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I. INTRODUCTION.

the manufacturing industries of developing countries has been widely

documented in the literature (e.g., World Bank [6, p. 63], Obkawa and
Tajima [3], Steel [4, p. 98]). While this may be attributed partly to fragmented
factor markets with the price of labor increasing and the price of capital decreas-
ing with the size of establishments, the coexistence .of different technologies in
individual industries (Nelson, Schultz, and Slighton [2, p. 114 ff.], Stewart [5])
may be of additional explanatory value. Small- and medium-scale establishments
seem to employ -“traditional” or “intermediate” techniques of production widely,
while large-scale establishments normally make use of “modern” techniques.
Thus technological heterogeneity is apparently—at least to a large extent—
related to establishment size. Taking for granted a positive relationship between
the “level” of technology and capital intensity, which is independent of relative
factor prices, this implies that industrial production functions (interpreted as a
heuristic means) are non-homothetic.! This, if substantiated empirically, would
have important implications for the analysis of the relative contribution of
small- and large-scale manufacturing establishments to employment and output
creation as well as for the design of industrialization strategies.

Section II of this paper elaborates on the underlying theory and works out
techniques of measurement. Section III provides a description of the data
which are used in Section IV to test production functions for non-homotheticity
and to arrive at estimates of relative efficiency of small and large establishments.
Conclusions and recommendations for further research are giv'en in Section V.

3 POSITIVE correlation between establishment size and capital intensity in

1I. THEORY AND TECHNIQUES OF MEASUREMENT

The concept of technical efficiency is related to the 1nd1v1dua1 frontler 1soquant
If, however, establishments of different size are to be comp_ared Wlthnlespect to

I am grateful to Iuergen B. Donges and Dean Spmanger for their helpful comments Finan-
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1 A production function is homothetic for any given factor input ratio, if the marginal rate
of factor substitution (MRS) is constant with the level of production.
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relative average efficiency, the concept of “scale efficiency” is relevant. This
concept is based on a possible difference between average unit isoquants.® If
a production function is homothetic, scale efficiency is independent of capital
intensity as unit isoquants cannot intersect. If a production function is non-
homothetic, then unit isoquants will intersect and relative scale efficiency of
small- and large-scale establishments will depend on capital intensity as well.
The latter, should it be empirically substantiated, would have important impli-
cations. First, it is an indication for the existence of size-specific technological
heterogeneity in the respective industry. Second, allocational efficiency (i.e.,
identity of factor price ratios and the absolute values of marginal rates of factor
substitution) can be simultaneously reached at different capital-labor ratios, thus
making possible multiple equilibria. Third, additional capital will have a larger
employment effect in small-scale establishments than if invested in large ones,
even if the same factor price ratio holds for both groups. Fourth, the scale
efficiency of small-scale establishments depends on their relative labor intensity;
any policy measure to increase their capital intensity (like subsidized credit) will
put. them at a disadvantage if this is not combined with some sort of innovation
or specialization. Fifth, being technologically different from large-scale estab-
lishments helps the small ones to survive and compete with the large ones even
in similar product lines. :
As types of production functions which allow for non-homotheticity and varia-
ble returns to scale at the same time are rather difficult to handle empirically,
we decided to estimate the parameters of standard Cobb-Douglas production
functions, with establishment size dummies added, as an approximation:®

In V= ao+a1D1 -+ a2D2+ bo In K+ b]_(ln K)D1 -+ b2(1n K)Dg
+coIn L4-¢;(In LYD; +co(In LYD, -+ 1t . (1)

The definition of the dummy variables, which is based on the number of
workers per establishment, is D3=1 for small-scale establishments and D:=1
for medium-scale establishments with large-scale establishments as the reference
group.* Hence the regression coefficients should be interpreted in the following
way:

2 An average unit isoquant is derived from an average isoquant (as estimated by regression
techniques) by dividing all factor inputs by value added. The term “scale efficiency” has
been derived from the fact that economies of scale vary with the factor input ratio when
the production function is non-homothetic.

3 Equation (1) is the linearized version of the Cobb-Douglas production function V=AKeL8,
where V=value added, K=capital input, L=Ilabor input, A=intercept, «(8)=output
elasticity of capital (labor), w=stochastic error term. ’

4 See Table I for the numerical definition of the dummy variables. Number of workers
per establishment and value added per establishment are very closely correlated in practi-
cally all industries. For two reasons the definition of the dummy variables is not identical
among industries. First, problems of multicollinearity could be very much reduced by
a modification of the grouping of establishments and, second, a sufficiently large number
of observations per group had to be ensured. For the latter reason only one dummy
variable could be used in some industries.
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Establishment Size

Parameter
Small Medium Large
Intercept (A) apg+ay ap+az ay
Elasticity of output with respect to capital () b+ by bo+b2 by
Elasticity of output with respect to labor (8) co+c1 cot+ce Co

If the ratio of output elasticities with respect to capital and labor («/B) is
found to differ between size groups, the production function is non-homothetic,
as can be seen from equation (2):

MRS=(a/p)™* - K/L). (2)

If «/p increases with establishment size, K/L has to increase in order to keep
the marginal rate of factor substitution (MRS) constant. As has been argued
above, in such a situation of technological heterogeneity, establishments of dif-
ferent size can be scale efficient, because unit isoquants intersect. Whether the
scale efficient capital intensity ranges of the respective unit isoquants are empiri-
cally relevant or just have a hypothetical meaning, can be seen by comparing
them with the ranges of actual capital intensities. This technique has the advan-
tage of integrating differences in the intercept as well as in the scale elasticities
and the output elasticities of capital and labor into a -single concept. The
equation of the unit isoquant results from the linearized version of the Cobb-
Douglas function and is

In(L/V)= _}ﬁ_ln A—%ln(K/V) _%’.m v, | (3)

where A=a+ p—1. For given values of 4, «, and B value added V is a “shift
parameter,” if h=+0. In this case, unit isoquants have to be calculated for
“representative” levels of output.

III. DATA

The estimates presented below are based on a complete set of individual estab-
lishment data for West Malaysia, which have been collected by the Department
of Statistics for its Census of Manufacturing Industries, 1973 [1]15 This census
covered 11,060 establishments of which 10,861 were included in the analysis
(174 with negative value added and one small industry with only 25 establish-
ments [MIC (Malaysian Industrial Classification) 385] were excluded). Besides
giving an almost complete picturé of the West Malaysian manufacturing industry
in 1973, this data set on a micro-level of ‘aggregation has several distinct advan-
tages over published (and therefore aggregate) census data. First, there are no
problems with heteroscedasticity. Second, degrees of freedom are very large.
Third, there are no problems in drawing conclusions with respect to the micro-
level, while an interpretation of scale elasticities, for example, which have been

5 Special thanks are due to the Malaysian Department of Statistics for making available
this ‘rather unique set of data. - '



e N + ++ ok = sk T 66-0¢ 61-1 :
L9 T s ot x FE s %m0 sk —— 6701 6 -1 Supgsyqnd pue Sugud  THE
0s1 ++ 0+ + ++ - % == 60 6-I sponpoxd roded pue rdeq Ty
(4%} + x + £ = 61-1 ImiuIngy (423
*x T O - 61-1
966 wk T wk T R e e o - ——  6F0I 6 -1 sjonpoid j100 pue PooM 1€€
o 891 -t - + 61-1 IBIMI00 ¥ZE
0 5
M [49 - o+ o - 61-1 spnpold Ioyyes] pue I0GJes] €7¢
Z
S 60T € - x« ++ o + o — o — 67-01 6 -1 Joredde Jurreo  7z¢
2 .
) 8€T + « *+ O ++ o + - ® T 66-07 61-1 SO, |49
Z
g 861 +  w kit + - o - w == 6701 6 -1 sjonpoid 00%eqoI,  ¥I¢
P
o
> + o + = = 61
[a) 0 -+ . + % - 61-1 soferoang €1¢
|54
£ - —— w F st o« — .« —— 6600 6
T66°T ® T wx T sk T s F + - 601 6 -1 pooy 2-TI¢
NQ uQ NQ HQ . NQ —Q NQ. ~Q
. oS | 0qe] Tended
SUONBAINSGO : .
70 IoqUINN] 1desraug (s19310MA JO ‘ON) bumw_vﬁ DIN

Jo sennselqd UOHONPOIg

(487) dnoin sousIojey 107 JUSIOJI0) WOIJ UONLIAS(

soTummn(y
jo uonIUgaq

270

SLTINSTY J0 XEVIWINNSG V—EL6] ‘SAILLSAAN] SNIENLOVANNVIA

NVISAVIVIN LSTA MO SHIWWN(] 4ZIS INIWHSITEVISH HLIM STLVWLIST NOILONNJ NOLLONG0dd SVISAOQ-280))

I H19VL



271

MALAYSIAN MANUFACTURING INDUSTRY

‘949 1w00 xod O] 9y} I8 JUBOYIUIIS A[[EOISNEBIS UOILIAIP=0
‘1oA9] 1u0d 1d ¢ o) e JUBOHIUBIS A[RONISIIE])S TONRIASD==
” ] ‘10491 Juad Jod [ Y} je JuedHIUSIS AJ[EONSIIB)S UONBIAOP==4s; T
*dnoi8 sAnRuIglR ISYI0 9Y} JOJ 9UO oy} uey) Jofie] SI Uoneiaop (sAnedou) oamsod of)=(— —)++

*(aAneSom) aAnisod st AoHNQ.HﬁQV dnoid 95usISIer 9Y) JO JUSIOJRO0D 9} WO UONBIAD d)=(—)-+ ‘T S91ON

*[1] woiy ejep w0 paseq SUOHE[MOED SJIOYINY  19DINOS
611 - o+ - 61-1 SupmoeInuew 1YIQ0 06¢
1L1 + + . - 671 yeowdinbe jrodsuesy, 8¢
L01 + - % - 61 Aumosw 1eoINOd[g €8¢
, Sv8 - -—— % T o T g — % 601 6 -1 Awumgoew [es102[e-UON 8¢
YLyl o —= - * t+ x T+ x — * 6701 6 -1  spupord [N I8¢
S61 + ° - ® 671 Spejomn Jdrseq  T-[LE
05E + — — 601 sponpod Of[eeuI-uoN I 69¢€
e + + x - 61-1 sjonpoxd m,ﬁm pue Sse[D  79¢
sy + o + o. - 61-1 SOTWIBISY 19¢
B 962 - + s T+ oax o T Ex T 6701 6 -1 syonpoid onserd 9¢¢
T oce . - - e+t - L = spnpord 10qqny  SS€
..... 6LT E + % T+ + Sl % 6701 6 -1 sponpoid [eonwayo 1910 (433
.......... mm - - E 671 | S[eSHayd [ernsnpuy I8¢



272 ' THE DEVELOPING ECONOMIES

estimated on the basis of aggregate census figures, is limited by the fact that
the individual observations consist of several establishments of different size.
Fourth, and most importantly, the data set used is so detailed that it allowed
variables to be defined more in line with theoretical demands. Thus labor input
could be based on full-time worker equivalents adjusted for overtime hours.®
Capital input was revised to include rented equipment, using appropriate con-
version factors for the various types of capital goods. Value added is defined
residually as usual.

IV. RESULTS

The coefficients of Cobb-Douglas production functions with establishment size
dummies added were estimated for the individual industries on the three-digit
level of the Malaysian Industrial Classification (MIC).” As can be seen from
Table I, the hypothesis that production functions are homothetic could be rejected
for almost all industries.® While deviations in the intercept between size groups
are positive as well as negative, a striking uniformity was found for deviations
in the elasticities of output with respect to capital and labor: For smaller estab-
lishments the output elasticity of capital is lower and the output elasticity of
labor is higher than for large-scale establishments.® This pattern of differences
implies that the unit isoquants of small-scale establishments are located more
in the labor-intensive part of factor space, while those of the larger establishments
are located more in the capital-intensive part. Thus unit isoquants differ in
such a way that the same MRS will be realized at a lower capital-labor ratio
in the groups of smaller establishments than in the group of large-scale establish-
ments. This, however, is not necessarily a dualistic phenomenon, as is suggested
by the results for those industries for which three size groups were distinguished.
As can be seen from Table II, the ratio of output elasticities («/f) increases
from small to medium-sized to large establishments in five out of twelve such
industries.

Industrial production functions being non-homothetic, unit isoquants will
intersect, with the above-mentioned implications for scale efficiency. These points
of intersection may, however, correspond to either such high or such low capital-
labor ratios that they are irrelevant. Thus, a way must be sought to get an
idea of the practical relevance of switches in scale efficiency. For this purpose,

6 Unfortunately adjustments for human capital differences were not possible.

7 The MIC (1972) is broadly comparable to the International Standard Industrial Classifi-
cation. : :

8 In order to economize on space, only a summary of the results is given in Table I. The
regressions are all statistically significant at the 99 per cent level. R2s are always higher
than 0.76 with the only exception of industrial chemicals, where R2==0.69. The complete
results are available from the author upon request. -

9 Statistically significant exceptions are the industrial chemicals and the basic metals indus-
tries. For these two industries an approximation of size by the number of workers may
be misleading.
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scale efficient capital intensity ranges were calculated and compared with the
actual .values pertaining to the respective size groups.’ Thereby the relevant
range of actual values was defined as ¥+ /—0.5s, where X is the arithmetic
mean and s, the standard deviation of actual capital intensities on the micro-
level. The necessary information for a comparison of scale efficient and actual
ranges of capital intensities is contained in Table III. With the exception of the
glass industry (362), large-scale establishments as a group are scale efficient in
all industries. In nine out of twelve industries, for which three size groups
were distinguished, the medium-scale establishments are scale efficient as well;
in four cases, however, the arithmetic mean of the actual capital intensities
is not an element of the scale efficient range on the unit isoquant. Small-scale
establishments were found to be scale efficient in only seven out of twenty-four
industries and in only two of them the arithmetic mean of actual capital inten-
sities is an element of the scale efficient range. This means that, in the majority
of industries, establishments at the lower end of the size spectrum on an average
‘use both more capital and more labor per unit of value added than larger
establishments actually do or would do, if they employed techniques with the
same capital-labor ratio. Large-scale establishments are the only scale efficient
size group in those industries, where the type of product mostly requires the
application of modern techniques (industrial chemicals, non-electrical and elec-
trical machinery, and transport equipment), where scale economies are relevant
(beverages, tobacco, and rubber), or where small-scale establishments are mostly
cottage-type activities (leather and footwear).

V. CONCLUSIONS

The most important result of this paper is that for the majority of industries,
technological heterogeneity has been found to exist in such a way that' there
is a switch in scale efficiency: Small- and medium-scale establishments tend to
be ‘scale efficient at lower capital-labor ratios than larger establishments. Very
small-scale establishments are scale efficient only to a very limited extent. These
findings have important implications for the contribution of manufacturing to
employment and output creation in developing countries: A reallocation of
resources to very small-scale establishments is likely to have a significant employ-
ment effect but also to be rather costly in terms of output losses. In many
industries such a trade-off may not occur if the reallocation is in favor of the
not so small- and medium-scale establishments. The scale efficiency of these
establishments depends, however, on their use of labor-intensive intermediate
techniques of production. This also can be regarded as an important factor for
their continuing coexistance with larger establishments.

The findings of this paper raise a number of questions which have not yet
been adequately dealt with, despite the increasing amount of literature on the

10 In the calculation of unit isoquants the arithmetic mean was used to determme the
“representative” level of value added of a size group.
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development of ‘small-scale industry. When we regard the existence of tech-
nological heterogeneity as a result of unequal intra-industrial technological dif-
fusion (Nelson, Schultz, and Slighton [2, pp. 114 fi.]), we have to seek the deter-
minants of such a process. Here, problems of access to finance, information,
services, and markets as well as differences in entrepreneurial ability come to
mind. Further, when the extent of technological heterogeneity is likely to diminish
with a rising level of economic development, we need to determine the likely
consequences for industrial structure and the relationship between small-scale
and large-scale manufacturing establishments.
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