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ABSTRACT 

This article attempts to disaggregate and explore the components of TFP growth that contribute to changes in output, 
scale of production, and allocative efficiency and technical efficiency of the Malaysian manufacturing sector. The total 
factor productivity (TFP) concept defined as total output per unit of all inputs used in the production of an industry has 
gained a prominent place in academia. The investigation on TFP growth is obviously useful for identifying sources of 
output growth in the development of an industry. The TFP growth is often interchangeably understood as the technical 
progress or changes in technology as the sole contributor to economic development. Nonetheless there are other factors 
contributing to its substance. Knowledge on these technical changes would help decision makers to realize the strengths 
and weaknesses that contribute to the growth and development of an industry. Alternatively this research would be 
more beneficial in the case of cross-industry or cross-country comparative studies in order to plan for developmental 
goal. In such a case a model industry or country can be chosen that exhibits special growth features. 
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1. Introduction 

Growth and development, and later sustainable develop- 
ment had always been in the forefront of attainment goals 
of world’s economies. Historic attentions were given to 
multifaceted issues of growth of prominent economic 
constraints in achieving development objectives. In the 
oldest profession of agriculture, Robert Maltus [1] first 
alerted the limitation of food supply because of the 
growing population leading to surging man-land ratio, 
which then became the doctrine in food economy. David 
Ricardo [2] was the first to detect diminishing social well 
being as a result of rising land rent due to a continued 
decline of prolific land in cultivation and the dependence 
of agricultural sector on inferior productivity land. 
Growth in production of essential food commodities and 
other agricultural products had taken a turn when poten-
tial of land for expansion was constrained by its supply. 
The ultimate trust of economic growth in production was 
principally capital while labor was secondary in impor-
tance. The significance of human productivity and inno-
vativeness was only recognized during the 1950s and 
early 1960s following the marvelous contribution of 

education on economic development [3]. Human devel- 
opment particularly in education, health, nutrition and fer- 
tility has since become the focus of most developing na- 
tions on the agenda of human resource development and 
growth. Nowadays, most nations recognize that intellec- 
tual capital is essential for sustaining growth as the ca- 
pacity of human mind, its creativity is limitless and its 
contribution to innovation is endless. In most cases labor 
fails to reflect its true influence on the total production 
for reason that data generally are not available on those 
skilled and non-skilled workers. Since human capital is 
an essential ingredient in boosting productivity the World 
Bank [4] had suggested the use of human-capital ad-
justed labor (H), which is defined as  

0.1e SH LP  

where L is the working-age population, P is the partici- 
pation rate and S is the number of schooling and e0.1S is a 
weight used to reflect the impact of education and the 
size of labor force on the labor input, which is assumed 
to be exponential. Several findings particularly in Korea 
suggest that each additional year of schooling raises la- 
bor’s productivity by 10 percent. Even though education 
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is relevant to the productivity improvement it will not be 
so for all situations. With higher education the farmer’s 
productivity could have declined due to the possibility of 
better off farm employment. Educated labor tends to be 
less committed to agriculture and thus its productivity. 
Experience and on job trainings can be another factor 
that contribute to higher productivity. Health condition of 
the workers deteriorates with limitations of medical fa- 
cilities which in turn impede worker’s productivity. 
Types of education and trainings that contribute directly 
to the development of human capital should be differen- 
tiated from the ordinary workers. Labor should at least be 
classified according to skilled and non-skilled labor. No 
attempt is made in the current study to classify labor ac- 
cording to skilled and non-skilled because of the lack of 
time series data.  

Total factor productivity (TFP) growth is the residual 
of output growth not accounted for by capital and labor. 
The derivation of TFP growth components is relevant in 
order to unveil the unexplained sources of economic 
growth beyond that reflected in the production function. 
The residual growth component from the microeconomic 
perspective can be attributed to technical progress, tech- 
nical efficiency, scale of firm operation and other socio- 
economic factors not captured by the variables used in 
the production function. In macroeconomics, sources of 
TFP growth can be categorized into education and train- 
ing, changes in demand, economic restructuring, techni- 
cal progress and capital structure [5]. The objective of 
this paper is to disaggregate TFP growth mathematically 
from its original definition as suggested by Solow [6]. 
This article begins with the theoretical development of 
TFP growth which was extended to the derivation of 
technical components. The final section deals with TFP 
growth application using empirical data.  

2. Framework for TFP Measurement  

The measurement of TFP growth is closely associated 
with the growth of economic activities. One could not 
understand TFP growth without first understanding the 
methodology for estimating growth. The growth concept 
involves time and its measurement can either be discrete 
or continuous depending on the extent of pronouncement 
of the state variables. According to Dowling [7] p. 120, 
“exponential functions depict constant rates of discrete 
growth, i.e., growth that takes place at such discrete in- 
tervals as at the end of the year or at the end of the quar- 
ter.” An example of a discrete growth is given by  

, where yt refers to the current year vari- 
able, yo is the base year variable, r is the rate of growth 
and n is the number of years of the target projection. This 
discrete growth equation is less pronounced than the con- 
tinuous growth equation which is represented in natural 
exponential function such as that of 

 1
n

t oy y r 

ert
t oy y . Through- 

out this article the discrete growth equation will be used 
for the estimation of the relevant policy variables in the 
TFP growth.  

Theoretical formulation of the TFP growth is based on 
a simplified production process with only capital (K) and 
labor (L) utilized as inputs in the production of a com- 
modity, q. Defining q as the product of  A t  and 
 ,f K L  where  A t  refers to all influences that go 

into determining output Q besides capital (machine hours) 
and labor (labor hours). This mathematical relationship 
can be presented as 

     d
,  , 0

d

A t
Q A t f K L

t
            (1) 

The concept of the total factor productivity (TFP) is 
defined as total output divided by the total inputs. Based 
on the above simple production function TFP which is 
 A t  should be equal to total output divided by the total 

input function    ,A t Q f K L . Assuming that all 
variables are a function of time, the derivative of output 
with respect to time yields the following equalities,  

       d dd
,

d d d

,A t fQ
f K L A t

t t t
 

K L
     (1.1) 

Substitute  ,f K L  and  A t  from Equation (1) 
and expand the derivation of capital and labor with re- 
spect to time yields the equation below, 

 
 

dd d d

d d , d d d d

A tQ Q Q f K f

t t A f K L K t L t
    
 

d dL
 (1.2) 

Dividing through the above equation by Q and setting 
 ,f K L f , the output growth equation is obtained as  

 
 

d dd 1 d 1 d d 1 d

d d d d

A t tQ f K K f

t Q A t K f t K L f t L
  

d

L L
  (2) 

As shown in (2) the formulated identities yield the re- 
quired total output growth that will be used for the esti- 
mation of TFP growth. Terms of Equation (2) can be 
further simplified to arrive at the final result of the output 
growth equation as in Equation (3) 

K L

Q A K L

Q A K L
 

  

  



            (3) 

where 
Q

Q



 is the total output growth due to technical 

progress, 
A

A



 is the total factor productivity growth, 

d

dK

Q K

K Q
   is the output elasticity of capital  

d

dL

Q L

L Q
   is the output elasticity of labor, while 

K

K


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and 
L

L



 are capital and labor growth rates respectively. 

The equation for TFP growth is defined as in Equation (4) 
below 

technical inefficiency of the industry i and a small value 
is otherwise. Production function with capital (K) and 
labor (L) as inputs and the two error terms is presented as 

e it itV U
it it it itQ A K L   



            (5) 

K L

A Q K L

A Q K L
 

      
  

ln ln ln lnit it it it it itQ A K L V U         (5.1) 




           (4) 

ln ln ln lnit it it it

it it

Q A K

t t t
V U

t t

    
  

   
 

 
 

L

t    (5.2) 3. Disaggregation of TFP Growth  

This is one of the techniques whereby TFP and its 
growth are normally estimated. Obviously there are other 
techniques; one of which is the Malmquist index as dis- 
cussed in Coelli [8]. Malmquist index is used to estimate 
TFP change and to decompose such change into techni- 
cal change and technical efficiency change using Data 
Envelopment Analysis (DEA) computer package. The 
DEA is a special form of linear programming, which 
comes under operation research and hence it is nonpara- 
metric and cannot be tested for validity. In practical ap- 
plications it is more flexible because DEA is more versa- 
tile since it can be easily applied to cases of multiple 
outputs and inputs. The current study adopts the stochas-
tic frontier production approach that would incorporate 
technical efficiency change, technical progress and the 
scale effect as shown in Equation (5). Jesus Felipe [9] 
asserted that the use of stochastic production frontier 
makes possible the decomposition of the TPF growth 
into technical progress and technical efficiency change. 
The former relates to the shift in the production frontier, 
that is, the best practices achieved by the industry’s out- 
put, and the latter associated with changes attributable to 
the improvement in managerial practice, workers be- 
coming more skillful through experience and a variety of 
other reasons that relate to a given technology.  

Technical inefficiency (TEit) is further defined as the 
exponential of negative Uit that is . The rate of 
technical inefficiency growth is obtained after taking the 
logarithm of Equation (6.1) and differentiating it with 
respect to time. The technical inefficiency result is shown 
in Equation (6.2) which will be used throughout the dis- 
cussion henceforth. The estimation of technical ineffi- 
ciency for the manufacturing industry is obtained from 
the stochastic frontier production function.  

e itU

 exp e itU
it itTE U              (6.1) 

ln

ln

it it

it it it

it

TE U

TE U TE

t t



 

 
  

  TE

          (6.2) 

Disregarding it subscripts for the time variables Equa- 
tion (5.2) is usually presented in its simplified identity as 

K L

Q A K L V TE

Q A K L t TE
 

   


    





       (7) 

TFP growth in actual estimation uses Equation (8) 
where sK and sL denote the share of capital and labor on 
production respectively. Substituting Equation (7) into (8) 
the TFP growth can be further disaggregating into addi-
tional components as derived in Equation (9) 

Decomposition of the TFP growth acknowledges the 
reference of the article written by Rukmani Gounder and 
Vilaphonh Xayavong [10]. These authors, however, did 
not show the TFP growth mathematical proof like many 
articles on the subject. Coelli et al. [11] utilized the pro- 
duction function with the two types of error terms, “Uit” 
which denotes the technical inefficiency of the industry i 
in year t, and “Vit” the white noise systematic error term. 
They are independently and identically distributed with 

0,N  . A higher value of U implies an increase in the  

K L

TFP Q K L
s s

TFP Q K L

  

  



            (8) 

K L K L

TFP A K L V TE K L
s s

TFP A K L t TE K L
 

     


      




 (9) 

 

K L K L

TFP A K L K L K L V TE K L
s s

TFP A K L K L K L t TE K

    
       

                          
       
   

L



       (10) 

.

i

K L
i

TFP A K L K L K L V TE K L
s s

TFP A K L K L K L t TE K

    
       

                         
       
   

L



      (10.1) 
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1
i

K L
i

A K L K L K L V TE K L
s s

A K L K L K L t TE K

      
         

                         
        
   

L



    (10.2) 

 
Add          and subtract 1 from equation 

(10.2) above and with manipulation and rearranging of 
the terms equations (11.1) and (11.2) are finally arrived 
at as shown below: 

 

 1
i

K L
i

A K L K L V TE K L
s s

A K L K L t TE K

    
       

                      
       
   

L

 

         (11.1) 

     1
i

K L K K L L
i

TFP A K L K L TE V
RTS s s

TFP A K L K L TE t
   

                      
    
   

              (11.2) 

 
where K   and  L  , RTS = return to scale,  

 K K K L    , and  L L K L    . 
A

A



 is the  

technical advancement over time, represented by the shift 
in the intercept of the production function. This shift can 
be represented by the time variable but the result of such 
output may not truly depict the technical progress ex- 
perienced by an industry or state of a country analyzed.  

Some argued that technical progress is already imbedded 
in the utilization of physical capital. A technically ex- 
perienced labor is capable of operating machine to pro- 
duce a product with precision that saves time, minimizes 
cost and raises productivity. For computational purpose, 
further decomposition of the TFP growth Equation (11.2) 
can be performed by substituting the equivalent of tech-
nical progress element as in Equation (4). The final result 
of TFP growth equation is shown in Equation (12) 

 

     1
i

K L K K L L
i

TFP Q K L K L TE V
RTS s s

TFP Q K L K L TE t
     

                        
    
   

          (12) 

 
Equation (12) is utilized in the final estimation of TFP 

growth with the help of Excel spreadsheet. Under an op- 
timal production and assuming that the industry operates 
in a perfectly competitive market the share of capital and 
share of labor in production are identical to the output 
elasticity of capital and output elasticity of labor respec- 
tively. Defining profit (π) as the difference between total 
revenue and the total cost, share of labor (sL) and capital 
(sK) under the assumption of perfect competition should 
be equivalent to Ks rK pq  and Ls wL pq  where 
p is price of output, r and w stand for unit price of capital 
and labor respectively.  

Technical progress (TP) is normally estimated from 
the effect of time on the total output, which is obtained 
from the first term on the RHS of Equation (12). The 
second term following technical progress represents the 
return to scale level of the industry with respect to 
changes in capital and labor over time. 

Since double logarithmic function is used in the analy- 
sis, RTS is equivalent to the sum of capital and labor co- 
efficients which are their respective elasticities. For a 
sum of elasticity greater than one, the production oper- 
ates under increasing return to scale (RTS). While a sum 
of one is a constant RTS and that less than one is de- 

creasing RTS.  
This third item represents the allocative efficiency 

component of the industry since changes in output price 
and input costs of capital and labor are considered here. 
The fourth item refers to changes in technical efficiency 
of the industry. Annual changes in technical efficiency 
are obtained from the stochastic production frontier using 
the Cobb-Douglas production function which had in- 
cluded the technical inefficiency variables in the model 
such as exchange rate, interest rate and the dummy a 
proxy for impact of outbreak of the financial crisis on the 
manufacturing sector. Changes in the random error term 
V refer to the external disturbance not captured in the 
model. The rest of the notations are as defined above.  

4. Growth in Manufacturing Output, Inputs 
and Productivity  

Data for the analysis of manufacturing industry is ob- 
tained from Key Indicators of Developing Asian and 
Pacific Countries, the Economics and Development Re- 
source Center, Asian Development Bank. Since the ob- 
jective of this paper is to disaggregate the measurement 
of the TFP growth the principal industries in the manu- 
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facturing sector will not be the focus. Instead, the general 
representation of the industry at two-digit level is pre- 
sumed sufficient for the illustration needed. The data 
gathered for the analysis comprise the value of the total 
output, fixed assets excluding buildings and land, and the 
number of employed workers for the period 1980 to 
2007.  

Annual growth in total output, fixed assets, labor and 
labor productivity, capital productivity and capital-labor 
ratio for the period 1981-2007 is shown in Table 1. Total 
output growth was negative for 1985 due to an abrupt 

decline, after which it showed tremendous improvement 
for the succeeding years from 1988 through 1995 with 
the average growth of 9 percent and reached a record 
high of 10 percent in 1996. Total output growth again 
experienced a sudden decline of 7 percent in 1997 the 
year of the monetary crisis followed by a further decline 
of 7.3 percent in 1998.  

Evidently both fixed assets and employed workers had 
experienced remarkable growth just as did the total out- 
put during the late 1980s and the early 1990s. Capital 
invested in the manufacturing industry grew around 15  

 
Table 1. Annual rate of growth and productivity for manufacturing industry 1981-2007. 

Annual rate of growth 
Year 

GDP Labor Capital 

Labor 
productivity 

Capital 
productivity 

Capital-labor 
ratio 

1981 0.069429 0.053405 0.18300138 41.15220294 4.047203613 10.16805846 

1982 0.0594 0.034221 0.08098473 41.77820025 3.658656404 11.41900076 

1983 0.062513 0.030637 0.11524064 42.79534314 3.585601381 11.93533207 

1984 0.07762 0.045184 −0.0025226 44.11890606 3.416075644 12.91508464 

1985 −0.01123 −0.0273 −0.1404128 45.48805461 3.690540050 12.32558216 

1986 0.011534 0.007018 −0.215279 46.23976608 4.245174062 10.89231334 

1987 0.053887 0.078978 −0.0072427 46.44715447 5.472184861 8.487862829 

1988 0.099369 0.062433 0.15380721 45.36706136 5.809139037 7.809601572 

1989 0.090581 0.186424 0.32575443 46.94427558 5.535055159 8.481266082 

1990 0.090103 0.138343 0.31316098 43.15200683 4.553202475 9.477287046 

1991 0.095454 0.102776 0.22580055 41.32333083 3.779780421 10.93273318 

1992 0.088844 0.108844 0.2115724 41.04897959 3.377854904 12.15238095 

1993 0.098960 0.068712 0.20338623 40.30858896 3.035687884 13.2782389 

1994 0.092113 0.086108 0.15276721 41.44948335 2.772261231 14.95150706 

1995 0.098293 −0.0592 0.29184145 41.67864693 2.626394793 15.86914772 

1996 0.100027 0.074157 0.10315103 48.65561798 2.232898821 21.79033708 

1997 0.073223 0.047071 0.01048433 49.82740586 2.226574542 22.37850335 

1998 −0.07359 −0.04695 −0.5516924 51.07192807 2.364818510 21.59655291 

1999 0.061369 0.043501 −0.1061016 49.64465409 4.886818457 10.1588906 

2000 0.088586 0.091914 0.36907094 50.49472627 5.802357194 8.702450501 

2001 0.005181 0.0046 −0.0173173 50.34084637 4.613614227 10.91136881 

2002 0.053905 −0.05266 0.01597426 50.36996337 4.719241364 10.67331791 

2003 0.057893 0.029966 0.04299128 56.03576607 4.895431968 11.44654168 

2004 0.067827 −0.05068 0.05829711 57.55513843 4.965375437 11.5912964 

2005 0.053326 −0.01681 0.08186166 64.73999011 5.010088991 12.92192419 

2006 0.058491 0.04726 0.15227407 69.35796883 4.877938797 14.21870419 

2007 0.064798 −0.05089 0.24122127 70.10177628 4.480925282 15.64448677 
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percent to 30 percent annually during the period of 1988- 
1995, while the employed workers representing labor 
grew at much lower percentage for this period. By 1997 
growth rates for these factors as expected were negative 
particularly after the outbreak of economic crisis of 1997 
through 1999. Unpredictable fluctuations and volatility in 
their growth rates appear to follow after this period. 

The annual trends in labor productivity, capital pro- 
ductivity and capital-labor ratio for the period 1981 to 
2007 are shown in Table 1. A pronounced upward trend 
in labor productivity was evident starting from 1996 on- 
wards. Labor retrenchment during the economic crisis 
could have triggered the consequence. Capital productiv- 
ity has not seemed to improve remarkably and it only 
took effect moderately after 1999. The growth pattern of 
labor and capital productivity seemed to have somewhat 
influenced the trend in capital-labor ratio. Beginning in 
1995 the growth in capital-labor ratio had fluctuated up- 
wards reaching its peak during 1996-1998 after which a 
more gentle fluctuation was observed towards 2007.  

5. Manufacturing Total Factor Productivity 
Growth  

With the information on elasticity and the growth rate of 
inputs, that is capital and labor, one should be able to 
calculate the TFP and its growth using the formula in 
Equation (4). Mahadevan [12] utilized production fron- 
tier approach to estimate the total factor productivity 
growth. Coelli et al. [13] utilized time as a variable to 
segregate the impact of technical progress on total output 
and attributed the residual as an unexplained growth to 
the TFP. Alternatively labor can be broken up into sev- 
eral categories of skilled and unskilled labor. Estimates 
of the change in efficiency for TFP growth are obtained 
from the stochastic production frontier (SPF). Results of 
the estimated Cobb-Douglas and Translog stochastic 
production frontiers (SPF) using 1980-2007 manufactur- 
ing industry data are presented in Table 2. The translog 
function shortcoming is mainly due to loss of the degree 
of freedom and may not be appropriate for a small num- 
ber of observations. The maximum likelihood estimate 
(MLE) technique was applied in both cases using the 
Frontier 4.1 software. 

The inefficiency variables were used in the stochastic 
production frontiers, namely exchange rate, interest rate 
and the dummy representing the period economic crisis 
whereby 1 = crisis year and 0 = otherwise. As evident 
statistical tests of t-ratios show that the Cobb-Douglas 
SPF is a better estimator for the manufacturing sector.  

The SPF was adopted specifically in this investigation 
in order to estimate the annual technical efficiency and 
its annual changes for the TFP growth component. The 
Cobb-Douglas SPF was chosen for the analysis.  

Table 2. Stochastic production frontiers for manufacturing 
sector 1980-2007. 

 
Cobb-Douglas 

Function 
Translog 
Function 

Stochastic Frontier Model:
Constant (Beta 0) 

0.685620 57.08218 

 (22.36583)*** (55.85476)*** 

Labor (ln Lab) −0.205338 −7.15369 

 (−2.512465)** (−8.551875)*** 

Capital (ln Cap) 0.638073 −4.688396 

 (16.50374)*** (−7.368172)*** 

0.5 (ln Lab)2  −0.150112 

  (−0.217606)NS 

0.5 (ln Cap)2  −0.123721 

  (−0.305713)NS 

(ln Cap*ln Lab)  0.8723105 

  (1.657127)NS 

Inefficiency Model:   

Constant (Delta 0) 1.285927 2.621190 

 (8.859495)*** (7.138263)*** 

Exchange rate (ln ER) −1.259875 −2.327346 

 (−28.21242)*** (−9.213377) 

Interest rate (ln IR) 0.273706 2.404239 

 (6.23171)*** (1.497730)NS 

Dummy (D) 0.0379493 (0.248812 

 (1.579997)NS (5.012603)*** 

Sigma-squared 0.0020199 0.00521755 

 (6.03572) (2.88827) 

Gamma 0.999999 0.590205 

 (22.66045) (12.09795) 

Log likelihood function 53.517926 39.949486 

Note: Figures in parentheses denote the t-ratios for the regression coeffi- 
cients. ***Significant at 0.01 probability level; **Significant at 0.05 prob- 
ability level; and NSNot significant. 

 
The annual TFP growth components are shown in Ta- 

ble 3 and their trends are illustrated in Figures 1 and 2 of. 
The TFP growth components seemed to fluctuate around 
the zero growth line. One peculiar observation about all 
the components of TFP growth for the manufacturing is 
that the downfalls of GDP growth occurred twice during 
1981-2007. The first structural break occurred in 1985- 
1986 and the second which is more serious during 1997- 

998.  1 
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Table 3. Components of total factor productivity growth. 

TFP growth 

Year Gross domestic  
product 

Scale of operation 
Management of  
capital & labor 

Technical efficiency 
Total 

1981 0.069429 −0.1386945 0.032892 −0.02899 −0.06537 

1982 0.059400 −0.0585276 0.01388 0.015035 0.029788 

1983 0.062513 −0.0881451 0.020904 −0.00276 −0.00749 

1984 0.077620 0.01427239 −0.00338 0.089197 0.177704 

1985 −0.011230 0.11009738 −0.02611 0.082816 0.155574 

1986 0.011534 0.18195677 −0.04315 0.182452 0.332791 

1987 0.053887 0.02731679 −0.00648 0.075442 0.150168 

1988 0.099369 −0.11184521 0.026525 0.016011 0.03006 

1989 0.090581 −0.22229368 0.052718 −0.05646 −0.13545 

1990 0.090103 −0.22470190 0.053289 −0.05914 −0.14044 

1991 0.095454 −0.16120404 0.038231 −0.01848 −0.046 

1992 0.088844 −0.14766976 0.035021 −0.016 −0.0398 

1993 0.098960 −0.15162493 0.035959 −0.01007 −0.02678 

1994 0.092113 −0.10460259 0.024807 0.014467 0.026784 

1995 0.098293 −0.26004179 0.06167 −0.07888 −0.17896 

1996 0.100027 −0.06631845 0.015728 0.048524 0.09796 

1997 0.073223 0.00390076 −0.00093 0.076222 0.152421 

1998 −0.073590 0.44881870 −0.10644 0.530509 0.799301 

1999 0.061369 0.10045684 −0.02382 0.150126 0.288128 

2000 0.088586 −0.28396480 0.067344 −0.0929 −0.22094 

2001 0.005181 0.01572303 −0.00373 0.017406 0.034581 

2002 0.053905 −0.02753497 0.00653 0.031777 0.064678 

2003 0.057893 −0.02789352 0.006615 0.036121 0.072735 

2004 0.067827 −0.06240379 0.014799 0.01897 0.039193 

2005 0.053326 −0.07299623 0.017311 −0.00173 −0.00409 

2006 0.058491 −0.11464693 0.027189 −0.02382 −0.05279 

2007 0.064798 −0.21546466 0.051098 −0.08224 −0.18181 

 
Figure 1 shows that outbreaks of economic crisis 

which led to downsizing of industrial output resulted in 
enlargement of industrial scale. This is illustrated in Fig- 
ure 2 showing the sharp increases in TFP growth of scale 
operation only during these two periods. During such 
adjustment period the total output growth and the man- 
agement of capital and labor as apparent was reduced 

significantly. Although output growth towards the end of 
year 2000 was positive it remained relatively low around 
5 to 6 percent per annum. However, the industrial tech- 
nical efficiency had in turn improved as shown in the 
individual TFP growth components after which it had 
declined. By the end of the year 2000 growth in technical 
efficiency continued to regist l. This pattern had  er a fal 
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Figure 1. TFP growth for manufacturing 1981-2007. 
 

 

Figure 2. Components of manufacturing TFP growth.   
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some impact on the TFP growth.  

6. Conclusion 

This paper is specifically focused on the methodology of 
disaggregating the technical components of TFP growth 
for the manufacturing sector of the Malaysian industry 
for the period of 1980 to 2007. Since the investigation is 
centered on the measurement technique limited data was 
utilized, obtained from the Key Indicators of Developing 
Asia and Pacific Countries, Asian Development Bank. 
Methodology for measuring TFP growth is first pre- 
sented in this investigation. This was followed by the 
discussion on theoretical development of the TFP growth 
with the objective of deriving and expanding this simple 
model to disaggregate TFP growth components. These 
components comprise the technical progress, industrial 
return to scale with respect to the use of capital and labor 
over time, the allocative efficiency given output price 
and input costs of capital and labor, and changes in tech- 
nical efficiency of the industry. Finally the stochastic 
production frontiers (SPFs) were estimated to obtain the 
necessary parameters from empirical data. It is also em- 
phasized that measuring TFP growth can only be done 
practically when researchers understand how growth rate 
is derived and calculated. The discrete growth function is 
utilized throughout the discussion, as its usage is handy 
and not easily exploded. The measurement of TFP 
growth is important from the economic standpoint in 
order to identify the unexplained contribution to the total 
output growth other than those explained by capital and 
labor. This unexplained growth is the technical progress. 
Nowadays as human resource development is becoming 
dominant in influencing output growth, intellectual capi- 
tal besides that of physical capital has been recognized as 
an essential variable to sustain economic growth. The 
TFP growth is important for decision makers in identify- 
ing sources of technical growth in the private corporation, 
local government for national planning and for interna- 
tional comparison. Even so the ability to measure and in-
terpret these sophisticated techniques will not be of much 
use to real world decision making when data sources are 
insufficient and not reflective of the reality. Thus, the 
first stage requires data collection and source that is reli- 
able and up to date, while the second stage requires abil- 
ity to measure and interpret the results obtained from the 
analyses. As we realize that TFP growth can be estimated 
by other techniques such as the index numbers, different 
methods of TFP measurement might produce different 
results. The estimation technique adopted in this study 
utilizing the stochastic frontier production with ineffi- 
iency model provides a way of estimating TFP growth 

and component of technical efficiency is probably robust 
and most appealing currently.  

c
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