, is greaterthan Uy . To deter-

mine the critical value of the test, for small n and m, i. e,, either nor mis no

greater than 20, one could use table of quantile of the Mann-Whitney Test

Statistic (e. g., Table 8 in Daniel 1978, p. 408-12).

When n and m are both large and U, = Us . the test statistic

— T—nm/2
T vnm (n+m+1)/12
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approaches the standard normal distribution. In the above eguation, nm/2
and nm ( n+m--1)/12 are respectively the expacted value and the variance of
the statistic W when U,y =Us . Thus for large sample sizes, test on statistic
w could be based on the standard normal distribution.

IV. TECHNICAL EFFiC!ENCY D'FFERENT'AL OF PRIVATE AND PUBLIC
FIRMS

o B ata

As an illustration of the proposed measure, a sample of cross-sectional data
from thres agricultural processing industries. for the year, 1982 were obtained.
The th'ea mdus*nns are: (1) rice mnhng, (2) rubber remitling dan (3) cilpalm
orocessmg Each rve_rord |r;4'£hé three industries are in average value term and are

' h:gniy aggregative in nature. The, field in each. record include : (1) average
valus of producnon denoted by REV, (2} average value of electricity, water and
fuel and (3) average number of, employees per firm. The latier two are each

ldenotAd by UT!L and EMPL respectively. Table 1 provide descriptive statistic. of
= each mdustry by ownersh:p, i.e., private and. public. . Each entry in the table is
ilthe mean for the:sample accordmg to ownershlp -type. /At a glange, it is interes-
f}tmg to note that the average ratio UTIL/EMPL is greater for firms that are privately
“owned than thoss that are publicly owned,

. The Frontier Function

For the purpose of establlshmg the techmcal efficiency standard, it.is assu-
med that firms i in each mdustrv have’ a deterrmmstrc frontler functlon as specified
by Algner and Chu (1968) as follows :

Table I. Average output and input utilization (by cwnership)

Rlcé i Rubber I GCiipalm
i Private Public | Private | Public | Private I Public

Sample Size ghinave Wy 25 15 L sl
REV ($:000) 3092 2477 13090 4290 4594 8,793
UTIL ($:000) : 64 84 15 81 149 1,353 68
EMPL (man yr.) 21 40 94 43 95 53

UTIL/EMPL 3048 2350 4160 3465 14232 1283
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it fue=gy. o 1y
In the‘Cobb-Douglas fonﬁ,éqtﬁ? Ie”(1g;:§§*§ 1o susssly wmonni Y b
InYe o ) B. nX -rﬁ (ésna»~ Bgo atsthisg éz)
suiynh il T uani lo 8t i

To estimate equation (2}, OLS is apphed The rmt is tﬁsn shmeﬂ smh
that all residuals are either zero or negative. Such shift will yield a BLU esti-
mate of B, and a bias but consistent estimate of « (Greere. 1980).

The Estimatad Equatlon

Using the available data, fned&iﬂnateé Cobb Douglas functlorz is specmed
for each industry as fol'ows :

INREV=cc+f; InUTIL+B, MEMPL+u , (u<0) (3
The estimated average Cobb-Douglas for ﬁééﬁmdnsﬁy arelt,
Rico:  LREV=-10.2807+0.3426 LUTIL+0 QUMD LEMPL. . .
‘ 2 _1.0875

@i*fb?ﬁ‘h‘ Lﬁﬁm ysgsm 4*322 m‘f‘ﬁ. %ﬁw@t

" z B 09024 T8-079 e 6762
where the cap:tal L in front of each variable name represent natural logamhm
and. umdemta the Lafgﬁ&h@@&ﬂv& esumau;d res;ggal tot (uncngn in the cgrres-
ponding industry, : ; : siinget

After the appropriate sh&’iﬂ»@ﬁwﬂmgr&waﬁ@g -REV® gs the raamum
value of obtai ;,mnuthput from the given inrut usage, the frontier functions for

apes 1136&2 +0.3426 LUTIL+0.2940\LEMPL
,‘m 7908+b 3599 uTIL +‘v4;057 LEMPL
= 9616@1—8 4922fg=u=ru.+a4402 LEMPL
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Kopp and Timmer Measure of Technical Efficiency

To generate Kopp TE and Timmer TE measures, denote UTIL* and EMPL®
as the optimal usage of input UTIL and input EMPL respectively. Then for each
firm in each industry, given REV

TIL

LEMPL® = [LREV— = *—,L (- )1 /(B2 +Ba)
and

% EMPL

LUTIL* = [LREV— = 2—B,L “ul\#u_“” /(B1+Bg)
where «= o=+Um
Thus,

Kopp TE=UTIL* /JUTIL=EMPL* JEMPL (<)
and

Timmer TE=REV/REV* (<

Repeating the above calculation for each firm in each respective industry.
the technical efficiency indexes {Kopp TE and Timmer TE) is generated and each
firm in each industry can thus be ranked, from least efficient to most efficient,
according to the observed technical efficiency indexes. Accordingly, the means
of Kopp TE and Timmer TE can be calculated for each group (i e.. private and
public) in each industry and summery of their results are presented in Table 12,

Test Criterion

As indicated earlier, since the distribution of the observed Kopp TE and
Timmer TE indexes are not known, therefore, a parametric test on the efficiency
differential, i, e.,

Table II. Sample mean of Kopp and Timmer TE.

Kopp TE P Timmer TE
Private I Public | overall ; Privatel Public ! overall
Rice : 0256 0.15 022 040 0.30 0.36
Rubber : 0.42 0.26 0.36 0.51 0.35 0.45

Oilpalm : 049  0.51 0.50 0.52 0.54 0.63
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Ho : ug—ug =0

Hz: ug—ug #0
is not applicable. As such, a nonparametric test on the efficiency differential
based on the Mann-Whitney U test statistic is derived. Summary of the statistics

are presented in Table Ill.

From Table lll, we can safely conclude that in rice milling and rubber remi-
lling, private firms are technicaily more efficient than publics firms, whereas in
oil palm processing. private and public firms are equally (in) efficient. While it
is interesting to investigate further on the factors that contribute to the technical
efficlency ditferential between private and public firms, such work is beyond the
scope of this study.

V. CONCLUDING REMARKS

This paper proposes a method of measuring and testing the efficiency diff-
erential of two well defined groups of firms within an industry  Each firm in
the industry were assumed to have identical ex-ante technologies and there exist
a common efficiency denominator for all firms in the industry. In constructing
the measure for efficiency differential between the two groups of firms, Kopp’s
generalized Farrell input-based technical efficiency indexes were extended and
since the distribution of these indexes are not known, therefore, a nonparametric
test on the efficiency differential were required. The method of testing proposed
is based on Mann-Whitney Test Statistic.

The usefulness of the proposed measure for policy purposes is fairly obvious.
With its advantage of being able to be subjected to statistical test, the measure,
for example, could be used as one of the guiding criterion for privatization policy.

Table 1ll. Estimate of Efficiency Differential

Kopp TE Timmer TE
Differential |Estimate of w| Differential | Estimate of w
Rice : 0.10 2.37** 0.10 2.36**
Rubber : 0.16 2.81** 0.16 2.81*
Oilpalm : 0.02 0.52 0.02 0.50

Note : **Indicate significant at 5% level.
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Furthermore, for fitms that exist within a cwmpeuttve industry and employing
identical ex-anté technologies, their technical | etftmency are directly related to
the same xstmadmgmqhmeaj -and socio-economics faQtQ[s‘ As such yvl!h theur
identification one could readily test for. the factors that are mspons;ble Yor the
eh‘ncsency dcfferentval between groups 8‘? flrms in the |ndustry
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NOTES

1. Anexcellent survey of frontier models and their relationship to effi-
ciency measurement can be found in Forsund et. a/, (1980).

2. The iudustry, thus could be envisaged as to consist of n firms each
having ex-post production function Y=f (x), i=, ....n. The efficient
transtormation of inputs to output (or the frontier function) for the industry is
then Y=/ (x)=sup; {f (X)}

3. Notice that point 8 in Figure | represents a technicaliy efticient input
co.nbination, but unlike point C, it is allocatively Inefficient, Tnhus, a movement

trom B 10 C shoula represent an improvement 1o the firm in terms of allocative
etficiency alone,

«. Ses R. u. Kopp (1981, p, 488.

. Tnis Interpretation 1s possible only when the measure is made along,
the input proportion ray and thus independent of input prices (Kopp, 1981, p.
490-91). Assuc., any reduction In cost associated witn the 1ifm moving Trom

POINL F1 1O poInl o will be a resuit of Inputs reduction due 1o INCreased tecnnical
etficiency,

6. Moasi of this nature, e, g., Kopp {1981), Farreil (1957), assume firms.
as navmg difeady adopled a Specitic eX -ante tecnnologies,

7. Wnat Consututes; a trontier firm i1s supject to discussion. Farreil
(190/) for example consider two alternatves : a hypothetical Mrn cnaracterized
Py enginesning exceiignCe or a firm showing the best resuits In practice, For
empirical puiposes, he suggests the latter.

5. Obviously, onecould define a ditferent efficiency standard for eacn
gfoup.  outthen, incasures of efficiency for eacn ham in One group are not
COmparabie 10 thal of a Thim In the other group.

9. One shouid note wat the sy.imetry a;sumption is not really nacassary.
It was adopted so tnat we Could Interpret the location paramster Lo represent the-
mean of the median of the distribution.

10. The assumptions required to the rest are ; the two samples are in-
dependent, the variables observed are continuous and the distribution functions
of the two populations differ only with respect to location, ift hey differ at all..




(Daniel 1978, p. 82). It seems that @ll:these assumptions are satisfied In this
case.

11, We are grateful to Khoo Meng Kian for generating the estimated
equation. Through out the exercise, computer program SAS.

12. Individual Kopp TE index afr{g Timmer TE index, and their ranking are
not reported. However, they are ayailable upon reguest.

REFERENCES

Afriat, S.N. (1972) : “Efficiency estimation of production functien”. Internatienal Economic
Reviey, 3 (Oetober).

Aigner, D.J. and Chu, S.F. (1968): *On Estimating the industry production function™. Ameri-
can Economic Review, 58,4 (September).

Aigner, D.J., Lovell, C AK.and Schmidt, P.J. (1977) : **Formulation and Estimation of Stoch<
astic Frontier Production £ unction Moedels”. Jt I of E ics. 6, 1 (July).

Aigner. ‘B.J., Amemiya, T. ‘and Poirier, D.J. (1976) : “On the estimation of production frontiers :
Maximym Jikelihood estimation of the parameters of a discontinuous density function™.
International Economic Review, 17, 2 (June).

Daniel, W. (1978) : Applied Nonparametric Statistics. Houghton Mifflin Company. Boston

Fare, R. and Lovel/l, CAK. (1978): *~Measuring the technical efficiency of produgtion™.
Journal of Economic Theory, 19,1 (October).

Farrell, M J. (1957) : ‘*The Measurement of productive efficiency”. Journal of the Royal
Statistical Saciety, A 120. part 3.

Famrell, M.J. and Fieldhouse. M. (1962): “Estimating efficient production _under increasing
returns 10 scale’’. Journa/of RQyal Statistical Society. A 125, part 2.

Forsund F.R., Lovell, C.A K. and Schmidt, P.J. (1980) : *'A survey of frontier production functions
and of their relationship to efficiency measurement”. Journal of Econometrics, 13.

Greene, W.H. (1980) : “‘Maximum likelihood estimation of econometric frontier functions”.
Journal of Econometrics, 13.

Kalirajan. K. and Flinn, J.C. (1983): ‘‘The measurement of farm specific technical efficiency’.
Pakistan Journal of App lied Economics, 2.

Kopp R.J. (1981) : **The measurement of praductive efficiency; A reconsideration”. Quars
terly Journal of Economics. 97 (August).

Levy, V. (1981) : **On estimating efficiency differential between the public and private sectors in
8 developing econamy”, Journal of Comparative Ecenomics. 5.

Mansoy, Juseh and Jsmail, Pa (1983) : *‘Stochastic frontier production function & modsl’*
Jurnal Ekonomi Malaysia. 7 (June),




- A Nonparametric Approach to Estimating : Jusoh and Jaafar 43

Richmond, J. (1974) : *Estimating the efficiency of production.” /nternational Economic
Review, 15,2 (June).

Russell. N.P. and Young. T. (1983): *Frontier production functicn and the measurement of

: téchnigal efficiency™. Journal of Agricultural Economics, 34 (May).
Seitz. W.D. (1971) : “Productive efficiency in the steam-electsic generating industry”. Journal
of Poljtical Economy, 79, 4. (July/August). >

Timmer, C.P. (1971) : “Using a probabilistic frontier ‘production function to measure technicals
efficiency”. Journal of Political Economy, 79.4 (July/August).




