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This study investigates the relation between the efficiency converging moment and Total 

Factor Productivity of Indonesia’s economy. The intriguing finding is that although 

efficiency convergence was speeding towards the frontier as well as the catching-up  

patterns, the finding showed a negative productivity at a nearly zero level. Particularly, the 

negative productivities were mostly exhibited by Indonesia’s eastern regions. Technical 

Change that experienced a statistical downturn seemed to have discouraged this productivity. 

Variables such as investment might have played a significant role in this case. This study 

recommends making regulations on investment spending in each province, so that regional 

productivities can be improved.  
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1.  INTRODUCTION 
 

For more than two decades since the Asian financial crisis, Indonesia has been 
attempting to stabilize and improve its economy. The Central Bureau of Statistics (BPS) 
noted that, post 1998 crisis, the economic growth improved from year to year from 
-13.13% in 1998 to 0.79% in 1999, and to 4.92% in 2000. However, the global 
economic turmoil had caused uncertainty that resulted in fluctuating growth trends. 
Although Gross National Product (GDP) growth once hit a peak of 6.35% in 2007, the 
US crisis occurred in 2008 and led to decreasing the growth to 4.63% in 2009. 

This fluctuated performance might influence regional productivity in Indonesia. As 
Kumbhakar and Wang (2005) suggested, regions might fall short of producing 
maximum possible (frontier) output due to the incompetence of financial institutions or 
inapposite regulatory intervention, leading thereby to economic inefficiency. Although 
Indonesia’s economic crisis in 1997 has been recovered through the growth 
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improvement, with more than 25 provinces owned by Indonesia, there should be a 
different ability to recover its economy. As Barro and Sala-i-martin (1992) suggested, 
poorer countries might have a more rapid catching-up process than the wealthier ones; 
regions with slower development in a poor country could move into the frontier 
(convergence) which then leads to the economic improvement. Hence, the growth 
distribution issue and catching up moment have emerged and been an intriguing 
discussion that emphasizes the inequality growth that might happen after an economic 
turmoil in a country.  

In the last two decades, Indonesia has attempted to implement various policies to 
recover from the 1997 crisis and improve its economic growth, for instance, by 
emphasising a greater role of investment spending. Investment has been encouraged 
continuously to contribute greater to the long-term benefits. This is because Indonesia 
relies on its domestic consumption as the largest contributor to the economic growth for 
more than 50% since 1994 (CEIC Data, 2019) although consumption can be easily 
impacted by the purchasing power, hence is vulnerable to global recession.  

There are large number of studies which argue that investment promotes the growth 
of GDP in Indonesia (e.g. Sjafii, 2009; Nizar et al., 2013). Meanwhile, the neoclassic 
theory suggests that economic growth (when it comes to output per person) is not 
sustainable without prolonged increases in Total Factor Productivity (TFP). This is 
because factor accumulation shows decreasing returns that are ultimately self-defeating 
(Margono et al., 2011). Nevertheless, research on the TFP measurement for the case of 
Indonesia is still underdeveloped1.  

Research on the catching-up effects and TFP measurement specific to Indonesian 
economy, by far, has only been conducted by Margono et al. (2011). Other 
investigations on specific TFP cases were conducted by using different approaches such 
as in the research of Wibisono (2005) and Eng (2009). Meanwhile, this study contributes 
to some intriguing issues: (1) the efficiency convergence moment approach that would 
detect regional efficiencies move toward or away from the frontier; (2) the efficiency 
catching up moment approach that would highlight the catching-up effect induced by 
regions with lower efficiency on the regions with higher efficiency; (3) the efficiency 
dispersed convergence moment that would show the regions efficiency convergence to 
the average level; (4) the measurement of Total Factor Productivity to find whether the 
convergence moment has the same pattern with TFP (when efficiency convergence 
occurs, TFP growth will be positive).  

Margono et al. (2011) contended that technical efficiencies contributed to the TFP 
growth of Indonesia from 1993 to 2000 in 26 provinces. However, our study aims at 
investigating whether the efficiency convergence moment has the similar pattern with 
Total Factor Productivity growth in 29 provinces in Indonesia from 2002 to 2017. As the 
use of a single country consisting of several regions increases the possibility of regions 

 
1 The most recent research date back to 2014, five years from now, and the dataset was collected in 2010. 

Examples of previous research include Eng (2009), Margono et al. (2011), Arsana (2014). 
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facing a similar production frontier (Margono et al., 2011), we use provincial data 
instead of cross-countries data, which also distinguishes this study from the prior ones 
(e.g. Kneller and Stevens, 2003; Kumbhakar and Wang, 2005). Indonesia consists of 
provinces with different economic and governmental policies; therefore, our study 
would be distinguished for its representation of a country’s diversity comparable to the 
dataset at the cross-countries level.  

This study offers many practical implications, one of which is informing policy 
making in economic development. It could also evaluate how the macroeconomic 
performances are expanded either in specific provinces by emphasizing productivities 
growth or in simultaneous analyses by highlighting the efficiency convergence moment, 
so that the proposed policies could be tailored following the condition of each province. 
Furthermore, the current policy of Indonesia, such as investment intensification, could 
be also highlighted following our result, so that Indonesia could be a role model for 
other developing countries in the world.  

The rest of this study is divided into four section. Section 2 of this paper is a 
literature review of the previous research on the Indonesia’s economy, the theory of 
efficiency linked to the production frontier, the convergence notion and the existing 
studies. Section 3 explains this study’s methodology, data, model and technical analysis. 
Section 4 presents the results and discussion while Section 5 concludes the paper.  

   
 

2.  LITERATURE REVIEW 
 

2.1.  The Economy of Indonesia 
 
Indonesia is a large country divided into 34 provinces as of 2019. There are five 

large islands of Indonesia namely Sumatera, Kalimantan, Sulawesi, Papua and Java. 
However, according to the 2010 census, 57% of the 250 million population of Indonesia 
is merely centralized in Java Island. This condition leads to the inequality of output 
(captured by Gross Domestic Regional Product) owned by each province. Although Java 
Island only has 6 provinces, one of which is the capital city, Jakarta, the Central Bureau 
of Statistics noted that Java Island has averagely more than 60% of the aggregate GDRP 
of the 29 provinces in Indonesia from 2002 to 2017. Hence, this condition indicates that 
the output inequality among regions continued to exist for the last 16 years.  

Indonesia’s economy is contributed to by several sectors. These sectors are captured 
in the expenditure of GDRP. There are six main expenditures that fostered Indonesia’s 
economic growth: household consumption, non-profit institutions serving households 
consumption expenditure, general government consumption expenditure, gross fixed 
capital formation, changes in inventories and net export of goods and services. The data 
of the Central Bureau of Statistics (2017) illustrated that household consumption is the 
largest expenditure spending of Indonesian economy at 40% in 2017. Meanwhile, Gross 
Fixed Capital Formation (GFCF) capturing investment circumstance merely reached  
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23% in 2017. This condition emphasized that Indonesian economy is still supported by 
household consumption, which is consumptive, instead of GFCF, which is more 
sustainably productive and lucrative for long-term economic stability. Whereas, Cohen 
and Leventhal (1989) suggested that capital formation is an essential indicator for any 
country to be self-sufficient, job opportunities expansive, and increase the standard of 
living of people. As could be seen, for instance, the Foreign Direct Investment (FDI) 
could foster economic growth through a spill-over effect such as transferring the 
knowledge of technology and growing capital formation (Budiharto et al., 2017).  

As the population reached 250 million of whom more than 50% is labor (as of 2017), 
Indonesia’s economy is labor intensive, which means that the use of labor is essential in 
the resulting output. Lubis (2014) maintained that the number of laborers significantly 
contributes to foster the growth of the Gross Domestic Regional Product of 33 provinces 
in Indonesia. Lubis (2014) also stressed the role of the government in developing human 
capital to boost productivity. There is also a side-to-side relation between economic 
growth and human capital, as mentioned by Lubis (2014). On one side, economic 
growth (supported by government spending for labor incentive) would provide any 
resources that can possibly foster human development in the sustainable term. While on 
the other, the good-quality human development would promote the agile economic 
growth. However, the Central Bureau of Statistics recorded that the domestic labor that 
works outside Java Island (for example, in Sumatera, Kalimantan) and the eastern region 
(like in Sulawesi, Maluku and Papua) reached 40.9% in 2017. This indicates that the 
human resources for labor are not well-dispersed along the region.  

 

2.2.  Theory of Efficiency and Production Frontier 
 
Efficiency is a moment when an output increment leads to the diminishing of other 

outputs in the least amount and an escalation of at least one input (Koopman, 1951). 
Subsequently, Coelli et al. (2005) defined efficiency in a more specific context: 
technical efficiency is a moment when producers manufacture different products with 
minimal input or when they optimize input to produce more products. Technical 
efficiency will be measured and possibly not reach the optimal level. When this context 
occurs, technical inefficiency exists. The illustration of technical efficiency and other 
components is in Figure 1. 

The concept of Technical Efficiency (Figure 1) is associated with the Production 
Possibility Frontier (PPF). Q1 as the frontier denotes the most optimal production rate 
with zero inefficiency. X is the input to produce Y. Points B and C represent the optimal 
production level. There are two possible movements of A to achieve efficiency. In the 
first case, inefficiency emerges at Point A because by using input at X1, point A is only 
able to produce output at Y1. Point A is still able to produce output up to Y2, which is 
the same output as point B by using a similar level of input. The second case is when 
point A utilizes more input than point C, point A produces an equal output at Y1. Hence, 
point A can reduce the use of input to reach efficiency. The second case is an instance of 
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using scale economies to improve productivity. For more advanced cases, productivity 
needs to be compared over time, which is often referred to as technical change/technical 
progress (TP) capturing the role of technology as illustrated by the movement from Q1 
to Q2 or the upward (progress) and downward (regress) shift of the production frontier. 

 

 
Source: Coelli et al. (2005). 

 

Figure 1.  Production Frontier, Technical Efficiency, and Technical Change 
 

 
2.3.  Theory of Convergence 
 
The theory of convergence was originated from the Neoclassical Sollow growth 

model (Sollow, 1956), which assumes that growth is mainly determined by the physical 
capital factor such as saving and investment as well as labor (population growth), while 
Technological progress is considered as residual. The Neoclassical Theory postulates 
that a country’s per capita economic growth has a negative correlation with the initial 
output level and income level (Ramsey, 1928; Sollow, 1956). This notion was then 
deriving the theory of income convergence in which a steady state might occur as the 
economic growth level decreases along with the income level surging. 

Figure 2 provides the illustration of the Sollow Swan model showing how the growth 
trend eventually converges into a steady state. In the Sollow Swan model, the saving 
curve ( .  ( )/ ) and the effective depreciation line ( +  ) represent the growth of 
the capital ratio and labor (k). The lag between the saving curve and the effective 
depreciation line is noted as economic growth and is expected to decrease over time. 
Barro and Sala-i-martin (1992) then considered this theory in case of universal poverty 
in which the ratio of capital and labor of poor countries at the beginning period (k(0)poor) 
is greater than that of the richer countries (k(0)rich). This condition is recognized as 
convergence within the catching-up effect.  
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Source: Barro and Sala-i-martin (2004). 

 
Figure 2.  Convergence Theory 

 
 
2.4.  Existing Studies 
 
The convergence trend consists of inflation convergence and efficiency convergence. 

Inflation convergence was mainly investigated from the experiences of the European 
Union being an economy with a single currency (see Kocenda and Papell, 1997; 
Motengua-Gomez, 2002; Lopez and Papell, 2012; Purwono et al., 2020). Meanwhile, 
efficiency convergence comprises two patterns, converging among the countries (Barro 
and Sala-i-martin, 1992) and converging into the frontier (Battese and Coelli, 1995; 
Kumbhakar and Wang, 1995). In both patterns, inefficiency occurs when production 
operates inside the frontier line that is the most optimal production rate because output 
can still be increased by using the same technology and input levels (Margono et al., 
2011). 

Further research on efficiency includes a decomposition of productivity growth 
factors (Orea, 2002; Kumar and Russel, 2002), which means investigating technological 
change/progress (TP) and scale economies. By doing so, the source of the TFP growth 
of a country should become identifiable. Research on efficiency in Indonesia mostly 
analyses TFP at the micro level (e.g. Suyanto et al., 2009; Sari et al., 2016; Yasin, 2020). 
Research at the macro level is still underdeveloped and only few studies have addressed 
this area (e.g. Margono et al., 2011). Other studies (e.g. Wibisono, 2005) consider 
technological transfer as the main driver of convergence in regional income and argue 
that government policies have a major influence on the technological diffusion among 
regions to achieve rapid and sustainable regional economic growth. 
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3.  METHODOLOGY 
 

3.1.  Data 
 
This study’s data was collected from the Central Bureau of Statistics of Indonesia 

(BPS). The output was Gross Domestic Regional Product (GDRP) in the 29 provinces in 
the period 2002-2017. This was as a proxy for the Gross Domestic Product (GDP) in the 
studies of Kneller and Stevens (2003) and Kumbhakar and Wang (2010). The input was 
investment by empowering the data of the Gross Fixed Capital Formation (GFCF) 
(Becerril-Torres et al., 2010) defined by BPS as the expenditures for capital goods with 
a service life of more than a year and that are not consumer goods. GFCF includes 
residential and non-residential buildings, other facilities such as roads and airports, as 
well as machinery and equipment. Another input is the number of laborers 
(Becerril-Torres et al., 2010). To avoid data bias due to annual price change, we adjusted 
GDP and GFCF to Consumer Price Index (CPI) within the basis year of 2012. The 
descriptive statistic is displayed in Appendix 1. 

  

3.2.  Model and Technical Analysis 
 
Regarding the efficiency convergence test, we employed two models: Translog (TL) 

production function (Model 1) by Kumbhakar and Wang (2005) and the model 
introduced by Margono et al. (2011) which was adapted from the cross-country panel 
data. 

 
   =	  +      +      + 	     

 +	     
 +   ( .  )  +   ( .  )  +   ( .  )   

+   +    −    ,            (1) 

   =   +   ( ) +        −      +    ,         (2) 

   ~ (0,   
 ),              (3) 

   ~ 
 (  ,  

 ).             (4) 
 
In the model above,   and   refer to provinces and year,     is the log of output, 

    is log of gross fixed capital formation,   is the log of number of workers. We also 
included a time trend ( ) variable adhering what was conducted in the research of 
Kneller and Stevens (2003) and Kumbhakar and Wang (2005).     is the error 
distribution in the assumed normal distribution.     refers to the inefficiency index 
which is presumably distributed in a half-normal non-negative area.   denotes a 
truncated normal random variable with zero mean and variance   

 . We estimated those 
parameters by employing Stochastic Frontier Analysis (SFA) within Maximum 
Likelihood Estimator (MLE). We employed both models by Kneller and Stevens (2003) 
and Kumbhakar and Wang (2005) because they investigated efficiency convergence 
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with specific parameters, namely   and capital labor ration at the beginning period 
(    −     ). Both parameters were expected to depict the convergence moment along 

the frontier line. The model in Cobb Douglas (CD) production function was used as an 
alternative model that ignores   ,   ,   ,   ,    (Model 2). We tested both Model 1 and 
Model 2 to select the most appropriate one. The test was Log-Likelihood Ratio Test 
(LLR Test) with the following formula: 

 
 = −2[ (  ) −  (  )],            (5) 
 

where  (  ) and  (  ) are the value of Log Likelihood of null hyphotesis (Cobb 
Douglas) and alternative hypothesis (Translog). The Likelihood Ratio Test aims to 
choose the proper production function to calculate technical efficiency. This method 
views   as a parameter by considering the Log Likelihood value in each production 
function. If   is larger than χ2 table, the null hypotheses are rejected, thus Translog 
should be accepted. 

We also included efficiency convergence analysis with its  -convergence and 
 -convergence. These views were initiated by Barro and Sala-i-martin (1992) who 
tested convergence based on economic growth. However, the convergence test in studies 
by Weil (2009), Wild (2016) and Carvallo and Kasman (2017) was conducted via the 
efficiency level. A study by Carvallo and Kasman (2017) employed the fixed effect 
model to estimate the convergence parameter, but this model was ruled out in the current 
research because of its potential endogeneity problem and explanatory variable 
omittance (Wild, 2016). As a final result, the Generalized Method of Moments (GMM) 
developed by Arellano and Bond (1991) was selected for testing the convergence. The 
equation of  -convergence (Eq. 6) and σ-convergence (Eq. 7) are specified below. 

 
ln(     ) − ln(    ,   ) =   +   	ln(    ,   ) +    ,      (6) 

∆   =   +  	  ,   +    ,           (7) 

 
where       is the technical efficiency of the province i in the year of t and     ,    

refers to the technical efficiency of the province   in the year of  − 1.    refers    
to the  -convergence parameter that will turn negative when efficiency converges. 
       is the mean of the Natural Logarithm (ln) of       in each period,               
   = ln     −      , ∆   =    −  ,   , 	  	is the σ-convergence parameter 

that will turn negative when efficiency converges. The test of specification is 
compulsory in GMM to ensure the appropriacy of the specified model. In this case, 
differentiated autocorrelation (AR) in the error term is appropriate (Gnangnon, 2019), so 
we termed AR(2) as an order of autocorrelation. This test decides that a p-value greater 
than 10% means no autocorrelation. The Sargan test was also used to ensure the validity, 
with the condition: if the probability of the chi-Square value is lower than its 
significance rate at 10%, the model is not valid.  
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Total Factor Productivity (TFP) growth was also calculated and decomposed to 
check if efficiency convergence brought a positive productivity. The decomposition is 
specified as below. 

 
      ,   =      ,   +     ,   +      ,               (8) 

 
where       ,    is the Total Factor Productivity growth between period   and  − 1. 
TFP growth consists 3 components. The first component is      ,    denoting 

technical efficiency change of period   and  − 1. The calculation is specified as 
follows. 
 

     ,   = ln  
    

      
 × 100,           (9) 

 
where      is the technical efficiency of period   and estimated from exp(−   )	in 
the Eq. (2). The second component is     ,    that is Technical Change or 

Technological Progress and requires calculating the partial derivative of Eq. (1) with 
respect to time at each data point. The formula of     ,    is specified as follows.  

 
    ,   = 0.5[        ⁄ +       ⁄ ] × 100.       (10) 

 
The third component is      ,    that is Scale Efficiency Change and requires 

calculation of production elasticity for each input at each data point, such as two 
equations as follows. 
 

    =
    

     
=   +

 

 
∑ ∑        +     

 
   

 
   ,      (11) 

 
    = ∑     

 
   ,                (12) 

 
where      is the elasticity of each input and      is the total elasticity. we can 
construct the scale factors at each data point from the Eqs. (11) and (12) as follows. 
 

    = (    − 1)     ⁄ ,           (13) 
 

     ,    between period   and  − 1 is given by the summation of the average of the 

scale factor for the  -th province between the two periods multiplied by the change in 
the respective input usage. The formula is specified as follows.  
 

     ,   =
 

 
∑ [((    ×     ) + (      ×       ))(    −       )] × 100 

   .  (14) 
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4.  RESULTS AND DISCUSSION  
 

The estimation results are provided in Table 1, showing the Maximum Likelihood 
Estimation (MLE) for Model 1 and Model 2. Since the Translog model parameter cannot 
be directly interpreted (Kumbhakar and Wang, 2005; Sari et al., 2016), we measured 
elasticity of each input by employing the equation: (11)-(14).   

 
 

Table 1.  MLE Estimation Results 

 
Translog Cobb Douglas 

Coefficient Standard Error Coefficient Standard Error 
Production Frontier 

β0 21.242*** 1.219 3.071*** 0.194 
β1 (K) -0.463* 0.267 0.727*** 0.015 
β2 (L) -0.881*** 0.277 0.216*** 0.020 
β3 (K

2) 0.022* 0.012 - - 
β4 (L

2) 0.028 0.027 - - 
β5 (KL) 0.023 0.038 - - 
β6 (KT) 0.015*** 0.006 - - 
β7 (LT) -0.022*** 0.009 - - 
β8 (T) 0.009 0.076 -0.003 0.006 

Inefficiency Effect 
δ0 1.230*** 0.182 -0.072 0.145 
δ1 (T) -0.163*** 0.016 -0.198*** 0.073 
δ2 (   /   ) -0.228*** 0.045 -0.467* 0.242 
σu

2 0.108*** 0.011 0.369*** 0.118 
γ 0.552*** 0.071 0.820*** 0.054 

Log-Likehood Ratio -35.26 -108.13 

Note: ***: significant at 1%, **: significant at 5%, *: significant at 1%. 
 

 

The comparison between the results of Translog (TL) and those of Cobb-Douglas 
(CD) weighed heavily in the capital and labor influence towards GDRP. Most 
coefficients in the model of production are significant. The estimated parameter   
denotes the variance of the inefficiency components of the error term,   

  divided by 
the total variance,   

 +   
   (Margono et al., 2011). It could be concluded that about 

55.2% (TL) and 82% (CD) of the variation came from inefficiency components, not a 
measurement error. Hence, the utilization of the stochastic frontier model was 
appropriate. The TL model shows negative signs of labor and capital variables. This is in 
line with the research of Margono et al. (2011) and Becerril-Torres et al. (2010). 
Conversely, the CD model shows negative signs for both capital and labor. This finding 
is supported by Kneller and Stevens (2003) and Kumbhakar and Wang (2005) - the 
convergence parameters are presented in Table 1. In terms of the speed of convergence, 
according to the  -parameter, TL converges slower (55.2%) than CD (82%). The 
Log-Likehood Ratio for TL and CD were calculated to determine the proper production 
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function. To achieve this, we employed the formula in equation (5). The result showed 
that the  -statistic was 145.74, which was larger than the χ2 table. Hence, the Translog 
production function was appropriate to use in further investigation. The result on Table 1 
implicates that provinces in Indonesia experience efficiency convergence. This means 
that there is a trend of moving towards the frontier which is the optimal value of 
production. The role of investment spending, captured by capital formation, and human 
capital, captured by the number of laborers, are proportionally well contributing to the 
resulting Gross Domestic Regional Product of provinces.  

Efficiency convergence parameters used by Kneller and Stevens (2003) and 
Kumbhakar and Wang (2005) showed negative signs. Therefore, we then used the 
efficiency scores to estimate the β-efficiency convergence (Barro and Sala-i-martin 1992; 
Weil, 2009; Wild, 2016; Carvallo and Kasman, 2017). By employing the dynamic panel 
regression, the result of the estimation is as follows:  

  
 

Table 2.  Test of β-Convergence Estimation Results 
  Translog 

Coefficient Standard Error 

θ0 -0.000*** 0.000 
θ1 -0.240*** 0.002 

AR(1) 0.013** 
AR(2) 0.116 
Sargan Test (χ2: 90) 28.920 

Note: ***: significant at 1%, **: significant at 5%, *: significant at 1%. Estimates of Lag-1 of Dependent 

Variable is not reported due to space limitation consideration.  

 
 
In Table 2, the convergence parameter results showed similar negative signs which 

means that there was  -convergence. In the Translog model, efficiency convergence 
was observed in the period 2002-2017 with the convergence speed being 24%. This 
means that there was a negative correlation between the initial level of efficiency and the 
speed of convergence (see Table 1). It could then be concluded that provinces with a low 
initial level of efficiency experienced faster growth than the provinces with a high initial 
level of efficiency. We could see that even though there were some provinces that were 
probably left behind, due to the economic turmoil or crisis issue, there was still a 
catching-up effect of those provinces towards the well performing provinces. Hence, a 
 -Convergence of efficiency score exists.  

We also calculated the  -convergence to investigate the patterns of a cross-province 
dispersion. Convergence occurs when dispersion decreases over time. The 
 -convergence captures each province’s speed to converge towards the average 
provincial efficiency. The results are presented in the following table: 
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Table 3.  Test of  -Convergence Estimation Results 

 
Translog 

Coefficient Standard Error 

θ0 0.001** 0.001 
θ1 -0.312*** 0.006 

AR(1)  0.067* 
AR(2) 0.243 
Sargan Test (χ2: 90) 24.680 

Note: ***: significant at 1%, **: significant at 5%, *: significant at 1%. Estimates of Lag-1 of Dependent 

Variable is not reported due to space limitation consideration.  

 

 

The analysis showed that there was a σ-Convergence of efficiency over the period 
2002-2017. This means that the provinces were converging towards the average level of 
efficiency. We corroborated the results by calculating the distribution of efficiency 
deviation (Montuenga-Gomez, 2002) as presented in Figure 3 below: 

 
 

 
 

Figure 3.  Technical Efficiency Dispersion 
 
 
Figure 3 shows that the technical efficiency calculated by using Translog and 

Cobb-Douglas experienced a negative dispersion trend throughout 2006-2017 although 
in the first three years it experienced an increase. This means that the gaps in the 
efficiency level among provinces were reduced in the 15-year period. The movement 
speed towards the frontier was in line with the catching-up effect of the provinces with a 
lower efficiency score. Hence, we may assume that provinces not only successfully 
catch up for efficiency score, but also discourage the efficiency inequality among 
provinces by showing the efficiency score trend towards the average level.  

To reveal whether technical efficiency contributed to economic productivity, we 

-0.01

0.01

0.03

0.05

0.07

0.09

0.11

0.13

0.15

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

S
td

. D
ev

ia
ti

o
n



EFFICIENCY CONVERGENCE OF ECONOMY  81

calculated TFP along with its individual component in both models. The estimation is 
presented in the Table 4. 

 
 

Table 4.  Total Factor Productivity (TFP) and its constituents 
  Translog 

Mean Standard Deviation 

EFF 0.778 0.212 

TC -0.033 0.022 

TEC 0.065 0.069 

SEC -0.034 0.084 

TFP -0.0006 0.020 

Note:  TFP is the sum of TC, SEC, and TEC. 

 

 

 

 
 

Source: Authors  
 

Figure 4.  Total Factor Productivity of Indonesia 
 
 
Because Margono et al. (2011) only examined efficiency two years after the 1997 

Asian Financial Crisis, the observed trend was mainly negative. This is because the 
magnitude of the disruption’s impact on the economy was still the greatest. The current 
research examines the five-year period after the Asian Financial Crisis. 
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As shown in Figure 4, five years after the Asian Financial Crisis, TFP was at a 
positive level (7.4%), which was common in the post transition period (Firdausy, 2005). 
This finding confirms previous research findings (Arsana, 2014; Eng, 2009). However, 
the trend started to decline in 2005 until it reached its lowest point at -1.3% in 2007.  

We performed a partial analysis focusing on each province to investigate the greatest 
contributor to the TFP decline. The result is provided in Appendix 2. All provinces 
experienced a negative TFP over the period 2002-2017. There were 15 provinces with a 
positive TFP and 14 provinces with a negative TFP. There were 14 provinces with a 
negative TFP in each year during the period of investigation. North Maluku was the 
region with the most frequent negative TFP (14 out of 15 years) and the lowest average 
growth at -13.3%. The same occurred in the years 1994-2000 (Margono et al., 2011). 
The lowest TFP in Maluku reached -106.4% in 2012, but in the following year it 
recovered to -1.3%. Meanwhile, Jakarta did not experience a negative TFP during the 
period 2002-2017. This calculation is similar to that presented by previous research 
showing that Jakarta had the greatest growth among 26 provinces over the period 
1994-2000 (Margono et al., 2011). It is noteworthy that this finding is the opposite of the 
results found by Wibisono (2005) demonstrating that the largest TFP mostly came from 
the eastern regions of Indonesia. The results of our research might be a proximity for the 
more real developmental inequality i.e. infrastructure development that happens between 
the western and eastern regions of Indonesia (Rosmeli, 2015). 

Jakarta showed the highest average TFP over the period 2002-2017. We obtained 
this result by comparing variables among provinces with the rank of technical efficiency. 
This summary is provided in Table 5. 

 
 

Table 5.  Share of Regions for Each Variable 
Variables Rank Province Share Rank of Average Technical Efficiency 

GDRP 
 
 
 
 

1 Jakarta 17.28 4 

2 East Java 15.13 13 

3 West Java 13.90 8 

4 Central Java 8.93 18 

5 Riau 6.08 2 

GFCF 
 
 
 
 

1 Jakarta 23.62 4 

2 East Java 13.06 13 

3 West Java 10.81 8 

4 Central Java 8.29 18 

5 Riau 5.77 2 

Labor 
 
 
 
 

1 East Java 18.06 13 

2 West Java 16.48 8 

3 Central Java 15.53 18 

4 N. Sumatera 5.38 7 

5 Jakarta 4.07 4 

Source: Tabulated by Authors 
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As shown in Table 5, Jakarta had the largest share of Gross Domestic Regional 
Product (GDRP) and Gross Fixed Capital Formation (GFCF) at more than 17%. The 
share of labor was the fifth largest among others (at 4.07%). Jakarta also had the fourth 
largest Technical Efficiency, at 86.4% on average over the period 2002-2017 (See 
Appendix 3 for the complete results of Efficiency Scores). This indicates that the level 
of GFCF might have played a considerable role in boosting the efficiency rate and 
inducing a positive TFP growth. Meanwhile, Table 6 shows that investments, e.g. 
Foreign Direct Investment (FDI), were mainly allocated in the western region of 
Indonesia, e.g. Java and Sumatera, and were concentrated largely in Jakarta. This 
condition has widened the gaps between the western and the eastern parts of Indonesia. 
It should also be highlighted that Central Kalimantan was a region with the largest 
average efficiency level (92.2%). Central Kalimantan had a moderately good amount of 
GDRP and GFCF. Among 29 provinces, it was the tenth highest for GDRP and the 
twelfth highest for GFCF. Labor in Central Kalimantan was merely 0.92% of the 
national labor, hence moderate level of input, but it managed to proportionally produce a 
high GDRP. Therefore, Central Kalimantan could be a good model for other regions to 
produce at an optimal level to reach a maximum efficiency. 

Indonesia has experienced an increasing economic growth since the 1997 crisis. The 
disparity in efficiency amongst regions is also decreasing. However, referring to the 
Neoclassical model, economic growth may be non-sustainable if TFP is not considered. 
It is necessary to examine every TFP constituent, namely the downturn of Technical 
Change. Investment captured by GFCF is also important as it may significantly boost the 
economic growth. Manifestations of GFCF include infrastructure, machines, 
transportation, and intellectual property, and these have a greater multiplier effect 
compared to domestic consumption and will significantly boost operational efficiency in 
any given economic activity.  

The distribution amongst the GFCF components is also important. We discovered 
that more than 70% of GFCF spending was for infrastructure development i.e. buildings, 
which might have caused technological regress in Indonesia. Decreasing trends of 
building development means reallocation for other GFCF components such as 
machinery and utilities, which may have caused a positive TFP in the following year. 
This phenomenon is yet to be investigated to gather sufficient evidence. Hence, future 
research is required to address this question. 

The policy implication of this study emphasizes such variables of our study like 
Gross Fixed Capital Formation as a form of investment. Government could foster capital 
growth in each province, notably the eastern region, through attracting Foreign Direct 
Investment (FDI). As the long-term characteristic to operate in a country, FDI would be 
enormously lucrative for Indonesia as a developing country. As FDI comes from 
developed countries, there would be a transfer of knowledge among individuals, such as 
the transfer of knowledge on the sophisticated technology to boost labor productivity. 
The government should attract investors to establish projects in the eastern region by 
promoting various economic potencies. Nevertheless, this promotion should be followed 
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by providing a good infrastructure for supporting accessibility and mobility, such as the 
establishment of roads and bridges. This notion is contended as the absence of such 
facilities not only could hamper the investment in the eastern region, but also enlarge the 
inequality growth issues due to the lack of accessibility.  

Another variable is labor. Labor as human capital should be developed as early as 
possible to achieve a good quality of labor. For instance, the vocational and skill 
education system arranged by the government has functions to generate expert laborers 
in certain specialties. As the laborers have their own specialty in working, this policy 
would significantly increase the contribution of labor to foster economic productivity in 
Indonesia. However, the fact that each different region might own a different labor 
capability, there should be a labor policy that ponders the characteristic of each region. 
Regional governments play an essential role in dealing with this issue by arranging and 
adopting appropriate vocational and skill curriculum. Moreover, the transfer of 
knowledge for either the spatial dimension (from the western region such as Sumatera 
and Java-Bali to the eastern region) or the generation dimension (from old to young 
generations) is essential to ensure the occurrence of the equality of good human capital, 
so that economic efficiency could be equal among provinces (convergence) and 
productivity could show a positive trend.  

 
 

5.  CONCLUSION 
 

The current research has shown that there is a similar pattern between efficiency 
converging and Total Factor Productivity. We found that provinces in Indonesia 
experienced efficiency convergence from 2002 to 2017 in all cases: convergence to the 
frontier, catching-up amongst regions, as well as convergence to the average level of 
efficiency score. However, TFP showed negative values at nearly zero, which is in 
contrast with what happened during the period 2002-2006 that showed a positive TFP. 
Statistically, Technical Change with its negative value played a significant role in the 
analysis, so it is suggested that spending allocation should be directed to machinery or 
technology. At the provincial level, the negative productivities were exhibited by the 
eastern regions. This finding contradicts with some prior studies that discovered the 
larger growth of the eastern regions. It is Jakarta that showed a positive value throughout 
the entire period. The contribution of its GFCF which is the largest among all regions 
might have improved Jakarta’s performance in the last 16 years. Finally, the top five 
largest GFCF spending was in the west of Indonesia (e.g. Java and Sumatera), which 
means that investment spending has always been dominantly in the west, rather than the 
east, of Indonesia. Regulation is needed to address this issue to support equality through 
achieving, for example, an infrastructure development or a technological upgrade in the 
eastern regions, so that all provinces can experience a positive productivity. The limited 
tested period due to the lack of regional data is the main issue of this study. Therefore, 
future research is required to capture more measurement of Total Factor Productivity. 
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Appendix 5.  29 Provinces in Indonesia 
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