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Examining the productivity of the ASEAN 
economies in the presence of transient and 
persistent efficiency
Hazwan Haini1*

Abstract:  In recent decades, the ASEAN economies have implemented a number of 
regional integration policies. Using a panel dataset of 10 ASEAN countries from 
1980 to 2017, this study examines the productivity and efficiency of the ASEAN 
economies using a stochastic production frontier model. Furthermore, the para
metric model is decomposed using a generalised Malmquist productivity index to 
provide estimates of gross technical efficiency, technical progress and returns to 
scale change, while taking into account of transient and persistent efficiency. The 
results show that there is room for efficiency gains, as the ASEAN economies can 
increase GDP by 7.7 per cent if persistent efficiency is increased. Furthermore, the 
results show that technical progress is increasing over time and exhibits increasing 
returns to scale. However, technical change is slow, as it averages at one per cent 
over the sample period. Policy implications for future growth are discussed.
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1. Introduction
The Association of South-East Asian Nations (ASEAN) marked its 50th anniversary in 2017, achiev
ing 50 years of growth, prosperity and peace. The region continues to develop into a major player 
in the global economy, as the organisation currently has a combined gross domestic product (GDP) 
that ranks fifth in the world (World Bank). Despite its accomplishments in economic development, 
the ASEAN economies are still lacking behind in terms of economic integration (Petri et al., 2012). 
In recent years, the region has implemented several regional integration policies such as the 
ASEAN Economic Community (AEC) Blueprint, an initiative to create a single market that encom
passes the free movement of goods, services, investment, capital and skilled labour across the 
region. However, the ASEAN member states are diverse in its development, as the region includes 
large economies such as Indonesia and Thailand, alongside smaller developing nations such as 
Lao PDR and Cambodia. This diversity makes economic integration difficult and more importantly, 
economic integration may lead to uneven development, as advanced economies within the region 
may benefit more from regional integration (Ravenhill, 2008). Meanwhile, growth economics and 
understanding the wealth of nations has always been an important research agenda. In particular, 
understanding the productivity of nations is critical, as productivity is suggested to be a driver of 
long-term growth and can affect regional integration efforts, leading to sustainable future devel
opment (Ortega-Argilés, 2012). This is essential as it allows for the formulation of policies that will 
be beneficial for long-run growth, as short-term policies are likely to backfire as it only benefits the 
short-run.

Focusing back on the ASEAN economies, prior to the turn of the 21st century, research has shown 
that the ASEAN economies developed through capital-intensive growth (Walmsley et al., 2017). 
This strategy is not sustainable in the long-run as capital will reach its steady-state. Furthermore, 
other researches have suggested that the ASEAN economies are heavily dependent on external 
trade for economic growth (Masron, 2017). While trade theories suggest that openness to trade 
can potentially lead to further growth through the transfer of capital and foreign technologies, 
capital and disembodied technological progress will eventually converge to its steady-state. More 
importantly, there is a lack of research examining the productivity of the ASEAN economies in 
recent years. This is crucial to conduct as there has been a number of key economic initiatives that 
have been implemented, such as the AEC and the ASEAN Free Trade Agreement (AFTA), that can 
potentially have a profound impact on productivity growth (ASEAN Secretariat, 2018). At the same 
time, there are recent advances in the field of productivity and efficiency, such as the parametric 
application of the Malmquist index for productivity measures and the estimation of transient and 
persistent efficiency (Badunenko & Kumbhakar, 2016; Filippini & Greene, 2016).

Taking all these factors into account, this study examines the productivity of the ASEAN 
economies in the presence of transient and persistent efficiency, using a panel dataset of 10 
ASEAN countries from 1980 to 2017. More specifically, this study examines whether past regional 
integration policies have increased the productivity and efficiency of the region. This study employs 
a stochastic production frontier model with a four-component error structure estimated using 
random-effects and maximum likelihood. Random-effects and maximum likelihood are employed 
as it accounts for unobserved heterogeneity and thus, allows for the estimation of transient and 
persistent efficiency (Badunenko & Kumbhakar, 2016). This can provide estimates of the main 
contributor of growth in the region in the context of a production function. In addition, the study 
examines the specific contribution of capital and labour over time and reassess whether the 
effects of capital are diminishing over-time, as previous studies have suggested that the growth 
of the ASEAN economies was capital-intensive. Finally, using a parametric decomposition of the 
Malmquist index (Orea, 2002), the stochastic frontier is decomposed to provide estimates of gross 
technical efficiency, technological progress through total factor productivity (TFP) and returns to 
scale change, which will have policy implications for the region and the individual member states.

This study provides new empirical evidence on the productivity and efficiency of the ASEAN 
economies. The ASEAN economies have been overlooked in the literature in recent years. As the 
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ASEAN economies begin to further integrate with policy initiatives such as the AEC, it is pertinent 
that policymakers understand the previous growth path of the region and the individual member 
states in order to evaluate the future direction of the region. Furthermore, the novelty of the study 
also lies in its econometric approach, employing a stochastic production frontier model with 
a four-component error structure that allows for the estimates of transient and persistent effi
ciency (Badunenko & Kumbhakar, 2016; Filippini & Greene, 2016). To the best of the authors’ 
knowledge, this is the first study to employ the method in the context of the ASEAN economies. 
The estimation of transient and persistent efficiency can provide policymakers with further infor
mation on the performance of the individual member states and the ASEAN region, allowing for 
deeper policy implications.

The estimated findings show that while both capital and labour are positive and significant to 
GDP growth, the effects of labour are more effective as it increases over time. Furthermore, the 
gross technical efficiency of the ASEAN economies on average is at 92.3 per cent, which suggests 
GDP can be increased by a further 7.7 per cent if persistent efficiency is increased, which can be 
addressed through long-term structural changes such as policy implementations. Equally impor
tant, the technological progress of the ASEAN economies shows mixed results as the ASEAN 
economies have achieved an average of 1.0 per cent technical change over the time period. 
Finally, the returns to scale change for the ASEAN economies are positive and averages at 
8.8 per cent, which suggests an increasing returns to scale change and contributes positively to 
TFP growth. The results echo similar findings to earlier research on the ASEAN economies, parti
cularly on the subpar performance of the ASEAN economies with regards to TFP growth and the 
weakening effects of capital on growth. Policy implications are discussed further.

The following sections will be organised as follows. Section 2 provides readers with a brief review 
of the development of the ASEAN economies and productivity growth in the region. The econo
metric model, variables, and data sources are discussed in Section 3. The estimated results are 
presented and discussed in Section 4. The study concludes in Section 5.

2. The evolution of the ASEAN economies
The ASEAN economies are a regional intergovernmental organisation of 10 countries that includes 
Brunei Darussalam, Cambodia, Indonesia, Lao PDR, Malaysia, Myanmar, Philippines, Singapore, 
Thailand, and Viet Nam. The organisation promotes intergovernmental cooperation as well as 
economic, socio-cultural and security cooperation among the member states and other countries 
in the Asia-Pacific region. Initially founded in 1967 by Indonesia, Malaysia, Philippines, Singapore 
and Thailand, the region continues to commit towards deeper regional integration with their motto 
of “One Vision, One Identity, One Community” (ASEAN Secretariat, 2018). This was in stark contrast 
as prior to 1967, the region was marred by poverty, ethnic divide and feudal conflicts that 
dominated the first half of the 20th century (Booth, 1999).

In previous years, economic growth is currently trending upwards, and poverty is consistently 
declining, thus making the region economically strong (ASEAN Secretariat, 2018). In fact, the 
ASEAN economies are currently the 5th largest economy in the world in terms of GDP, after the 
US, China, Japan, and Germany (World Bank, Various Years). Furthermore, in terms of population, 
the ASEAN economies have a combined total population of over 600 million, with half of the 
population at the age range of 15 to 65 (World Bank, Various Years). Despite its strong economic 
standing as an organisation, the ASEAN member states are very diverse economies in terms of 
their economic development, political viewpoints, and their socio-cultural systems.

Finally, in terms of overall economic growth, the GDP per capita growth rate of the ASEAN 
economies have fluctuated over the last two decades. Figure 1 presents the growth rates of the 
region in the last two decades. In closer examination of Figure 1, it can be observed that the region 
suffered from a fluctuating growth rate after the onset of the Asian financial crisis in 1997, which 
began in Thailand. At the height of the crisis, the region contracted with an average growth rate of 
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negative—1.0 per cent. On the other hand, during the earlier years of the 21st century, the region 
has recovered well and achieved a relatively moderate economic growth rate (Lee & Tan, 2006). 
However, this growth was halted during the 2007 global financial crisis, which affected many 
economies worldwide. The ASEAN economies contracted with an average negative growth rate of 
—1.9 per cent in 2008 and—2.3 per cent in 2009 before a sharp recovery in 2010, where the region 
enjoyed a growth rate of 7.1 per cent. The subsequent Eurozone crisis in 2012 did not adversely 
affect the ASEAN economies, compared to the previous financial crises. However, growth was slow 
during the period, as it fluctuated between 1.0 per cent to 1.2 per cent during the years after the 
Eurozone crisis. Overall, in the last two decades, the region has achieved a moderate growth rate 
of 2.1 per cent during the period.

Although the ASEAN economies have experienced a relatively moderate growth path, there are 
a number of challenges that the region faces (ASEAN Secretariat, 2018). In addition to a slowdown 
in economic growth, the region also faces the issue of weak workforce productivity, an over
dependence on external trade and a lack of investments in infrastructure leading to voids in 
infrastructure development in communication, energy and transport (Lesher & Plummer, 2011). 
Furthermore, these issues are intensified by other neighbouring economies such as China and 
India. Therefore, the ASEAN economies, as an integrated region and individually, must be ready to 
commit and develop future initiatives to address these issues.

In light of these issues, the organisation established the AEC Blueprint in 2007, a policy initiative 
with the goal of economic integration (ASEAN Secretariat, 2018). In addition to the implementa
tion of the AEC in 2007, the organisation has reintroduced the AEC Blueprint 2025 alongside other 
initiatives to promote further regional integration, such as the ASEAN Community Vision, the 
ASEAN Political-Security Community Blueprint and the ASEAN Socio-Cultural Community 
Blueprint. The AEC aims to create a competitive economic region that serves as a single market 
and production base that is fully integrated with the global economy, while promoting the 
equitable economic development of the region (ASEAN Secretariat, 2018). Thus, the realisation 
of the AEC will strengthen ASEAN as an organisation and will encourage growth and development 
within the region. This is particularly important as the region faces the challenge of rapid economic 
growth from China, India and other emerging nations and as such, the AEC aims to provide 
a foundation for future growth (Ravenhill, 2008).

While the AEC provides a platform for future development for the region, understanding the 
growth path of the ASEAN economies is crucial to consider as it can provide policy implications for 
future growth and allows one to assess the effectiveness of past regional integration policies. 

Figure 1. ASEAN growth rates 
(GDP per capita).

Source: World Development 
Indicators (World Bank) and 
authors’ compilation 
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Growth economics and understanding the wealth of nations are an important research agenda in 
the field of economics. This issue becomes increasingly important, especially when the ASEAN 
member states are a diverse set of economies. The most prominent growth model, the Solow 
(1956) model, emphasises the role of savings and population growth, as well as technological 
progress as the driving force of economic growth. However, the growth of these input factors 
cannot fully explain the growth of output, and thus, there must be other driving forces that explain 
growth (Nordhaus, 1969).

As a result, understanding the productivity growth of an economy is essential as it is considered 
to be a major determinant of future standard of living, and a permanent decline in productivity is 
of serious concern (Munnell, 1990). A higher level of productivity can lead to lower costs that can 
be passed onto consumers, improved competitiveness and trade performance leading to higher 
profits and wages. Hence, the ASEAN economies as a region and its individual member states must 
investigate its productivity growth for future policy implications. At the same time, productivity 
growth can be misleading. For instance, productivity growth can be increased by employing more 
capital which results in an increase in labour productivity growth. This is not sustainable as 
economies will converge to its steady state and as a consequence, productivity growth is sug
gested to be pro-cyclical in the short-term, as during times of recessions productivity will be lower 
(Holtz-Eakin, 1992; Saint-Paul, 1993). This generally arises when examining short-term productivity 
growth or the technical efficiency of an economy. Technical efficiency is the effectiveness of 
producing maximum output from minimum inputs and is short-term in nature as it accounts for 
the relative production frontier for a specific time period. As a result, examining productivity 
growth through efficiency only is likely to provide inferences for the short-term, which can back- 
fire as it only benefits the short-run (Baumol, 1986).

More recently, developments in the field of productivity and efficiency have allowed researchers 
to differentiate efficiency into two factors: persistent efficiency (long-term) and transient efficiency 
(short-term) (Colombi et al., 2014; Badunenko & Kumbhakar, 2016; Filippini & Greene, 2016; 
Tsionas & Kumbhakar, 2014. In general, persistent efficiency can be increased by structural 
changes through reforms and policy changes while transient efficiency is non-systematic devel
opments that can be solved in the short-run and are more cyclical in nature (Badunenko & 
Kumbhakar, 2016). This distinction is crucial as it provides policy-makers with more information 
to make informed decisions. In summary, examining the productivity of economies in relation to 
capital, labour and technological progress while taking into account of persistent and transient 
efficiency provides a deeper understanding of productivity growth. This is essential as the ASEAN 
economies in the last two decades have implemented various policies for regional integration and 
can potentially have profound impact on productivity.

With this in mind, the ASEAN economies were closely researched prior to the turn of the 21st 

century. Earlier studies have suggested that the growth of the ASEAN and many Asian economies 
was capital intensive and therefore not sustainable in the long-term (Krugman, 1994; Young, 
1995). On the other hand, other studies have suggested that the ASEAN economies have techno
logically progressed, providing evidence of high total factor productivity growth for some of the 
ASEAN member states (Sarel, 1997). However, other researchers suggested that the growth in 
productivity was driven by trade openness and foreign direct investment (Lee & Tan, 2006). 
Similarly, some studies have highlighted that the ASEAN economies were dependent on export- 
led strategies, benefiting from disembodied technologies that will eventually converge (Hill, 1997). 
Disembodied technological progress increases output with improved technology without any 
changes in input and investment in capital, while embodied technological progress increases 
output with investment in improved technology (Kaldor, 1957). As such, disembodied technological 
progress will eventually converge.

Prior to the 1980s, the majority of the ASEAN member states adopted an import-substituting 
industrialisation strategy that leads to a decline in trade as the region remained restrictive in trade 
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and investment policies (Yam, 1995). This is particularly interesting as the region has implemented 
the ASEAN Free Trade Agreement in 1992, reducing trade barriers and tariffs. However, disembo
died technological progress from foreign technologies and foreign direct investment are not 
sustainable for future growth (Wan Lee & Brahmasrene, 2014). The AEC will reduce the regions 
reliance on outward-oriented trade and focus on creating a single market that can potentially 
increase real incomes by 5.3 per cent (Petri et al., 2012). Accordingly, there has been a lack of 
consensus on the productivity growth of the ASEAN economies and there is a lack of studies 
examining the productivity of the ASEAN economies in recent years, particularly after the initial 
implementation of the AEC.

More recently, research on the ASEAN economies has found that despite the efforts in economic 
integration, the ASEAN economies are behind in terms of institutional development and have 
a deficit on the rule of law (Lane, 2011). This is important as it is suggested that development in 
institutional settings can promote economic growth in the ASEAN economies (H. Haini, 2019b). 
Furthermore, other empirical researches suggest that despite rapid growth, there are gaps in 
labour mobility policies which can potentially affect productivity growth (Menon, 2013). This is 
crucial at a time when the ASEAN economies are experiencing a demographic change and 
encouraging regional integration will reduce the issue of labour shortages and stimulate further 
productivity growth in the region (Walmsley et al., 2017). Thus, understanding the productivity and 
efficiency of the ASEAN economies can provide policymakers with policy implications for the future 
growth of the region as the AEC continues to be implemented.

3. Empirical methodology
This section discusses the econometric model employed followed by a discussion on the data and 
variables used.

3.1. Stochastic production frontier model
The stochastic frontier model, written in Equation (1), was developed by Aigner et al. (1977), 
building upon pioneering work from Farrell (1957). 

yit ¼ xitβþ vit � μit ¼ xitβþ εit (1) 

The model consists of the outcome variable yit, while xit is a row vector of input variables (capital 
and labour) and other control or environmental variables that may be included. The model 
developed introduces an error specification that consists of two components: idiosyncratic error 
vit and the time-varying technical efficiency μit.

Further developments in the field introduced the addition of persistent efficiency μ0i (Pitt & Lee, 
1981), in addition to time-varying technical efficiency μit, and the idiosyncratic error vit. Finally, the 
most recent development in stochastic frontier modelling was suggested by Colombi et al. (2014), 
Badunenko and Kumbhakar (2016), Filippini and Greene (2016), and Tsionas and Kumbhakar 
(2014). This model separates the error term εit into four components shown in Equation (3), and 
can be grouped into a time-invariant error component ε0i ¼ v0i � μ0i and a time-varying error 
component εit ¼ vit � μit. In this case, v0i captures random noise and can be interpreted as country- 
specific effects (Greene, 2005). Meanwhile, μ0i captures long-term (persistent) efficiency 
(Kumbhakar & Heshmati, 1995). Both v0i and μ0i are time-invariant. The third component, μit, 
captures short-run time-varying (transient) efficiency, while vit captures random noise or idiosyn
cratic error (Badunenko & Kumbhakar, 2016). All error terms are assumed to be independently and 
identically distributed. 

ε�it ¼ ε0i þ εit ¼ v0i � u0i þ vit � uit

ε�it ¼ ε0i þ εit

v0i,N 0; σ2
v0

� �
;u0i,N 0; σ2

u0

� �
; vit,N 0; σ2

v
� �

;uit,N 0; σ2
u

� �
(2) 
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In the case of the ASEAN economies, identifying transient and persistent efficiency is essential as 
the region and the individual member states have undergone significant reforms and structural 
changes, along with policy initiatives that can potentially affect the efficiency of the region. 
Investigating the nature of efficiency is valuable as the decompositions can have policy implica
tions. For example, if persistent efficiency is low, it may be an indicator of non-competitive market 
conditions and thus, must be addressed appropriately (Badunenko & Kumbhakar, 2016). 

yit ¼ αþ xitβþ vit � u0i � uit

i ¼ 1; . . . ;N; t ¼ 1; . . . T
(3) 

Accordingly, this study employs a stochastic production frontier model with a four-component 
error structure and is estimated using random-effects and maximum likelihood, as shown in 
Equation (3), where the variables are in log form and mean-differenced. In each cross-section, 
there are N countries indexed i ¼ 1; . . . ;N that operates over T indexed t ¼ 1; . . . T. The variables xit 

shift the frontier leading to technological advancement. The justification and details of these 
variables employed are discussed further in Section 2.2.

The model is estimated using random-effects and maximum likelihood, as it is assumed that all 
errors are independently distributed. Estimating a stochastic frontier using fixed-effects will not be 
suitable as the time-varying idiosyncratic error vit, will be correlated with the fixed effects 
(Badunenko & Kumbhakar, 2016). The efficiency error terms μit and μ0i are also assumed to have 
half-normal distributions (Greene, 2004). Finally, the production frontier is estimated using a one- 
step simulated maximum likelihood method as the Bayesian approach may involve a loss of 
information (Filippini & Greene, 2016). In this case, the study estimates the production frontier in 
the first stage, splits the time-varying error components in the second stage and finally the time- 
invariant errors in the final stage.

In addition to persistent and transient efficiency, this study decomposes the frontier into 
a Malmquist index as an estimate of gross technical efficiency, technical change and returns 
to scale change. In brief, the Malmquist index is based on the idea that production technol
ogy is defined by a set of input-output combinations (Farrell, 1957; Färe et al., 1994; 
Malmquist, 1953). The production frontier allows for the estimation of the output distance 
function, which measures the distance of a vector of inputs and outputs in period t with 
respect to the technical frontier. Thus, following the estimation of the output distance 
function, the Malmquist index allows for the measurement of technical change between 
two periods based on its relative distance. Färe et al. (1994) suggest the following 
Malmquist index to account for changes in technology.

However, many previous studies estimate the Malmquist index by employing the non-parametric 
data envelopment analysis method. This study estimates the Malmquist index using the para
metric stochastic method, which assumes a predefined functional form. The parametric specifica
tion allows for flexibility and has been used in a number of studies (Balk, 2001; Orea, 2002; 
Pantzios et al., 2011). Therefore, this study employs the translog output distance function using 
a predefined parametric form and provides estimates of gross efficiency, technical change, returns 
to scale while taking into account of persistent and transient efficiency.

3.2. Data and variables
The data is compiled from the Penn World Table 9.1 and employs annual country-level data for 
all the variables (Feenstra et al., 2015). Country-level data are compiled for the 10 ASEAN 
economies from 1980 to 2017. The time period is chosen, as there are missing data before 
1980, since the simulation of persistent and transient efficiency requires no missing data. All 
the variables are logged-transformed and mean-differenced which can be interpreted as 
elasticities. 
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yit ¼ αþ β1kit þ β2lit þ β3k2
it þ β4l2it þ β5klit þ β6tit þ β7t2

it þ β8ktit þ β9ltit þ β10govit þ β11opnit

þ β12asean5it þ v0i þ vit � u0i � uit 
i ¼ 1; . . . ;N; t ¼ 1; . . . T (4) 

The full estimated model is shown in Equation (4) and the stochastic production frontier model 
employs the standard variables used in frontier modelling (Aigner et al., 1977). The output variable 
yit is real GDP and is standard for analysing productivity. The two main variable inputs for the 
production function are also included such as real capital stock, denoted as kit and labour 
employed, denoted as lit. The interaction term between capital and labour and its squared terms 
are also included for further inferences. In addition, the time trend and its squared term are 
included to account for Hicks-neutral technological change, denoted as tit and t2

it. The interaction 
between time and real capital stock and labour employed is also included to evaluate the effects 
of capital and labour over time. Finally, the study employs three control variables which include 
govit, which is the ratio of government spending as a share of GDP, opnit which is a ratio of exports 
and imports to GDP and also known as openness to trade and asean5it, which is a dummy variable 
for the five ASEAN founding countries. These five countries are Indonesia, the Philippines, Malaysia, 
Singapore and Thailand.

In terms of the estimated transient and persistent efficiency scores, it is expected that persistent 
efficiency will be lower than transient efficiency as the ASEAN economies have gone through 
significant structural changes over the sample period. It is expected that efficiency scores will have 
room for improvement as the ASEAN economies are still far from full regional integration. In terms 
of the estimated technological progress, it is expected that on average, the ASEAN economies 
should achieve low scores of 0 per cent to 1 per cent technological progress, as highlighted by the 
earlier studies (Young, 1995) and that the returns to scale change should be declining over the 
sample period as the ASEAN economies grew through capital-intensive growth (Krugman, 1994).

Table 1 presents the summary statistics of the variables employed at levels. It can be observed 
that there is considerable variation across the ASEAN economies highlighting the diversity of the 
region. In terms of the specific details, the largest real GDP, real capital stock and labour employed 
on average were observed in Indonesia, while the lowest real GDP and real capital stock on 
average were observed in Cambodia and Lao PDR. Additionally, the lowest labour employed on 
average was seen in Brunei and Singapore, which is unsurprising as they are the two ASEAN 
economies with the lowest population. Expectedly, government spending is highest in Myanmar 

Table 1. Summary statistics
Variable Definition Source Mean SD Min. Max
y Real GDP (in 

millions)
PWT 325,868 469,854 4,390 2,949,522

k Real capital 
stock (in 
millions)

PWT 1,403,016 2,409,688 6,550 15,800,000

l Labour 
employed (in 
millions)

PWT 23.20 26.60 0.07 123.00

gov Ratio of 
government 
consumption 
over GDP

PWT 0.17 0.06 0.05 0.32

opn Ratio of 
imports and 
exports over 
GDP

PWT 0.71 1.00 0.00 6.02

N = 380 observations from the ASEAN economies from 1980 to 2017. PWT refers to Penn World Table 9.1. 
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and Lao PDR, while government spending is the lowest in Singapore. Finally, Singapore and 
Malaysia are the two most open economies while the least open economies on average are 
Cambodia, Viet Nam and Lao PDR.

4. Results and discussion
This section begins with a discussion of the production frontier estimates. The transient and 
persistent efficiency scores, as well as the technological change and returns to scale change, are 
presented, followed by discussion and policy implications.

Table 2 reports the coefficients and parameters of the production frontier. The estimated results 
show expected findings. Both capital and labour, denoted k and l, are positive and significant at the 
1% level, in line with the production theory (Holtz-Eakin, 1992). In theory, a production function 
must have monotonicity properties satisfied before it can be reasonably interpreted and, in this 
case, both k and l are positive and significant to growth (Henningsen & Henning, 2009). More 
interestingly, the estimates show that capital accounts for 54 per cent of GDP growth while labour 
accounts for 41 per cent of GDP growth. The estimations support the suggestion put forth by 
Krugman (1994) and Young (1995), who highlights that the ASEAN economies grew mainly 
through capital-intensive growth. However, when examining the interaction terms between capital 
and labour, (k × l), it can be observed that the interaction is negative and significant at the 1% 
level.

This suggests that a trade-off exists and reveals a different situation. On closer examination of 
the squared terms of capital and labour, k2 and l2, although both are positive and significant, the 
coefficient of l2 is larger than k2. This suggests that the effects of labour is more effective as it 
increases in comparison to capital in the ASEAN economies. Furthermore, the interaction between 
capital and time, (k × t), is insignificant while the interaction between labour and time, (l × t), is 

Table 2. Production function coefficients and associated parameters
Variables Model Coefficients Variables Model Coefficients
k 0.540*** (k × l) −0.102***

(0.032) (0.015)

l 0.414*** (k × t) 0.001

(0.044) (0.001)

k2 0.019* (l × t) 0.003**

(0.011) (0.001)

l2 0.107*** gov 0.059*

(0.012) (0.033)

t 0.011*** opn 0.042***

(0.002) (0.010)

t2 0.001** asean5 0.270*

(0.000) (0.144)

LL 262.271 LR Chi2 1309.960

ν0i 0.167 μ0i 0.001

νit 0.097 μit 0.092

N = 380 observations from the ASEAN economies from 1980 to 2017. Definition of variables are in Table 1. *, **, *** 
denote statistical significance at the 10%, 5%, and 1% levels, respectively. Standard errors are in parenthesis. 
Variables are log-transformed prior to estimation. 
ν0i captures country-specific effects. μ0i captures long-run (persistent) efficiency. νit captures random noise or 
idiosyncratic error while μit captures short-run time-varying (transient) efficiency. 
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positive and significant at the 5% level. Thus, the estimated findings emphasise the need to reform 
and implement growth-enhancing labour policies for the long-run.

Both the time-trend and its square term, t and t2, are positive and significant at the 1% and 5% 
level. This suggests that the ASEAN economies have benefited from technological progress and 
have experienced a shift in the frontier, supporting the production theory. This growth may have 
resulted from the earlier free trade policies that the ASEAN economies have implemented when 
the region began to integrate and progressively open the region to freer trade. This can benefit the 
region as it can absorb technological advances that are generated in other advance economies in 
the form of foreign direct investment and the transfer of foreign technologies (Edwards, 1998; 
Javorcik, 2004). However, in closer examination, it can be observed that the coefficients of the 
time-trends are quite small and suggests that the gains in technological progress may be minimal.

The coefficients of the control variables also show expected results. The share of government 
spending over GDP, gov, is positive and significant at the 10% level to GDP. This is consistent with 
previous studies examining the effects of government size and growth, whereby government 
spending can be beneficial to growth (Scully, 1995). On the other hand, the coefficient of gov is 
small. This highlights the debatable role that governments play in economic growth, as on the one 
hand, larger governments may crowd out the private sector and lead to negative growth (Fölster & 
Henrekson, 2001). Yet in many developing countries, such as the majority of the ASEAN member 
states, government spending exists to support the economy despite being less efficient and less 
productive than the private sector.

Meanwhile, it can be observed that the effects of opn is positive and significant at the 10% level 
to growth. Openness to trade is well established in the literature to have a positive association with 
economic growth in past and recent empirical works (Barro, 1991; Darku & Yeboah, 2018). Policies 
that increase openness, such as the ASEAN Free Trade Agreement, can encourage capital inflows 
and promote foreign direct investment into the economy (Wan Lee & Brahmasrene, 2014). This 
allows the economies to benefit from an increase in capital input and benefit from disembodied 
technological progress from foreign firms and converge towards a higher growth rate. Finally, the 
founders of the ASEAN economies are associated with stronger growth, as asean5 is positive and 
significant at the 10% level. This is unsurprising as it suggests that these initial economies 
benefited from first-mover advantages, relative to the other ASEAN economies which joined at 
later stages. These first-mover advantages include the initial regional integration efforts, whereby 
the other ASEAN economies would only benefit from second-mover advantages (Choi et al., 2017).

Table 3 presents the average efficiency scores of the ASEAN economies from the fitted structural 
form of the frontier model. Gross efficiency is the interaction between persistent efficiency (1—exp 
(μ0i)) and transient efficiency (1—exp (μit)), and these efficiency scores are bounded between 0 and 
1, where 0 is the least efficient and 1 is the most efficient. The reported average persistent 
efficiency scores of the ASEAN economies are 91.7 per cent while the average transient efficiency 
scores of the region are at 99.3 per cent. This results in an average gross efficiency score of 
92.3 per cent, implying that the region can increase its GDP by a further 7.7 per cent if persistent 
efficiency issues is increased through policy changes within the individual ASEAN member states 
and as a region. Any additional interpretations on these aggregated figures may not be reliable 

Table 3. Average efficiencies of the ASEAN economies
Gross 

Efficiency
Persistent 
Efficiency

Transient 
Efficiency

Total average 0.923 0.917 0.993

Persistent efficiency scores are derived from (1—exp (μ0i)) and transient efficiency scores are derived from (1—exp 
(μit)). Gross efficiency is the interaction between persistent and transient efficiency. 
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and as such, will need to be further decomposed over time and across the ASEAN economies 
alongside the estimates of technical change and returns to scale change.

Table 4 reports the estimated gross efficiency, technical change and returns to scale change 
over time. In terms of gross efficiency, the scores remain relatively similar over the sample time 
period from 1980 to 2017. Although it can be observed that there is a reduction in efficiency levels 
during the Asian financial crisis in 1997, efficiency scores remain relatively similar, averaging at 
around 92.3 per cent throughout the sample. In terms of technological progress, the ASEAN 
economies did not perform well in terms of TFP growth. Technical change was low prior to 1992 
before the ASEAN Free Trade Agreement was signed and averaged below 1 per cent.

This echoes the argument put forth by Krugman (1994) and Young (1995), who criticised the 
capital-intensive growth that the ASEAN economies adopted and did not achieve a sustainable 
level of technological progress. Despite the criticism, capital-intensive growth strategy was 
a decent growth strategy as the ASEAN economies benefited from increasing returns to scale 
over the time period, averaging at 8.8 per cent. Returns to scale refer to the rate by which output 
GDP changes if both capital and labour are changed by the same factor, and in this case, 
increasing returns to scale means that output GDP grows more than the inputs of capital and 
labour.

Figure 2 provides a closer examination of gross efficiency over time. Although on average gross 
efficiency remains relatively similar across the sample time-period, in 1994 it can be observed that 
there is a substantial downward trend in gross efficiency. In fact, gross efficiency reached a low of 
below 90 per cent during the aftermath of the Asian financial crisis. Likewise, in 2007, gross 
efficiency experienced a downfall and again in 2011, during the onset of the Eurozone crisis and 
have been declining ever since. The downward trend is concerning, and these efficiency issues 
must be addressed by the individual ASEAN economies and collectively as a region through policy- 
implementation that can improve the efficiency of capital and labour.

Similarly, Figure 3 provides a closer examination of technical change over time. In similar fashion 
to the gross efficiency scores, it can be observed that technical change had a dramatic decline 
during the Asian financial crisis, hitting a low of 0.4 per cent technical change in 1994. Additionally, 
technical change also declined during the global financial crisis in 2007 and also during the onset 
of the Eurozone crisis in 2011. However, the decline in technological progress was less dramatic 
compared to the fall experienced during the Asian financial crisis. On the one hand, it can be 
concluded that the ASEAN economies did not perform well in terms of TFP growth, as the average 
technical change over the time-period is at 1.0 per cent. It is suggested that the recommended 
total factor productivity level of 2.0 per cent to 5.0 per cent a year in order to achieve sustainable 
growth (Munnell, 1990). On a positive note, technical change over time shows a positive upward 
trend and is close to achieving a technical change of over 2.0 per cent in 2017. The ASEAN 
economies should continue to observe the growth-enhancing policies that are currently in place 
and continue to identify policies to promote growth.

Meanwhile, Figure 4, which illustrates the returns to scale change over time, presents an 
interesting picture. It can be established that the ASEAN economies benefited from increasing 
returns to scale, which suggests that the economy is still converging towards its steady-state. 
Although at first sight, the returns to scale change seems to be stationary without any significant 
trends. However, on closer inspection, the returns to scale change appear to have an inverse 
relationship with gross efficiency and technical change. In particular, prior to the height of the 
Asian financial crisis, there exhibits an increasing returns to scale trend, followed by a decreasing 
returns to scale trend, which is expected after the onset of the crisis. The effects of the global 
financial crisis in 2007 and the eurozone crisis also exhibit similar trends with respect to returns to 
scale.
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Table 4. Gross efficiency, technical change and returns to scale over time
Year Gross Efficiency Technical Change Returns to Scale 

Change
1980 0.920 - -

1981 0.922 1.004 1.103

1982 0.922 1.004 1.103

1983 0.924 1.005 1.099

1984 0.926 1.005 1.089

1985 0.920 1.006 1.072

1986 0.918 1.006 1.079

1987 0.924 1.007 1.069

1988 0.924 1.007 1.076

1989 0.927 1.007 1.088

1990 0.931 1.008 1.087

1991 0.931 1.008 1.089

1992 0.931 1.009 1.103

1993 0.927 1.009 1.106

1994 0.929 1.008 1.103

1995 0.931 1.007 1.110

1996 0.916 1.007 1.155

1997* 0.907 1.004 1.105

1998 0.901 1.005 1.070

1999 0.896 1.007 1.071

2000 0.901 1.009 1.061

2001 0.909 1.012 1.066

2002 0.914 1.013 1.069

2003 0.929 1.013 1.064

2004 0.934 1.014 1.072

2005 0.936 1.014 1.074

2006 0.937 1.014 1.076

2007* 0.930 1.012 1.100

2008 0.927 1.012 1.094

2009 0.931 1.014 1.089

2010 0.934 1.016 1.091

2011* 0.933 1.017 1.096

2012 0.930 1.014 1.099

2013 0.925 1.015 1.099

2014 0.922 1.018 1.081

2015 0.919 1.018 1.082

2016 0.916 1.018 1.081

2017 0.915 1.019 1.073

Average 0.923 1.010 1.088
Gross efficiency is the interaction between persistent and transient efficiency. There are no values for technical 
change and returns to scale change in 1980 as it requires data for the relative distance output from 1979. This time 
period is outside the sample time period. Technical change and returns to scale change is calculated from the relative 
distances between two time period using the Malmquist index derived from a parametric decomposition of the 
production frontier in Table 2. *The Asian financial crisis hit the region around 1997, the global financial crisis around 
2007 and the onset of the Eurozone crisis in 2011. 
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Figure 2. Gross efficiency over 
time.

Source: Authors’ compilation of 
results from Table 4 

Figure 3. Technical change over 
time.

Source: Authors’ compilation of 
results from Table 4 

Figure 4. Returns to scale 
change over time.

Source: Authors’ compilation of 
results from Table 4 
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In addition to analysing the productivity and efficiency of the ASEAN economies over time, it is 
also essential to decompose the estimated productivity frontier to examine the individual ASEAN 
member states. Table 5 reports the gross efficiency, technical change and returns to scale change 
across the ASEAN member states. The estimated findings of Table 5 are also illustrated in Figures 7 
and 8, to present the estimated gross efficiency and technical change by rankings to provide 
further analysis of the findings. On brief inspection, the ASEAN economies in terms of productivity 
and efficiency are diverse across the group which is expected. For example, Indonesia is an 
upcoming and emerging economy with a large capital and labour force, while Singapore is 
a highly developed free-market economy that consists of a small labour workforce when com
pared to Indonesia. Furthermore, economies such as Cambodia, Lao PDR, Myanmar and Viet Nam 
are developing at a faster rate and are converging with their richer ASEAN counterparts following 
reforms and regional integration.

As a consequence, it is expected to observe differences in terms of productivity and efficiency 
levels across these diverse set of countries. Focusing on the gross efficiency across the ASEAN 
economies, in Table 5, it can be seen that Indonesia, on average over the sample time period, is 
the most efficient at utilising capital and labour relative to the production frontier of the ASEAN 
economies. This is followed by Malaysia, Thailand, Philippines and Singapore, which is interesting 
as these are the five original founding members of ASEAN. Meanwhile, Cambodia, Lao PDR, Viet 
Nam, Brunei and Myanmar are ranked in the bottom five in terms of gross efficiency relative to the 
ASEAN economies. This is quite fascinating as not only these countries joined decades after the 
initial declaration of ASEAN, but Cambodia, Lao and Myanmar are third world countries while Viet 
Nam was only considered a second world country as it was previously part of the Communist Bloc 
after World War II. These third world and developing economies generally experience many 
reforms and structural changes in order to grow and thus, will have lower efficiency before 
converging with its richer counterparts. Brunei is a curious one as it actually has the second- 
highest Human Development Index and is classified as a developed country. However, upon closer 
investigation, the Brunei economy is highly dependent on its oil and gas production while other 
sectors of its economy are relatively underdeveloped. As a result, this may perhaps explain the 
lower gross efficiency scores that the country experiences.

At the same time, the technological progress across the ASEAN economies also presents an 
interesting picture in Table 5. Unsurprisingly, Indonesia has the highest average TFP growth 

Table 5. Gross efficiency, technical change and returns to scale in the ASEAN economies
Country Gross Efficiency Technical Change Returns to Scale 

Change
Brunei 0.915 1.001 1.056

Cambodia 0.918 1.009 1.082

Indonesia 0.935 1.018 1.083

Lao PDR 0.917 1.007 1.123

Myanmar 0.915 1.013 1.099

Malaysia 0.932 1.010 1.103

Philippines 0.928 1.013 1.063

Singapore 0.925 1.005 1.109

Thailand 0.931 1.013 1.063

Viet Nam 0.916 1.015 1.095

Average 0.923 1.01 0.088
Gross efficiency is the interaction between persistent and transient efficiency. Technical change and returns to scale 
change are calculated from the relative distances between two time period using the Malmquist index derived from 
a parametric decomposition of the production frontier in Table 2. 
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compared with the ASEAN economies. However, at a close second, Viet Nam has an average of 
1.5 per cent technical change. This actually highlights the positive effects of the economic reforms 
and policies such as the Doi Moi policy, which the country has implemented in 1986. The Doi Moi 
policy was similar to China’s Open-Door Policy (H. Haini, 2020b), whereby the Communist Party in 
Viet Nam encouraged privately owned enterprises to operate and overturn collective farming to 
increase incentives to the agriculture industry (Dollar et al., 2004). The other ASEAN economies 
also achieved a subpar TFP growth performance and surprisingly, Singapore and Brunei rank the 
two lowest economies for technical change averaging at 0.5 per cent and 0.1 per cent respectively. 
The results echo similar findings from Kim and Lau (1994), Young (1995), and Hsieh (2002), who 
suggests that Singapore is vulnerable to external shocks due to its reliance on its export market 
and small domestic market. Meanwhile, Brunei relies heavily on its oil and gas exports, while its 
other industries are relatively underdeveloped.

Finally, to provide a complete picture of technical progress across the ASEAN economies, Table 6 
reports the decompositions of technical change over time in the respective ASEAN economies. 
Similar trends can be observed across the economies where technical change suffers a drop during 
the Asian financial crisis, global financial crisis and the eurozone crisis, with the Asian financial 
crisis experiencing a large drop in TFP growth. Focusing on the individual economies, there are 
a number of ASEAN countries that have recently achieve a higher TFP growth and is positively 
trending upwards. Unsurprisingly, Indonesia began to achieve a technological change of more 
than 2.0 per cent in 2002 and have continued to perform consistently. Similarly, the Philippines and 
Thailand have also achieved a technical change of more than 2.0 per cent in recent years.

Astonishingly, Myanmar and Viet Nam, also achieve a technical change of more than 
2.0 per cent in recent years. In the case of Viet Nam, these efforts can be traced back to the Doi 
Moi policy discussed earlier. However, Myanmar is a remarkable case as its political and economic 
reforms were only initiated in 2011, when the new government took power, after decades of 
economic isolation (Hlaing, 2012). Myanmar’s economic reforms focused on good governance, 
transparency and accountability, which supports many institutional development and economic 
growth theories (Glaeser et al., 2004), while including measures to attract foreign investment, 
liberalise trade, enhancing economic integration and reducing the government’s role in order to 
promote the private sector.

This has been successful as shown by the technical progress achieved by Myanmar which also 
indicates a positive trend for the future. On the other hand, Brunei has achieved a disappointing 
technological progress of 0.1 per cent despite being the second wealthiest ASEAN member state in 
the region, in terms of GDP per capita. This suggests the dependency of the Brunei economy on 
capital-intensive growth, which is unsustainable in the long-run, and thus, the country must 
implement growth-enhancing policies that can improve productivity for its economy. Similarly, 
Singapore, the wealthiest nation in the ASEAN region, in terms of GDP per capita, also suffers from 
the same issue. This arises due to Singapore’s dependency on its external markets making it 
vulnerable to external shocks. Other factors highlight Singapore’s dependency on low-skilled 
foreign workers which constitute 38 per cent of Singapore’s labour force. The economy must 
focus on upgrading its existing labour force and innovate its economy in order to achieve 
a higher TFP growth rate.

5. Concluding remarks
This study examines the productivity of the ASEAN economies from 1980 to 2017 in the presence 
of transient and persistent efficiency using a stochastic production frontier model. Previous empiri
cal researches have shown that the source of ASEAN’s productivity growth has been driven by 
capital-intensive growth and the region relies heavily on external trade for development. The 
empirical findings suggest that technological progress has been consistently low, and the region 
will reach its steady-state if these are not addressed. However, these previous researches have 
been conducted before the turn of the 21st century, and since then, there has been a lack of 
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research that examines the productivity and efficiency of the ASEAN economies in recent years. 
Although there are previous strands of literature that examines the determinants of economic 
growth within the region, there have been few studies that examine productivity growth in the 
context of a production function while employing recent methodological developments in the field. 
This is important as the region has implemented various policy initiatives in recent years, most 
notably the AEC Blueprint, which promotes further integration within the region. This can poten
tially result in long-term structural changes that can be beneficial for the economy. As a result, this 
study examines the productivity of the ASEAN economies over an extended time-period while 
decomposing the frontier for estimates of gross efficiency, technical change and returns to scale 
change while taking into account transient and persistent efficiency. A deeper insight into the 
productivity and efficiency of the ASEAN economies can provide policymakers with essential 
information for future policy formulation.

The estimated results for the production function model presents expected results, as capital 
and labour are positive and significant to GDP. More interestingly, the study finds that capital stock 
accounts for 54 per cent while labour accounts for 41 per cent of GDP growth. In more detail, the 
interaction between capital and labour suggests a trade-off, and the estimated results show that 
the effects of capital are weakening over the long-run while labour has a more significant impact 
as it increases over time. This suggests the convergence of capital towards its steady-state growth. 
The estimated decompositions of the production frontier model produce interesting results. On 
average, the gross efficiency of the ASEAN economies is 92.3 per cent efficient at utilising capital 
and labour. This can be improved by increasing persistent efficiency through long-term structural 
changes, such as the implementation of productivity-enhancing policies. Thus, if these issues are 
addressed, the ASEAN economies can potentially increase GDP by 7.7 per cent. In more detail, the 
study also finds that gross efficiency within the region falls during times of crisis, in particular, 
during the Asian financial crisis. The economies must establish policies to reduce the effects of 
contagion during crisis periods in order to maintain efficiency levels and re-focus its efforts on the 
domestic economy to avoid external shocks to its productivity.

Furthermore, the decompositions of technical change provide expected results. On the one 
hand, it can be observed that despite the slow TFP growth of the ASEAN economies, the region 
is trending towards a higher level of productivity growth. Similarly, it was observed that the region 
suffers a drop in TFP during times of crisis. The region and individual member states must re-focus 
on its domestic economies and implement further policies to promote integration to protect itself 
from external shocks. Furthermore, the region and the individual member states should formulate 
policies that can improve the skills of its labour force, through educational and health policies that 
can improve human capital development (H. Haini, 2020a). Moreover, it is critical to consider 
structural changes that can improve productivity and efficiency, such as developing a stronger 
ICT sector that can allow the region to develop its domestic economy and provide itself with 
a platform for future growth (Haini, 2019). As technological progress is inseparably linked with 
capital formation, developing a stronger ICT sector will promote disembodied and embodied 
technological progress and encourages the region to develop a highly skilled labour force for the 
industry. These are policies that can be implemented in the medium-term while policies that focus 
on regional integration will generally be longer-term.

There are a number of directions for future work that will be of interest to policymakers. This 
study employs a dataset of aggregated country-level data which can be improved by employing 
a dataset of firm-level data on the manufacturing or services industry. This can provide a deeper 
understanding of productivity and efficiency levels within the region and individual economies on 
the firm-level for specific industries. This can allow for the formulation of exclusive policies for 
industries within the region to promote productivity growth. Future research should focus on 
examining the productivity and efficiency of the sectors within the industry that can be improved 
and can have spillover effects on the real economy.
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