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COMBINING AGGREGATE
PRODUCTION FUNCTION
AND TECHNICAL EFFICIENCY:
INDONESIAN CASE STUDY

Abstract

Besides frontiers and Data Enveloped Analysis approaches, a combination between
the aggregate production function and technical efficiency can be performed using
the Corrected Ordinary Least Square approach. Unfortunately, there are no studies
in Indonesia that use this approach. This paper mainly studies how the Corrected
Ordinary Least Square approach combines aggregate production function and tech-
nical efficiency. The methods are aggregate production function modeling, aggregate
production function correcting, and technical efficiency measuring. The data are
Gross Regional Domestic Product at a constant price, the number of workers, invest-
ment expenditure, education, and health data of Indonesian provinces from 2015 to
2020. There are three results. First, the Indonesian fixed effect panel data aggregate pro-
duction function is the best model. In this model, Gross Regional Domestic Product at
a constant price is influenced by the number of workers, investment expenditure, and
human capital. Human capital consists of education and health level. Second, the de-
terministic frontier aggregate production function shifts the best-fixed effect model so
that the constant becomes —15.36. Third, the Indonesian technical efficiency when no
factors influence inefficiency is on average 0.9936. All the results indicate that human
capital, aggregate production and technical efficiency combination, and the Corrected
Ordinary Least Square approach are practical values.

Keywords aggregate production function, technical efficiency,
corrected ordinary least square
JEL Classification Cl14, 040, R10

INTRODUCTION

Many studies discussed the aggregate production function and techni-
cal efficiency. They learned aggregate production function development,
aggregate technical efficiency calculation, convergency, and cluster to
promote economic growth and efficiency. They also learned to reduce
poverty, economic disparity, environmental damage, and crime.

However, studies about Indonesian aggregate production function
and technical efficiency simultaneously are limited. Among them
are Muchdie (2016), Purwono et al. (2018), and Purwono and Yasin
(2020), which model the Indonesian aggregate production function,
calculate technical efficiency parametrically, and identify technical
efficiency convergence characteristics. On the other hand, Kataoka
(2018) and Mendez and Kataoka (2021) model nonparametrically and
non-stochastically, calculate technical efficiency, and identify club
convergence characteristics. Other studies prefer to analyze the sec-
toral unit levels. Yasin and Wulan Sari (2020) and Riyardi et al. (2019)
analyze the manufacturing sector, Marikan et al. (2018), Purwono and
Yasin (2018), and Izzeldin et al. (2021) analyze the banking sector, and
Suparno et al. (2020) analyze the tourism sector.
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All of the studies raise questions about the role of the Corrected Ordinary Least Square (COLS) ap-
proach to combine aggregate production function and technical efficiency and bridging between the
parametric and nonparametric approaches. In that perspective, it is essential to study Indonesian ag-
gregate production function and technical efficiency simultaneously based on the Corrected Ordinary

Least Square (COLS) approach.

1. LITERATURE REVIEW

Various literatures discussed the aggregate pro-
duction function, methods of combining the ag-
gregate production function and technical effi-
ciency, and techniques for measuring technical
efficiency. An organized review is essential in or-
der to obtain the proper framework in combin-
ing aggregate production function and technical
efficiency. The beginning of this section discuss-
es previous studies on the aggregate production
function in order to establish the aggregate pro-
duction function model. After that, this section
discusses previous studies on an appropriate ap-
proach to combine aggregate production func-
tions and technical efficiency. Finally, this section
reviews studies on measuring technical efficiency
at the aggregate level to ensure the appropriate-
ness of the COLS approach to measure aggregate
technical efficiency.

The aggregate production function is a function in
that aggregate output is determined by aggregate
inputs. The main factors in the aggregate produc-
tion function are aggregate output, labor, invest-
ment, and human capital. Other factors such as
technology, aggregate demand, monetary, interna-
tional economy, population, and institutions also
serve as important factors (Barro, 2013; Chirwa &
Odhiambo, 2019; Hansen, 2013; Radulovi¢, 2020;
Sharipov, 2015; Taylor et al., 2019; Zhao, 2019).

Various studies examine the Indonesian aggre-
gate production function. They are different in
the observation level, model, and variables. Some
studies observe Indonesian aggregate produc-
tion function at the provincial level (Anwar, 2018;
Kurniawan et al., 2019; Kurniawati, 2019; Kustanto,
2020; Mendez & Kataoka, 2021), whilst others
analyze at the district and city levels (Ambya et al.,
2019; Atmasari et al., 2020; Hendajany et al., 2017;
Yusuf et al.,, 2020) or country and international
comparison (Habibullah et al., 2017; Puspasari,
2019; Wibowo, 2019). Most of them examine the

http://dx.doi.org/10.21511/ppm.20(3).2022.38

Indonesian aggregate production function based
on an ordinary least square panel data regression
equation. Only Puspasari (2019) examines based
on a time series data equation.

There are also differences in the chosen varia-
bles. All of them operate the number of workers.
However, they are different in their aggregate
output, investment, and human capital variables.
Some studies prefer to approach aggregate output
by Gross Regional Domestic Product (GRDP) at
a constant price (Mendez, 2020; Muchdie, 2016;
Purwono et al., 2018) and others prefer GRDP at
a constant price per capita or GRDP at a constant
price per worker (Aginta et al., 2020; Mendez &
Kataoka, 2021). Regarding the investment variable,
they examine investment expenditure (Muchdie,
2016; Purwono et al.,, 2018) or the gross fixed
capital formation (Kataoka, 2018; Mendez, 2020;
Mendez & Kataoka, 2021). Regarding human cap-
ital, various studies approach it with education
(Leasiwal, 2013; Puspasari, 2019; Raeskyesa &
Lukas, 2019), while others approach it with edu-
cation and health (Anwar, 2017, 2018; Kustanto,
2020; Wibowo, 2019).

All of the Indonesian aggregate production func-
tion studies above open an opportunity to con-
figure the Indonesian aggregate production func-
tion based on the panel data regression equation.
In addition, they open an opportunity to specify
and signify that GRDP at a constant price is pos-
itively influenced by the number of workers, in-
vestment expenditure, and human capital. The
configuration, specification, and significance are
useful to establish the frontier aggregate produc-
tion function, which is important to run the COLS
approach.

Corrected Ordinary Least Square (COLS) is an ap-
proach to measure technical efficiency. It has three
steps. The first is specifying the initial production
function equation. The specification applies the or-
dinary least square (OLS) approach that all inputs
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affect significantly output. The second is forming
the frontier production function equation by add-
ing the constant of the initial production function
equation with its maximum error term. The third
is measuring the technical efficiency by dividing
the initial production function with the frontier
equations (Alarenan et al., 2019; Julien et al., 2020;
Vasanthi et al., 2017).

The COLS approach differs from the Stochastic
Frontier Analysis (SFA) and Data Envelopment
Analysis (DEA) approaches. All of them are
approaches to measuring technical efficiency.
However, the COLS approach applies a least square
estimation, which is a parametric approach, while
the SFA is a maximum likelihood estimation,
which is a parametric-stochastic approach, and
the DEA is a linear programming estimate, which
is a non-parametric and non-stochastic approach
(Julien et al., 2020; Vasanthi et al., 2017).

The COLS approach can also calculate cost effi-
ciency. The calculation steps are similar to the
technical efficiency calculation. The initial step is
specifying the cost regression equation. The sec-
ond is establishing the cost frontier equation by
subtracting the constant of the initial cost equa-
tion with its highest error term. The last is esti-
mating the cost efficiency by dividing the cost
regression equation by its frontier cost equation
(Alarenan et al., 2019).

All of the studies above point out that COLS can
be an appropriate approach to measure technical
efficiency at an aggregate level. The reason is the
aggregate level applies the aggregate production
function, which has similar equations and estima-
tions to the technical efficiency measurement. The
aggregate production function and the technical
efficiency measurement are input-output equa-
tions. Moreover, they apply the OLS estimation.
In other words, the COLS can combine aggregate
production function and technical efficiency.

Technical efficiency is production efficiency where
all inputs produce optimal output. If a produc-
tion causes all inputs to produce optimal output,
then the production is efficient. The problem is
when the production leaves residue and is ineffi-
cient. Technical efficiency measurement provides
a solution to reduce residue and inefficiency so
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that the institutional capacity strengthens (Isa,
2021; Purwono et al, 2018; Riyardi et al., 2017;
Scippacercola & Sepe, 2016).

Assuming an economy as a production system,
technical efficiency also occurs in the economy.
Aggregate inputs mobilization occurs to produce
optimal aggregate output. If aggregate inputs
run optimally, then the economy is technical-
ly efficient. However, if aggregate inputs do not
run optimally, then the economy faces technical
inefficiency problems, which also indicates eco-
nomic growth, investment, employment, and hu-
man capital problems (Fuente-Mella et al., 2020;
Geissmann & Zhang, 2018; Scippacercola & Sepe,
2016; Tsekeris & Papaioannou, 2018).

Several studies discuss Indonesian technical ef-
ficiency. All of them apply panel data. However,
they are different in approach and result. Muchdie
(2016), Purwono et al. (2018), and Purwono and
Yasin (2020) prefer Stochastic Frontier Analysis
(SFA), while Kataoka (2018) and Mendez and
Kataoka (2021) prefer Data Envelopment Analysis
approach. Muchdie (2016) finds that technical effi-
ciency during the Indonesian new order is higher
than during the reformation era. Purwono et al.
(2018) find that the Indonesian infrastructure sup-
ports technical efficiency convergence. Purwono
and Yasin (2020) analyze that Indonesian tech-
nical efficiency support total factor productivity.
Kataoka (2018) and Mendez and Kataoka (2021)
also find that technical efficiency is convergence.

All Indonesian technical efficiency studies open a
challenging opportunity to measure Indonesian
aggregate efficiency based on the COLS approach.
It will provide interesting lessons ranging from
the COLS development, approach comparison,
and future study to signify factors that affect ag-
gregate inefficiency based on the COLS approach.

Previous studies on the aggregate production
function, COLS approach, and technical efficiency
measurement show that the Indonesian aggregate
production function and technical efficiency com-
bination on the COLS approach is a specific topic.
It starts from the Indonesian aggregate produc-
tion function model and tests the hypothesis that
GRDP at a constant price is influenced positively
by the number of workers, investment expendi-
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ture, and human capital. After that, it applies the
COLS approach by correcting to the frontier the
Indonesian aggregate production function model
and measuring the Indonesian technical efficiency
by comparison between the tested Indonesian ag-
gregate production and frontier.

Therefore, this paper aims to model the Indonesian
aggregate production function, correct and shift
the aggregate production function to its fron-
tier, and estimate Indonesia’s level of technical
efficiency.

2. METHODS

This study applied three methods. The first is the
Indonesian aggregate production modeling. The
second is the COLS approach. The third is the
technical efficiency measurement.

The Indonesian aggregate production modeling is
panel data modeling. Data in this study is the annual
data of 34 provinces in Indonesia from 2015 to 2020.
The data consists of provincial GRDP at a constant
price, the number of over 15 years old labor force, in-
vestment expenditure, higher education gross par-
ticipation, and life expectancy rates data. GRDP at
a constant price is an approach to aggregate output,
the number of over 15 years old labor is an approach
to the number of workers, investment expenditure is
an approach to the amount of investment, the higher
education gross participation is an approach to edu-
cation human capital, and life expectancy is an ap-
proach to health human capital.

Modeling consists of model selection and signifi-
cance testing. Selection is between common, fixed,
and random effect models based on Lagrange
Multiplier, Chow, and Hausman tests. Significance
testing examines totally and partially the relation-
ship between the Indonesian provincial GRDP at
a constant price to the number of workers, invest-
ment expenditure, education, and health.

The panel data regression equation general form
and its specification are:

LnY;, = ﬂo,., +ﬂ2LnX1“ +,B3LnX2“ +
+p,LnX; +pLnX, +¢,,

©)
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LnGRDP, =, +BLnL,, +p,LnK,, +

2
+ ﬂsEi,t + ﬂ4LnHl.’t +é&;,, @

where GRDP is the gross regional domestic prod-
uct at a constant price, L is the number of workers,
K is investment expenditure, E is education, H is
health, i is cross-section data, t is time-series data,
B ,isan intercept, 1-4 is the coeflicient of X, ,Lnis
the natural logarithm, € is the regression equation
residual.

The COLS approach shifts the aggregate pro-
duction function to its frontier. There are three
steps. First, calculating the maximum error
term of the Indonesian aggregate production
function as in Equation 2. Second, adding the
constant of Equation 2, § , by the maximum
error term so that the Indonesian aggregate pro-
duction becomes the frontier Indonesian aggre-
gate production function. Equation 3 shows the
frontier aggregate production function. The f
symbol in Equation 3 means that the equation
is the frontier equation. Third, calculating the
GRDP at a constant price based on the initial
and frontier aggregate production function.

LnGRDP/, =( By +&, )+ BLnL, +
"',BanKi,z + :B3Ei,z + :B4LnHi,z~

3)

The technical efficiency measurement is by the
division between the GRDP at a constant price
obtained from the initial aggregate production
function to the GRDP at a constant price obtained
from the frontier equation. The long formula for
calculating technical efficiency (ET) is:

LnGRDP,
LnGRDP!

( By, +BLnL, +B,LnK, +BE, +

+B,LnH, +¢,, ) / ( By +é&, +pPLnL +

ET,

t

)

+BLnK, +BE, +p,LnH, )

where the upper equation is the initial aggregate
production function, whilst the lower is the fron-
tier aggregate production function.
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Technical efficiency ranges from 0 to 1. Zero means
extremely inefficient. Various factors cause ineffi-
cient production. One means very efficient where
there are no factors that cause inefficient conditions.

3. RESULTS

This section presents all of the results. The first is the
Indonesian aggregate production function testing
and modeling. The second is the COLS approach
application. It consists of correcting and shifting the
Indonesian aggregate production function model
and measuring Indonesian technical efficiency.

The Indonesian aggregate production function mod-
el is the fixed effect model (FEM) regression equa-
tion. Table 1 shows that all models provide signifi-
cant explanatory variables. However, the Lagrange
Multiplier test decides that the random effect mod-
el (REM) is more appropriate than the common ef-
fect model (CEM), the Chow test decides that FEM
is more appropriate than CEM, and the Hausman
test decides that FEM is more appropriate than REM.
Therefore, the best model is the fixed effect aggregate
production function (Note: The process and results
of the model selection are not shown in this paper).

Table 1. Indonesian aggregate production
function model

Source: Statistical estimation.

CEM = FEM
| -8.5425 | ~15.4799

REM

Variable ‘
: ~14.3690

C, ©2.2842 4.0447
37398* —3.8272*
07243 = 01111 0.1922
LNL | C 0.0267 00250
41622 - 76797%
0.4092 0.6641
LNK;, . 0.0916 00448
7.390* 4.4656* 148243*
;—o.ooéé‘ 0.0099 00048
E,. 0.0017 0.0016 0.0013
_48825*  61638*  3.6007*
2.6945 6.1468 47149
LNH, : 0.5805 1.1375 0.8156
4.641'8:*; 5.4037* 57810%

Note: Dependent variable: LNGRDP, * = Significant at a = 5%.
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The Indonesian fixed effect panel data aggregate
production function has three important features.
The first is all inputs influence significantly the ag-
gregate output. The second is the significance of
the constant term. The third is human capital con-
sists of education and health variables.

Equation 5 shows the frontier Indonesian ag-
gregate production function. The origin of this
equation is the Indonesian fixed effect aggregate
production function model. Equation 5 has three
characteristics. The first is this equation is a fron-
tier equation. This is shown by the fsymbol on the
upper left side of Equation 5. The second is the con-
stant coefficient. It is a sum of the initial aggregate
production function constant and its maximum
error. It is -15.36= -15.48 + 0.12. The third is the
equation is without an error term. It means that
the equation is non-stochastic or deterministic.

LnGRDP) =-15.36+0.11LnL,, +
+0.41LnK,, +0.009E,, +6.16LnH,,.

®)

The Indonesian technical efficiency consists of
provincial efficiency. The average value is 0.9936.
The lowest technical efficiency is Bengkulu prov-
ince technical efficiency, 0.9928, and the highest
technical efficiency is DKI Jakarta, 0.9943. All
provincial efficiencies are close to one and show
that the Indonesian economy is technically effi-
cient (see Table 2).

Table 2. Average value of Indonesian technical
efficiency from 2015 to 2020

Source: Statistical estimation.

. Technical . Technical
Provinces - : Provinces ..
i efficiency efficiency
Aceh 0.993516 West Nusa 0.993416
B . Tenggara o
i East Nusa
North Sumatera : 0.993964 0.993279
; . Tenggara o
West Sumatera 0.993601 West 0.993524
Kalimantan
) Central
Riau 0.993950 : 0.993408
) K'qltlr:rjantan
Jambi 0.993556 south 0.993516
) K'gltlrpantan
i East
South Sumatera : 0.993796 ) 0.993941
; . Kalimantan
Bengkulu 0.993128 North 0.993229
. Kalimantan
Lampung 0.993716 North 0.993366
Sulawesi
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Table 2 (cont.). Average value of Indonesian
technical efficiency from 2015 to 2020

. | Technical . . Technical
Provinces . . i Provinces : . .

i efficiency i efficiency

Bangka Belitung 0993191 Central. 0.993466
Islands ; . Sulawesi .

Riau Islands 0.993623 south 0.993804
. Sulawesi

DK Jakarta 0.994306 southeast 0.993383
. Sulawesi

West Jawa 0.99"4253 Qgrgntalo Q...992923

...C.ef‘p.t.r.aul Jawa 0.99"4140 V\/g.sft§u|awesi 9:992983

..D.I")‘(.qg'yakarta 0.993422 ml\./l.z'a‘luku 9:9?2964

_EastJawa 0499'4280 Nq‘ljt.h“l\/laluku Q..9.9‘2895

.Banten 0.993911 : WestPapua : 0.393244

Bali 0.993573 Papua 0.993565

4. DISCUSSION

The first result is the Indonesian fixed effect panel
data aggregate production function. This aggre-
gate production function has three characteristics.
The output is GRDP at constant price, inputs are
number of workers, investment expenditure, and
education and health as a human capital, and all
inputs affect positively the output.

The Indonesian fixed effect panel data aggregate
production function is the best model. It success-
fully passed model selection, data normality, and
variable significance statistical tests. In addition,
all dependent variables have a positive sign.

Thisresult confirms previous studies. Observations
at the provincial level confirm many studies of
Indonesian aggregate production function at the
provincial level such as Anwar (2018), Kurniawan
et al. (2019), Kustanto (2020), and Mendez and
Kataoka (2021). The significance of variables ex-
plains studies of GRDP at a constant price as ag-
gregate output as Mendez (2020), Muchdie (2016),
and Purwono et al. (2018), investment expendi-
ture as Muchdie (2016), and Purwono et al. (2018),
and education and health as human capital as
Anwar (2017), Anwar (2018), Wibowo (2019), and
Kustanto (2020).

This aggregate production function model serves
as a base for the COLS approach. Correcting and
shifting develops it as a frontier aggregate produc-
tion function. Comparing it to the frontier pro-
vides technical efficiency measuring.

http://dx.doi.org/10.21511/ppm.20(3).2022.38
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The second result is the frontier Indonesian ag-
gregate production function. Aggregate produc-
tion in this stage successfully mobilizes all inputs
to produce optimal output without any residue. It
represents the highest technical efficiency.

This finding signifies three things. Firstly, it is an
important COLS approach development besides
previous sectoral and unit developments as stud-
ied by Vasanthi et al. (2017), Alarenan et al. (2019),
and Julien et al. (2020). Secondly, the COLS forms
the frontier by correcting and shifting the initial
function. It is different from SFA and DEA ap-
proaches. The COLS corrects the constant param-
eter deterministically, SFA stochastically,and DEA
based on linear programming. Thirdly, the COLS
approach is a middle way to the SFA and DEA ap-
proaches, which has been studied by Purwono et al.
(2018), Purwono and Yasin (2020), Kataoka (2018),
and Mendez and Kataoka (2021). The COLS ap-
proach establishes the stochastic initial aggregate
production function equation, which is similar to
the SFA initial approach, and establishes a deter-
ministic frontier equation, which is comparable to
the DEA equation.

The Indonesian aggregate production function
serves as a benchmark for technical efficiency
measurement. It divides the initial Indonesian ag-
gregate production function. The aggregate pro-
duction is efficient if the initial equation is similar
to the frontier equation.

The third result is the Indonesian technical effi-
ciency level. The average technical efficiency is
0.9936, which is close to 1 as the highest level of
technical efficiency. This perfect efficiency indi-
cates two important things. Firstly, it shows that
factors causing inefliciency are not involved in the
aggregate production function estimation. An ex-
ample of a factor causing inefficiency is dispersed
aggregate production, which is the opposite of
cluster or club production as studied by Muchdie
(2016), Purwono et al. (2018), and Purwono and
Yasin (2020). Another example is divergence ag-
gregate production, which is different from con-
vergence production as studied by Kataoka (2018)
and Mendez and Kataoka (2021). Secondly, it indi-
cates the COLS approach appropriateness. When
the various factors that affect the inefficiency are
not included, the initial and frontier equations are
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relatively the same. As a result, the efficiency level COLS approach by incorporating factors such
becomes very close to one and indicates that the as cluster and convergency. Another prospect is
aggregate production runs efficiently. to examine negative externality factors such as

poverty, disparity, environmental damage, and
It means that future studies have an opportuni- crime. All of them enrich the COLS develop-
ty to develop aggregate production function and ment and are vital for macroeconomic decision
technical efficiency combination based on the making.

CONCLUSION

The central concept of this paper is combining aggregate production function and technical efficiency based
on the COLS approach. Indonesian case shows that setting the aggregate production function model and
shifting the model to its frontier deterministically leads to the highest level of technical efficiency. It means that
the COLS approach works properly to integrate the aggregate production function and technical efficiency.

There are three novelties from this paper. The first is the role of human capital, especially the health
factor to form the Indonesian aggregate production function. The second is the combination of the
aggregate production function and the technical efficiency. The third is the role of the COLS approach.

The results and novelties provide two implications. The first is the practical use implication. The econ-
omy should pay attention to the aggregate production function and technical efficiency. This attention
includes attention to health level and negative externalities that affect technical efficiency such as di-
vergency, poverty, disparity, environmental damage, and crime. The second is the implication of future
research. Future studies have a big opportunity to apply the COLS approach to test human capital that
affects aggregate output and negative externalities that decrease aggregate technical efficiency. These
studies will provide a valuable academic base for economic policy.
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