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ABSTRACT

This paper identifies the dynamic pattern of East Java growth of manufac-
turing sector and addresses the basic questions of individual economic firms 
whether they would be better off if increasing physical capital or investment 
in human capital. To know which one of the two main inputs in industrial 
sector that is more needed than the other, the marginal productivity of each 
production factors must be identified. I estimate the models which accom-
modate the optimum input level by applying general method of moment 
(GMM) and panel instrumental variable (IV) techniques on some reduced 
form models. I find that on the demand function of labor and capital as the 
first step of IV or Two Stage Least Square (2SLS) show that the elasticity of 
both of them are inelastic and elasticity of labor demand is more sensitive 
than capital. In the production function as the second step, yields that the 
most productive production factors is labor so that investment in this factor 
production is beneficial for industrial growth in East Java. On the other side, 
the physical capital has not been reached the optimum level but the elas-
ticity of capital in production is low. Hypothetically, the inelasticity of physi-
cal capital is because macroeconomic aspects which is monetary policy and 
expected economic situation. Considering these two arguments, quality of 
labor should be more concerned in the context of regional economy of East 
Java because capital aspect cannot be interfered at regional level at least 
for large capital scale.
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 Introduction 

In most modern economy, manufacturing has been known as one of the largest sectors 
in economy besides trade, services, finance, banking, transportation and communication. In-
donesia, a country which has developing economy towards a modern society is highly depend-
ed on manufacturing performance. In addition, industries contribute to Indonesian economy 
about 24 percent which is the biggest sector. Kusnetzs (1973) proposed six characteristics of 
a modern economy and one of these are the rate of structural transformation is high. At the 
beginning 1990s, the change of the structure of Indonesian Economy had begun, the falling 
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of traditional agricultural sector and on the other side rising manufacturing role even though 
there have been stagnated phase since the global economic crisis in 1998.   

Source: World Development Indicator (2017)
Figure 1: Contributions of Manufacturing and Agriculture to Gross Domestic Product 1960-

2016 

Industries spread out across country but mostly in Java Island that in habited by more 
than 82 percent of total medium and large-scale enterprises. The industrial concentration in 
Java may be explained by some reasons. Firstly, because labor supply is abundant in Java, 56.9 
percent of Indonesian population is living in Java even though Java has only 6.75 percent of 
Indonesia territorial area. Moreover, population is the main source of workers and a market of 
industrial output. Second, Infrastructures in Java are relatively well developed such as trans-
portation seaports, international airports, and toll roads, banking and finance, and telecom-
munication networks. Third, theoretically, each location more encourages enterprises than 
others because it has more natural endowment and technological progress that is typically 
Ricardian model (Fedderke and Wollnik, 2007) and even without differences in endowment 
and technological progress among locations, business location decision is the strategy of pur-
suing economies of scale which so called New Trade Theory developed by Krugman (1979).   

Among all Java regions, East Java is the main place for manufacturing enterprises. 
More than 800,000 business units of manufacturing and 6226 of them are large and medium 
scale in 2013 which is the highest number of firms compared to other provinces in Indonesia.  
Nevertheless, World Bank finds some development challenges of manufacturing in East Java: 
First, decreasing of labor-intensive manufacturing and on the contrary, the rise of capital in-
tensive that change industrial labor markets equilibrium. Second, labor cost is one of issues of 
some firm relocation to outside East Java or overseas. Third, a limited number of products to 
be exported may constrain the potential growth of export base manufacturing firms. Fourth, 
the import dependence of production factors especially materials still dominate manufac-
turing inputs of East Java Industries. Those main problems of East Java manufacturing sector 
need to be resolved and bring the industry on its position before the crisis 1998 or even better.  

This paper studies the production aspect of East Java manufacturing sector to find the 
optimum level of factors demand and investigates the effect of this optimum level to manu-
facturing decision on production input choice. This study tries to address the problems faced 
by industrial sectors in East Java that there is shifting from labor intensives to capital intensive 
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production and relatively high labor cost. The shifting may be the rational decision of firms to 
response high labor cost so that the optimum decision of how many labor and capital should 
be used in production function would be necessary managerial decision. The gap between 
optimum level production factors and existing factors used as well as the abundance of these 
factors in East Java may represents how firms make decision in their production function and 
it reflects what makes East Java manufacturing sectors are being stagnated. Sengupta (2012) 
argue that study of the dynamics of industry growth is essential since: first is that the competi-
tion and its market equilibrium and basic behavior have faced fast technological development 
and international markets. The second point is that modern manufacturing and economy have 
experienced a dramatic change from large scale production to the application of advanced 
technologies, computerization, and concern on research and development.   

 The paper proceeds to the next parts as described as follows: the second part explores 
some theoretical considerations on how firms taking any decision on input combination choice 
to reach optimum level of production and provides and how industry growth based on their 
decision on input combination as well as some previous related studies. Part three examines 
the methodological issue containing econometric model building and estimation techniques 
and its challenges including the data management process, potential problems, and some 
strategies to deal with.  Part four provides description of manufacturing performance in East 
Java and the results of estimation process and its problem of post estimation. Part five, would 
be concluding remarks and policy recommendation.  

Literature Review 

This part examines the theoretical foundation of this study and empirical evidence 
from related previous studies. The Theoretical section contain how firm decide how many 
outputs will produce and how many inputs will be used and how optimum level of production 
can be achieved through input combination derived by Sengupta (2012). This behavior brings 
manufacturing sector to the next level growth. Theoretical background of this study can be ex-
plained into three most important theories those are neoclassical model, competitive models 
with adjustment costs, and dynamic models with declining production cost. 

In neoclassical model, production function consists of two input variables those are 
capital stock (K) and labor (L) with the assumption of constant return to scale, the model can 
be written as Q = F(A,K,L) and each firm maximize the present value of their profit (π): 

( ) ( )expJ rt t dt
0

r= -
3

# (1)

Where π is the difference between total revenue and total cost which can be formulized as: 

( ) ( )t P t Q L qIr ~= - - (2)

Q is the production function, P is the market clearing price, ω is the wage rate, q is the price of 
additional capital or investment, and I is gross investment. The decision on product expansion 
using capital changes depend on time derivation since the capital stock has cost of time usage 
that is depreciation which can be derived as follows: 

( )K t dt
dk K1 d= = -o (3)

Where δ is the positive and constant depreciation rate lies on 0<δ<1 , dot in K and µ shows 
time derivation and using Euler – Lagrange Equations with u is the Lagrange multiplier, the 
optimum level of firm decision can be written as: 
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F
K
 and FL is marginal product of capital and labor. There is additional assumption on this 

equation that enterprises know the next period price so that p=p(t), labor price w=w(t) and 
q=q(t). In the equilibrium of steady state where K 0=o  and u 0=o  results in Q* = F (A, K*, L*) 
where the marginal product of capital and labor can be shown in the following equation: 

( , *, *)

( , *, *)
( )

F A K L p
w

F A K L p
r q

L

K

d

=

=
+ (5)

Where K*, Q*, and L* are the targeted optimum level of capital, output, and labor. We can see 
from those two identical equation that the optimum level of marginal product of capital and 
labor is the ratio of their price with price of output where w is the price of labor and (r+δ) is 
the price of capital or rent for using capital. If one unit of capital is rented at c and the depre-
ciation rate is δ so that the present value of rent of all the use of the capital can be derived: 

( )expc t dt
r

c

0

d
d

=
+

3

# (6)

Until the equation 6, the demand for capital is determined of price of capital and the 
present value of marginal productivity of capital. The rationality of firms is that maximize 
their input combination to achieve the optimum level of production which is represented in 
the steady state equilibrium. All the above arguments of the firm decision under competitive 
markets, price is certainly known in the future, and firms work in constant return to scale, 
but if there a change in all or one of the assumptions, this will need some adjustment on the 
model and so the conclusions. This leads us to the next model which is competitive market 
with adjustment cost.  

In the adjustment cost model with competitive markets, firms are assumed to change 
their cost in some period of time. Sengupta (2012) divided the adjustment cost model into 
two approaches which are flexible accelerator model and partial adjustment hypothesis. In 
the flexible accelerator model, the demanded stock of capital in the steady state equilibrium 
can be written as follow:  

( , , )pF A K L cK t= (7)

Applying the equation 7 to Cobb-Douglas production function, Q = AKaL1−a and assuming con-
stant return to scale, the capital at the steady state equilibrium results in: 

*K c
aQ

t
= v-

(8)

a is the share of capital which lies between 0 and 1 and σ is the substitution elasticity and K* 
is the demanded. The adjustment cost can be modeled by putting lag structure so that there 
will be time adjustment cost in using capital: 

*K vL
uL Kt = (9)
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Where K
t is distributed lag of capital, uL and vL are polynomial lag operator of L and to sim-

plify the symbol on the model, the notation of uL is changed into h and vL becomes 1−(1−h)
L to accommodate the simpler way of lag structure that is geometric lag that can be derived 
as follows: 

( )K K h K K*
t t t t1 1- = -- - (10)

 In the equation 10, the left side shows the time difference of actual capital and on the 
right side shows the difference of optimum level in steady state with time lag with h is posi-
tive number 0<h<1. In more intuitive way, the firm makes decision to adjust their demanded 
capital by considering changes in using labor on certain time during production in a lifetime 
period and optimum level of capital. However, during production period, h will not always be 
a constant value.  

The second approach, partial adjustment model, generally uses convex cost function 
and it applies maximization of long-term profit function and the decision of production can be 
written as the followings: 

max J E r t
t 1

r=
3

=

l/ (11)

While the short-term profit maximization at time t is: 

( , , ) ( , )p F A K L C I Kt t t t tr = - (12)

Where r is discount rate and C is the adjustment cost consisting of the additional capital stock 
on period t which is I

t 
and C is also assumed to be standard quadratic function as written as 

follows: 

( )C b
K
I K2 t

t
t

2

: = b l (13)

By injecting conditional expectation on information that is needed to take the decision on 
period t and applying the Lagrangian to the equation can be modeled as follows: 

( , , ) ( , ) ( , , )

( )
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p F A K L w L C I K q I rE V K h q

E K I K1

t t t t t t t t t t t t t t
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The optimum value of the profit function is denoted by V(.) and can be derived from equation 
14 as follows: 

( , , ) ( , ) ( , , )

( )

maxV p F A K L w L C I K q I rE V K h q

Subject to K K I1
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Where h
t 
= (p

t 
,w

t 
,A

t 
) and q

t  is the price of capital and t 1m +  is the Lagrange multiplier so that 
the optimum condition can be written as follows: 
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The implication of the derivation is: 

( , ) ( ) ( , )q C I K r E K h1t I t t
j j

t K t j t j
j 1

d r+ = -
3

+ +
=

/ (17a)

(.)
( , )
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C I K
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t

t t

2
2

=
(17b)

There are some implications on the model with adjustment cost. First, the model 
shows the value of a capital. This value of capital equals to the expected discounted value of 
short-term profit depreciation so that the decision of firm expansion by investment depend 
on the expected value of profit that can be generated by a unit of capital. Second, the model 
also tells us that the decision of investment and firm expansion is based on forward looking 
because the optimum condition in equation 15 shows that the value of profit in short term  
depends on the value of expected number of capital and its price, and labor. Third, in terms 
of there is increasing returns the existence of high discount rate r in equation (17b) to be 
convergence and able reach the optimality condition. Some other views of what determine 
investment decision of industrial production, Kennan (1979) and Sengupta (2010) propose 
the rational expectation on optimum investment decision which examines optimum decision 
on investment when firm expectation is unobserved. On the other side, Miao (2005) provides 
theoretical model suggesting that firms make decision on financing, entry, and exit the indus-
try depend on idiosyncratic technological shock.  

The other theoretical foundation on firm decision on investment is the models with 
decreasing cost. The decreasing cost models arise from the comprehension of the role of 
technological progress especially information and communication technology. At empirical 
level, more than twenty years ago, Brynjolfsson and Hitt (1994) proved that computers had 
significant effect on firm output. In the last decade, computer and internet are growing very 
fast to any line of trade in e-commerce, online transaction either manufacturing products 
or services. Markets that can be much more easily to be accessed make firms should make 
quick adjustment in production as well and this leads managers, engineers, and workers to 
easily control the flow of materials, production quality, and the schedule of production as the 
demand of market changes (McConnel, 1996). As the consequence of high development of 
computer technology and internet cause firms more productive and in terms of their costs, it 
comes to the decreasing cost scheme.  

The application of technological development has consequences of a certain cost 
namely R&D (Research and Development) cost. Spence (1984) developed model of dynamic 
cost reduction caused by R&D expenditure of industry.  

Figure 2 summarizes the structural interaction among characteristics of industries and 
their effect on performance in some aspects. There are some ambiguous among those vari-
ables that is concentration and incentive on R&D, the effect of concentration on the incentive 
can be negative or positive. In endogenous growth theoretical framework, innovation is the 
most important of factor for growth and as its consequence, R&D is necessary. Schumpeteri-
an says that the less competitive the markets the more incentives for firms to invest on R&D. 
They argue that R&D is costly so that the firms that can spend more money on R&D are large 
firms.  On the other side, recent studies both theoretical and empirical studies show that 
more competitive markets lead to higher R&D for example Viscusi et all (2005) and Medvedev 
and Zemplinerova (2005). Syrneonidis (1996) provide discussion on both sides how firm size 
and market competition interaction. As the more interesting issue is that the effect of spillover 
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on R&D incentive and cost which is negative. Cohen and Levin (1989) critically argue tradition-
al view of negative effect of spillover on R&D incentive that R&D also has another role that is 
it increases a firm’s absorptive capacity which is the power of firms to manage knowledge and 
adapt to their own environment. As a result, there will be spillover that can complement the 
firms R&D attempts and this can raise R&D equilibrium. 

Sumber: Spence (1984)

Figure 2: R&D Market Structure

Research Method and Models 
Data  

This section focuses on empirical strategy on how to identify manufacturing sector be-
havior on deciding factor demand.  This part is started to discuss about the data, its structure 
and sources, and continued by examining the econometric model. The data are enterprises 
survey held by Badan Pusat Statistik (BPS). The survey is conducted annually and the respon-
dent is classified as medium and large firms. East Java contributes as the second position after 
West Java. This study takes 2008 until 2013 as the sample of study.  

Since this study use panel data for all targeted firm in the survey so that ensuring 
the panel position of the micro level data is part of this data analysis. Most BPS survey is not 
designed as panel survey even though the identifier of respondents can be pooled for some 
periods. In this study, we select industrial firm located in East Java and filtering the identifier 
of firm that can be built into panel data structure. In the natural feature of survey at micro 
level data, the balance structure is very seldom found, the unbalanced panel data is the most 
common structure.  



96

Afin, R. East Java Manufacturing Sector Growth Dynamics: Need More 
Physical Capital Or Quality Of Labor?

Table 1: Survey Distribution of Manufacturing

Year National East Java Percentage Ea Java
2008 25694 6248 24,32
2009 24468 6183 25,27
2010 23345 6005 25,83
2011 23370 6228 26,91
2012 23592 6370 27
2013 23698 6226 26,27

 Source: Micro Data Survey, BPS 

There are 37,320 observations in the panel form of East Java manufacturing firms. One 
of the problems in unbalanced panel data is that deciding what should be done to the firm 
or identifier that only has one year time observation and how many years should be included 
as the minimum observation included in the estimation. As the solution for this, this study 
selects 3 years panel and removed observation that has less than 3 years. There is standard 
method to identify the optimum year of panel data in the unbalanced panel data. The result 
is shown as follows:  

Table 2: East Java Manufacturing Distribution of Year included in The Analysis

3 Year Panel 5 Year Panel
Year Freq. Freq. Percent
2008  5,676 6,248 16.74 
2009 5,767 6,183 16.57 
2010 5,979 6,005 16.09 
2011 6,182 6,288 16.85 
2012 5,945 6,370 17.07 
2013 5,611 6,226 16.68 
Total 35,16 37,32 100.00 

Source: Micro Survey Data, Large and Medium Enterprises, BPS

As far as I know, there are no studies concerning manufacturing sector in Indonesia 
trying to build panel at firm level. This part is tricky because the design of survey is not pan-
el survey and the other challenge to build panel data of firm level study is that there some 
changes on questioner of the survey. For example, in labor part of the question, there is eras-
ing question on education of labor after 2008 and this could serious problem on the building 
panel process. In addition, some firms are only surveyed once in the period of this study. This 
study contributes to the design of panel firm level study in the manufacturing sector. The 
World Bank conduct panel survey on enterprises in some countries in the world including 
Indonesia and the survey cover mostly manufacturing firms and the rest is services covering 
1444 companies in 2015 and also designed as panel studies. The World Bank surveys only 
twice which are in 2009 and 2015. The sample is classified into three categories those are 
small, medium and large companies. This World Bank Data set is better in terms of questioner 
because covers not only quantitative and companies inside data but also qualitative percep-
tion of the firm and markets both input and output markets. Unfortunately, the option to 
almost all questions in the questioner is provided “do not know” or spontaneous that should 
not be provided especially for the quantitative information such as the number of input or 
output components. This situation may not appear if there is long period of survey and revisit 
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survey to targeted respondents but this has serious consequences of the budget and related 
to this study, it will not satisfied observation on the variables included in the structural model. 
So that in this study, I choose the data set from BPS as the best choice.  

Econometric Model 

The specification models for empirical analysis are designed to identify the interaction 
of input and production and measuring the input marginal productivity so that the contribu-
tion of each production input shows the demand of inputs in the following production and 
as the production expansion plan. The model is developed based on Stochastic Frontier Ap-
proach (SFA) in production function or Stochastic Production Frontier Approach (SPFA) since 
there is SFA based on cost function called Stochastic Cost Frontier Approach (SCFA). Another 
popular technique of estimating efficiency based on production function is Data Envelopment 
Analysis (DEA) that use linear programming rather than econometric models. The mathemat-
ical form of interacting variables in the empirical analysis can be written as the followings: 

( , , , )Q f K L RM Energy= (18)

 Where Q is the production output, K is the capital stock, L is production workers, and 
RM is the raw materials and Energy is energy used especially fossil fuel. The detail description 
of all variables included in the models is described in the appendix. In the econometrics form 
we can re written the model 18 into: 

LQ LK RM Lenergy vit it it it it0 1 1 2b b m m n= + + + + - (19)

The notation of variables with L represents logarithm form to take into account on 
exponential form of input and output in Cobb-Douglass production form. u

it is the random 
noise distributed under normality assumption and homoscedasticity N(0,s2) and m

it 
is posi-

tive technical efficiency and i and t is the entity of the firm and time order. The main issue of 
the stochastic frontier approach is the estimation techniques by which the parameters of the 
model are measured. The maximum likelihood estimation (MLE) and Corrected Ordinary Least 
Square (COLS) is the most common. The COLS method is not as complicated in terms of calcu-
lation as the ML method requiring maximization of the likelihood function (Coelli et al., 1998).

Recently, there are some discussions on the problem of endogeneity in SFA. The model 
20 seems to indicate endogeneity problem especially on the interaction among capital labor, 
and production output. This endogenous relationship makes traditional approach of SFA mod-
el estimation results in inconsistent parameters (Karakaplan and Kutlu, 2017). The general 
common technique for dealing with endogeneity is the instrumental variable (IV) or two stage 
least square (2SLS) because ordinary procedure of estimating stochastic model assumes that 
inputs are exogenous (Amsler et al., 2014). The other technique to overcome endogeneity in 
SFA in the context maximum likelihood is the join distribution of the dependent variable and 
endogenous variable and seeking maximization of corresponding log likelihood (Karakaplan 
and Kutlu, 2017). The equation 20 provides three endogenous variables those are Q, K and L 
so that the endogeneity problem can be examined in the structural equation model (SEM) is 
also developed into transcendental logarithmic form as follows:  

. .

. . .

LQ LK LL LRM Lenergy LK LL

RM Lenergy LK LL LK RM LKenergy

LL RM LL Lenergy RM Lenergy v

it it it it it
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So that we have two types of production function those are log linear model as written 
in model 20 and we also have trans log model in equation 21 and the model for estimating 
other two endogenous variables which are stock of capital and labor based on their demand 
function that are based on cost-minimizing framework as described below: 

LL Lwages pma LQit it it it it0 1 2 3d d d d f= + + + + (21)

intLK L erest Taxrate LPcap LQit it it it it it0 1 2 3 4a a a a a z= + + + + + (22)

Where wages is the log average of wages for workers, pma is the dummy variable indi-
cating that 1 is status of firm is foreign investment, Lineterest is the log of firm expenditure on 
commercial bank interest rate, and Pcap is the log of average firm’s spending on building and 
land. The derivation of labor and capital stock into the demand function because those vari-
ables are identified as the highly endogenous than raw material and energy. Raw and energy 
mostly determined by outside market and by government plan and policy.  

The big issue that is currently growing related to SEM is the identification problem. 
In the context of SEM, normally every endogenous variable, there will a structural equation 
examining its conduct in the whole model. The equation system is completely built if the 
number of equations is as many as endogenous variables included in the modeling system 
(Baltagi, 2008). Ensuring there is no error correlation among the equations, the number of 
exogenous variables in the model or in the particular equation must be specified. A minimum 
requirement of variables both endogenous and exogenous in particular equation or in the 
model system brings us to the concept of order condition of identification. The requirement 
formula for order condition can be written as follows: 

K M G 1$- - (23)

Where K is the number of variables included in the model both endogenous and exog-
enous, M is the number of variables in the particular equations; G is the number of endoge-
nous variable or the number of equations. If the right hand side is exactly the same as the left 
hand side the order condition is exactly identified; if the right hand side is less than the left, 
the order condition is not satisfied or under identified; if the right hand side is more than the 
left, the order condition is over identified. Applying equation 23 to the equation 19, 20, 21 and 
22 the results show that the number of variables included in the system is 10 when we assume 
the derivation of core variables such as square and multiplication or variable interaction are 
not considered and the number of endogenous variable is 3 those are LQ, LK, and LL but if 
we consider all variables in the production function in equation 20 the results is all models 
21 and 22 are satisfied. The identification process for equation 19 is under identified or not 
satisfied but if we assume the true model of production is 20, then the production model is 
over identified, or it means satisfied. Why we are still in doubt if the model does not satisfied 
in order condition.  

 The order condition as described before is necessary but it may not be sufficient con-
dition for identification problem. Even though the order condition is satisfied, the equation 
will not be identified if the sufficient condition is not satisfied. The sufficient condition of iden-
tification problem is called rank condition. In general, satisfaction in order condition cannot 
ensure satisfaction in rank condition because there could be some variables excluded from 
particular equation but exists in the model and they may not all be independent so it will not 
be one to one relationship between the structural parameters and reduced form parameters 
(Gujarati and Porter, 2009).  



99

JDE (Journal of Developing Economies) Vol. 2 No. 2 (2017): 89-107

  The problems may arise when we apply rank condition for identification of the struc-
tural model. Firstly, the identification theory that previously examined when the theoreti-
cal relationship among variables are linear both in parameters or variables but the problem 
is that many economic variables inter relationship are not linear and a priori restrictions so 
that order and rank conditions as previously identified cannot be applied in such relation-
ship (Koutsoyiannis, 1977). Until now, the discussion regarding the identification of non-linear 
structural model is still running. In addition, the more growing ideas to deal with non-linearity 
in structural model mostly concerns on estimating coefficients on non-linear variable interac-
tion. The other problem is that, in a big structural model involving many variables, the rank 
condition may be very complicated thing to do and it may be formidable (Gujarati and Porter, 
2009). Another support for avoiding rank condition for identification in the big models comes 
from Harvey (1990) that mentioned the order condition is commonly sufficient for model 
identification and even though the rank condition must be considered, a failure to confirm 
and check the model result in a big problem.  

Result and Discussions

  The empirical strategy of this study provides some econometric model estimation to 
deal with some situation that changes the results. Generally, the method of estimating struc-
tural equation is 2SLS or IV and the first step of estimation is the demand function estimation 
of labor and capital stock. Since those two variables as examined in the econometric model 
section. In the first part of this section is firm’s demand function estimation of labor and capital 
and followed by discussing about production function the next section. Demand for labor of 
industrial sector determined by its price, value of output produced by firm, dummy variables 
of status of the firm whether foreign investment or not. The individual effect of explanatory 
variable as theoretically predicted where average wages is negatively affect demand for labor, 
shown in appendix 2, output has positive sign and foreign investment has greatly contribute 
to demand for labor on average compared to other status.  From all estimation results of labor 
demand function there is consistency both sign and probability of significance.  

  On the capital demand side, the estimation satisfies the theoretical foundation both 
the effect and probability. Price of capital has positive effect on demand, as shown in appendix 
1, and since we categorize land, buildings, and machinery as the component of capital, would 
encourage firms to have an investment on this. We understand that property is one of most 
expensive investment in establishing business and its expected price is always highly growing 
that make possible for firms to make decision on physical investment. In addition, the effect of 
interest rate burden is negative on investment funded by credit from commercial bank. Even 
though the price of capital make interest on firms to invest but the financing of the decision 
is important to be considered. At the government side, tax spending ratio has negative con-
tribution on the decision to manufacturing investment. If we compared the two endogenous 
inputs, capital and labor on all model estimation, capital has relatively more elastic than labor. 
The dynamic approach to demand (GMM, Bond and Arrelano) lead to similar performance in 
terms of parameter value but capital demand function results in worse estimator generating 
higher standard error (See Appendix 2A).  

After estimating the demand function of labor and capital, we identified the predicted 
value of those two variables, LL and LK, and put it on the estimation of production func-
tion. It applies maximum likelihood (ML) estimation for stochastic frontier function (equation 
19).  However, there is assumption that must be applied in the estimation process in the 
SFA model with maximum likelihood that is assuming time invariant (ti) or time varying de-
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cay model (tvd). In the time invariant model, the value of truncated normal iid disturbance 

is assumed to be constant as written , ( , ), ( , )u u u N v N 0it i i

iid

it
2 2, ,n v v= n n

+  are not correlat-
ed and covariates in the model. On the other hand time varying decay model assume that 

( )expu t T uit i ith= - -" ,  . Unfortunately, after more that hundreds iteration, tvd cannot be 
run properly because results in not concave iteration so that the process only have ti as the 
maximum likelihood estimation of SFA model with log linear form. As previously discussed in 
the section 3.2 that one of the common techniques to estimate SFA model is COLS besides 
likelihood function and in this case, I tried Praist Winsten with applied panel corrected stan-
dard error developed by Beck and Katz (1995) but the problem is the panel structure is un-
balanced so that disturbance covariance matrix cannot be built using case wise inclusion. The 
second strategy for estimating production function is using transcendental logarithmic (trans 
log) function estimation for panel data. Nevertheless, the estimation trans log model does not 
generally require any certain technique and we can apply some methods for this step. As the 
basic and standard techniques to treat panel data, the trans log model is estimated using fixed 
and random effect and Hausman specification test to select the best fit model and there is 
also some estimation strategy as alternatives of the trans log model. The results are summa-
rized in appendix 3 and 4 for the production function.  

From the results of production function estimation, we see that all variables are con-
sistent with theoretical foundation in terms of the sign of the coefficient. The frontier model 
yields raw material is not significant determinant of the production. On the other hand, trans 
log production function differently results in estimating input to output production. The trans 
log model less sensitive parameter than frontier log linear model. As the consequence of this 
there are at least two basic conclusions on the production stage of the manufacturing firms. 
First, since the total parameter is more than 1 in the frontier model, the production function is 
increasing return to scale meaning that additional input is responded by more additional out-
put. On the contrary, trans log model also generate increasing return to scale of production 
function since the amount of parameter of input variables are more than 1. Second, the role 
of employee in the production function is highest and dominating at all estimation techniques 
both likelihood function and trans-logarithmic. In another words, labor is the most productive 
input in East Java manufacturing sector. 

The other highlighted results are that the model of fixed effect is the better than ran-
dom effect both in trans log with or without auto regression/AR (1) disturbance. The Hausman 
test specification test show that fixed is more preferred. Since fixed model performs similar 
to the ordinary least dummy with dummy variables, the problem may appear on classical as-
sumption especially heteroscedasticity and serial correlation which are commonly disrupt the 
estimation. To deal with heteroscedasticity, robust standard error is attached in the estima-
tion (Hoechle, 2007) and dealing with serial correlation by applying AR (1) disturbance (Baltagi 
and Wu, 1999). The results of applying robust and AR(1) disturbance in the model is better. 
The individual effect of variables has more significant effect because there is improvement in 
standard error of regression.  

Based on the estimation results, there are some implications on industrial develop-
ment in East Java. First, if we compared the elasticity of output to demand of labor and capital 
with production function, we could identify the firm’s decision on shifting input combination 
on production function. Based on estimation results, all models yield increasing return to 
scale and marginal productivity of inputs both capital and labor are higher than input demand 
elasticity. On another words, firms total factor productivity is growing faster than demand, 
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so that firms can have higher benefit by increasing their inputs. The next question is what 
inputs should be priorities to be invested by firms. The answer depends on which inputs that 
have higher productivity than others. As mentioned previously, that labor is the most produc-
tive inputs so that increasing the number of labors could have greater impact on production 
than other factors such as capital, raw material, and energy. Market structure and expected 
business return may have effect on this decision taken by firms in factor input demand as 
maximizing profit behavior.  The scheme of firm’s behavior on the production on every stage 
described in table 3. 

Table 3: Firms Behavior on Production Function 

Production Scale 
Marginal Productivity 

(MP) and Output Demand 
Elasticity

Decision 

Increasing Return MP > Eo 
Firm has benefit on this stage, but the firm has 
not taken to increase the production at com-
petitive level.  

MP < Eo 

As long as in increasing stage, firms still have 
gain opportunity even though the benefit of 
one additional input is lowering. The possibility 
to increase the quality of inputs may boost 
firm’s productivity.  

MP = Eo 
If this happen, firms should take the position 
because this is an optimum position in increas-
ing stage.   

Decreasing Return  MP > Eo 
Firms face input total productivity that lower 
than its demand so that firms should take 
rationing the input demand 

MP < Eo Firms should take rationing on larger portion of 
inputs 

MP = Eo This position represent that firms should try to 
increase productivity of labor or other inputs  

Constant Return MP > Eo Firms could rationing it input in the production 

MP < Eo Some efforts to increase input’s productivity 
should be taken.

MP = Eo Maintaining this position  

Conclusion

This study aims to investigate the behavior of firms in East Java industrial sector es-
pecially in combining production factors. Some points on this study that should be noted 
are, firstly, labor as one of the main production factors has the largest impact on production 
represented by its marginal productivity which is the highest. It means that labor is the most 
productive production factors of manufacturing firms in East Java. Second, price of demand 
elasticity of capital is higher than labor so it means that the changes of capital price either it is 
financed by cash or credit (interest rate) will be responded by higher demand of capital.  Third, 
the effect of output changes on input demand are dominated labor demand; it is rational be-
cause the most productive factor is labor.  

Industrial growth in East Java dominated by worker intensive so that it is strategic 
decision to invest in human capital. World Bank enterprises panel survey in 2015 show that 
more than 72 percent of industrial workers in East Java have 12 years education.  High produc-
tivity and high absorption in industrial labor markets generate high return in human capital 
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investment.  Market structure and expected business return can be argued as the important 
outside firm determining their behavior to maximizing profits. Concerning in labor quality de-
velopment does not mean that we ignore the role of other factors, the abundant of labor with 
middle level of education constraints manufacturing firms to adjust their production with new 
technology because labor cannot be combined with such technology.  

Business environment variables, tax, interest, energy and raw material also have signif-
icant effect on industrial development so that every change on these variables lead to chang-
es in industrial growth in East Java. The stagnation phase of industrial sector in East Java needs 
some strategic and comprehensive policy to generate better industrial business environment.  
The maximizing profits behavior of firms by recruiting less labor than its marginal productivity 
show that there is one of the criteria of less competitive output markets.  
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Appendix 5: Statistical Description of Core Variables 

Variable Obs Mean Std. Dev. Min Max

LK   22994   1.372.042 2.372.916 .6931472 3.054.337 

LQ 35160 1.574.431 2.973.732  7.766.417 2.975.925 

Lwages 35159 9.253.649 1.273.517 .1419702 2.044.201 

Lpcap  8289 -6.409.636 2.570.535 -1.749.478 -.265177 

Lenergy 31784 1.088.158 2.265.234 0 1.926.256 

LRM 35705 1.455.405 2.150.759 0 2.511.772 

ltax 27162 8.429.363 2.967.142 .6931472 2.859.037 

Predicted

LL 35159 3.995.401 .3873566   30.685 5.942.742 

Ltax 19976 -5.477.047 2.342.965 -1.768.363 8.048.799 

LL 35160 3.995.498 1.128.863 2.484.907 1.062.133 

pma 35160 .0315984 .1749309 0 1 
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