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Economic Analysis of Technological Progress in
Malaysian Block Rubber Processing Plants

YEE YUEN LOH

This paper presents some preliminary results based on production function analysis of twenty-
nine block rubber factories in Peninsular Malaysia. The unrestricted Cobb-Douglas form of
production function was used and the least-squares regression technique was used to estimate the
coefficients of the production function. Value-added output was used as the dependent variable
while labour input and capital service flow were used as the independent variables.

Pooled regressions for the block rubber processing factories indicated that the coefficient for
labour elasticity was significant and that there was a discernible tendency for increasing returns
to scale. The elasticity of capital coefficient was low and not significantly different from zero.
Estimates of technological progress for processing plants of different age groups gave insignificant
results with no specific trend of progress evident. The results also suggested that block rubber
processing facilities were grossly under-utilised.

Technical advancement in rubber processing
particularly in the perfection of processing
techniques which made production of the
new forms of block rubber possible, has
ushered in a new era of product transform-
ation in many rubber producing countries
in Asia. With the new processing techniques
available considerable progress has been
made to place the new product in a better
competitive position vis-a-vis synthetic
rubber. This is especially evident in Malay-
sia, the world's biggest exporter of natural
rubber, where more than one-third of total
rubber exported is now in the new presen-
tation form (block rubber).

The introduction of the Standard Malay-
sian Rubber (SMR) Scheme in 1965 was
an important step forward in rubber process-
ing technology. The Scheme made possible
the production of quality-controlled standard
Malaysian rubber that is tailored to meet
the requirements of consumers. As the
SMR Scheme was introduced more than a
decade ago, it was felt that a preliminary
study could now be undertaken on the

production function of rubber processing
and its related characteristics. Such a study
it was felt could provide useful insights to
policy makers and research workers on
rubber.

Selection of Model
In estimating a production function, deci-

sions have to be made on what is to be
estimated and how. These typically involve
the choice of:

The algebraic
function

form of production

• The variables to be included in the pro-
duction function and the form in
which they are to be included

• A technique for estimating the coeffi-
cient of the production function.

The choice of an appropriate functional
form, essentially involves selecting the form
that will give the best fit, and one which is
based on assumptions that are most plausible
to the real world. Three functional forms
were considered in this study:
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• Transcendental
• Kmenta's Approximation to constant

elasticity of substitution (CES)
• The unrestricted Cobb-Douglas pro-

duction function (Appetidices 1 and
2).

Estimates based on survey data1 showed
that the transcendental and Kmenta's Appro-
ximation to CES forms of the production
function gave insignificant results in most
cases. The unrestricted Cobb-Douglas form,
i.e. an equation linear in the logarithms of
the variables, was finally chosen partly for
its ease of manipulation and interpretation,
but mainly for its good fit of data. The
coefficients of the production function were
estimated using least-squares regression
techniques applied to the logarithms of the
variables, with 'value added' output as the
dependent variable.

Cobb-Douglas Production Function Model
Let the production of block rubber in a

processing plant be presented by the follow-
ing functional form:

V = F(L, K)

where V is the value added output variable
L is the input cost of labour
K is the input cost of capital services

during a given period of production.
The Cobb-Douglas form of the above pro-
duction function can be written as:

V = AL <*KPe

where A is the constant term
« is the elasticity of output for labour

J3 is the elasticity of output for capital
services

e is the random disturbance term
independently distributed with zero
mean and finite variance.

The use of a Cobb-Douglas production
function model merits some consideration.

The basic question is whether such a function
represents correctly the production function
for block rubber processing plants. In
other words, the point is associated with
substitution possibilities between different
inputs. The Cobb-Douglas production
function assumes a unitary elasticity of
substitution between labour and capital.
Studies have shown that such an assumption
holds, for example, Hayami2 and Hayami-
Ruttan* using intercountry cross-section data
found their results to be consistent with
unitary elasticity of substitution. Another
study by Lau and Yotopoulos4 fitted data
on Indian agriculture to a CES production
function directly with a non-linear method.
The results indicated that the elasticity of
substitution was not significantly different
from one. Following Kmenta5, cross-
sectional data for the block rubber processing
plants surveyed were tested using a CES
production function. The results are pre-
sented in Appendix 3. On the basis of the
results, it was concluded that the hypothesis
of the Cobb-Douglas production function
representing the data adequately cannot be
rejected.

Another property of the Cobb-Douglas
production function is that the degree of
returns to scale is invariant with the level
of output6 while it is possible to measure
and ascertain if the degree of homogeneity
of the function is greater than, equal to, or
less than one, it is not possible to ascertain
if there are additional economies of scale
within the output range studied or to
ascertain the sources of economies of scale.
GrUiches7 also pointed out that for an
adequate study of economies of scale the
use of a production function not homogenous
over at least some range of inputs would be
required. Surjit8 in his study of technical
change in wheat production in Punjab
(India) suggested that if the sample size was
large enough, one way of overcoming this
difficulty was to split the sample into a few
size groups and fit segments of functions
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linear in logarithms and observe how the
degree of homogeneity behaved for different
output ranges.

In addition to the above properties of the
Cobb-Douglas production function model,
the use of single equation least-squares
regression techniques in the present study
to estimate the parameters of the production
function involves the classic simultaneity
problem. This is because the data observed
in any production system are generated
by profit maximising or cost minimising
considerations of the firm and thus the input
and output levels are simultaneously deter-
mined. The production function is a system
of simultaneous equations; single equation
estimates are generally biased and inconsis-
tent. To justify the estimation that follows,
it is necessary to assume that the observed
production relation is disturbed by, or
subject to a multiplicative random 'error'
or 'disturbance' of the form,

V = AL a

where £(/*) - o, £(/*)* = 0-2 and E(n\og K)
= E(fj. log L) = 0 (the last assumption
implies that this error is disturbed indepen-
dently of the levels of capital and labour
inputs.) It is possible to assume that capital
is largely predetermined and unaffected by
current fluctuations in output but such an
assumption is much less tenable for labour.
If the production function deals with crop
production, the error of the disturbance
term |U can be interpreted as a measure of
the influence of unanticipated weather
fluctuation and it can be assumed that L is
chosen on the basis of anticipated weather
and hence is independent of the particular
realisation of & ; but such an assumption is
very difficult to maintain in the case of block
rubber processing. The importance and
implications of introducing error variables
in equations of a simultaneous system were
first considered by Haavelmo9. He empha-
sised that without defining the statistical
properties of all the variables involved, it

was not possible to know the meaning of
the statistical results obtained by fitting
separate equations to the data. The problems
of simultaneity in the determination of the
inputs and output in a production system
were also studied by Marschak and Andrew*0.
They placed emphasis on management to
explain the differences among firms and
split these differences into those due to
differences in the production functions
(technical efficiency) and those due to
differences in ability to maximise profits
(economic efficiency) among firms. By so
doing, it was possible to estimate parameters
of the Cobb-Douglas production function
to a narrow range by imposing certain
restrictions. However, unique estimates
were still not possible. Subsequently,
Hoch11 suggested using convariance analysis
to combine time-series and cross-section
data, but this approach could not be used
in single cross-section data. In another
paper, Hoch12 showed that under the
assumption that disturbances in various
equations of the system were independently
distributed but the error term e was related
to independent variables, the sum of the
estimated coefficients had a pronounced
tendency towards one regardless of the true
sum. This tendency, however, was not so
apparent if the assumption of independence
of the error term was dropped. Hoch
further argued that when the variable input
levels were determined for the current period
by maximising with respect to anticipated
output, the disturbance in the production
function affects only the output and not the
other variables. As such the simultaneous
equation bias was not serious. Griliches13

in his study of aggregate production function
using cross-section data argued that in
agricultural production where inputs were
largely predetermined due to a considerable
lag in production and error being largely
weather determined, simultaneous equation
bias would be small for well specified pro-
duction functions.
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Another problem related to the estimation
of production function is that certain variables
cannot be included in the analysis. For
example, in the case of the management
variable, data relating to this variable are
difficult to obtain. Mundlaki+ has shown
that exclusion of the management factor
could result in biased estimates of the pro-
duction function parameters. Cognizance
of the importance of the management factor
in production function analysis can obviate
misinterpretation of the results.

The Variables
Three variables: value added, labour, and

capital, were eventually selected after investi-
gating a number of different variables
deemed to be relevant to the study,

Value added. In the present study, the
value added variable was used as the depen-
dent variable in the Cobb-Douglas pro-
duction function model. The value added
variable V is defined as V = Y — M — C.
Y is the gross revenue generated by the
block rubber production plants and the
services provided. Material consumption M
includes all raw material inputs. Upkeep
cost C is the cost of maintaining the plant.
The above definition was chosen to give a
value added measure that is as close as
possible to the value of the work done in
the plant, i.e. labour working in the plant
and the capital item K.

Labour. There are two ways of measuring
labour input. The simplest way is to obtain
the total number of persons engaged in the
processing plant. Another method of mea-
suring labour input is to compute the actual
number of production hours put in by the
workers. In a block rubber processing
plant, the number of persons engaged in
processing is not a fair way of measuring
labour inputs. This is because a processing
plant may operate at varying capacities
during the year, depending on the availability
of raw material (latex and field coagula).
This may lead to underemployment of

workers during the wintering and rainy
periods when production can fall below half
the normal capacity. A more appropriate
measurement of labour input will be total
labour production hours. Given the data
on checkroll and contract labour, the labour
input can then be derived.

Capital. The capital service flow concept
was adopted in this study. The value of
capital assets was first computed from the
survey data. Using the concept of capital
service flow15 (Appendix 4) the values of
annual service flow from capital assets were
then derived. Only capital assets which
were directly involved in the production
process within the plant were included in
the computation. They included buildings,
processing machinery, processing utensils,
driers, ancilliary equipment and other
miscellaneous items directly involved in the
production processes within the plant.

Empirical Results and Interpretation
The results of the least-square estimates

are summarised in Table 1. The pooled
regression for the block rubber processing
plants indicated that the coefficient for
labour elasticity was significant and that
there was a tendency for increasing returns
to scale. The elasticity of capital coefficient
was low and not significantly different from
zero. Attempts to estimate the results using
Kmenta's Approximation to CES led to no
real improvement in the results. The mean
square error for the plants as a whole was
about 0.15 implying that the average standard
deviation of residuals was about 40%.
There is therefore great variability in the
data which is not adequately explained by
the variables in the present study.

The returns to labour are relatively high
when compared to capital investment. This
is mainly due to the fact that labour is more
fully employed than capital assets in a
processing plant. For example, in a process-
ing plant, the work schedule is normally
divided into three eight-hour shifts. Labour
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TABLE I. PRODUCTION FUNCTION ESTIMATES FOR BLOCK RUBBER
PROCESSING PLANTS IN PENINSULAR MALAYSIA (1975)

Form of equation

CD

Kmenta approx. for CES

CD with plants less than
four years old

CD with plants between
four and eight years old

CD with plants more than
eight years old

Constant
A

0.367
(1.791)

0.303
(1.751)

3.483
(3.372)

-1-445
(2.885)

5.065
, (4.289)

Capital
elasticity

0.149
(0-167)

0.187
(0.166)

0.047
(0.167)

0.763*
(0.310)

-0.576
(0.429)

Labour
elasticity

0.937**
(0.48)

0.912**
(0.146)

0-787*
(0.298)

0.489*
(0.258)

1.249**
(0.279)

Return
to scale

1.086

1.098

0.834

1.252

0.673

R2

0.74

0.71

0.69

0.78

0.78

MSB

0.159

0.151

0.079

0.145

0.165

R2 = Coefficient o£ determination
MSE = Mean square error
CD = Coob-Douglas function: Log V — A -\- a Log L + j3 Log K
Figures within brackets are the estimated standard errors of the respective coefficients.
Kmenta approx.: The equation is the same as CD with [log (X/L)]2 term added
CES = Log V = A + (1 + ft) log [S L-P + (1-a) <A)-P]-l/P and o- = --| = coefficient o£ substitution
* Coefficient significant at 5 % level
**Coefficient significant at 1 % level

is only employed when the plant is in opera-
tion. In most of the plants surveyed, how-
ever, maximum capital service utilisation
was not achieved because the plant manager
could not obtain sufficient raw material
(latex and field coagula) for three shifts,
leading to under-utilisation of machinery.
This is reflected in the capital coefficient
estimates in both the Cobb-Douglas and
Kmenta model. There is evidence to show
that processing plants in Peninsular Malaysia
operate only around half their maximum
throughput capacity due to the lack of raw
materials'. Most of the plants in the east
coast operated at about a quarter of their
maximum throughput capacity, while those
in the west coast were running at half their
maximum throughput capacity. This may
help explain the low and insignificant results
obtained in the estimates of the capital
coefficient.

To study the effect of technological
progress in block rubber processing, process-
ing plants established in different years
were grouped by different technological

strata. Three technological strata were
defined1. Plants established before 1967
constituted the oldest group. This group
of processing plants were the early innovators
and they were still using the original process-
ing techniques which they had first adopted.
Plants established between 1967 and 1970
formed the middle group. This group
adopted the better crumbling units and
more efficient driers that were available to
them during this period. Plants established
after 1971 were treated as part of the new
technological group. They represented the
newly established group embodying the
latest processing technologies. The results,
using the Cobb-Douglas model, are shown
in Table 1. No specific trends were indicated
from the processing plants on the basis of
the three technological strata. Labour
elasticities were significant in all the three
cases. This further confirmed that labour
services were utilised more optimally, which
was also shown by the pooled regression
estimates. Mean square error for plants
less than four years old was the lowest
(0.079) while the other two older techno-
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logical groups had mean square errors of
around 0.150 which was comparable to the
pooled results. The fit, in terms of standard
deviation of residuals for the first group was
about 28% while that for the other two
groups was about 40%.

Capital coefficients were significant at the
5% level for the middle group and insigni-
ficant for the other two groups. In fact,
the capital coefficient for the oldest techno-
logical group was negative indicating the
inconsistency of the capital elasticity esti-
mates with technological progress. Hence,
the impact of technological progress in block
rubber processing cannot be assessed in this
way. Such inconsistent estimates may well
be due to the small sample size. However,
although the sample size of the pooled
regression was large enough, the effect of
returns to capital investment in block rubber
processing was still not significant. This
may be because the effect of technological
advancement during the last decade was not
adequately reflected by the existing state
of plant operation. From the technological
point of view, it can be seen that plants
established after 1971, i.e. the new techno-
logical group, represent the latest techno-
logical advancement in processing. The fact
that the capital elasticity estimate was low
and insignificant clearly suggests under-
utilisation of capital investment.

There are many factors that can lead to
under-utilisation of capital investment or
non-profit maximisation behaviour in block
rubber processing. In the first place, men-
tion should be made of the fact that most
existing processing plants were set up by
estates to cater for their own crop though
some plants are increasingly processing
latex for other estates as well. Typically,
however, such a plant is not operated as an
independent entity but as an integral part
of an estate's operation. Under such circum-
stances the plant only operates when there
is enough crop available. Little or no
attempt is made on the part of the estate

management to utilise the plant's facilities
to an optimum level. Secondly, seasonal
variation of rubber production can result
in very low crops as in wintering months.
This again affects the planning of plant
operations to reach the optimum level. The
final constraint is the availability of raw
material supply from surrounding estates
and smallholdings. If the surrounding
estates belong to different owners or agency
houses, they would normally have their own
processing facilities. Even when there are
smallholders in the vicinity, these are likely
to be scattered over a large area, making
purchasing of latex difficult. Constraints
such as these probably explain to a large
extent the under-utilisation of capital invest-
ment in processing plants. There is clearly
a need, and this is brought out in the empiri-
cal results, to increase the utilisation of
capital services in block rubber processing,
if the benefits of the considerable advances
in the technology of block rubber processing
are to be maximised.

CONCLUSION
Quantitative assessment of technological
progress in block rubber processing indi-
cated a tendency towards increasing returns
to scale. In general, investment in block
rubber processing plants was highly capital
intensive and returns to capital investment
were found to be insignificant. This was
attributed mainly to the under-utilisation of
plant machinery and equipment. Manage-
ment and planning on the part of managers
and policy makers to ensure an adequate
supply of raw materials (latex and field
coagula) are necessary if processing plants
are to remain viable. Empirical results show
no significant differences in efficiency between
old and new processing plants. The under-
utilisation of plants and the inefficient state
of the processing sector call for urgent
attention to device policy measures that will
increase returns from investing in block
rubber processing plants.
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APPENDIX 1

PRODUCTION FUNCTION ESTIMATES USING GROSS REVENUE
AS DEPENDENT VARIABLE

Form of equation

Cobb -Douglas

Transcedental

Kmenta approx. to CES

i
Constant

4.399
(1-747)

1.269
(5.539)

4.561
(1.771)

Capital
elasticity

-0.156
(0.118)

-0.107
(0.249)

-0.146
(0.121)

Labour •
elasticity

1.048** :

(0.119)

1.293**
(0.394)

1.036*
(0.123)

Returns
to scale

1.09

1.09

1.11

R2

0.77

MSE

0.129

0.78 , 0.137

0.77 0.131

The above estimates using gross revenue as dependent variable do not show any improvement from that of
Table 1, capital elasticities in all cases are still negative.

* Significant at 5% level
••Significant at 1 % level

Figures within brackets indicate standard error.

PROD

Form of equation

Cobb- Douglas

Transcendental3

Kmenta approx. to CES

Constant

2.456
(1.925)

-0.098
(6.098)

2.517
(1.831)

Capital
elasticity

-0.122
(0.130)

-0.142
(0.275)

-0.136
(0-143)

Labour
elasticity

1.039
(0.131)

1.304**
(0.434)

1.021
(0.141)

Returns
to scale

1.160

1.162

1.157

R2

0.74

0.74

0.76

MSE

0,158

0.169

0.151

The results presented above are from the first trial. The only exception from the main result is that the
capital variable is computed using the capital stock concept. In all the cases, it was found that the elasticity
of output with respect to capital is negative and no meaningful conclusion can be derived.

8Given by log V = log A h ai log K -~ fi\ log L + ct2 K + jflj L
**SJgnificant at 1 % level
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APPENDIX 3

TEST FOR MAINTAINED COBB-DOUGLAS HYPOTHESIS

The CES (Constant Elasticity of Substitution) Production function with non-constant
returns to scale is given by;

V = ot(8L-P +(1 4- S)tf-P)-/V<> ... 1
where V = value added

L = total man-hours
K = capital services
a = the efficiency parameter
5 = labour intensity parameter

it = degree of homogeneity of the function or the degree of returns to scale and

p = defines the elasticity of substitution as a =—------

Following Kmenta (1967), a logarithmic approximation of Equation 1 up to the second order
can be obtained by discarding terms of higher order as follows:

Log V= Log a - f M S LogZ, +M(1 -8) log K-££-8 (1 -S) (Log L- Log K)* - V ...2
£t

where V = measure of the neglected higher order terms.
In Equation 2, the term involving the square of the logarithm of labour - capital ratio makes it
different from the usual two-input Cobb-Douglas production function. If <x is different from
one, p should be significantly different from zero and the coefficient of the square of the logarithm
of the labour-capital ratio should show up as significant.

The results from Equation 2 are presented as:

Log V = 0.30338 + 0.91145 Log L + 0.18705 k - 0.22669 (log { ~ Y ... 3* ft )
(1.75138) (0.14577) (0.16577) (0.15719)

R2 - 0.76
In Equation 3 figures in brackets are the standard errors of residuals.

The coefficient for (log -£ j ) is not significantly different from zero at normally accepted
\ K f

significant levels. From the above data, the hypothesis is that elasticity of substitution between
labour and capital cannot be rejected. This implies that the Cobb-Douglas form should pro-
vide adequate representation for it.
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APPENDIX 4

ESTIMATION OF CAPITAL SERVICE FLOW USING
YOTOPOULUS METHOD

The microanalytic approach for estimating the current service flow of capital assets was adopted
from the model used by Yotopoulus15. The formula for estimating current service flow of
capital assets is:

RK;

where R\ is the constant annual service flow from capital asset i
V Ot is the original (under predated) market value of the asset i
Ti is the life span of capital equipment
r is the rate of discount

Using the above formula, an approximate capital service flow variables was constructed from
the available data. Discussions with plant managers and machinery operators indicated that
the life span of ten years could be used for plant building and machinery. The overall rate of
discount adopted here was 10%.
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