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Abstract:  
 
Over the past few decades, countries in the ASEAN region have achieved varying levels 
of economic development. In this paper, the nature and extent of productivity changes of 
ASEAN5 countries, namely, Malaysia, Indonesia, Philippines, Thailand, and Singapore, 
are analyzed over the period 1993 to 2006. Utilising non-parametric Data Envelopment 
Analysis (DEA) and Malmquist total factor productivity (TFP) index, individual 
country’s efficiency and productivity changes which took place within this period is 
estimated. Although there are vast numbers of studies conducted on firm-level and 
industry-level efficiencies, there are scant literatures on inter-country productivity 
comparisons using the Malmquist productivity index (MPI). The Malmquist TFP index 
calculated within the framework of DEA is next decomposed into three constituent 
elements accounting for different sources of productivity growth, which are technological 
progress, efficiency change, and the effects of economies of scale. The analysis is carried 
out for the sample with and without human capital variable to isolate the impact of 
human capital investment on TFP growth in these countries. Our results indicate that 
when human capital is included in the model, Malaysia and Singapore reported an 
increase in TFP and this growth in productivity is derived from both technical efficiency 
gain and technological progress. On the other hand, for the model without human capital 
variable, there is a TFP reduction in Malaysia, Philippines, and Thailand whereas 
Indonesia and Singapore recorded a growth in TFP. This suggests that human capital 
investment plays a pivotal role in driving TFP growth in Malaysia. This result will guide 
appropriate policy formulation in the area of human capital investment. 
 
Keywords: Technical efficiency, technological change, human capital, productivity 
growth, ASEAN5   
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1. Introduction 
 
The performance of the East Asian economies in terms of economic growth and human 
capital development, particularly in education, made them enviable for many developing 
economies such as China and Malaysia.  It is apparent that other  developing  economies  
are  eager  to  draw  lessons  from  the  East  Asian experience.  Until  recently,  
developing  economies  identified  with  the Western economies  as  embodiments of 
their ideal goals and have been trying to borrow and adopt their models of development 
in their endeavours toward transforming  themselves  from  low into high-income  
economies.   
 
On a theoretical front, new growth theory predicts that physical investments should have 
a greater impact on productivity growth than traditional growth accounting would 
suggest, due to the positive externalities associated with such activities. The relevance of 
human  capital accumulation  to  the  process  of  economic  development  stems  from  
its  potential  beneficial  impact  on macroeconomic productivity and on the long-run 
distribution of incomes.   
 
The concept of TFP growth dates back to Tinbergen’s (1959) work which was followed 
by several others. However, these studies considered a non-frontier approach to 
calculating TFP growth. The frontier approach was introduced by Farrell (1957). It 
includes a parametric estimation (stochastic frontier or Bayesian) as well as a non-
parametric estimation (Data Envelopment Analysis or DEA). The reference to non-
parametric approach in this paper implies the DEA. The non-parametric analysis of TFP 
will reveal which of TFP’s components, efficiency change or technical change drives 
TFP for each country. 
 
Boskin and Lau (1990) find technical progress to be the most important source of growth 
for the developed world in the post-war period. Others, while accepting technological 
change as an important factor, attribute capital augmentation as the main force behind 
growth (Kim & Lau, 1994; Young, 1994) while authors such as Krugman (1994), Young 
(1995), and Collins et al. (1996) find little or no evidence of productivity growth playing 
a role in East Asia’s economic growth. 
 
In the last few years, several regional applications of DEA have emerged. Charnes et al. 
(1989) studied the economic performance of China’s 28 cities in 1983 and 1984. In a 
similar study, Chang et al. (1995) used DEA and the Malmquist productivity index 
approach to study the economic performance of 23 regions in Taiwan from 1983 to 1990. 
Tong (1996, 1997) applied DEA to investigate the changes in production efficiency of 29 
Chinese provinces meanwhile Bernard and Cantner (1997) calculated the efficiency of 21 
French provinces from 1978-1989. In a recent study, Maudos et al (2000) analysed the 
relationship between efficiency and production structure in Spain from 1964 to 1993. 
Some DEA studies have been carried out in the agricultural sector, one of which is 
Weaver (1984) who studied agriculture in the U.S. In a related study, Mao and Koo 
(1997) studied the performance of agriculture in 29 Chinese provinces during the period 
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1984 to 1993 whereas Millan and Aldaz (1998) analysed the productivity of Spanish 
provinces from 1977 to 1988. 
 
As evident from the studies cited above, most analyses have focused on the comparisons 
of inter-regional productivity and efficiency measures. This study analyzes the cross-
country total factor productivity growth to identify the main sources of productivity 
change in the ASEAN5 region so as to promote appropriate policy formulation, 
specifically in the area of human capital investment. 
 
In the current study, we employ the non-parametric frontier method of data envelopment 
analysis (DEA) to compute the Malmquist Total Factor Productivity (TFP) indexes for a 
sample of ASEAN5 countries, namely, Malaysia, Indonesia, Philippines, Thailand, and 
Singapore. The technique used allows us to further decompose the Malmquist TFP index 
into three components: (a) shifts in production technology, (b) pure changes in technical 
efficiency, and (c) effects of economies of scale. This paper seeks to explore whether the 
growth in productivity in ASEAN5 is attributed to either technical efficiency change or 
technological change or both when human capital is considered with fixed capital and 
labour in the analysis as an input term. Since human capital has become an integral factor 
of growth, it is imperative to include this variable in the calculation of Malmquist TFP 
index.  
 
The rest of the paper proceeds as follows. Section 2 sets the modelling stage with the 
specification of our DEA models for calculating the Malmquist TFP index and its three 
constituent components. In Section 3, descriptions and the sources of the data used are 
detailed. Empirical results are presented in Section 4. Lastly, Section 5 presents the 
conclusion and policy implications. 
 
2. Methodology 
 
There are enough productivity studies to conclude that studies undertaken are generally 
represented by some form of frontier analysis. The two principal methods widely used are 
the nonparametric and the parametric approach. The common nonparametric approaches 
include the Data Envelopment Analysis (DEA) and Free Disposal Hull (FDH). On the 
other hand, the common parametric approaches comprise of the Stochastic Frontier 
Approach (SFA), the Thick Frontier Approach (TFA) and the Distribution Free Approach 
(DFA). 
 
DEA was originally introduced by Charnes et al. (1978) and it involves the use of linear 
programming methods to construct a non-parametric piecewise surface (or frontier) over 
the data, so as to be able to calculate efficiencies relative to this surface. DEA does not 
estimate statistical dependencies between variables (as is done in ordinary production 
function analysis). Instead, DEA uses input and output data to compute a technically 
efficient production frontier, i.e. a “surface” formed by the most efficient units. The best 
units receive an efficiency score one (or more practically, 100 per cent), while the other 
units receive scores below one, depending upon their position in comparison with the 
most efficient units.  
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In this paper, Data Envelopment Analysis (DEA) is utilized to compute the distance 
functions of Malmquist Productivity Index (MPI). Hence, all of the Malmquist indices on 
the country’s data were derived using the program DEAP Version 2.1 developed by 
Coelli (1996). It is a computer program, which has been written to conduct data 
envelopment analysis for the purpose of calculating efficiencies in production. Three 
principal options are available in the computer program and the application of Malmquist 
DEA option is applied in this paper. This application uses panel data to calculate indices 
of total factor productivity change, technological change, technical efficiency change, 
pure technical efficiency change and scale efficiency change. Fare et al. (1994) have 
provided a detailed discussion of this decomposition.  
 
Malmquist indexes have a number of desirable features. They do not require input prices 
or output prices in their construction, which makes them particularly useful in situations 
in which prices are distorted or non-existent. They do not require a behavioural 
assumption such as cost minimization or profit maximization, which makes them useful 
in situations in which producers' objectives differ, or are unknown or are unachieved. 
They are easy to compute, as demonstrated by Färe et al. (1989). MPI is capable of 
accommodating multiple inputs and outputs without worrying about how to aggregate 
them. An attractive feature of the Malmquist productivity index is that it decomposes. 
Färe et al. (1989) showed that the Malmquist productivity index can be decomposed into 
two components – technical efficiency change and technical change. Technical efficiency 
refers to the ability to use a minimal amount of input to make a given level of output. 
Over time, the level of output an industry is capable of producing will increase due to 
technological changes that affect the ability to optimally combine inputs and outputs. 
Thus for any organization in an industry, productivity improvements over time may be 
either technical efficiency improvements (catching up with their own frontier) or 
technological improvements (because the frontier is shifting up over time), or both. The 
value of this decomposition is that it provides insight into the sources of productivity 
change. 
 
The original MPI assumes constant returns to scale for the production process. As a 
result, the original MPI typically overestimates productivity change if the production 
process displays decreasing returns to scale (or underestimates it for increasing returns to 
scale). To cope with the issue of variable returns to scale, Fare et al. (1994) 
recommended the use of a generalized MPI that includes an additional component, called 
scale index, to represent such an effect of economies of scale on productivity. We will 
also include such a scale factor in our analysis.  
 
One way to measure a change in productivity is to see how much more output has been 
produced, using a given input level and the present state of technology, relative to what 
could be produced under a given reference technology using the same input level. An 
alternative is to measure the change in productivity by examining the reduction in input 
use, which is feasible given the need to produce a given level of output under a reference 
technology. These two approaches are referred to as the output-oriented and input-
oriented measures of change in productivity, respectively (Coelli, 1996). This study 
concentrates on the output-oriented Malmquist productivity index.   
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The idea behind efficiency analysis is to use data collected for decision making units 
(DMUs) to derive the ‘best practice frontier’. What constitutes a best practice frontier can 
obviously change over time; therefore it is important to incorporate this aspect of the 
production process. The Malmquist DEA approach derives an efficiency measure for one 
year relative to the prior year, while allowing the best frontier to shift. A diagrammatical 
illustration is given in Figure 1 where a simple one-input and one-output production 
frontier is presented. The diagram depicts two production frontiers of DMU Z that uses 
the inputs X and X+1 in periods, t and t+1 to produce output Y and Y+1. 
 

 
 
Z (t) is a production unit observed for two years, t and t+1. Between these time points the 
frontier function has shifted from Frontier (t) to Frontier (t+1). Z(t) is an inefficient 
bundle relative to Frontier (t). However Z(t) can be efficient if it is reduced by the 
horizontal distance function ON/OS. If the situation is compared with period t+1, Z(t+1) 
should be multiplied by the horizontal distance ratio OQ/OR. The reason is to obtain a 
comparable technical efficiency. Since there has also been a movement in frontier, 
OQ/OR is now above Frontier (t). However, Z(t+1) is still inefficient when compared 
with its own frontier t+1. Hence, the MPI can be constructed with the ratio of these two 
distance corrections between period t and t+1, which is given in Equation 1 as follows: 
 
M0 (x

t+1, yt+1, xt, yt) =   D0
t (xt+1, yt+1)  D0

t+1 (xt+1, yt+1)   ½    
  D0

t (xt, yt)        D0
t+1 (xt, yt)            (1) 

 
 
The index thus employs distance functions from two different periods or technologies, 
D0

t (.,.) and D0
t+1 (.,.), and two pairs of input-output vectors, (xt, yt) and (xt+1, yt+1). A 
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value greater than unity will indicate positive total factor productivity growth, whereas a 
value of lesser than unity will indicate productivity retrogress.  
 
As has been demonstrated by Fare et al. (1989), the Malmquist index as shown in 
Equation (1) can be decomposed into two components, namely technical efficiency 
change (EFFCH) and technological change (TECHCH), defined as Equation (2) as 
follows: 
 
M0 (x

t+1, yt+1, xt, yt) = D0
t+1 (xt+1, yt+1)    D0

t (xt+1, yt+1)     D0
t (xt, yt)      ½   

D0
t (xt, yt)             D0

t+1 (xt+1, yt+1)  D0
t+1 (xt, yt)         (2) 

 
 
where the ratio outside the square bracket measures the change in relative efficiency (i.e., 
the change in how far observed production is from maximum potential production) 
between years t and t+1. The geometric mean of the two ratios inside the square bracket 
captures the shift in technology between the two periods evaluated at xt, and xt+1 that is 
shown in Equations (3) and (4) as follows: 
 
Technical efficiency change = EFFCH =   D0

t+1 (xt+1, yt+1)     
                                D0

t (xt, yt)                                 (3) 
 
Technological change = TECHCH =    D0

t (xt+1, yt+1)      D0
t (xt, yt)     ½    

                           D0
t+1 (xt+1, yt+1)   D0

t+1 (xt, yt)         (4) 
 

Hence, Malmquist total factor productivity growth is the product of technical efficiency 
change and technological change, as shown in Equation (5) as follows: 
 
Malmquist Productivity Index = EFFCH * TECHCH           (5)  
 
Following Fare et al. (1994) the technical efficiency change under constant returns-to-
scale (CRS) can be further decomposed into scale efficiency (SEFFCH) and pure 
technical efficiency (PEFFCH) under variable returns-to-scale. Scale efficiency refers to 
the extent to which an organization can take advantage of returns to scale by altering its 
size towards optimal scale, whereas pure technical efficiency is determined by the 
difference between observed ratio of combined quantities of output to input and the ratio 
achieved by best practice organizations that can be attributed to managerial practices and 
not scale. This study calculates the index relative to constant returns to scale (CRS) 
technology. Variable returns to scale (VRS)/ constant returns to scale (CRS) option has 
no influence on the Malmquist DEA because both are used to calculate the various 
distances used to construct the Malmquist indices (Coelli, 1996).  
 
An assessment can be made of the major sources of productivity gains/losses by 
comparing the values of technical efficiency change (EFFCH) and technological change 
(TECHCH). If EFFCH > TECHCH then productivity gains are largely the result of 
improvements in efficiency, whereas if EFFCH < TECHCH productivity gains are 
primarily the result of technological progress. An indication of the major source of 
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efficiency change can be obtained by recalling that overall technical efficiency is the 
product of pure technical efficiency and scale efficiency, such that EFFCH = Pure 
technical efficiency (PEFFCH) * Scale efficiency (SEFFCH). If PEFFCH > SEFFCH 
then the major source of efficiency change (both increase and decrease) is improvement 
in pure technical efficiency, whereas if PEFFCH < SEFFCH the major source of 
efficiency is an improvement in scale efficiency.  
 
In this study, the units refer to countries, so we obtained an efficiency number for each of 
the ASEAN5 countries for each of the 14 years 1993-2006. We construct TFP measures 
relative to a best practice frontier based on the data from the countries in the sample. This 
yields measures of relative performance which may be decomposed into shifts in the 
frontier of technology and ‘catching up’ to the frontier, that is, we allow for technical 
inefficiency relative to the best practice frontier. This allows us to identify whether the 
countries in question are experiencing productivity changes due to their technological 
progress or due to improvements in efficiency. The next section describes the variables 
used in this study. 
 
3. Sources of Data  

The data used for this study comprises of annual time series data for real gross domestic 
product (GDP), real gross fixed capital formation (GFCF), total employment, and real 
expenditures in education. Real GDP, real GFCF, and real expenditures in education are 
in US dollar at 2005 prices. The sample period for this study spans from 1993-2006, a 
total of 14 years. Data for real GDP and real gross fixed investment are made available 
from EIU database, whereas data for total employment is made available from the 
International Labour Organization (ILO) Labour Statistics database. Human capital is 
proxied by educational expenditure, and it was collected from the Asian Development 
Bank database and UNESCO database. The data used were a complete panel of annual 
observations on the five ASEAN countries, namely Malaysia, Indonesia, Philippines, 
Thailand, and Singapore.  

 
The output for the DEA analysis comprises of real GDP, whereas the inputs comprise of 
real GFCF, total employment, and expenditures in education. Table 1 below presents 
some summarized descriptive statistics related to the sample countries. 
 
Table 1: Descriptive statistics for the variables: Average of the variables (1993-2006) 
(figures in 2005 millions of US Dollars) 
 
Country Output Y 

(real GDP) 
Capital K 
(real GFCF) 

Labour L 
(thousands of 
workers) 

Human Capital A 
(expenditures in education) 

Malaysia 107,057 28,975 8,960 29,501 
Indonesia 239,537 69,763.8 88,394 15,764 
Philippines 79,075 14,115 28,866 123,850 
Singapore 90,096 23,675 1,608 5,374 
Thailand 144,798 50,039 33,587 85 
All countries 132,113 37,314 32,283 34,915 
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4. Empirical Results 
 
Table 2 presents the geometric means of the MPI for each country and the breakdown of 
its MPI into three constituent components: technical change (TCH), pure efficiency 
change (PEC), and scale change (SCH). The model presented in Table 2 includes human 
capital as one of the input variable in computing the distance functions, whereas the 
results in Table 3 excludes human capital variable.  
 
Table 2: Geometric means of MPI and its components (with human capital), 1993-
2006 

Country Effch Techch Pech Sech Tfpch 
Malaysia 1.143 1.030 1.000 1.143 1.177 
Indonesia 1.000 0.937 1.000 1.000 0.937 
Philippines 0.782 0.976 1.000 0.782 0.763 
Singapore 1.112 1.025 1.000 1.112 1.140 
Thailand 0.945 1.008 0.846 1.117 0.952 
Mean 0.987 0.995 0.967 1.021 0.982 

Note: 
Effch – Technical efficiency change 
Techch – Technological change 
Pech – Pure Technical Efficiency Change 
Sech – Scale efficiency change 
Tfpch – Total Factor Productivity (TFP) change 
 
As evident from Table 2 (model without human capital variable), Malaysia and 
Singapore exhibited an average positive increase in total factor productivity of 17.7% and 
14%, respectively over the sample period. For Malaysia, this increase in TFP was 
composed of a 14.3% technical efficiency gain and a 3% due to technological progress. 
For this country, there has been no change in pure technical efficiency, so the technical 
efficiency change was solely the product of scale efficiency expansion, which was 
14.3%. A similar observation is recorded for Singapore which also exhibited a 
productivity gain. On the contrary, Indonesia, Philippines and Thailand recorded a 
decline in the TFP over the sample period. The source of the productivity decline for 
Indonesia comes from technological retrogress, whereas for Thailand the source stems 
mainly from a technical efficiency loss. In Thailand, the source of the technical efficiency 
loss did not come from scale efficiency, where it recorded an increase of 11.7% in scale 
efficiency. As for the Philippines, the source of productivity decline stems from a loss in 
both technical efficiency and technological change.  
 
By allowing for constant returns to scale it can be shown that technical efficiency grew in 
two of the ASEAN countries, namely Malaysia and Singapore, while there was a 
decrease in efficiency in the rest. Malaysia claimed the greatest progress in technical 
efficiency of 14.3% followed by Singapore with increased efficiency of 11.2%. There 
was a positive technological change for all countries with exceptions of Indonesia and 
Philippines. Among the ASEAN5 countries, Malaysia recorded the highest technological 
progress of 3%. Table 3 presents MPI result when human capital variable is excluded 
from the inputs. 
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Table 3: Geometric means of MPI and its components (without human capital), 
1993-2006 

Country Effch Techch Pech Sech Tfpch 
Malaysia 0.990 0.953 0.733 1.350 0.943 
Indonesia 1.434 1.129 1.000 1.434 1.620 
Philippines 0.724 0.812 1.000 0.724 0.588 
Singapore 0.992 1.052 0.746 1.330 1.043 
Thailand 0.993 0.980 0.981 1.012 0.973 
Mean 1.002 0.979 0.883 1.135 0.981 

Note: 
Effch – Technical efficiency change 
Techch – Technological change 
Pech – Pure Technical Efficiency Change 
Sech – Scale efficiency change 
Tfpch – Total Factor Productivity (TFP) change 
 
Referring to Table 3, when human capital variable is excluded from the model, Malaysia 
registered a decline in TFP whereas Singapore still maintains the positive growth in 
productivity over the sample period. This can be attributed to the importance of human 
capital investment in Malaysia in harnessing the growth in TFP. Thailand and Philippines 
also reported a decline in TFP growth, which is similar to the findings reported in Table 
2. The next section presents the conclusion and policy implications.  
 
5. Conclusion and Policy Implications 
 
This paper seeks to explore whether the growth in productivity in ASEAN5 is attributed 
to either technical efficiency change or technological change or both when human capital 
is considered with fixed capital and labour in the analysis as an input term.  
 
To achieve the above-mentioned objective, we employ the non-parametric frontier 
method of data envelopment analysis (DEA) to compute the Malmquist Total Factor 
Productivity (TFP) indexes for a sample of ASEAN5 countries, namely, Malaysia, 
Indonesia, Philippines, Thailand, and Singapore. The technique used allows us to further 
decompose the Malmquist TFP index into three components: (a) shifts in production 
technology, (b) pure changes in technical efficiency, and (c) effects of economies of 
scale.  
 
In this study, the units refer to countries, so we obtained an efficiency number for each of 
the ASEAN5 countries for each of the 14 years spanning from 1993 to 2006. We 
construct TFP measures relative to a best practice frontier based on the data from the 
countries in the sample. This yield measures of relative performance which may be 
decomposed into shifts in the frontier of technology and ‘catching up’ to the frontier, 
which allows for technical inefficiency relative to the best practice frontier. Thus, we are 
able to identify whether the countries in question are experiencing productivity changes 
due to their technological progress or due to improvements in efficiency or both.  
 
By allowing for constant returns to scale it can be shown that technical efficiency grew in 
two of the ASEAN countries (namely, Malaysia and Singapore) at the same time as there 
was a decrease in efficiency in the rest. Malaysia claimed the greatest progress in 



Korea and the World Economy VII Conference, June 20-21 2008, Korea 10 

technical efficiency of 14.3% followed by Singapore with increased efficiency of 11.2%. 
There is a positive technological change for all countries with exceptions of Indonesia 
and Philippines. Correspondingly, total factor productivity increased in Malaysia and 
Singapore. When human capital variable is excluded from the model, the results indicate 
that Malaysia experienced a decline in TFP growth whereas Singapore still maintains its 
positive growth. This can be attributed to the fact that human capital plays a pivotal role 
in driving the productivity growth in Malaysia.  
 
The results of this study are expected to be useful for information and communications 
technology (ICT) and human capital policy formulation. In this context, a comparison of 
the contribution of human capital to productivity growth in the ASEAN5 economies 
provides a guideline for the policy makers to formulate appropriate national, regional and 
international ICT and human capital policies. 
 
The findings from this study will also help policy formulation in promoting ICT and 
human capital investment in developing the human resources and infrastructure needed to 
support effective use of the technology. It is possible that ASEAN5 can capitalise on its 
synergy with other nations in Asian countries and make full use of the competitive 
advantages in these countries to overcome its insufficiencies. In that case, ASEAN5 will 
be able to accelerate the movement towards becoming technology-savvy nation.  
 
In accordance with the initiatives taken by ASEAN in narrowing the ‘digital divide’ 
among the ASEAN member countries, the results from this study will provide empirical 
evidence on the extent of the ‘digital divide’ among these countries, which will help the 
formulation of appropriate policies to bridge the ‘digital divide’, if any, among these 
countries. In addition, benchmarking the extent of ICT and human capital development 
allows comparisons between countries and indicates how well countries are doing 
compared to others in terms of adaptation, mastery and development. Comparing with 
better-performing countries helps to identify policies for further improvement. 
Furthermore, identifying which country lags behind with respect to ICT adoption 
provides a benchmark to enhance the cooperation among the ASEAN member countries 
and other Asian countries in developing the ICT sector for the region as a whole. Human 
capital is considered to be the fuel to drive the knowledge economy that is based on 
knowledge assets which is a combination of human capital and ICT.    
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