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Efficiency Frontiers for Industrial
Establishments of Different Sizes

ABSTRACT: This study measures the technical efficiency levels of
Chilean industrial establishments, using Farrell’s efficiency frontier
approach. Data from the Chilean Manufacturing Census of 1967,
disaggregated at the establishment level, permit an extensive intra-
industrial analysis and measurement of efficiency levels. First, the relative
technical “inefficiency™ existing at each industry level is measured:
second, the characteristics of efficient and inefficient firms are
examined. In measuring efficiency, we find that a high proportion of
establishments—about 75 percent—is at a level of efficiency more than
50 percent below that of the most efficient in the particular industry,
which suggests that competition is far from perfect among Chilean
industries. With respect to the characteristics of the most efficient
establishments, neither their size nor their capital-labor ratio or white
collar-blue collar worker ratio are different from those of the inefficient
group in the same industry.
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(Il INTRODUCTION AND SUMMARY

This paper examines the technicai nffi(:if‘n(‘y of ('l.i!‘t‘vr(‘n{ types of estaly.
lishments in twenty-one Chilean inclustries, and ofiers empirical evidence
for the coexistence of firms with varying vr’ficiep(‘y levels. A separate
analysis is made for each inclustry, relating levels of technical efficiency 1,
establishment size and such other indicators of modern technology 4
capital-labor ratios and white collar-blue collar rdtIOS,‘

The study is based on data from the Chilean Industrial Manufacturing
Census of f967, disaggregated at the establishment level (11,468 estabh.
lishments employing five or mare persons). Since the twenty-one indys.
tries, at the four-digit ISIC (Internationa! Stanclard Industrial Classification)
fevel, account for 69.9 percent of all industrial establishments, i may he
assumed that the results obtained have general validity for Chilers inclustry.

These results can be summarized as follows.

I Approximately 75 percent of the industrial establishments have 4
level of technical efficiency more than 50 percent befow that of the most
efficient establishments in their particular inclustry.

2. Large establishments are not necessarily more efficient than smaller
ones in the same industry, nor is large size 3 prerequisite for efliciency.
However, there is lesg dispersion in efficiency among large establishments
than among small ones.

3. Establishments using supposedly mocdern techniques have neither
higher nor lower technical efficiency than those with supposedly old-
fashioned techniques.

The concept of technical efficiency used in this study is related 1o
Farrell's efficiency frontier approach:' a technique of production is techni-
cally efficient if it yses a smaller input combination for a given amount of
product. This means that the selection of efficient techniques introduces 3
minimization process to the input combinations, while the production level
remains constant for every technique. It differs from the notion of the
production function, where a process of maximization employs techniques
producing maximum oulput with a given amount of inputs. While 4
discrepancy exists from a theoretical point of view between these processes
of maximization and minimization, from an empirical point of view there i
no such discrepancy—the points selected as efficient by one criterion
remain so with the other Criteria.?

Establishments within each industry are firt classified by size: then
Farrell's method i applied to measure technical efficiency levels. Techni.
cal efficiency zones are obtained for each sjze grouping of establishments
within each industry as well s for the industry as a whole, It is thus
possible to measyre the wide range of technical efficiency existing in
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Chile’s industrial sector and to compare the characieristics of efiicient and
inefficient firms.

The empirical results obtained following Farrell's method demonstrate
the coexistence of industrial establishments with different levels of techni-
cal efficiency. These findings raise a series of interesting questions for
further study. How can the survival of the inefficient firms be explained?
Why have the more efficient firms, which often enjoy significant technical
advantages, failed to eliminate the relatively inefficient firms from the
market? Some answers to these questions are suggested below.,

In section |l the methodology used in the study is explained from a
theoretical and empirical point of view. Section 1l provides empirical
measurements of relative ctficiency, both at the industry level and at the
establishment-size group level. In section IV the characteristics and relative
importance of the efficient establishments are examined, while section V
suggests some possible explanations for the survival of the inefficient ones.
Finally, section VI offers some qualifications to the empirical findings and
summarizes the results of several similar studies in this area.

[lif METHODOLOGY

This section discusses the use of different production techniques by
establishments in the same industry, briefly describes Farrell’s method, and
compares alternative methods of measuring variables with those used here.

1. The Existence of Different Production Techniques

Since this is a cross-sectional study at the intraindustry level, the use of
different production techniques by establishments within the same industry
at a given point in time should be explained.

According to the neoclassical theory of the firm, an industry is made up
of a series of “representative firms” that possess perfect information (they
know the production function), operate in a perfectly competitive market in
terms of commodities as well as factors, and use the same decision-making
rules for combining productive factors (minimization of costs; and selecting
production scale (maximization of profits). A logical implication of this
theory is that all the firms in the same industry must fulfill a double
equality. In a long-run equilibrium situation they must all (1) use the same
production technique or combination of praductive factors, and (2) operate
at the same production level. This would lead one to expect that only one
point of the isoquant will be observed, and that the map of isoquants in a
cross-section sample will be reduced to this point (assuming that all firms
are in a long-run equilibrium situation).? However, in most cross-sectional
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ompreical Studies such dong-run cquilibounm b apparently pot Dt
attained, and the data 1rom the Chidean Industtial Consus ot 1967 400 o
exception. Within each industry, even at a level ot tour-digi disaggen,.
tion. the distabrution o1 observations i« much mose dispersod than statig
theory would suggest, both in termis of pesduchion technique and ternn
ot establishment size.

The toilowiag easoas might be cited to explaim the existence of estal).
lishments of difterent <ize, usng different production tedhiniques within gy,

came industry

Selection of Techniguos and factor Prices The relative prices of the
factors of production plav a vital role i the selection of te hnteues, Fimy,
that exist today began their productive activities in diticrent tine PCtioh,
and, since relative prices of produchve fastors have shanged oyver time,
these fiems have seiected difiecent production tochnigues, A\ hen selecting
techoiques, mpodance is given not onlv to the relatn ¢ prices of the
productive factors peevailing at the: moment of selection. but also 1o
expectations regarding relative prices. At the same moment in lime,
diffecent investors may see the future very ditferently,

The technologies existing at the time the decision 1o invest was made are
diffecent. In-addition, at the moment 4 cross-sed tion sample is taken, firms
which have initiated their production in different time netiods may, due to
wear and tear of the machinery and additional knowledge acquired, use
different sets of combinations of factors with the same origmal production
PIOCESS.

Furthermore, two firms using the same technology but established at
different points in time will appear as having  ditierent production
techniques because their capital cquipment was purchased at different
prices. The same phenomenon could occur with firms established at the
same point in time in an imperfect tec hnology market where, tor example,
maltinational affitiates could obtain different prices than natronal firms.

Impertections Various imperfections operating in the real world of busi
ness lead firms to arrive at difierent decisions.

First of all. knowledge of the range of existing production tee hniques i
incomplete and imperfect, and ¢auses some husinessmen to make caors.
Entreprencurs know only 4 portion of the range, and their investment
decisions are taken on the basis of this partial information. Mareover, not
only do they possess imperect information regarding the production
techniques of their industry, but they atso have only an approsimate
knowledge of the quality of the productive inputs to he used, et ceten.

Entreprencurial ability, too, differs from firm to firm; the initiative, ability,
innovative spirit, and luck of eacl entreprencur will lead him 1o adopt
different techniques and production cales,
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Finally, the markets faced by firms, in terms of goods and productive
factors, are not perfect due to low mobility, varying degrees of accessibility
of different markets, and lack of homogeneity of productive factors.

Different Decision-Making Rules  Varying administrative and organisa-
tional structures among firms lead to the adoption of different decision-
making norms. Examples of such norms are maximization of the average
income per worker, sales maximization, maximization of the managerial
function, et cetera. Each of these criteria leads to equilibrium or clisequilib-
rium situations differing from those that would be predicted by the nom of
economic theory (profit maximization).

2. The Farreli Method

The Farrelt method consists in obtaining the envelope including the
minimum combinations of necessary inputs for producing one unit of
product. As Farrell points out, the purpose of this approach is to compare
the performance of actual establishments with the hest practices observed
in reality, instead of taking ideal combinations of inputs as a point of
reference.

Farrell’s approach has several advantages: (1) it is functional form free;
(2 it can handle cstablishments using heterogencous technologies and
techniques (the type of establishment used in this study); and (3) it is a
useful and simple tool for measuring the relative technical efficiency of
different techniques.®

At the same time, some of the method's limitations should be noted. First
of all, the results obtained are of a relative nature; absolute conclusions
cannot be inferred. Secondly, there is some indeterminacy in Farrell's
method related to the number of degrees of freedom; the number of
observations included in the efficiency frontier is very small (two to six
points) regardless of the number of observations in the sample. Moreover,
the inclusion of one point in the frontier will depend on the type and
number of inputs used. In short, the conclusions will depend on the size
ardt composition of the sample and on the type and number of inputs used
(in this case only two inputs—Iabor, L, and capital, K—are usecl).

To obtain the efficiency frontier for one industry, the requirements of
each establishment in terms of capital andt labor factors are calculated per
unit of value added. These calculations introduce the implicit assumptions
that productive processes have the proportionality property (they can be
operated at any ievel and are subject to constant returns to scale. These
assumptions can be partiatly obviated when the efficiency frontier is
separately calculated for each size grouping of estabiishments. Then the
corresponding efficiency frontiers can be compared for each size.

Once we have obtained the productive factor requirements per unit of
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value added, the corresponding points are located on o graph whose .
are LY and KY, with each point representing an establishmens ¢ one
production technique used in that ill('LlSFr\'.T Then Atho envelope of
points is drawn, on the assumption of J(l(h!i\"l!}"dll(' including only these
points representing minimum combinations of inputs.®

The establishments included on the frontier are considered the Mot
efficient from a technical point of view: all of them are equally “efficieny,”
abstracting from the effect of relative factor pr_i;‘os. They. constitute the
point of reference for measuring the relative inetliciency of the rest of the
establishments in the industry.

Given the way in which the efficiency frontier is constiucted, two types
of possible biases may occur— the optimistic and the pessimistic bias.

1. Omptimistic bias: The efficiency frontier iy very sensitive to measyre.
ment error in the extreme observations by which it is determined.

2. Pessimistic bias: The position of the efficiency frontier depends
solely upon the observations incluced in the sample, so that 4 larger
number of observations will not contract or move the frontier towar the
right; on the contrary, new observations can displace it toward the left or
increase its concavity. Moreover, the existence of establishments ot
working at full capacity may also introduce biases toward underestimating
the real efficiency frontier.

Although these two types of biases tend to compensate for each other
the magnitude of each is unknown, and large differences probably occur
from one industry to another.

In order to minimize objections to the efficiency frontier on the grounds
of optimistic bias, | have calculated three consecutive efficiency frontiers
for the industry as a whole, as well as for each size grouping. The firs|
efficiency frontier corresponds to the envelope of all establishments con-
tained in the particular case. The second efficiency frontier js the envelope
determined by the rest of the establishments once those located on the first
frontier have been eliminated. Finally, the third efficiency frontier is the
envelope that results from eliminating the points from both the first and
second irontiers.

3. Measurement of Variabies

The concept of establishment size could be made operational by using any
of these four variables: 8ross value of production, labor, capital, or value
added Except for the last, however, they have important weaknesses.

In most studies size classification of inclustrial establishments is per-
formed by taking the number of people emploved in each establishment
The advanlage of the fabor force as an indicator—used in this study,
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too—has been the greater availability of data. Although data can be
obtained on other indicators, using the labor factor facilitates comparisons
hetween industries and countries that must deal with monetary conversion
problems. Besides, it is a highly graphic indicator, allowing an immediate
conceptualization of establishment size.

To avoid objections to the use of this indicator, the cocfficients of
correlation between number of people employed and the other possible
indicators mentioned above are presented in Table 1. It can be seen that
the simple correlation coefficient values obtained are significant at 1
percent (8,021 observations).

Each of the twenty-one industries is divided into five size categories of
establishments: 5 to 9 persons emploved, 10 to 19, 20 to 49, 50 t0 99, and
100 and more. We then proceed to estimate eificiency frontiers in each
four-digit industry for the various establishment size groupings and for the
industry as a whole.

After a series of experiments with alternative measurements, | have
adopted a procedure for measuring the factor input requirements per unit
of value added, L/Y and K/Y, similar to the one used by Griliches and
Ringstad."? Labor requirements are measured by the number of "equiva-
lent’” man-days employed by the establishment, and capital requirements,
by the flow of capital services obtained by using book values (see iootnote
12).

The labor factor could have been measured through the number of
man-days (designated by N, ), without using the transformation to equiva-
lent worker that takes into account differences in quality of labor. The
simple correlation coefficients between L and N, for the establishments
within the twenty-one industries have values close to 1.0 (see Table 2).
This indicates it does not make much difference whether the labor variable

TABLE 1 Coeificients of Correlation between Indicators of
Establishment Size

N K M K HP K KW Y Vv
N 1.000
Ky 0718 1.000
Kin 0.795 0.831 1.000
Kkw 0.709 0.760 0.725 1.000
Y 0.653 0.436 0.520 0.575 1.000
v 0.682 0.501 0.563 0.586 0.892 1.000

NOTE:  Note that coeffictents of carrelation between the number of persans employed (N} and book value
of machinery (Ky), number of HP instalied (Kyp). number of KWH consumed (Kgw), v_alue added
Yy, and gross value of production (V) are for all establishments of the 21 industries



TABLE 2 Simple Correlation Coefficients between the
Chosen Measurements and Alternatis¢ Mea-
surements of Labor and Capital tuputs, by

Industry
— —— __"_R‘ﬁ-\>\
Tvpe o
Industry
ISIC Code [N, KKy KKgw KKy KK,

0.969 3111 0.959 0.806 0.597 0.996
0.992 3112 0.9873 0.892 3.874 0.999
0.981 3116 0.972 0.622 0.680 0.997
0.984 317 0.970 0.666 0.837 0.996
0.982 3121 0.9.49 0.560 0.806 0,997
0.960 3132 0.284 0.152 0.488 0.999
0.996 3211 0.996 (.925 0.865 0,998
0.992 3213 0.994 0.839 0.888 0.995
0.984 3220 0.971 0.864 0.32% 01.997
0,981 3231 (1961 (L9904 0.887 1).997
0.989 3240 0.985 0.575 0.641 0.992
0.988 33N 0.913 0.675 0.767 0.995
0.985 3320 0.942 0.875 0.875 0.999
0.884 3420 0.992 0.949 0.672 0.999
0.990 3560 0.994 0.927 0.880 0.994
0.984 3693 0.936 0.558 0.926 0.994
U.989 3710 0.989 0.697 0.840 0.998
0.989 3813 0.986 0.867 0.536 0.998
0.983 3819 0.989 0.810 0.867 0.999
0.976 3829 0.992 0.728 0.790 0.999
0.973 3843 0.832 0.86-4 0.389 0.995

———

\\\\\
NOTE: U = number of equn alent man-days,; Ny = pamber of man-days; K = rfow of capital services jsp
footnote 12); Ky, = hook valae of machinery; Kyu = namber of K\WH Kip = number of instatled

HP: K, = sum of the book values of machinery, buildings, vehicles, and inventorny goods

Is measured by the number of man-days or hy the number of equivalent
worker-days.

Various alternative measurements (proxy variables) could be used for the
capital variable, Among these are two flow variables—the previcusly
defined Capital services called K and the number of KWH ot consumed
electricity Kkw. Also, the foll()wing stock variables could be used: the
number of HP instalied corresponding o the machinery related to the
production process, Kysp; the total book value of the fixed assets plus the
stocks of goods and inputs, measured in £°1967, K: and, lastly, Ky, the
hook value of the machinery, measure i £ estimated to be the most
reliable book valye provided hy the establishments. See Table 2 for a
simple correlation between K and the different measurements of the capital

factor for each of the tventy-gne industries. Most of the correlation
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coefficients are significant at the 1 percent level fepp the appendin Tor
number of observations per industry).

(] RELATIVE DEGREE OF EFFICIENCY OF INDUSTRIAL
ESTABLISHMENTS

The following section provides the empirical values of relative efficiency,
first at the industry ievel and then at the establishment-size fevel. A com-
parison is drawn between the efficiency frontiers of different <ize Broups.

1. Efficiency at the Industry Level

Figure 1 presents a picture that is valid for all industries analyzed in this
study. Specifically, it illustrates the distribution of the establishments
comprising industry 3320 (furniture manufacturing). It contains a drawing
of the three efficiency frontiers obtained in the manner described above.'
Each point on the graph represents a different cstablishment swithin the
same industry, and all the establishments are producing the same quantity
{unit value) of value added. As is effectively shown in Figure 1, it would be
ridiculous to speak of a ‘’representative firm.”

Table 3, corresponding to the third efficiency frontier, illustrates the
surprisingly wide range of relative technical efficiency among most indus-
trial establishments.’* The results obtained have been condensed at the
industry level and are presented for the twenty-one industries in aggregate
form.

We see that, at the third efficiency frontier in each industry, 53.1 percent
of the industrial establishments have a relative technical efficiency less
than cne-third—ancdt 74.4 percent, less than one-hali—of that achieved by
the establishments located on the efficiency frontiers.

TABLE 3 Relative Efficiency of Industrial Establishments
for 21 Industries
{optimum efficiency coefficient: 1.0)

— Range of Efficiency Coelficients ———-
1.00-0.75 0.74-0.50 0.49-0.33 0.32-0.00

Number of establishments 326 577 750 1,875
Relative percentages 19.2; (16.4) (21.3) (53.1)

NOTE: Using the LY-KY diagrans, the efticiensy coefficient for an establishment 15 obtamed by
comparing its distance from the origin with that of a hypothetical establishment on the efficiency
frontier which is lceated on the same ray from the origin.
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FIGURE 1 Set of Establishments and Efficiency Frontiers for Industry
3320

The degree of general “inefficiency” shows considerabie dlifferences
across industries. In industries such as 3710 (basic steel and iron ingys.
tries), only 31.4 percent of the establishments have a relative degree of
efficiency less than one-half, while in others, such as 3111 fcattle
slaughtering), 95 6 percent of the establishments have a relative efficiency
degree under one-half_s

Half the industries (11 out of 21) have less than 35 percent of establish-
ments with a relative efficiency degree above -33; turthermore, there are
14 industries in which the percentage of establishments with relative
efficiency under 0.5 is 50 percent or more.

These high relative inefficiency levels Pose a series of questions. For
example, how can one explain the suryival of firms whose degree of
relative technical inefficiency js lower than 33 of establishments in the
same industry? How can the inefficien firms remain competitive in the
market faced with the tremendous relative technical advantage of the
efficient firms? These questions warrant an extensive study that is hevond
the initial aims of this research, but some discussion of these issues s
provided below.

The results indicate that 4 large number of establishments using ver
inefficient production techniques survive. This suggests that competition is
not pertect, either in the commodities market or the factors market,

One of the conclusions of special interest to developing countries is the
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possibility that an industry can increase production merely by raising the
technical efficiency of the less efficient establishments without any increase
in the amount of productive factors.

2. Efficiency at the Size-Group Level

Using the third efficiency frontier as a point of reference, the efficiency
measurements (obtained for each industry and size group) can be arranged
s0 as to give an idea of the degree of relative technical efficiency by
different establishment size.

These efficiency coefficients (see Table 4j have heen separately com-
puted within the estabiishment-size grouping of each industry, 50 that at
this stage it is not possible to make comparisons between size groups. Note
that Table 4 presents a much less dramatic situation than that shown in
Table 3.

First, the percentage of establishments with a lower degree of relative
technical efficiency within each size group declines considerably as we
increase the size. In the smallest size grouping (5 to 9 persons) 67.4
percent of the establishments have an efficiency coefficient under 0.5,
while in the largest (100 and more) only 16.2 percent rank that low.

Second, the percentage of establishments with higher degrees of relative
efficiency within each size group rises as the size group increases. Thus, in
the groups of smaller establishments (5 to 9 and 10 to 19 persons), the

TABLE 4 Relative Efficiency by Establishment Size in 21
Industries (optimum efficiency coefficient: 1.0)

——————Number of Establishments
Efficiency Eificiency Efficiency Efficiency
Size Grouping of  Coefficient ~ Coefficient  Coefficient  Coefficient
Establishmenis 1.00-0.75 0.74-0.50 0.49-0.33 0.32-0.00

5to 9 persons 171 198 246 515
(15.1: (17.5) {21.8 (45.6)

100 19 persons 176 216 204 259
(20.6) (25.3) (23.9 (30.31

20to 49 persons 209 183 186 144
(28.9) (25.3 (25.8) 119.9;

50 to 99 persons 84 62 25 20
(44.00 (32.5) (13.1 {10.5)

100 and more persons 102 73 21 13
(48.8) 34.9; (10.0 6.2)

NOTE:  The figures in parentheses are the relative percentages of establishments within each size group.



percenitage of establishments with efficioncy coeific ients above 075 5. 151
and 20.0, respectively, while the two largest gronpe (55 4, 9 and Tug and
more personst show percentages of 44.0 and 38'8‘ r‘('gl).(-(‘“\:(,l\’v_u

From these figures | infer that large disparitios exi i technical o
ficicncy among the smallest establishments, \\'itlj OMEVery etficiont euyy),,
lishments side by side with a large number of Very inetticiony ones, A,
establishment size increases, the disparities of refative technic al (’fﬁ(‘io,m,
decrease in percentage terms (of the number of establishments). Although
this general trend persisis in the industries examined separately, the Varia-
tions in the respective percentages are very mportant,

3. Comparisons between Efficiency Frontiers of

Bifferent Size Groups
That larger establishments are more efficient and smaller establishmeny
less sois an assumption repeatedly observed in the literature. It o hased gn
the premise that larger firms use the most madern t(*(‘hnology (Capital-
intensive), taking advantage of economies of scale. Lot ys see what gyr
investigation shows.

The findings obtained in the previous section suggest that the traditional
view is valid in one respect: it a large and a small firm are chosen at
random, the probability will he greater that the large firm il he efficient
relative to the most efficient in its sjze class than the smalfer i,
However, the frame of reference for measuring relative inefficiency s not
the same for each size group. The most adequate measure of the relation
between efficiency and size would be a comparicon of the efficiency
frontiers for cach size group. From a theoretjcal pomt of view, the different
size groups cannot he compared because thev have different numbers of
observations. i.e., the samples have different degrees of ireeclom. However,
from an empirical point of view, the comparison could be valig because of
the large size of the samples,

In"order to avoid the inconveniences found when using the first ef.
ficiency trontier, | arbitrarily use the second cfficiency frontior obtained in
cach of the five size groups. The relationship betsveen the second ef-
ficiency frontiers 1or these five size BIoups is depicted in Figure 2.v
It s worth noting  that g definite pattern ol bhehavior emerges,
The efficiency frontiers of different sjze BrOUpPINgs cross cach other: al-
though efficiency frontiers of some size Broups are clearlv more efficient
than those of others, the most efficient frontier does not always correspond
to the same sijze group. The same can e sdidk of the most inefficient
frontier (which corresponds to that included by the other four fronticrs),

These results show that it cannot he established empirically that one size
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FIGURE 2 Second Efficiency Frontiers by Size Group of Establishments
for Industry 3320

group of industrial establishments is more efficient from a technical view-
point than another size group. In the case of some industries. i is
interesting to note that some smaller establishiments use more officient
production techniques than larger establishments. These industries are:
3111 (cattle slaughtering). 3116 (mill products). 3132 (wine). and 3320
(furniture). Surprisingly enough. larger establishments are more technicaliy
efficient than smaller establishments only in two industries: 3213 fknitting)
and 3240 (shoes). What needs to be clarified is whether large establish-
ments are producing the same product as smaller establishments in the
same inclustry.

(IVI SOME CHARACTERISTICS OF EFFICIENT ESTABLISHMENTS

In examining the characteristics of efficient establishments, | consider every
establishment as efficient if it has a coefficient of relative technical ef-
ficiency equal to or above 0.50. with the second efficiency frontier at the
industry level as my point of reference. In addition. establishments located
on the first efficiency irontier are also included. The rest of the establish-
ments belong to the inefficient category.
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1. Relative importance of Efficient Establishments at

the Industry Level

Table 5 shows wiat share of an industry’s productive factors employe,
value added, and gross production value is accounted for by the etficient
establishments.

Note that in only 6 industries do the efficient establishments e More
than 50 percent of persons employed, in only 9 do they own 50 hercent or
more of the installed capacity (HP number), and in only 10 of the 21
industries do they consume more than 50 percent of the electricity used.
On the other hand, efficient establishments prodice more than 50 percent
of the value added in 14 industries and more than 50 pereent of the grogs

production value in 12.

TABLE 5 The Efficient Establishments’ Share of Input and

Output, by Industry {percent)
_N\\_\\‘\\ i

TYPE of Gross
Inclustry  Establish- Employed Consumed Installed  Valye Production
ISIC Code  ments * Persons KWH HP  Added Value
::g_\*,\k* \—-\_%
31 29 0.5 0.8 0.0 9.8 6.8
3112 321 39.2 52.8 511 66.8 55.9
3116 282 285 39.5 292 47 4 404
3117 5.1 236 44 .9 33.6 56.0 454
3121 i2.8 244 8.8 239 78.2 68.7
3132 6.0 13.2 21.0 15.0 329 293
321 24.8 15.6 143 15.2 22.1 20.1
3213 42.1 71.8 82.0 76.7 83.8 76.7
3220 7.8 17.2 18.7 12.6 351 322
3231 525 65.3 84.9 783 85.6 82.0
3280 359 58.8 69.2 63.7 75.8 61.4
33 22.4 204 246 28.1 35.5 3.7
3320 244 40.6 40.5 40.2 63.0 58.4
3420 51.7 60.8 66.4 68.5 77 .4 743
3560 54.9 63.6 65.8 459 78.2 752
3693 50.0 493 66.7 69.8 85.8 /2.8
3710 438 47.8 381 57.6 73.1 66.9
3813 279 35.2 56.4 51.0 58.6 49.8
3819 430 57.8 65.5 50.8 743 68.8
3829 289 31.2 19.0 17.7 35.4 3319
3843 293 40.2 44.9 234 721 753
Total 227 32.7 354 34 6 32.9 46.0

\\\\
\&_~‘\‘

The (llscr(’pan(\; with previgys results is due to the US€ Of the second etfi yeng Y Imnntier as roference feyer
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Thus, it can be inferred from Table 5 that efficient establishments
produce more than half of the totl value added using only a third ot
available productive tactors. Hence, the efficient establishments have an
average productivity approximately double that of the inefficient estaly-
lishments. The situation varies considerably among industries.

In 16 of the 21 industries, the consumed KWIH percentages are higher
than the installed HP percentages. Thus, efficient establishments make
greater use of installed capacity than inefficient establishments.

Finally, for 20 industries the value added percentages exceed those of
gross production value. In the next sections, this relationship will be
explored more thoroughly.

I have emphasized the overall results in my discussion because some of
the figures for individual industries appear to be affected by data omission
or other defects in reporting. However, | do not believe that corrections of
these defects would change the conelusions for manufacturing as a whole,

2. Comparison between Efficient and Inefficient Establishments

Table 6 compares efficient and inefficient establishments in the twenty-one
industries covered in terms of labor productivity, capital-labor ratio, wages,
share of labor, ratio of value added to gross product, and ratio of white-
collar to blue-collar worker. In reading the results, one should remember
that the average values shown are based on the size-of-establishment
variable, which makes possible a more exact comparison between efficient
and inefficient establishments.

As indicated in Table 6, the average labor productivity values for all
efficient establishments are 2.8 times larger than those of the ineificient
establishments. In some industries these differences are even iarger, and
ratios close to four and five are found.

itis interesting 1o observe that labor-productivity ditferentials do not go
together with capital-labor differentials. In fact, the differences in factor
intensity usc between efficient and inefficient establishments for the 21
industries is only 10 percent; moreover, only in 12 of the 21 industries is
the capital-labor ratio greater for efficient than for inefficient establish-
ments. From these cata one may infer that the capital-labor ratio is an
inadequate indicator for classifving industrial establishments dccording to
different efficiency levels. Of course, these are overall results at the industry
level which indicate the tendency of the parameter across different size
groupings.

in each of the twenty-one industries, the average remunerations are
higher for efficient than for inefficient establishments. The average remu-
neration differentials fluctuate between 25 and 43 percent. Overall, the
average remuneration differential hetween efficient and inefficient estab-
lishments reaches 65.8 percent.



TABLE 6 Characteristics of Efficient versus Inefficient Fq.
tablishments, by Industry

: L
Average Produc- Captal-Laboy

ne o ] ‘
pe ol Hvite of | afo Ratio Aergge Wage

Indliystry B ] .
ISIC Code  Erie. £ Inettic. t [rfic. . et frhe. ¢, Inerfy ¢

__*__—»-A—\‘——-::::::;2-:'3:;*%
3111 1.ary .080 0027 (ror 6 3.4 43y
3102 (192 G035 (1023 0.010 497 1039
3116 0.165 0.058 0.615 0.013 5560 5930
3117 0.038 0.015 0.003 0.003 170 4104
J121 (0.283 0.057 G.007 0013 g2 693>
3132 0.151 0.0-46 0.018 0.025 418100 TR
3211 0.122 D049 0.0.20 0011 7.748 6.73
3213 0.060 0.027 0.0009 0.007 1785 3.898
32200 0.200 0.062 0.0006 0.005 10507 4.339
32310 0.091 0,039 0.070 0.011 D10 6.002
3240 0.053 n.02; 0.004 0004 5903 4,084
3311 0.055 0.023 0.0100 0.007 4.3 3,203
3320 0.044 0.013 0.004 0.003 Y UHE 3987
3420 0.079 (.025 .01 0.005 11.633 6.822
3560 0D.081 0.037 0.007 0.010 6.935 3.569
3693 0.04 1 H.015 0).006 0.000 6.650 3.077
3710 0.115 0.038 0.015 0.0t5 10.230 6.330
3313 0.059 0.025 0.005 0.007 A7 3,200
3319 0.047 0.022 0 004 0.005 06.115 4.235
3329 0.097 0.038 0.0006 0.00u 9,975 7799
3343 0.180 0.054 0.0t3 0.012 9610 0h.325

Total 0.095 0.034 0.011 0.010 776 4.327
\_\‘\‘\N%—\‘\w\< —_—

At the indlustry fevel there is ng torrespondence botween average lahbor
productivity ang AVerage remuneration of efficient an metticient psgah-
lishments. For each of the 2 industries, the relative Jabor share in the
value added s lower in eificient than in inetficient establishments, For 18
indlustries the relative labor share is above 0.40 in inefficient ostablish.
ments, but for 15, the relative tabor share - under 0.40 i efficient
establishments. Relative 1abor share valyes i all 21 industries reach 0.33
for efficient establishments and 0.50 for nerficient ones,

The valye added-gross production valye ratio, YA holds 4 svatematic
variation pattern fo, the 21 industries. Jt jq sreater for efficient than for
inefficient establishments, For 16 of the 2 inclustrres this YV ratio is more
than 0.50 ip inetficient establishments, Forall 2] industries, the yAs ratio is
0.55 for efficient establishments and 0.40 for meticient ones, This system-
alic variation pattern POINts to the following possible conclusions: vificient
establishments Might use the 1w material necessary for their fingl products
I a more cfficient Way; or the efficion establishments ¢ould be more




Retative Share Value Added-Gross White-Collar-

ol Labsor Product Value Blue-Cotlar Workers
Erfic . E. inetric. E. Etfic. E. Inoftic. F. Eisic. k. Inettic. F.
0.068 0.504 0.294 0.266 0. 180 0317
().188 0,423 (.71 0.388 (1.539 0.512
0.144 0.360 0.370 0).233 0.407 0.342
(1323 .55 0.422 0.303 0.262 0.293
0.184 .40 0.623 (.504 (1.652 0. 344
0.099 0.352 0.413 0).299 (G.318 0.271
0.269 0.454 0. 600 (1483 0.1786 (1.200
0.290 0.036 5511 0.407 0.235 0396
(2.257 0.670 (.3353 0.426 0.239 (3.298
0.335 0.413 (.57 1 0417 0.209 {).340
0.443 0.533 0.534 (.421 0.236 0.234
0.299 0.570 0.537 .481 0.203 .22
1322 0.652 0.619 0.505 0,264 (0,303
0447 0.613 0.672 0.624 0.464 0.465
0.296 0.414 0.635 (.52 0.20Y 0.250
0.432 0.652 0.621 0.526 0.200 0313
0.423 0.475 0.568 (3.502 0.255 0.256
0418 0.606 0.578 (1.520 0.336 0.255
0.370 0.490 0.650 0.504 0.240 0.343
0.539 0.674 0.660 0.642 0.27 1 ().299
0.277 0.402 0.611 0.617 .24} (J.256
0.327 0.503 0.551 {.398 0.271 ().288

NOTE: The captal-labor ratio has been measared on the basis of services o tinved stocks thook values:
and number of equivalent workers x davs worked. The white-collar categon: includes all those
penons related 1o the establishmen: oxcept those in the blue-collar category.

vertically integrated in their productive process than inefficient establish-
ments. This cannoi be confirmed without turther empirical research,

Finally, the ratio of white-collar to blue-collar workers does not have any
elfect on the efficiency level of industrial establishments. On the contrary,
the ratio is higher in inefficient than in efficient establishments. This result
contradicts Fleming, who states that the employment structure is a hasic
variable expiaining productivity differentials among industrial establish-
ments.'#

In summary, it could be said that neither the size of establishment, nor
the capital-labor ratio, nor the employec-worker ratio (variables that could
be considered as technical progress indicators) constitute decisive elements
for distinguishing between efiicient and inefficient establishments (accord-
ing to the classification made by the Farrell method).™
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[VI SOME REMARKS ON THE COEXISTENCE OF INEFFICIENT
AND EFFICIENT ESTABUISHMENTS

According to the traditional theory of the firm the behavior assumption for
decision making is profit maximization. The Darwinian principle of the
survival of the fittest supports this assumption. In a competitive market only
the strongest firms il survive;  these  are  the profit Maximizers s
Technologically more efficient firms could eiiminate nefficient firm,
operating competitively.

In the light of the results detailed in the previous section, however, it i
indeed time that ““economists should develop o theory aboyt firms not
disappearing from the market.”"2' The aim would be o distinguish hetween
traditional theory, which studies the hehavior of Particutar firm, and a
theory of entry and exit from the market, setting conditions of survival ang
disappearance of firms from g given market. Such a theory could he used
o explain the coexistence of establishments with great discrepancies iy
their efficiency levels, and to examine the causes preventing the expansion
of more efficient firms.

Meanwhile, here are some hypotheses that might explain the COEMs-
tence of etficient anc inetficient establishments and the low degree of
competition this suggests 2

1. Price Protection (“Price Umbrella”)

In most Chilean industrial sector markets, prices are determined by one or
both of the two elements: (1) an oligopolistic structure, in which leading
firms fix prices according to a “mark-up” policy at a h igh enough leve to
allow the existence of inefticient firms, and (2j a government price fixing
ageNncy (e.g. DIRINCO) whose aim is avoiding the bankruptey of industrial
establishments: hence, the cost structure of inetficient firme would deter-
mine prices at a level benefiting efficiont firms.

2. Imperfections in the Factor and Commodity Markets

Some of these imperfections were pointed out in the discussion of ditferent
production techniques. Additionaj explanations relevant 1o the survival of
inefficient establishments folioyw. @) Although the entreprencurial factor is
said o be one of the MOst scarce resources in underdevelopect countries,
the great number of industrial establishments seen to prove the opposite.
Undoubtedly, entrepreneurig| ability is ap important element explaining
the great efficiency variations observed among diiferent establishments but
this is difficult 1 Quantity empirically. The existence of many inefficient
establishments  ¢o.ld be partially explained by the social status of
businessmen (or independent workers) in Chile—they are satisfied with
very low rates of return.® (b) Due to the geographical conditions specific to
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Chile, inefficient establishments locatedt in isolated zones could be taking
advantage of the low or nonexistent mobility of local productive factors. ()
Certain markets may not be attractive to efficient firms, and thus inefficient
firms become the only suppliers to abandoned markets. According to
Wellisz, the nonappealing markets would correspond to low-income
families consuming low-quality products, produced by inefficient estab-
lishments. This same argument could be used for high-income famities
consuming high-quality products. There is no obvious relationship between
the establishment’s degree of efficiency and the quality of the product
produced. (<} One coulc argue that inefficient firms might be able to
compete with efficient ones il all costs, such as publicity, transportation to
isolated zones, et cetera, were taken into consicderation. However, this is a
questional)le argument, given the magnitude of the discrepancy tound in
efficiency levels between the two types of establishments.

3. Reasons of Efficient Firms for Not Expanding

some reasons tor not expanding could include the tollowing. (a) Expansion
costs may be too high; the increase in the share of a specific market may
not be great enough to make expansion attractive. Table 5 shows the
efficient firm's substantial share of the market as represented by value
added. (b) Expansion means employment of a greater number of workers.
Whether for union reasons or to avoid the creation of overly large unions,
the firm may decide not to expand. (c) Finally, it seems that astute Chilean
businessmen (who may be owners of efficient firms) prefer to diversify their
investments.** The reason for this behavior is “'not to put all one’s eggs in
one basket,” an adequate reason for a protected econcmy with great
variations and frequent changes in its rates of protection.

(VI SOME REMARKS ON THE VALIDITY OF THE EMPIRICAL RESULTS
OBTAINED

The main finclings of this stucly point out that most establishments in
Chilean industry do not operate in the outer imits of what could be
considered the country’s production possibility frontier. It seems appro-
priate under the circumstances to consider possible qualifications to these
results, as well as compare them with other empirical fincings in the
fliterature.

1. Some Qualifications

The following limitations should be noted in interpreting the finclings ot this
study.
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Product Homogenein  Fyven at ihe tour-cligit indusin level g Produ
homogeneity objection is valid: establishments conled |y, Producing 800(s
which are tar trom being substitutes tor mfh other, M”N‘O\/(\r, they
produce a great varioty of goods and ven (lifl(i‘r(‘m Proportions each
type, and also differ considerably in tlw'pmpnr.u()f] ot \J.,U(‘ added 1 g,
tinal product. However, dividing the tour-chigit industries, acCarding g,
establishment size has incroased the product h()m()g(*n('ih Within ogeh
industrial group; and the consistency of the results obtainged AT )
industries and size Broups provides support to the main tinding: Wile
range of technical inefficiency ir the Chilean industiial tor.

Use of Only Tao Tactor Inputs A1 pointed oyt in discuission of
Farrell’s method (see P 3831 the results obtained depend upon the type and
number of inputs used. In this stucdy, following the iraditiongl production
functicn approach, only two inputs are ysed- labor and Capial. However |
amy planning 1o incorporate additional inputs into MV analeis gt g fare
stage o research. The firag candidate for this i okifls- the labor factor will
be explicitiv divided nto two components, raw ang skilled ahor \With
fespect to the capital factor, some medsdarement of the aetigy! degree of jt,
utilization witl he inclucled mn the fure, Another input item that coult he
cansidered s raw materials, in which ¢ase the point of reference for the
unit isoquant would he Bross value of production nstead of valye added.

Livors of Measuromoent Industrial ostablishments ditter i the ype of
nputs used, and the measurements emploved in this stuclv cannot caplure,
among ather things, mput quality differences. The use of hook valyes to
measure the capital seryices factor (hesides the tradlittonal limitations of
ignoring differences i capacity utilization, dccounting procedires, and
depreciation rages) ina persistently: mflationary o onomy like Chile's Joagk
0 an underestimation o the capital factor ot the older establishments,
exaggerating their technical etficiency:, Measuring the establishmenty’ input
quality differences would affect their relative pertformance, hut it i nol
clear a prior whether the observed rolative technical efficione difierences
would increase or diminish.

Short-Term Difierences  Sjnee Hhiv is 3 Croseses tional study, in 4 specific
year some establishmoents Make profiis an ome have losses. This atfects
the way the value added vartahle is measired, proy iding an upward bias in
the technieq efficiency coetficient for the establishments having higher
profis. Furthermore, due to the facy that establishments srar their opera-
tions at differen; periocls, in A 0ne year they reach a difterent stage in

their lear"ing’by‘d"i”g Process. This introduces new upward bias in

favor of ol establishments, for this reason this analvsis will aka be
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applied to various other years. This will enable me to observe whether the
came number of relatively inetticient establishments is found and whether
inetficient establishments reach higher levels ot efiiciency, stay at the same
level of relative inefficiency, or leave the market. In examining establish-
ments located on the efficiency frontier, it will be interesting to find
whether those which are relatively the most efficient ones in one vear
maintainedl that status in a different year.

2. Comparable Empirical Findings

Evidence supporting the existence of a large proportion of technicatly
inefiicient establishments is not new in the economic literature. Most of the
empirical results of the stuclies summarized below agree with those shown
in this one.

An ECLA study of the textile industry in Latin America tound striking
evidence of diversity in (labor) productivity. In the specific case or the
Brazilian textile industry, two-thirds ot the mills” ilabor! productivity was
helow the industry average. Furthermore, after an econometric analysis ot
the effects of product-mix and age of machmery, the ECLA studv con-
cluded that physical factors did not explain the sharp differences in
productivity levels in Brazilian mills.=*

Leibenstein, in his paper ~"Allocative Efficiency versus X-Efticiency,
provides a large amount of empirical support for what he calls the
existence of X-inefficiency. He explicitly states that “the data suggest that
there is a great deal of possibie variation in output for similar amounts of
capital and labor and for similar techniques.”” Furthermore, he provides
figures showing the possibility of “unit cost redluctions at the firm level by
making better use of labor and capital ot over 50 percent for Inclia and
Burma.”

The main conclusion of a Dunning and Rowan study is that UK. firms
operating in Britain are less efficient than U.S. firms operating in Britain.*
Over a time span of four years, the paper finds average efficiency of U.S.
firms 20 percent above that of UK. firms. Furthermore, in same industries
like chemicals, U.S. firms had an average etticiency 58 percent higher than
UK. firms.

A study that provides opposite results to those shown above is
Richmond’s analysis of Norwegian industry. There it is observed that about
80 percent of the establishments in cach industry have, in genceral, a
technical efficiency level of higher than 0.75 (where 1.0/1s the technical
efficiency level of the most efficient cstablishments).2¢ But even this study
includes some industries where about 40 percent of the establishments
have a technical efficiency level lower than 0.75.

Finally, there are two studies employing Farrell’s technique, also used

oy
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here, that obtain results similar 1o mine: l_l) Most of the 1“(](15{”5\
considered would have to refloct inetficiencies of the order of 5010 300
perc:ent or more,”"? and (2) ~80 percent of the observation, were in.

efficient.’”3v

APPENDIX

Data used in this study are al the four-digit disaggregation industry jeyof of
the ISIC classification. Basic data consist in primary information at the
industry level for the Chilean Industrial sector Manufag turing Censy, of
1967.

The twenty-one industries covere, shown in Table A-1 were solog ted

TABLE A-1 ISIC Code and Designation of the Twenty-One

industries
_v\“\_-\—\ —
ISIC Code Indlustry
—\_-_-\‘N\%\\\\
31 Slaughtering, preparing and preserving meat
3112 Manufacture of dairy products
3116 Grain mill products
3117 Manufactare of bakery products
3121 Manufacture of fo products not elseswhere classified
3132 Wine industries
3211 Spinning, weaving ang finishing textiles
3213 Knitting mills
3220 Manufacture of wearing apparel, except jootwear
3231 Tanneries and leather finiching
3240 Manufacture of footwear, except rubber o plastic footvear
3311 Sawmills, paning and othe, woou mifls
3320 Manufacture of furniture and fixtyros, except primarily of
metal
3420 Printing, publishing and allied industries,
3560 Manufacture of piastic procucts
3693 Manufacture of cement, lime gand plaster
3710 Iron and stee basic industrips
3813 Manufacture of structural metal produc ts
3819 Manufacture of fabricated meta| products except machinery
and equipment not elsowhere classifiod
3829 Machinery ang Cquipment ex ept electrical pey elsewhere
classified
3843 Manufacture of motor vehictes

‘____-_.H._—‘*—*—*ﬁ___.‘__“
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according to a flexibie application of the following criteria. (1) Each chosen
industry should have a “sufficient” number of observations tn enable a
meaningful empirical estimation in the diiferent size groupings of estab-
lishments; (2) industries chosen should produce more or less homogeneous
products; and (3) there should be at least one industry for each two-digit
I5IC classification.

These twenty-one industries comprise 8,021 establishments. Note that
for all computations relating to the measurement of technical efficiency a
selection was made among these establishments to insure maximum reli-
ability of results. Establishments were excluded on the basis of the foliowing
criteria: (1) Number of persons employed per establishment less than 5
(despite the fact that the Industrial Census suppasedly covers only estab-
Jishments employing at least five persons, it actually includes 328 estab-
lishments that violate this rule); (2) number of days worked per establish-
ment equal to 0; (3) total number of workers and employees equal to 0; (4)
hook value of machinery equal to 0; (5) book value of buildings equal to 0;
(6) added value less than or equal to 0; and (7) payment to capital factor,
obtained as the difference between value added and total labor factor cost,
less than or equal to 0. (In most cases 0 does not literally mean zero but
reflects the omission of information.)

Establishments that did not meet any one of the previous criteria were
excluded from the sample. The number of estabiishments was drastically
reduced from 8,021 to 3,650 (see Table A-2).

The distribution of the sample by establishment size is shown in Table
A-3. It should be pointed out that over 80 percent of the eliminated
establishments belong to the two smallest size groups (5-9 and 10-19
people employed). In spite of the large number of eliminated observations,
the sample still comprises over 30 percent of the total number of estab-
tishments for the two smallest size groups and over 70 percent of the total
number of establishments for the two largest size groups (50-99 and 100
and more people emploved).
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TABLE A-3 Number of Observations Used for Efficiency
Frontiers Estimation

—

e — Eqtablishment Size Clagy ——

Type of -4 10~ 19 20-49 50-99 100 and more  * Toral
Industry Persons  Persons  Persons  Persons Persons Industry
31t 78 36 39 16 6 175
3112 11 11 12 8 11 53
3116 24 30 50 20 2 131
3117 219 249 143 15 12 629
3121 9 16 12 4 6 47
3132 357 131 56 b 4 554
3211 22 37 73 36 58 226
3213 36 29 44 20 16 145
3220 60 41 43 20 29 193
3231 9 13 20 1 8 61
3240 30 37 31 20 24 142
3311 124 129 97 33 7 420
3320 79 47 37 10 7 180
3420 48 25 39 ! 19 145
3560 O 9 19 7 10 51
3693 21 20 17 5 1 6-4
3710 7 8 17 4 12 48
3813 19 27 20 ] 12 86
3819 45 30 32 8 6 121
3829 22 14 27 21 13 97
3843 15 21 19 12 15 82
Total 1,237 960 847 298 308 3,650
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measured in £ 1967, computed as a flow according to the following expression;

K=0T10K, > 003K+ 0200 + 010yt Kyvr hy+ Ky

where Ky, Kg. K‘,_ and K, are‘lhe book values of machinery, buildings, vehicles and
inventory goods. .mer depreciation rates of 0.10, 0.03, and 0.20 have been used for
machinery, buildings and vehicles, and a 10 percent real interest rate is used as an
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See footnote 15.

the graph illustrates the relationships for industry 3320 (furnitare), bat is representative
for all industry.

M. C. Fleming, “Inter-Firm Differences in Productivity and Their Refation to Occupa-
tional Structure and Size of Firm,”” The Manchester School, March 1970, pp. 223--246.
This conclusion could be exlended toward that drawn by Gregory and james for
Australian industry. They affirm that "vintage models were neither markedly superior nor
inferior to nonvintage models.” R. G. Gregory and D. W. James, “Do New Factories
Embody Best Practice Technology,” Fronomic journal, December 1973, p. 1133.
This peint was questioned by S. G. Winter in "Economic Naturai Selection and the
Theory of the Firm,” Yale Economic Essays, Spring 1964.

Winter, 1964, p. 238.

J. 5. Bain, Essays on Price Theory and Industrial Organization (Boston: Little, Brown and
Co., 1972, Chapter 9; H. 5. Wellisz, " The Coexistence of Large and Small Firms: A
Study of the italian Mechanical Indastry,” Quatterdy Journal of Fconomics, February
1957; |. Bergsman, "Commercial Policy, Allocative Efficiency and X-Efficiency,” Quar-
terly Journal of Economics, August 1974,

A similar phenomenon has been ohserved in ltaly; see Wellisz, Febraary 1957, p. 122.
0. G. Garreton and . Cisternas, ~Aigunas Caractensticas del Proveso de Toma de
Decisiones en la Gran Empresa: La Dinamica de Concentradion,” Servicio de Coopera:
cion Tecnica, Marzo, 1970, mimeo.

United Nations, "' The Textile Industry in Latin Amerita,” ECLA Coni. 23, L.3. October
1963.

Amercan [conomic Review, June 1966, pp. 392-415.

J. H. Danning and D. C. Rowan, “Inter-Firm Eificiency Comparisons: U.5. and UK.
Manufacturing Enterprises in Britain,” Banca Nazionale del Lavoro Quarterfy Review.
jJune 1968, pp. 132-182.

. Richmond, **Estimating the Efiiciency of Prodaction,” International Economic Review.
June 1974, pp. 315-521.

Howard Pack, The Employment-Qutpat Trade-off in LDC's—A Microeconomic Ap-
proach”” Oxford Economic Papers, November 1974, p. 393

Benjamin I. Cohen, Multinational Firms and Asian Exports (New Haven: Yale University
Press, 1975), p. 142.





