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Abstract: The main objectives this paper are to study the theoretical relationship between the primal
and dual Total Factor Productivity (TFP) from the accounting measurement perspective and assess
their accuracy in measuring unobserved TFP growth in the presence of (market power) MP and non
constant returns to scale (NCRTS) in the case of Malaysia's manufacturing industry. In support of this,
this paper uses an empirical method to estimate TFP growth by using Malaysian manufacturing data
at 5-digit SIC (Standard Industrial Classification) level, when both primal and dual TFP accounting
measurements fail due to MP and NCRTS. 
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INTRODUCTION

Accounting for differences in growth rates between countries has been the focus for a substantial literature
in recent years. One branch of this literature has sought to distinguish between growth that can be attributed
to increased usage of factor inputs and growth that can be attributed to an increase in total factor productivity
(TFP). This literature has been plagued by measurement problems, as it is not possible to observe TFP. One
approach has been to use an aggregate production function, from which a measurement of TFP can be
generated as a residual (often known as the "Solow Residual"). Alternatively, TFP may be measured by
examining the dual of the production function - i.e., the production-cost relationship. The equivalence of these
two measures depends critically on some crucial assumptions embedded in neoclassical production theory.

The assumptions of perfect competition (PC) and constant returns to scale (CRTS), as well as the
theoretical results derived in a framework that incorporates them, are often applied in empirical studies,
including microeconomic studies based on firm-level data. However, recent theoretical advances as well as the
related empirical research have shown that the departure from these standard assumptions may have important
implications with respect to the derived theoretical behavioural characteristics and the validity of the
conclusions based on the related empirical analysis. Relaxing some of the assumptions of PC and CRTS has
led to various extensions of the standard neoclassical results.

Traditionally, the measurement of the Solow residual has been based on standard neoclassical assumptions.
This dates back to Solow (1956, 1957, 1960), in which an aggregate production function was identified with

a Hicks-neutral shift parameter and CRTS                            where  t  denotes time,  aggregate gross( ( , ))t t t t tQ F K N 

output (Q) is produced from aggregate inputs consisting of capital (K) and Labour (N). The level of the Solow

residual is represented in the Hicks-neutral      parameter and is almost always characterised as "output( )
augmenting" and "technical change".
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Among the first papers that challenged some of the standard neoclassical assumptions was the seminal
work by Hall (1988). He questioned the assumption of PC in product markets, and tested the equality of prices
and marginal costs (under the assumption of CRTS) using longitudinal industry-level data for this purpose. His
empirical results provided strong evidence against the joint hypothesis of PC and CRTS. He also showed that
the primal Solow residual based on quantities of factor inputs can be decomposed into two parts: price mark-up
and technological change components. In another seminal paper, Roeger (1995) further elaborated Hall's
approach, preserving the assumption of CRTS. He established that, similarly to the primal, the dual Solow
residual based on prices and quantities of factor inputs can also be decomposed into two components.
Moreover, he argued that the presence of market power (MP) - a violation of the conditions of PC - induces
a wedge between the primal and the dual residuals. 

The works of Hall and Roeger inspired a series of empirical studies such as Carlaw and Lipsey (2003),
Lipsey and Carlaw (2002), Hulten (2000), Basu and Fernald (1997), and Jorgenson, Gollop and Fraumeni
(1987). All of them have argued that unobserved TFP growth is not an appropriate measure of technological
change as Hall had claimed in his paper.

Under the assumptions of CRTS and PC, unobserved TFP growth has been measured in the literature using
traditional primal TFP measurement (Solow, 1957) and traditional dual TFP measurement (Christensen,
Jorgenson and Lau, 1973). The TFP measurements based on primal and dual approaches should be equivalent
because of the duality of production functions and cost functions. With a production function and output prices,
one can find the best use of given level of inputs in order to maximise production subject to resource
constraints, whereas with a cost function, one can find the least cost means of producing a given level of
output in order to minimise cost subject to providing the desired level of output.

Young (1992, 1995, 1998) and Hsieh (1999, 2002) have undertaken research into the aggregate
productivity growth of Singapore, attempting to understand the relationship between the primal and dual TFP
growth measurements and also their accuracy in measuring unobserved TFP growth. Young (1992, 1995), by
using primal TFP growth accounting, shows that there was in fact no aggregate TFP growth in Singapore.
Hsieh (1999, 2002), shows only a 2 percent TFP growth in Singapore by utilising dual TFP growth accounting
measurement. The research carried out by Hsieh also shows that primal and dual TFP growth should be equal,
when based on national income data. Hsieh and Young's findings however, are different due to the inaccuracy
of the data and to differences in the way investment is treated, i.e. whether it is treated as exogenous or
endogenous in the production function. Unfortunately, the findings of Hsieh are still not sufficiently convincing
to assume that both TFP accounting measures should be equal to unobserved TFP growth.

Hall (1988) and Basu and Fernald (1997), show that MP and non-constant returns to scale (NCRTS) are
important factors in influencing aggregate TFP growth and may cause biases in the TFP growth accounting
measures. As a consequence, there remains a heated ongoing debate with regard to these issues. Thus, behind
all these elements, one is still unable to answer the question of how to measure the unobserved TFP growth
when both primal and dual TFP accounting measures fail.

As a result of this, the objectives of this paper are to study the theoretical relationship between the primal
and dual TFP from the accounting measurement perspective and assess their accuracy in measuring unobserved
TFP growth in the presence of MP and NCRTS in the context of Malaysia's manufacturing industry. In order
to achieve this objective, this paper relaxes both the assumption of CRTS and PC and shows that the wedge
between the two TFP accounting measures depends on the growth rates of factor shares in total revenue. Thus,
if factor shares in total revenue remain constant, then one will expect that the difference between the growth
rates of primal and dual TFP will vanish, even in the presence of MP and/or NCRTS.

In support of this, this paper will use an empirical method to estimate TFP growth by using Malaysian
manufacturing data at 5-digit SIC (Standard Industrial Classification) level, when both primal and dual TFP
accounting measurements fail due to MP and NCRTS. In order to reach this objective, these papers will first
tests whether the industries have constant factor shares in total revenue in the sample. The t-tests will be used
to examine the hypothesis that factor shares in total revenue are constant over time. If the t-tests fail to reject
a null hypothesis of constant factor shares in total revenue, then this will indicate that the growth rate of
primal TFP will be equal to the growth rate of dual TFP, even in the presence of MP and/or NCRTS.
Secondly, the paper will estimate average TFP growth, and scale coefficients according to the structural model
of production and cost functions. Finally, this paper will compare the estimates of TFP growth to those of
primal and dual TFP accounting measures. 

The paper is organised as follows. Section 2 discusses review of literature, measurement of productivity
and background of theory. Section 3 discusses the estimation framework. Section 4 discusses data description
and analysis. Meanwhile Section 5 provides conclusion.
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Review of Literature, Measurement of Productivity and Theoretical Background:
Growth Model and TFP:

The first explanation of technological progress is commonly attributed to Solow (1956). In his growth
model, technology is something accessible to everybody free of charge. A different view of technological
progress considered in Solow (1957) and by many others thereafter, suggests that the previous model overlooks
the interaction between capital accumulation and technological progress. Other scholars (Beckers, 1964; Lucas,
1988) have highlighted the importance of human capital in explaining technological progress. More recently,
various authors (Romer, 1986, 1990; Grossman and Helpman, 1991) have claimed that technological progress
can be better modelled by a combination of external effects and increasing returns. There is a vast empirical
literature dealing with TFP. Based on growth accounting measures Abramovitz (1956) carried out one of the
first attempts in determining the sources of TFP. His results indicated that the main sources of the U.S.A.
productivity growth were still unidentified

Technological Change Measurement:
In Solow’s model of economic growth, Solow assumed an aggregate Cobb-Douglas production function

that converts capital (Kt) and labour (Nt) inputs into output (Qt). Technological change is assumed to be Hicks-
neutral so that shifts  in  the  level  of  output do not change the  marginal  rate  of  substitution of the
inputs.  With  the  additional  assumption  of  CRTS, the Cobb-Douglas production function takes the form

                   where       is a measure of the cumulative effect of technological change over time, and 1
t t t tQ K N   t

            is the share of capital in production. The production function      may be written  in  per capita(0,1)  tQ

terms in the following way:

 t t
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t t
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a percentage change and lower case denotes the natural logarithms transform. 

Mark-up Pricing in Imperfect Markets:
It is a well-established result in production theory that under perfect competition in efficient product and

factor markets, firms producing homogeneous products set their prices at their marginal costs. In addition, if
the production technology is characterised by constant returns to scale, and there are no dynamic effects,
average costs equal marginal costs and hence the output price. These conditions do not necessarily hold in a
world of imperfect competition: thus the incidence of a monopolist endowed with market power may result
in a shift of the equilibrium point away from its would-be position under perfect competition. If the demand

curved faced by a monopolist producing Q is downward sloping, the equilibrium price      will exceed theQP

marginal cost mc by a mark-up             which  depends  on  the  price  elasticity of demand η in which( 1)  

                    . In other words, monopolistic firms may use their market power to set prices above their
1

1
1

QP

mc




 
 
 

 

marginal costs. A common measure of market power, which is closely related to the mark-up, is the Lerner
Index (Lerner, A., 1934).

Price Mark-ups and Returns to Scale:
Most empirical studies so far have neglected one specific aspect of mark-up pricing, namely the existing

link between the mark-up ratio and the returns to scale index in the case of non-constant returns to scale. This
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link can be illustrated in the following simplified theoretical setup. Assume that the production technology of

a representative firm is characterised by a production function            , where X is the vector of  inputs.( )Q f X

Alternatively, it can also be defined by the dual cost function C=C (Q, P), where P is the vector of factor
prices. It is assumed that both f and C possess all the conventional properties that validate the duality theorem.
Let the production technology be characterised by a returns to scale index Z which in accordance with the
theory of production duality (see more detail, e.g. Fare and Primont, 1995) can be expressed as: 

 
( )

i
i

f CX
X Q

Z
f X mc

    
         


where       is  the  average  cost  of producing one unit of output and mc, as before, denotes the marginalC
Q

production cost                 .  From  equation above, marginal cost can be determined as               . Cmc Q
 

C
Qmc Z

Substituting the latter in                             will establish a direct relationship between mark-up and  1 1 1QP mc   

the returns to scale indices:

 QP Q

Z C




The right-hand side of this expression is nothing else than the firm’s average profit margin. Hence the
above equation suggests that a monopolist operating a production technology characterised by a returns to scale
index Z will achieve an average profit margin which equals the mark-up μ divided by the returns to scale
index. From a theoretical point of view, the equation above establish a direct structural relationship between
(the unobservable) returns to scale and mark-up indices and the (observable) average profit margin.

Measurement of TFP Growth from the traditional Neo-classical Production Function (Primal approaches):
The traditional framework for the measurement of TFP growth was developed by Solow (1956,1957,1960)

and furthered by Denison (1967,1979), Grilliches and Jorgenson (1966) and Jorgenson et al. (1987).
According to the growth accounting framework, TFP is defined as the difference in the growth of output

and the weighted rates of growth of the inputs.
Assume that each sector, indexed by i, has at time t the following production function,

 ( )it it i it itQ F K N 

where;

       = Output at time t in sector i
it

Q

       = Capital input at time t in sector iitK

        = Labour input at time t in sector iitN

       = Solow residual TFP at time t in sector i or an index of Hicks-neutral technical change.it

The logarithmic differential with respect to t can be written as,
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 where;

                           is the relative share of capital input
(ln ) ln

(ln ) lnK
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                            is the relative share of labour input
(ln ) ln

(ln ) lnN

Q N
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                  is unity since it is a Hicks-neutral shift parameter
(ln )ˆ
(ln )
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                   is the growth rate of output
(ln )ˆ Q

Q
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                    is the growth rate of capital input
(ln )ˆ K

K
t






                      is the growth rate of labour input
(ln )ˆ N

N
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Thus given hats indicate time derivatives; the rate of growth of output can be shown as

 ˆ ˆ ˆ ˆ
K NQ K N   

Therefore, TFP growth is measured as the residual of output growth after accounting for the growth of
the inputs.

ˆˆ ˆ ˆ
K NQ K N   

or

Solow Residual (SR)primal =                        ˆ ˆ ˆ
K NQ K N 

This Equation above is the measurement of TFP growth based on the quantities information approach,
otherwise known as the primal approach.

Measurement of TFP Growth from the Traditional Neoclassical Cost Function (Primal and Dual
Approaches):

The primal and dual approaches of TFP growth can be derived either from the production function or from
cost function. Initially, it can be look at the cost function approach in which output is equal to the payments
to the factors of production.

PQ = rK + wN     
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where
r = price of capital
w = price of labour
PQ = Total Revenue
K = Capital inputs
N= Labour inputs

If differentiating both side of equation above with respect to time, the equation will be:

 
PQ K r w N

r K N w
t t t t t

                        

Now dividing equation above by PQ, the result is;

         

PQ
r K K r N w w Nt

PQ PQ t PQ t PQ t PQ t


                       

Rearrange equation above as;

 

K r w N
rK wNt t t t
PQ K r PQ w N

      
            
   
   

where;
    

      = shares of capital in total revenue.
rK

PQ

       =shares of labour in total revenue.
wN

PQ

Now, replacing the terms involving the growth rates of factor quantities on the left-hand side of the
equation, obtaining;

  

PQ K N r w
rK wN rK wNt t t t t

PQ PQ K PQ N PQ r PQ w

           
                     
       
       

Then, the primal estimate of the Solow (1957) residual is the growth rate of output minus the share-
weighted growth in capital and labour inputs.

    

PQ K N
rK wNt t t

PQ PQ K PQ N
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The dual estimate of Solow (1957) residual is the share-weighted growth in capital and labour prices.

                               

r
rK t
PQ r

 
   
 
 

w
wN t
PQ w

 
  
 
 

Both Equations above are based on prices and quantities of factor inputs information, so these being
known as the dual approach.

The Relationship Between Primal and Dual TFP from the Traditional:
Neoclassical Model:

The traditional assumptions of a neoclassical model of production are:
1. Producers are in long-run equilibrium
2. Technology exhibits CRTS
3. Output and input markets are perfectly competitive
4. Factors are utilised at a constant rate

According  to  the  assumptions,  let  i  be  the  industry  index and t be the time index; therefore, the

relationship between growth rate of output,      , the growth rate of labour input,       , and the growth rateˆ
itQ ˆ

itN

capital input,       , can be represented by Equation belowˆ
itK

 ˆ ˆ ˆ ˆ
it iK it iN it itQ K N   

where        is the growth rate of Hicks neutral productivity,        and         are the  elasticity of outputˆ
it iK iN

with respect to capital and labour input.
Hence according to Hall (1988), rewriting equation above gives 

ˆ (1 )it it
it iK

it it

Q N

K K

   
      

   

where the left hand side of equation is the rate of  Hicks-neutral  technical  progress               . Solow ( log( )) 

recommended evaluating the left hand side in order to measure the rate of growth of TFP. This measure has
come to be known as TFP growth because, unlike measures that consider only output and labour input, it
accounts for capital input and, in a more general form, for all other types of inputs.

The first term on the right  hand  side  of  equation         is the growth rate  of  output  per  capital
Q

K
 
 
 

                 and in the second term,         is the share of capital in total revenue (ratio of compensationlog
Q

K

       
iK

rK to total revenue PQ), and          is the rate of growth of the labour per capital                 . Whilst
N

K
 
 
 

log
N

K

       

               is the share of labour in total revenue.N

wN

PQ
 

Therefore, the right hand side of equation has become known as the "Solow Residual" (SR). 
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According to the dual approach of production theory, a similar relationship also exists between the growth

rate of the output price,       , the growth rate of wages,       , and the rental price,      :îtP ˆ itw îtr

 ˆ ˆˆ ˆit iK it iN it itP r w   

      
Thus,

 ˆ (1 ) it it
it iK

it it

r P

w r

   
      

   

where the first right hand side (RHS) of equation          is  the  growth  rate  of  rental  price  per  wageit

it

r

w

 
 
 

                 multiplied by               is  the  share  of labour in total revenue (or 1 minus the ratio oflog
r

w

       
(1 )iK

compensation rK to total revenue PQ ) and the second RHS,          is the growth rate of output price perit

it

P

r

 
 
 

rental price                 .log
P

r

       

Therefore, defining the growth rate of primal TFP and the growth rate of dual TFP according to the
following equation by Hall (1988) definition:

 ˆ 1it it
it iK

it it

Q N
TFP primal

K K

   
      

   

re-expressing equation above with the convention that

     
X

x
K



where

       
Q

q
K



and

 
N

K
 

obtain

                 ˆ ˆ ˆ(1 )it it it iK itTFP primal q    

Primal TFP growth is measured by the difference between the growth rate of output and the revenue share-
weighted average of inputs.
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            ˆ (1 ) it it
it it iK

it it

r P
TFP dual

w r

   
      

   

Dual TFP growth is measured by the difference between the growth rate of wage rental ratio and rental
price ratio.

Under the assumptions of CRTS and PC, the growth rate of the two TFP (primal and dual) measures are

theoretically identical, and they measure the unobserved TFP growth,       , precisely.ˆ
it

The Estimation Framework:
Moving from the Traditional to Generalised Neoclassical Approach:
3.1Primal Analysis:

Returning to the previous equation in which it was assumed that each sector, indexed by i, to has at time
t, the following production function,

      ( , )it it i it itQ F K N 

By substitution and manipulating, Equation above can be further manipulated to achieve the following 

     ˆ ˆˆ1 1 1it it i iK it i itTFP primal Z K       

Equation above leads to the following proposition:

Proposition 1:

Let        > 0 and        >        . The growth rate of traditional primal TFP will be less than the growthˆ
itN ˆ

itK ˆ
itN

rate of generalised primal TFP if the mark up is greater than 1 and the organisation faces decreasing returns
to scale. If the organisation faces increasing returns to scale and mark up > 1, the growth rate of traditional
primal TFP will be less than or more than the growth rate of generalised primal TFP. 

Proof:
Given        >  0  and        >         ,  then       <  0,  followed by      > 1 (MP) and      < 1. Soˆ

itN ˆ
itK ˆ

itN ˆit i iZ

                       <       . itTFP primal ˆ
it

Intuitively, if the firm is capital intensive relatively to labour, the existence of MP and decreasing returns
to scale implies that the growth rate of traditional primal TFP growth will be lower than the generalised primal
TFP growth. The above proposition restates the results of Hall (1988, 1990), where he shows that MP may
cause the Solow residual to be procyclical and correlated with some aggregate demand variables.

3.2 Dual Analysis:
Initially start with the Homogeneity of the Cost Function.

                                       is a general cost function, and                    ,  , , ,C w r F N K wN rK  ( , )Q F N K 

if F is homogeneous of degree Z in (N,K),
as a result

C is homogeneous of degree      in F
1

Z
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C is homogeneous of degree      in Q
1

Z

Let            , then            
C

m
Q





1 C
m

Z Q


  
Based on the above properties, Homogeneity of the Cost Function can be rewritten as general cost

function,

   , , ,it it i it it it it it itC w r F N K w N r K 

By substitution and manipulation, Equation above can be further manipulated to achieve the following 

     ˆ 1 1 1it it it
it it i iK i

it it

r P Q
TFP dual Z

w r


   
         

   
       
The equation leads to the following proposition:

Proposition 2:

Let                  and               . The growth rate of traditional dual  TFP  will  be less  than theˆ ˆ 0it itw r  ˆit it itP Q r

growth rate of generalised TFP, if the mark-up is greater than 1 and returns to scale less than 1. However, if
the organisation faces increasing returns to scale and mark up > 1, the growth rate of traditional dual TFP will
be less than or more than the growth rate of generalised dual TFP.

Proof:
Given                 , and              ˆ ˆ 0it itw r  ˆit it itP Q r

Thus         < 0 and             >0, therefore          (MP) and          or > 1.it

it

r

w

 
 
 

it it

it

P Q

r

 
 
 

1i  1iZ 

Therefore 

 ˆit itTFP dual  

Intuitively, the above proposition shows that, with the right conditions, both MP and decreasing returns
to scale may result in traditional dual TFP growth underestimating the generalised TFP growth. Notice that
by maintaining the assumption of CRTS, that is setting Zi =1, Roeger (1995) shows that MP causes the
traditional dual TFP growth to underestimate generalised dual TFP growth. In other words, Roeger considers
only one of the scenarios of proposition 2 that of MP. However, by considering both conditions, MP and
NCRTS, it can also cause the traditional dual TFP to underestimate the generalised TFP growth.
 
The Difference:

The difference between the two measured growth rates of TFP can be derived by subtracting 

      1 1 1it it it it
it it i iK i

it it it it

w N r K
TFP primal TFP dual Z

r K P Q
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Intuitively, in theory, the presence of MP and NCRTS creates a possible wedge (Roeger, 1995) between
the two measures. However, given that the factor shares in total revenue are mostly constant in the real world,
the right-hand side of the above equation is practically nil even in the presence of MP and NCRTS.

Proposition 3:
If the shares of labour and capital in total revenue are constant, then the growth rate of traditional or

generalised primal TFP will be equal to the growth rate of traditional or generalised dual TFP, even in the
presence of MP and/or NCRTS.

Proof:
Input share of labour in total revenue =  it it

it it

w N

P Q

 
 
 

Input share of capital in total revenue =  it it

it it

r K

P Q

 
 
 

If the input shares of labour and capital in total revenue are constant, so

               =               it it

it it

w N

P Q

 
 
 

it it

it it

r K

P Q

 
 
 

Thus                 or the ratio of shares of labour and capital will be practically nil. 0it it

it it

w N

r K

 
 

 

Then                                        .itTFP primal  0itTFP dual 

Estimation Strategy:
The endogeneity problem will be  faced,  if the         and        parameters  are  estimated  using theiN iK

Ordinary Least Squares (OLS) regression method. TFP growth initially will be estimated in the presence of
MP and NCRTS by using OLS regression methods. This can be done by applying equations below, which are
extensions of the primal and dual Hall regressions, in order to estimate mark-up and returns to scale
coefficients with regard to the model specified,

  1 2 3
ˆ ˆˆ ˆ1it i i iK it i itq K      

  1 2 3
ˆ 1it it it it

i i iK i
it it it

r r P Q

P w r
 

     
         

     

where 

     is the growth rate of output,       is growth rate of the labour per capital ratio,          is the growth rateˆitq ˆit it

it

r

P
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output price per rental price ratio,           is the growth rate of rental price per wage ratio,              isit

it

r

w

 
 
 

it it

it

P Q

r

 
 
 

the growth rate total revenue per rental price ratio,       is the growth rate of Hicks neutral productivity andˆ
it

       is the share of capital in total revenue. iK

Meanwhile       and       will be the estimated values of the industry-specific mark-ups, and       and2i 2i 3i
       will be the estimated values of the industry-specific returns to scale coefficients. In order for the primal3i
and dual regressions to be equivalent, the following constraints must hold:

2 2 

3 3 

Subsequently, the previous equations will display an endogeneity problem. The growth rate of technological

progress,        ,  enters  a   firm's  first-order  condition  for  profit maximisation (as well as that of costˆ
it

minimisation), which determines the input demand and also output of the firm. So, without overcoming this

problem,        , the least squares estimates for the coefficients of the growth rate of labour per unit of capitalˆ
it

and the growth rate of capital will be biased upward. This problem was first initially discussed by Marschak
and Andrew (1944). Firms choose inputs knowing their own level of productivity, which is unobservable to
the econometrician. A least squares regression of output on inputs will give inconsistent estimates of the
production function coefficients.

Furthermore, as shown in Olley and Pakes (1996), there will be a selection bias in the model because of
the pattern of firms’ entry and exit. Productive firms will stay in the business, while unproductive firms choose
to exit. However, larger firms may be better able to survive short periods of low productivity, so without
overcoming the problem of surviving probability of firms in the industry, least squares estimates for capital
growth will be biased downwards. According to Olley and Pakes (1996) for estimating productivity effects of
restructuring in the U.S. telecommunications equipment industry, they not only addressed the simultaneity of
inputs and unobserved productivity, but also argued that correlation of exit from the sample with inputs would
lead to an additional sample selection bias. In other words, if low productivity firms tend to exit and the exit-
thresholds show a decrease in capital, selection will bias the least squares estimate of the capital coefficient
downward.

Fixed Effect Correction:
Assume that the Hicks neutral technological progress parameter is a random variable of the following form:

   
0

titeit
i

  

ˆ
it it i t itu      

in which         is the technological level of industry i at the beginning, period 0, and       is the growth rate0i it

of technological progress. So, the growth rate of the technological progress of industry i in period t consists

of  an  industry-specific  growth rate,     , and  a  period-specific  growth  rate,     , which  captures  thei t
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macroeconomic shock that is common across industries in the same period, plus a white noise,      , that isitu

a classical random error with zero mean and       variance.
2

By applying substitution method, to obtain

     ˆˆ ˆ1 1 1 P
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where      and       will capture both additive measurement errors specific to      and          and the white
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noise productivity shock,      .itu

Applying the cross equation restriction, equation may be stacked to give
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where bold characters denote vectors.       is a 2T x 1 indicator vector that has an entry equal to one fortD
period t, and zero otherwise.

Data Description and Analysis:
This paper utilised the data that has been collected and reported to the Department of Statistics, Malaysia

from census of Manufacturing Industries, for the period 1975-1999. The reporting unit for the census is the
establishment. An Establishment is defined as "An economic unit that engages, under a single ownership or
control, that is, under single legal entity, in one, or predominantly one, kind of economic activity at a single
physical location". The number of establishments in the sample ranges from some 3819 establishments in 1975
to 17,570 establishments in 1999. The total number of establishments during the period of study from 1975
to 1999 is 187,193 establishments.
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The sample that has been studied was categorised into small size industry (industries on average with less
than 50 employees per establishment) categories of an average establishment. Average establishments refer to
as an industry according to the employment size group established by Department of Statistics, Malaysia. 

Table 4.1 presents the summary of mean values of the main variables that have been used in the
computation of traditional primal and dual TFP growth. Table 4.1 tables have also been used to estimate
generalised primal and dual TFP growth of the industry in Malaysian manufacturing at 5-digit SIC level from
1975-1999. The values represent the average annual growth rates from 1975 to 1999 in percentage terms.

Table 4.1: Data at a Glance in Malaysian Manufacturing at 5-digit industry with Small Size Industries
AVERAGE ANNUAL GROWTH RATE (%) OF

Industry (1) ln Output ln Real ln Labour ln Wage ln ln ln
Capital Rental Capital Rental Capital Revenue Output
Ratio (2) Price Ratio (4) Ratio (5) (6) Rental (8)

Ratio (3) Ratio (7)
Food, Beverages and Tobacco -0.08 -0.24 -0.02 -0.01 0.24 -0.13 0.14
Textiles, Apparel & Leather -0.01 -0.33 -0.02 -0.04 0.24 -0.19 0.17
Wood Products -0.08 -0.15 -0.02 -0.06 0.36 -0.16 0.29
Chemical, Petroleum, Coal, Rubber and Plastics -0.03 -0.13 -0.01 0.00 0.27 0.09 0.26
Non-Metallic Mineral Products -0.16 0.05 -0.06 0.03 0.44 0.30 0.28
Metallic Mineral Products 0.01 -0.07 -0.02 0.00 0.13 0.05 0.14
Machinery & Equipment -0.04 -0.22 -0.03 -0.02 0.34 -0.17 0.23
Other Manufacturing -0.03 -0.14 -0.01 -0.01 0.14 -0.05 0.12
Notes: Unless otherwise stated, all values represents the average annual growth rates from 1975 to 1999 in percentage terms

Output of an industry is defined as the gross value of output at 5-digit SIC code for each industry,
obtained from the Annual Industrial Survey Department of Statistics (Malaysia) and is deflated with the 1989
sectoral Producer Price Index (PPI) in order to get the real value.

Labour is measured by the number of full-time and part-time employees. Salaries and wages paid refer
to cash payments, including bonuses, commissions, overtime payments, cost of living allowances and other
allowances made to all paid employees during the year in question. In this paper, the assumption of
homogeneous labour input is imposed. 

For this paper, capital stock data is not available for Malaysia.  Thus, capital input is measured as the
value of fixed assets as at the end of a calendar year. Assets cover all goods, new or used, tangible or
intangible, that have a normal economic life span of more than one year (e.g. land, building, machinery and
equipment, including transport equipment). The values of these fixed assets are deflated with the 1989 sectoral
PPI in order to get the real value.

Rental prices are incorporated according to a user costs method. An estimate of the user cost of physical
capital, r is thus required. Following Hall and Jorgensen (1967), the following formula is applied:

 1 1t t t t t tr P Pd P P    

where r is the rental price, P is the price index for new capital goods , q is the net rate of return and d is the
rate of depreciation.

The rate of depreciation used is 0.03 for non-residential structures (Hulten and Wyckoff, 1996), 0.0152
for other structures (Fraumeni, 1997), 0.3 for transportation equipment (Hulten and Wyckoff  1996) and 0.12
for other machinery and equipment (Hulten and Wyckoff, 1966). Defining capital income to equal nominal
value added less labour compensation, and given information about depreciation, holding gains and capital
stock, the net rate of return is estimated residually as:

  1 1

1 1

t t t t t
t

t t

capitalincome Pd P P K
q

P K
 

 

  


where K is the real capital stock and PK the nominal capital stock.
Unless otherwise stated, most of the data needed for the regression has been obtained from various years

of the Report of the Department of Statistics, Malaysia.
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4.1 Average Growth of Factor Shares in Value Added for Small Size Industry:
Table 4.2 presents the time series data and statistics of the average growth of the labour share in value

added for small size Malaysian manufacturing industries from 1975 to 1999. According to proposition 3, if the
factor shares in total revenue are constant, then the growth rate of primal TFP will be equal to the growth rate
of dual TFP, even in the presence of MP and/or NCRTS. The t-tests have been used to formally examine the
proposition that the factor shares in value added are constant over time. If the factor shares in total revenue
have not trend or have not been changing over time, then the ratio growth rate of factor shares in value added
will be nil. Subsequently, if t-tests fail to reject a null hypothesis of constant, the factor shares in value added,
then this will indicate that the growth rate primal TFP will be equal to the growth rate of dual TFP, even in
the presence of MP and/or NCRTS.

The last two columns of Table 4.2 presents the value of t-tests and average growth factor shares in value
added for small size industry. In detail, the last columns of Table 4.2 demonstrates a constant average growth
of the factor shares in value added. The second last column of Table 4.2 presents the value of t-tests and it
shows that the constant average growth of the factor shares in value added cannot be rejected for any of the
industries in the sample. This indicate that all industries in the sample accept a nil growth in labour and capital
shares in total revenue, therefore, the null hypotheses of constant average growth of labour and capital in value
added are not being rejected. The last column of Table 4.2 shows that the average growth of the labour share
in value added ranges from nil to 0.04 percent, showing similar patterns to those that Roeger (1995) has found
using U.S.A. manufacturing data.

In addition to providing a support of this hypothesis, according to Roeger (1995) using U.S.A.
manufacturing data, the average growth in labour share of all countries is about 0.2 percent. This labour share
data is constructed using the UNIDO (United Nations Industrial Development Organisation) data set, which
covers manufacturing industries from more than 100 countries from 1965 to 2000. In all countries, growth is
not statistically different from zero. Therefore, this is consistent with what Roeger (1995) has found and what
this paper will expect from proposition 3.

Furthermore by using the NBER-CES (National Bureau of Economic Research-U.S. Census Bureau's Centre
for Economic Studies) manufacturing industry database, which covers 459 4-digit SIC industries, only 24 out
of the 459 industries, about 5 percent of the sample, rejected the constant growth of factor share in value
added hypothesis. The remaining 95 percent of industries do not reject the constant growth of factor share in
value added hypothesis. Therefore, the finding of NBER-CES is consistent with the finding of this paper
according to proposition 3.

Table 4.2: Average Growth Labour Share in Value Added with Small Size Industry, 1975-1999.
 1975-1979 1981-1985 1986-1990 1991-1995 1996-1999 Min Max Mean S.D. t-statistics Average Growth
Food, Beverages and Tobacco -0.01 -0.01 0.01 0.02 0.06 -0.41 0.34 0.01 0.16 -0.20 0.01
Textiles, Apparel & Leather -0.02 0.03 0.00 0.07 0.01 -0.31 0.32 0.02 0.16 -0.36 0.02
Wood Products -0.07 0.07 0.02 0.04 0.05 -0.48 0.32 0.02 0.18 -0.56 0.02
Chemical, Petroleum, Coal, Rubber and Plastics 0.05 -0.02 -0.03 0.00 0.02 -0.28 0.19 0.00 0.14 -0.71 0.00
Non-Metallic Mineral Products 0.05 -0.05 0.06 -0.01 0.13 -0.49 0.83 0.03 0.29 -0.33 0.03
Metallic Mineral Products -0.06 0.01 0.05 0.05 0.11 -0.27 0.22 0.02 0.14 -0.56 0.03
Machinery & Equipment 0.03 -0.01 0.01 0.07 0.02 -0.50 0.40 0.02 0.20 -0.33 0.03
Other Manufacturing 0.04 -0.02 0.02 -0.05 0.10 -0.52 0.35 0.01 0.20 -0.73 0.01

4.2 Decomposition and Estimation of Tfp Growth for Small Size Industry:
The primary purpose of this paper is to decompose the sources of traditional primal and dual TFP and

generalised primal and dual TFP growth into scale and mark-up effects in the hope of isolating a better
measure of technical progress. The results are presented in columns 2 and 3 of Table 4.3.

In columns 2 and 3 of Table 4.3, the traditional primal and dual TFP growth measures (Solow framework)
are presented where TFP is measured under the assumptions of CRTS and PC. In columns 4 and 5 of Table
4.3, the adjusted primal and dual TFP growth is presented where TFP is OLS estimated using under the
assumptions of CRTS and MP.

Meanwhile in column 6 and 7 of Table 4.3, the generalised primal and dual TFP growth is presented
where TFP growth is also OLS estimated but under the assumptions of NCRTS and MP.

By stacking both regressions together to estimate primal and dual TFP growth jointly using GMM
estimation regression, the result is presented in column 8 and 9, however in column 8, TFP is estimated under
the assumptions of CRTS and MP but in column 9, TFP is estimated under the assumptions of NCRTS and
MP.

A comparison of the different TFP growth measures (columns 2, 3, 6, and 7) in Table 4.3 reveals that the
contributions for the different biases resulting from scale and mark-up are statistically important. By comparing
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columns 2 and 3 with columns 6 and 7, respectively, the traditional primal and dual TFP growth underestimates
the generalised primal and dual TFP growth when relaxing the assumptions of NCRTS and MP. This finding
is provide a support to the propositions 1 and 2, that the growth rate of traditional primal and dual TFP will
be less than the growth rate of generalised primal and dual TFP, respectively.

Table 4.3: Decomposition of TFP growth in Malaysia Manufacturing Industry with Small Size Industry:1975-1999.
Industry (1) Traditional Traditional Adjusted Adjusted Generalised Generalised Adjusted Generalised

Primal Dual Primal Dual Primal Dual Primal & Primal & 
TFPa (2) TFPa (3) TFP TFP TFPc (6) TFPc (7) Dual TFP Dual

(Hall)b (4) (Roeger)b (5) (Hall & TFPc (9)
Roger)b (8)

Food, Beverages and Tobacco -0.02 -0.02 0.06 0.07 0.06 0.06 0.03 0.04
Textiles, Apparel & Leather -0.02 -0.03 0.07 0.08 0.09 0.11 0.04 0.05
Wood Products -0.01 -0.02 0.06 0.06 0.04 0.05 0.03 0.04
Chemical, Petroleum, Coal, Rubber and Plastics -0.03 -0.03 0.04 0.04 0.13 0.14 0.00 0.00
Non-Metallic Mineral Products -0.02 -0.02 0.10 0.10 0.08 0.09 0.02 0.02
Metallic Mineral Products -0.05 -0.06 0.06 0.06 0.03 0.04 0.00 0.00
Machinery & Equipment -0.04 -0.04 0.05 0.05 0.07 0.08 0.02 0.02
Other Manufacturing -0.02 -0.02 0.07 0.07 0.07 0.07 0.00 0.01
Note: a Traditional TFP assumes constant returns to scale and perfect competition
b Adjusted TFP assumes constant returns to scale and market power
c Generalised TFP assumes non constant returns to scale and market power

Conclusion:
This paper has made the following contributions to the literature. Firstly, the paper has proved theoretically

and shown empirically, that even in the presence of MP and NCRTS in the small Malaysian manufacturing
industry during the period of study from 1975 to 1999, primal and dual TFP accounting measures are proved
to be equal mainly because the factor shares in value added in all industries are relatively constant. Differences
between primal and dual TFP, however, still can be observed in a few cases. Similar findings were found in
the studies by Young (1995) and Hsieh (2002). This difference was considered as white noise by Young (1995)
and could also be due to data inaccuracy as argued by Hsieh (2002). If the factor shares in value added are
not constant, then the differences should depend on MP (Roeger, 1995) and/or NCRTS (as suggested by this
paper) as well as the changes in factor shares and how investment is treated in the production model, as being
either endogenous or exogenous (Hall, 1988). The finding from this paper is in contrast with the result from
Roeger (1995), which shows that MP alone could explain the differences between primal and dual TFP
accounting measures in the U.S.A. manufacturing sector.

Secondly, this paper demonstrates that the assumptions of CRTS and PC are essential for both primal and
dual TFP in measuring TFP growth for the small Malaysian manufacturing industry. If these assumptions are
violated, both accounting methods could underestimate TFP growth. 

Thirdly, this paper sheds light on the debate between Young (1992, 1995) and Hsieh (1999, 2002) who
argued that the discrepancies at the aggregate level for primal and dual TFP growth are mainly driven by data
issues, since factor shares in value added are relatively constant. Thus, Young and Hsieh rejected the possibility
that this discrepancy is related to the assumptions used in the estimation. However, from Hsieh and Young
papers, they found that even at the aggregate level, the two essential assumptions (CRTS and PC) should be
supported to show that the primal and dual TFP growth be equal. Nevertheless, Hsieh and Young findings are
different. For this reason, both Young (1992, 1995) and Hsieh (1999, 2002) might have underestimated the
aggregate TFP growth of Singapore. The finding of this paper shows that if we can allow for NCRTS and MP
estimating the TFP growth, the TFP growth is substantially higher than the accounting measures using either
primal or dual methods. Thus, this paper strongly recommends that both assumptions should be taken into
consideration in measuring TFP growth.

Finally, by applying OLS regression with the extension of primal and dual Hall method to estimate the
TFP, mark-up and RTS, the estimation will display an endogeneity problem. The growth rate of technological
progress enters a firm’s first-order condition for profit maximisation (as well as that of cost minimisation),
which determines the input demand and also output of the firm. So, without overcoming this problem,
technological progress, the least squares estimates for the coefficients of the growth rate of labour per unit of
capital and the growth rate of capital will be biased upward. Hence a least squares regressions of output on
inputs will give inconsistent estimates of the production function coefficients. As a result to overcome the
endogeneity problem, instrumental variables (IV) will be used. 
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