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SOURCES OF PRODUCTIVITY GAINS FROM FDI IN
INDONESIA: IS IT EFFICIENCY IMPROVEMENT OR

TECHNOLOGICAL PROGRESS?

SUYANTO1 and Ruhul A. SALIM2

1Faculty of Economics, University of Surabaya, Surabaya, Indonesia; and 2School of Economics
and Finance, Curtin Business School, Curtin University, Perth, Australia

First version received September 2009; final version received June 2010

This article investigates the spillover effects of foreign direct investment (FDI) on
productivity growth in the Indonesian food-processing (ISIC 311) and electrical
machinery industries (ISIC 383). Total factor productivity (TFP) growth is decomposed
into efficiency change and technological change by using the Malmquist productivity
index. The empirical results show that efficiency improvement is the major driver of
TFP growth in the food-processing industry, whereas technological progress is the
dominant contributor in the electrical machinery industry. There are positive spillovers
on efficiency change but negative spillovers on technological change in the food-
processing industry. However, FDI spillovers turn out to be negative in efficiency
change while positive in technological progress in the electrical machinery industry.
These findings demonstrate that different industries experience different sources of
productivity gains, which are dependent on the characteristics of firms in the industry.

Keywords: FDI; TFP growth; Efficiency change; Technological change
JEL classification: D24, F21deve_115 450..472

I. INTRODUCTION

P olicy makers in developing countries compete actively for foreign direct
investment (FDI). A range of incentive packages are provided, such as tax
exemptions, investment allowances, and permission to repatriate profits,

among other benefits. Competition arises partly because of externalities generated
from the presence of multinational companies (MNCs) in the recipient economies
(Blomström and Kokko 2003). MNCs, which are believed to be among the most
knowledge-advanced firms, establish subsidiaries in the host countries and transfer

We are grateful to the anonymous referees and the editor of this journal for valuable comments and
suggestions, which have tremendously improved the quality of this paper. However, all errors
remaining are ours.
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beneficial knowledge to domestic firms via nonmarket mechanisms, raising pro-
ductivity. These productivity gains are generally known as productivity spillovers
from FDI.

The common perception regarding FDI productivity spillovers is that produc-
tivity gains exclusively take the form of technological progress. In other words,
knowledge brought by MNCs is often related solely to technology, such as product
and process knowledge. Hence, the policies in favor of FDIs focus mainly on
efforts to extract new technological knowledge. These policies might be misguided
since the knowledge from MNCs can also be in the form of managerial or orga-
nizational knowledge, which may contribute to domestic firms’ efficiencies. While
technological knowledge may leak to domestic firms through demonstration
effects and induce technological progress (Das 1987; Glass and Saggi 2002),
managerial and organizational knowledge can spill over through worker mobility
and generate efficiency improvements (de Mello 1997; Kaufmann 1997; Kokko
and Kravtsova 2008). Both technological progress and efficiency improvements
are parts of productivity growth, but they are technically distinct.1

Unfortunately, existing literature on FDI rarely focuses on efficiency improve-
ments from FDI spillovers. Earlier theoretical literature, such as Caves (1971),
does mention the possibility of FDI generating spillover effects on domestic firms’
efficiencies. However, difficulties in measurement and the relative unavailability of
data prevent further empirical testing of this argument. Recently, significant and
sophisticated methodological developments in productivity literature, in particular
contemporary methods for decomposing productivity growth, may be seen as a
bridge for testing FDI spillover effects on different components of productivity
growth. This article, as one of the first attempts in this direction, aims to clarify the
impact of foreign presence on domestic firms’ productivity in the form of techno-
logical change and efficiency change by using unique panel data from the
Indonesian food-processing (ISIC 311) and electrical machinery industries (ISIC
383) from 1988 to 1995. It contributes to the Indonesian literature through exami-
nation of not only technological change but also efficiency change. To disentangle
these two sources of productivity growth, a non-parametric decomposition tech-
nique, the Malmquist productivity index (MPI), is applied. Panel data analysis is
employed to test the impact of FDI spillovers on each component of productivity
growth.

The rest of this paper proceeds as follows: Section II provides the empirical
setting followed by a brief review of related literature in Section III. Section IV
describes the estimation strategy and models followed by a description of data

1 Kalirajan and Shand (1999) provide an excellent discussion about these two distinct components of
productivity growth. In addition, Salim and Kalirajan (1999) demonstrate that these two distinct
components can be estimated empirically using firm-level data.
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sources and sample characteristics in Section V. Section VI decomposes produc-
tivity growth for both foreign and domestic firms in the two subsectors and
estimates the impact of FDI spillovers on each component of productivity growth
(i.e., efficiency change and technological change). Conclusions and policy impli-
cations are presented in the final section.

II. THE EMPIRICAL SETTING

There has been a huge inflow of FDI into the Indonesian manufacturing sector over
the last three decades. More than 50% of the total approved FDI has flowed to this
sector from 1975 to 2005 (Indonesia Investment Coordinating Board 2007). From
the manufacturing sector, two disaggregated subsectors, food-processing (ISIC
311) and electrical machineries industry (ISIC 383) have been chosen as industrial
cases.

Focusing on firms in these two subsectors rather than on all firms in the
manufacturing sector provides a more detailed picture of FDI spillover effects on
different industries. In a recent survey article, Javorcik (2008) points out that
sectoral characteristics are an important factor for productivity spillovers from
FDI. Different industrial subsectors tend to differ in their ability to absorb knowl-
edge externalities from foreign firms. Therefore, FDI productivity spillovers may
be evident in one subsector but not in others.

Within the industrial sector, food processing is a major industry in terms of
contribution to total manufacturing value added and employment, whereas elec-
trical machinery is the most sophisticated and one of the fastest growing industries
in Indonesia. For example, in 1988, the value added from food manufacturing and
electrical machineries were 9.03% and 2.40%, respectively (out of 28 three-digit
manufacturing industries), and in 1995, these figures increased to 10.63% and
8.49%, respectively (BPS 1989, 1996). Moreover, foreign share in value added
also increased rapidly in these industries, from 11.23% for food manufacturing and
34.03% for electrical machineries in 1988 to 13.31% and 50.65%, respectively, in
1995. Consequently, these two industries provide suitable cases for FDI spillover
analyses.

Furthermore, disaggregated industries are devoid of heterogeneity in data. As
argued by Bartelsman and Doms (2000), large and persistent heterogeneity exists
across firms even within a sector. By focusing on two disaggregated subsectors,
problems related to data heterogeneity are minimized. Finally, the two chosen
subsectors are usually classified as having different technological levels. The
Organisation of Economic Co-operation and Development (OECD), for example,
classifies food products as a low-technology industry, while it groups electronics
and electrical machineries as high-technology industries (see, for example, Hatz-
ichronoglou (1997) for the OECD technology-intensity classification). Therefore,
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it is expected that these two subsectors may experience different sources of pro-
ductivity gains from FDI.

A. The Indonesian Food-Processing Industry

Food processing is one of the important nature-based industries in Indonesia. It is
a rapidly growing industry, relying largely on local raw materials to produce outputs
to meet domestic needs (Sjöholm and Takii 2008). This industry covers a wide
variety of products, among which dairy products, cooking oils, fruit products, grain
milling, fish and seafood, noodle, sugar, tea, and coffee processing are important. It
represents a broad and diverse sector in terms of the nature of industry, size of
investment, level of technology, raw material used, and workforce employed.

The Indonesian food-processing industry expanded rapidly throughout the
period of study. Although its contribution to total manufacturing outputs has
decreased slightly, the value of output has risen more than threefold, from around
IDR 5.2 billion in 1988 to IDR 19.2 billion in 1995 (Table 1). The expansion of this
industry also reflects a rapid, almost quadruple, increase of value added. In terms
of labor absorption, this sector employed 248,000 workers in 1988 and 367,000
workers in 1995, which accounted for approximately 12% of total manufacturing
employment. This sector also recorded a significant increase in labor productivity

TABLE 1

Some Key Indicators of Food Processing and Electrical Machinery Industries

Indicators

Food Processing
(ISIC 311)

Electrical Machinery
(ISIC 383)

1988 1995 1988 1995

Output share (% of manufacturing output) 12.33 10.60 3.65 7.11
Output (IDR million) 5,175 19,232 1,533 12,900
Value-added (IDR million) 1,254 5,151 332 4,245
Labor (1,000 of people) 248 367 45 164
Value added/Labor (IDR 1,000) 5,049 14,049 7,308 25,816
Number of establishments 1,729 2,470 228 459
Foreign firm (% of total establishments) 2.02 3.20 12.28 28.98
Domestic firm (% of total establishments) 89.36 89.55 85.09 68.72
SOEs (% of total establishments) 8.62 7.25 2.63 2.30
Foreign share (% of value-added) 11.23 13.31 34.03 50.65
Export (% of output) 5.82† 8.95 6.82 21.61
Imported material (% of total material) 11.82 4.84 57.12 72.29

Source: Author’s calculation from the survey of large and medium enterprises, selected
years.
† This figure is calculated from 1990 data since this was the first year information on exports

was reported.

productivity gains from fdi in indonesia 453

© 2010 The Authors
The Developing Economies © 2010 Institute of Developing Economies



during the period of study, as can be observed from the change in magnitude of
value added per labor. Private domestic firms are dominant in this industry,
accounting for more than 80% of the total firms in the sector, whereas state-owned
enterprises (SOEs) represented only 8.62% of total firms in 1988. Foreign contri-
butions to value added for this industry are more than 10%, even though foreign
firms make up less than 4% of the total number of firms in the sector. This indicates
the important role of foreign firms in this industry. During the period of study
(1988–95), this sector became less reliant on imported material, whereas the
percentage of output exported increased moderately, from 5.82% to 8.95%.

B. The Indonesian Electrical Machinery Industry

The electrical machinery industry is a relatively small industry in terms of
number of establishments, but it has expanded rapidly during the observed period.
The value of output jumped from only IDR 1.5 billion in 1988 to more than IDR
12 billion in 1995 (Table 1). This industry is one of the high-technology industries,
and has been a targeted sector for foreign direct investment. In 1988, foreign-
owned firms represented more than 12% of total firms in this industry and this
number rose to 29% by 1995. Interestingly, foreign contributions in this sector
amounted to more than 50% of the total value added in 1995, revealing the
important role of foreign investment. As shown in Table 1, this sector relies heavily
on imported materials, with a share of more than 70% of total materials used in
1995. However, the percentages of output exported also increased considerably
from 6.82% in 1988 to 21.61% in 1995, more than tripling.

The electrical machinery industry is a homogenous industry in terms of tech-
nology. This industry covers electrical machinery for industries and electrical
appliances for household use. The productivity of labor in this industry is among
the highest for subsectors of the manufacturing sector, with value added per labor
of IDR 7.3 million in 1988 and IDR 25.8 million in 1995.

III. LITERATURE REVIEW

A. FDI, Knowledge Transfer, and Productivity Spillovers

Multinational companies (MNCs) are commonly believed to possess greater
knowledge than local firms. Theoretical literature on FDI argues that for MNCs to
be able to compete with their local counterparts, the former need to have specific
knowledge advantages, which are defined broadly as superior technology,
advanced managerial skills, and the ability to exploit scale efficiency (Smeets
2008). These knowledge advantages may enable MNCs to access domestic product
and resource markets. Although local firms might have more information about
consumer preferences and local networks, the superior knowledge of MNCs can be
a competitive advantage to winning a greater market share.
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To ensure a competitive advantage, MNCs frequently need to transfer knowl-
edge to their subsidiaries. This transferred knowledge may generate positive
effects to host economies through two distinct processes: direct knowledge transfer
from MNC parents to subsidiaries in host economies; and indirect knowledge
externalities from MNC subsidiaries to domestic firms. The latter, known as an FDI
spillover effect, has been argued to be an important contribution to host economies,
for it generates productivity improvements to domestic firms (see, for example,
Javorcik 2008).

Theoretical literature identifies three main channels for productivity spillovers.
First, the presence of MNCs in domestic markets may provide demonstration
effects to domestic firms through direct imitation or innovation and development
(Das 1987; Cheung and Lin 2004; Lin and Chuang 2007). Second, the entry of
MNC subsidiaries to host economies may increase market competition and force
domestic firms to utilize their resources more efficiently (Wang and Blomstrom
1992). Third, productivity spillover may occur when workers trained by MNCs
move to domestic firms or establish their own companies and apply the knowledge
to improve productivity (Fosfuri, Motta, and Ronde 2001).

These three channels of FDI spillovers have been empirically examined in a
number of studies using either cross-sectional or panel data. The cross-sectional
industrial studies provide more optimistic evidence regarding positive FDI spill-
overs on domestic firms’ productivity. Among them are Caves (1974), Globerman
(1979), Blomström and Sjöholm (1999), Driffield (2001), and Dimelis and Lauri
(2002). In contrast, panel data firm-level studies provide mixed evidence. Some
identify positive productivity spillovers (Gorg and Strobl 2005; Kugler 2006;
Blalock and Gertler 2008; Suyanto, Salim, and Bloch 2009). Others show no
evidence of spillovers (Haddad and Harrison 1993; Konings 2001) and some even
find negative productivity spillovers from FDI (Aitken and Harrison 1999;
Djankov and Hoekman 2000; Thangavelu and Pattnayak 2006). Thus, the spillover
effect of FDI on domestic firms’ productivity is still a subject of debate. The
present study is an attempt to contribute to this debate by using disaggregated
industries from a developing country.

B. FDI Spillover to Sources of Productivity Growth

Recent empirical studies on FDI spillovers focus on productivity growth instead
of productivity level.As argued by Liu (2008), evaluating FDI on productivity levels
may not yield evidence of positive spillovers, as it depicts only the short-run effects.
Estimating FDI on productivity growth can provide clearer evidence of positive
spillovers, as the long-run effects are captured. Haskel, Peirera and Slaugther (2007)
present similar concerns that investigating FDI effects on the rate of productivity,
which can be measured from the first difference of productivity level, may provide
dynamic effects of FDI on the productivity growth of domestic firms.
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A number of empirical studies have been conducted in the context of FDI
spillover effects on productivity growth. These studies can be divided into two
kinds, based on the method of analysis: studies that adopt a conventional measure
of total factor productivity (TFP) growth, and those that use a decomposition
analysis. The first kind examine FDI spillovers on TFP growth under a conven-
tional production function, with a primary focus on technological progress, as they
assume that a firm produces at full efficiency or capacity. The second kind inves-
tigate FDI spillovers on components of TFP growth, as the assumption of full
efficiency is relaxed and productivity gains from FDI can be identified through
technology and efficiency.

The authors know only two studies of the second kind. Girma and Gorg (2007)
is perhaps the first study evaluating FDI spillovers on components of TFP growth.
Applying the Divisia index for decomposing TFP growth into technology and scale
efficiency for UK manufacturing, they find that FDI productivity spillovers mainly
stem from technology. In this study, FDI effects on efficiency gains are found to be
insignificant. A contrasting finding is obtained by Kravtsova and Zelenyuk (2007)
in the Ukrainian manufacturing sector. By decomposing TFP growth into effi-
ciency and technology using a non-parametric data envelopment analysis (DEA)–
based MPI, they find evidence of positive FDI spillovers on both technology and
efficiency. They demonstrate that knowledge from FDI can be either process and
product knowledge, which generates technology spillovers, or managerial and
organizational knowledge, which induces efficiency spillovers.

From the findings of these previous studies, there is still no consensus regarding
which sources of productivity gains are mainly obtained by domestic firms from
foreign presence (MNCs). The mixed evidence may be because firms in different
economies or different industries have different capabilities of grasping different
sources of productivity gains. Firms in a certain industry may receive efficiency
gains while those in another industry may obtain technology gains. As a contribu-
tion to the literature, particularly the Indonesian literature, this study examines FDI
spillover effects on sources of productivity growth in the Indonesian food-
processing and electrical machinery industries. This study may help to reconcile
controversy surrounding the findings of previous studies.

IV. MODEL SPECIFICATION AND ESTIMATION PROCEDURE

The estimation procedure in this present paper involves two stages. The first stage
is to decompose TFP growth into efficiency change (EC) and technological change
(TC) using a DEA-base MPI. In the second stage, the calculated time-variant
firm-specific EC and TC indexes are used interchangeably as a dependent variable
in panel data regressions on the FDI-spillover variable. From the estimates, the
spillover effects of FDI can be identified from the sign and significance of the
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spillover variable. If the coefficient of the spillover variable is positive and has a
statistically significant effect on EC or TC, it is taken as evidence of positive
spillovers. In contrast, the negative sign and significance of the spillover variable
is taken as evidence of negative spillovers. If the coefficient is insignificant,
regardless of whether it has a positive or negative sign, it is considered as evidence
of no spillover.

To explain the decomposition of TFP growth using the MPI, suppose that firm i’s
technology is observed in two periods, t = 1, 2. The technology for these two
periods is represented by x y x yi i i i

1 1 2 2, ,( ) ( )and , respectively. The output-oriented
MPI, as introduced by Caves, Christensen, and Diewert (1982), can be defined as:

M x y x y
D x y

D x y

D x y
O i i i i

O i i

O i i

O i i1 2 1 1 2 2
1 2 2

1 1 1

2 2 2
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( ) × (( )

( )
⎛
⎝⎜

⎞
⎠⎟D x yO i i

2 1 1

1

2

,
, (1)

where M x y x yO i i i i
1 2 1 1 2 2, , , ,( ) is an MPI for the period t = 1, 2, D x yO i i

1 2 2,( ) represents a
distance function that compares second-period firms to first-period technology,
D x yO i i

1 1 1,( ) is a distance function for firm i at the first technological period,
D x yO i i

2 2 2,( ) denotes a distance function for firm i at the second technological
period, D x yO i i

2 1 1,( ) is a distance function that compares first-period firms to the
second-period technology, xi is the inputs of firm i, and yi is the outputs of firm i.
The right-hand side of equation (1) can be rewritten as:

M x y x y
D x y

D x y
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O i i i i

O i i

O i i
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1

2 2 2 2

1 1 1,

,

,
, (2)

where the first part of the right-hand side of the equation measures the geometric
mean of the technological change between two periods, evaluated at xt+1 and xt, and
the second part measures the change in the output-oriented measure of Farrell’s
(1957) technical efficiency between period t and t + 1. Hence, the MPI is the
product of the change in the change in technology (TC) that occurred in the same
periods, and relative efficiency (EC) that occurred between period t and t + 1,
which can be written as:

M TC x y x y EC x y x yO O i i i i O i i i i
1 2 1 2 1 1 2 2 1 2 1 1 2 2, , ,, , , , , , ,= ( ) × ( ) (3)

where
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and

EC x y x y
D x y

D x y
O i i i i

O i i

O i i

1 2 1 1 2 2
2 2 2

1 1 1
, , , ,

,

,
.( ) = ( )

( ) (5)

The time-variant firm-level MPI, TC and EC indexes are calculated using DEAP
computer software.2 The technological change (TC) and efficiency change (EC)
obtained from equations (3) to (5) are used interchangeably as a dependent vari-
able in a model for estimating the FDI spillovers on the sources of productivity
growth. The empirical model can be written as:

Y Spilloveri
t t

i t i t it
,

, , ,+ = + +1 a bg ζ (6)

where Y = (TC, EC), Spillover is a spillover variable defined as in equation (7), a
and b denote parameters to be estimated, g is a vector of other variables (age and
size) contributing to Y, i denotes firm, t denotes time, and z is random error.

The fixed-effect specification is used to estimate equation (6). There are two
reasons for choosing this specification for the empirical analysis. First, as the
spillover effects of FDI depend on within-firm variation in the spillover variable
(FDI_Spillovers), the fixed-effect specification helps to avoid the possibility of
reverse causality (that industries with higher productivity growth may attract more
FDI) by introducing firm dummies. Second, the fixed-effect specification can
mitigate the impact of some forms of non-random measurement errors, such as a
subsequent increase in the value of a certain variable used in equation (6). With
these two advantages, the potential interference between FDI spillovers and pro-
ductivity growth can be minimized.

V. MEASUREMENT OF VARIABLES AND DATA SOURCES

A. Measurement of Variables

There are two sets of variables used in the present study. The first set includes
variables for decomposing TFP growth. These are output and input variables. Value
added is used as an output variable, total number of workers is taken as a mea-
surement for labor, and the replacement value of fixed assets is used as a proxy for
capital. Output values are deflated using the average wholesale price index (WPI)
at a constant price, while capital values are deflated using WPI for machinery.

2 The software is available from www.uq.edu.au/economics/cepa/. DEAP2.1 is developed by Coelli
(1996) at the Center for Productivity and Efficiency Analysis, Department of Econometrics,
University of New England. This software is written in the Shazam language and can be operated
using an IBM personal computer. Different instructions can be carried out by updating the existing
command file or by writing a new instruction command.
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The second set of variables includes productivity growth variables, a spillover
variable, and other variables. The productivity growth variables are technological
change (TC), efficiency change (EC), and total factor productivity growth (TFPG),
which are obtained from the decompositions shown in equations (3) to (5). Each of
the productivity variables is used interchangeably as a dependent variable in the
panel data regression model of equation (6). A spillover variable is measured
following Blalock and Gertler (2008), which is defined as:

Spillover

F Y

Y
jt

it it
i i j

it
i i j

=
∗

∀ ∈

∀ ∈

∑
∑

, (7)

where Y is gross output, F is a dummy variable for foreign firms (which takes a
value of one if a firm has foreign ownership and zero if there is no foreign
ownership),3 i denotes the ith firm, j denotes the jth industry, and i"i ∈ j indicates
a firm in a given industry. The spillover variable is measured at the three-digit ISIC
industries. Thus, the value of Spillover increases with the output of foreign firms in
the three-digit industry. Equation (7) represents the ratio of foreign outputs to total
outputs in an industry. When the foreign shares increase, the spillover effects
increase. Other variables included in the second set are the age of the firm and the
size of the firm. The age is measured as the difference between the year of survey
and the year of starting production. The size of the firm is given by the number of
workers in a firm as a fraction of the total number of workers in a three-digit
industry.

B. Data Sources

The annual survey of Indonesian medium and large manufacturing industries
(Statistik industri, or SI hereafter) is used as the main data source for this study.
This survey is conducted by Statistics Indonesia (Badan Pusat Statistik or BPS)4

and provided in an electronic format. The survey covers the basic information of
each establishment, such as its specific identification code, industrial classification,
year of starting production, and location. It also covers the ownership information
(domestic and foreign ownerships), production information (gross output, value

3 This definition implies that firms with a share of foreign ownership greater than 0% are grouped as
foreign firms. The definition follows previous studies on the Indonesian manufacturing industry,
such as Aswicahyono and Hill (1995), Ramstetter (1999), Narjoko and Hill (2007), and Suyanto,
Salim, and Bloch (2009).

4 Previously, BPS was Biro Pusat Statistik or Central Bureau of Statistics. Its current official name
is Statistics Indonesia.
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added, number of workers, value of fixed capital, material, and energy consump-
tion), and other information (share of production exported and value of material
imported). As supplements to the SI data, this study also utilized other sources of
data. The average whole price index (WPI) and the WPI for machinery are used as
deflators for monetary values of output and capital, respectively.

The samples cover a balanced panel of 393 food-product firms and a balanced
panel of 44 electrical machinery firms operating between 1988 and 1995 (3,496
observations).5 The year 1988 was chosen as the starting year because it is the first
year when the replacement values of capital were available. The year 1995 was
used as the last year in order to exclude the period of economic crisis.

From the original data set, this study conducts two adjustments with the inten-
tion of obtaining a consistent panel data set. The first adjustment is to remove
errors and misreporting, which includes trimming out observations with negative
and zero output values, adjusting the information regarding foreign share in each
firm for consistency,6 and excluding observations considered as outliers by cutting
out values above the 98.5th percentile of output and below the 1.5th percentile. The
second adjustment is to the capital data where 72 out of 3,496 observations
(2.06%) reported missing values of capital. The missing values are predicted using
a methodology similar to Vial (2006), as follows: the available capital values over
the observed period are regressed on the corresponding output values and the
estimated regression coefficients are then used to calculate the predicted values of
capital. By applying this methodology, the final panel data set has consistent
capital data.

The summary statistics of the final panel data set for the relevant variables is
presented in Table 2. The production variables (value added, labor, and capital) are
reported in natural logarithm values. The high mean value of FDI_Spillovers in the
electrical machinery industry results because of the large number of foreign firms
in the sector. The large standard deviation of Age in the food-processing industry

5 This paper uses firm as synonymous with establishment. The terms firm and establishment are used
interchangeably for expositional convenience, but in all cases refer to the latter concept. There are
two reasons for preferring the establishment concept. Firstly, the data source (the annual survey of
manufacturing establishments) does not provide, in every survey year, the information needed to
identify whether an establishment is a standalone or one part of a multi-plant firm. Therefore the
number of firms may be over-counted because some establishments are counted as firms when they
are not. Secondly, Caves and Barton (1990) argue that observations at the establishment level,
rather than the enterprise level, have an advantage in the application of the stochastic frontier
method, in that it is more specialized in the activity observed.

6 In some firms, the information related to foreign share is sometimes not consistent over time. For
example, the foreign share for a firm may be reported as 100% for the whole observed period but
in one year is reported as 0%. In this case, the 0% is adjusted to 100% for consistency.
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is caused by large difference in ages between old and new firms. Some firms in this
sector have been operating for 100 years while some firms have only been in
production for a few months.

VI. ESTIMATION RESULTS AND ANALYSIS

A. Decomposition of TFP Growth

Using the DEA-based MPI as discussed in Section IV, TFP growth is decom-
posed into two components: technological change (TC) and efficiency change
(EC). The software DEAP 2.1, which is used for calculations, provides time-
variant firm-specific indexes of TFP growth and the two components. The annual
average industry-wise indexes are presented in Table 3.7

As can be seen from this table, TFP growth in food products (ISIC 311) is
contributed mainly by efficiency change. In contrast, TFP growth in electrical
machineries (ISIC 383) is predominantly driven by technological change. These
findings are not surprising since food products are labor-intensive industries, which
tend to increase their productivity through a learning-by-doing process of workers’
knowledge accumulation, whereas electrical machineries are capital-intensive
industries, which depend crucially on updated technology to increase their

7 The time-variant firm-specific indexes are not presented in this paper due to space limitations but
may be obtained from the author upon request.

TABLE 3

Decomposition of Average TFP Growth (Cumulative Percentage) of
Food Processing and Electrical Machinery

Year
Food Processing (ISIC 311) Electrical Machineries (ISIC 383)

EC TC TFP Growth EC TC TFP Growth

1988 17.4 -15.3 2.1 -4.5 -1.3 -5.8
1989 14.2 -11.5 2.7 -10.9 7.7 -3.2
1990 6.7 -2.8 3.9 -3.1 -2.1 -5.2
1991 9.1 -5.3 3.8 -6.3 7.8 1.5
1992 8.1 -4.1 4.0 -19.9 23.5 3.6
1993 7.8 -3.9 3.9 -0.2 3.9 3.7
1994 7.8 -4.1 3.7 10.1 -17.0 -6.9
1995 17.4 -15.3 2.1 -4.5 -1.3 -5.8

Source: Author’s calculation using DEAP2.1
Note: EC = Efficiency change, TC = Technological change.

462 the developing economies

© 2010 The Authors
The Developing Economies © 2010 Institute of Developing Economies



productivity. Margono and Sharma (2006) and Ikhsan (2007) find closely similar
results, although their studies were conducted on more aggregated two-digit
industries.

Furthermore, the cumulative average TFP growth is positive over the whole
period of 1988 to 1995 for food products, while it is positive only in certain years
(1991–93) for electrical machineries. This possibly indicates that food processing
is a growing industry that has subsequently improved its production and process
knowledge through producing a larger amount of outputs given a set of input
combinations. For electrical machineries, the negative TFP growth may be
explained by the fact that the domestic firms face high transaction costs in learning
to “catch up” with new technologies, at least in the short run (Aitken and Harrison
1999; Liu 2008). Furthermore, negative effects may arise where firms, particularly
in less developed economies such as Indonesia, use inferior production technolo-
gies and low-skilled workers, which may contribute to a low absorptive capacity of
domestic firms to benefit from FDI spillovers.

B. Estimation of FDI Spillovers on Sources of Productivity Growth

Table 4 presents estimates for FDI spillover effects on efficiency change (EC)
and on technological change (TC) in the selected industries. The estimations are
conducted on the full sample of all firms and the subsample of domestic firms. The
results from the full sample are presented in the upper part of Table 4, while the
results from the subsample are given in the lower part. The results from the full
sample are used as a benchmark for interpretation in this section. The subsample
results have similar sign and significance and therefore have similar implications to
the results from the full sample.

The estimates of FDI spillovers on EC for the food-processing industry are
reported in column (1), while the results of FDI effects on TC are portrayed in
column (2). The numbers in parentheses in each column are t-statistics for the
corresponding estimates. From column (1), the coefficient of FDI variable
(FDI_Spillovers) is positive and statistically significant at the 1% level, suggesting
FDI improves the efficiency of domestic firms. The possible explanation is that
foreign entries in the food industry increase competition, which then forces domes-
tic firms to increase their efficiency. This is consistent with the theoretical
argument in Wang and Blomstrom (1992) and the empirical finding in Suyanto,
Salim, and Bloch (2009), although this study focuses on the chemical industry.

In column (2), the negative and statistically significant coefficient of FDI_
Spillovers indicates negative technology spillovers from FDI. This might be because
the gap in technology between domestic and foreign-owned firms is relatively
large, so that the former are unable to adopt advanced technology from the latter.
As argued by Findlay (1978), a certain level of technology is required for domestic
firms to absorb modern technology from foreign-owned firms. Preconditions, such
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as a minimum level of technology and human capital operating the technology,
may affect the capability of domestic firms to gain technological benefits from
foreign firms. Another possible explanation may be that technology spillovers
require domestic firms to use scarce resources for learning foreign technology,
possibly resulting in lowering the technology level of domestic firms in the short
run (Liu 2008). That is, the technological ability and effort expended by many of
the domestic firms that compete with foreign firms is too low to be able to absorb
spillovers when they occur in the short run.8

The estimates for FDI effects on EC and on TC in the electrical machinery
industry are presented in column (3) and (4) of Table 4, respectively. An increase
in foreign investment reduces the efficiency change of domestic firms in the
industry, as can be seen from the negative and high significance of the FDI_Spill-
overs variable in column (3). The implication of this finding is that there are
negative spillover effects of foreign entry in the industry. This can be explained by
the “market-stealing” hypothesis of Aitken and Harrison (1999), that foreign firms
generally have a lower average cost, which allows them to reduce output prices in
order to steal market share from domestic firms. With a smaller market share,
domestic firms may experience an increase in average costs in the short term, as
they have to produce a smaller amount of output with the same fixed costs. Hence,
the negative effects of foreign competition tend to overshadow the demonstration
effects, so that the net effects of foreign entries are negative. Furthermore, FDI
often draws the best employees away from the domestic firms competing for the
same market and thus reduces the production efficiency of the domestic firms as is
the case in electrical machineries in Indonesia (Liu 2008).

An estimation of FDI spillovers on technical efficiency in the electrical machin-
ery industry (column 4) provides a positive spillover for technical change. This
indicates that the foreign firms’ presence in the electrical machinery industry
generates technological improvement in all firms in the industry, including domes-
tic firms. A possible explanation for this finding is that the new technology brought
in by foreign firms to domestic markets generates imitation effects and innovation,
which forces domestic firms to replicate the foreign firms’ technology and develop
new processes and product knowledge through research and development. As the
electrical machinery market is a homogenous industry, as noted in Section II, the
process of imitation and innovation tends to be faster than in a heterogeneous
industry, such as food processing. This finding supports the theoretical argument of
Das (1987) and Cheung and Lin (2004) on the demonstration effect of technology
spillovers.

In comparing the results of the food-processing industry and the electrical
machinery industry, it is clear that these two industries receive different FDI

8 One of the anonymous referees highlighted this point.
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spillover effects. The food-processing industry is found to receive positive spill-
over effects through changes to technical efficiency, while the electrical machinery
industry tends to receive positive spillover effects through technological change. A
difference in the factor intensity could be an explanation for the difference in the
sources of spillovers in these two industries. The electrical machinery industry,
with a high capital intensity, tends to more easily adopt and replicate new tech-
nology and knowledge from foreign firms via a learning-and-doing process (Caves
1974; Wang and Blomstrom 1992) and by employing skilled labor trained by
foreign firms (Kaufmann 1997; Fosfuri, Motta, and Ronde 2001), which leads to
technological progress for the industry. In comparison, the food-processing indus-
try, which has high labor intensity, might increase its ability to compete by
producing a higher output with the existing set of inputs or producing a given
output with lowered combination of inputs, which then leads to increases in the
technical efficiency of firms (Kravtsova and Zelenyuk 2007).

For non-FDI variables, the coefficient of Age is negative and insignificant on EC
and on TC for both the food-processing and the electrical machinery industries,
indicating that age does not have a significant impact on efficiency change or on
technological change for the two industries during the observed periods. In other
words, old and new firms do not differ much in their capacity to embrace efficiency
and technological change. An empirical study of firms in India (Kathuria 2000)
also finds similar evidence that the age of firms does not significantly affect their
efficiency and technology. Moreover, the coefficient of Size is positive from all
estimations, but it is significant only in the estimation of TC in the food-processing
industry.

C. A Lagged Effect and the Growth Effect of FDI Spillovers

In estimating FDI spillovers on productivity growth, two estimation issues
emerge. The first issue relates to simultaneous bias, when the spillover variable is
endogenous. In this case, the causal direction can go from productivity growth to
foreign investments. FDI may be attracted to an industry with high productivity
growth in order to gain greater profits (Liu 2008). Alternatively, foreign investors
may choose to invest in a slow-growing industry in order to gain a greater com-
petitive advantage (Haskel, Peirera, and Slaugther 2007). This causal direction
suggests that the ordinary least squares (OLS) estimates in Table 4 may be biased
upward or downward. Dealing with this issue, we re-estimate equation (6) by
replacing FDI_Spillover with a lagged FDI_Spillover. As suggested by Haskel,
Peirera, and Slaugther (2007), a lagged variable may be appropriate as spillover
effects may take time to materialize. Foreign investments may be correlated with
domestic productivity, but they are clearly uncorrelated with the future productiv-
ity growth. Therefore, replacing the spillover variable with lagged spillover can
minimize the simultaneous bias.
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The second issue relates to omitted variables, where some factors may be
unobserved by researchers but are known by the firm. These unobserved factors
may increase the correlation between FDI spillovers and productivity growth,
although they may not be directly correlated. For example, high-quality manage-
ment may raise the productivity of a domestic firm and at the same time may also
attract foreign investment. In this case, the OLS estimates in Table 4 could be
biased upward. Addressing this issue, we apply a time-differencing on the spillover
variable. Time-differencing may remove the firm-specific unobserved factor and, if
it is sufficient, can minimize the omitted variable problem.

Table 5 presents the estimation results for both the lagged spillover and the
time-differenced spillover.9 When the spillover variable is replaced by a lagged
spillover (FDI_Spilloverst-1), the estimates are consistent with the results in the
baseline model. In the food-processing industry, the lagged spillovers are found to
have a positive effect on efficiency change, but have a negative effect on techno-
logical change. In the electrical machinery industry, the lagged spillovers are found
to generate technological progress, but cause efficiency to deteriorate. The high
significance of the lagged variable demonstrates that the spillover effects take time
to materialize.

Replacing the spillover variable with its difference (DFDI_Spillovers), our esti-
mates also confirm similar effects of FDI on firm-level efficiency and technology
in both selected industries. The magnitude of spillover effects on efficiency and
technology increase for the food-processing industry while they decrease for the
electrical machinery industry. In addition, the significance remains at the same 1%
level for the food-processing industry (column 4 and 5 of Table 5) and it slightly
decreases for the spillover estimates in electrical machinery, which happens at the
10% level (the last two columns of Table 5). Nevertheless, the statistically signifi-
cant estimate of DFDI_Spillovers in the two industries indicates that the omitted
variable issue is minimal, if it is present at all, for the baseline estimates in Table 4.

VII. CONCLUSIONS AND POLICY IMPLICATIONS

This article empirically examines the spillover effects from FDI on efficiency
change and technological change for domestic firms in the Indonesian food-
processing and electrical machinery industries from 1988 to 1995. The non-
parametric Malmquist productivity index combined with a fixed-effect panel
regression is used to estimate the spillover effects in a two-stage methodology. The
empirical results show that FDI generates positive spillovers on efficiency change,

9 Table 5 presents the estimations from a full sample. Estimations on the subsample provide similar
results in terms of signs and significance. Only the magnitudes of the coefficients become larger in
some cases and smaller in other cases.
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whereas negative spillovers are observed for technological change for domestic
firms in the food-processing industry. However, the empirical results turn out to be
quite different in the case of the electrical machinery industry. The results show
that there are negative spillovers from FDI on efficiency but positive spillovers on
technological change in this industry. The findings of this study demonstrate that
different industries may experience productivity gains through different sources
due to a foreign presence. Whether the productivity gains stem from efficiency
improvements or technological progress depends on the nature and characteristics
of the industry or firms in the industry. A low-technology industry, such as food
processing, tends to gain efficiency benefits rather than technology benefits,
whereas a high-technology industry, such as the electrical machinery industry, is
likely to receive technology benefits.

Outcomes related to the sources of productivity gains in the food-processing and
electrical machinery industries are important to policy making in Indonesia. The
policy makers should consider spillover channels when providing incentives for
FDI in certain industries. In the food-processing industry, where the spillovers
occur through efficiency improvements, FDI that generate managerial and organi-
zational knowledge should be encouraged. In the electrical machinery industry,
where spillovers take place through technological progress, incentives should be
provided for advanced technology transfer through FDI. Foreign firms which are
willing to transfer their knowledge in the form of production, process, managerial,
and organizational knowledge might be provided with special incentives. Finally,
more general policies should be pursued which not only attract FDI but also benefit
domestic firms; for example, building proper infrastructure and modernizing legal
and political institutions and other fundamentals for creating a competitive envi-
ronment in the manufacturing sector of the country.
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This anicle mvestigales the spillover effects of foreign direct investment (FDI) on 
productivity growth in the Indonesian food-processing (ISIC 311) and electrical 
machinery industries (ISIC 383). Total factor productivity (TFP) growth is decomposed 
into efficiency change and technological change 15y usmg the Malmquist productivity 
index. The empirical results show that efficiency improvement is the major driver of 
TFP growth in the food-processing industry, whereas technological progress is the 
dominant contributor in the electrical machinery industry. There are positive spillovers 
on efficiency change bur negative spil lovers on technological change in the food­
processing industry. However, FDI spi llovers turn out to be negative in efficiency 
change whi le positive in technological progress in the electrical machinery industry. 
These findings demonstr~hat different industries experience different sources of 
producti vity gains, which are dependent on the characteristics of iinns in the industry. 
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I. INTRODUCTION 

P oucv makers in developing countries compete actiYely for foreign direct 
investment (FDI). A range of incentive packages are provided, such as tax 
exemptions, investment allowances, and permission to repatriate profits, 

among of~.~benefits . Competition arises partly because of externalities generated 
from the presence of multinational companies (MNCs) in the recipient economies 
(Blomstrom and Kokko 2003). MNCs, which are believed to be among the most 
knowledge-advanced firms, establish subsidiaries in the host countries and transfer 
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beneficial knowledge to domestic firms via nonmarket mechanisms, raising pro­
ductivity. These productivity gains are generally known as productivity spillovers 
from FDI. 

The common perception regarding FDI productivity spillovers is that produc­
tivity gains exclusively take the form of technological progress. In other words, 
knowledge brought by MNCs is often related solely to technology, such as product 
and process knowledge. Hence, the policies in favor of FDis focus mainly on 
efforts to extract new technological knowledge. These policies might be misguided 
since the knowledge from MNCs can also be in the form of managerial or orga­
nizational knowledge, which may cont1ibute to domestic firms' efficiencies. While 
technological knowledge may leak to domestic firms through demonstration 
effects and induce technological progress (Das 1987; Glass and Saggi 2002), 
managerial and organizational knowledge can spill over through worker mobility 
and generate efficiency improvements (de Mello 1997; Kaufmann 1997; Kokko 
and Kravtsova 2008). Both technological progress and efficiency improvements 
are parts of productivity growth, but they are technically distinct.' 

Unfortunately, existing literature on FDI rarely focuses on efficiency improve­
ments from FDI spillovers. Earlier theoretical literature, such as Caves ( 1971), 
does mention the possibility of FDI generating spillover effects on domestic firms' 
efficiencies. However, difficulties in measurement and the relative unavailability of 
data prevent further empirical testing of this argument. Recently, s ignificant and 
sophisticated methodological developments in productivity literature, in particular 
contemporary methods for decomposing productivity growth, may be seen as a 
bridge for testing FDI spillover effects on different components of productivity 
growth. This article, as one of the first attempts in this direction, aims to clarify the 
impact of foreign presence on domestic firms' productivity in the form of techno­
logical change and efficiency change by using unique panel data from the 
Indonesian food-processing (ISIC 311) and electrical machinery industries (ISIC 
383) from 1988 to 1995. It contributes to the Indonesian literature through exami­
nation of not only technological change but also efficiency change. To disentangle 
these two sources of productivity growth, a non-parametric decomposition tech­
nique, the Malmquist productivity index (MPI), is applied. Panel data analysis is 
employed to test the impact of FDI spillovers on each component of productivity 
growth. 

The r~~t of this paper proceeds as follows: Section II provides the empirical 
setting followed by a brief review of related literature in Section III. Section IV 
describes the estimation strategy and models followed by a description of data 

1 Kalirajan and Shand (1999) provide an excellent discussion about these two distinct components of 
productivity growth. In addition, Salim and Kalirajan (1999) demonstrate that these two distinct 
components can be eslimated empirically using firm-level data. 
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sources and sample characteristics in Section V. Section VI decomposes produc­
tivity growth for both foreign and domestic firms in the subsectors and 
estimates the impact of FDI spillovers on each coiV~ent of productivity growth 
(i.e., efficiency change and technological change). Conclusions and policy impli­
cations are presented in the final section. 

II. THE EMPIRICAL SETTING 

There has been a huge inflow of FDI into the Indonesian manufacturing sector over 
the last three decades. More than 50% of the total approved FDI has flowed to this 
sector from 1975 to 2005 (Indonesia Investment Coordinating Board 2007). From 
the manufacturing sector, two disaggregated subsectors, food-processing (ISIC 
3ll) and electrical machineries industry (ISIC 383) have been chosen as industrial 
cases. 

Focusing on firms in these two subsectors rather than on all firms in the 
manufacturing sector provides a more detai led picture of FDI spillover effects on 
different industries. In a recent survey article, Javorcik (2008) points out that 
sectoral characteristics are an important factor for productivity spillovers from 
FDI. Different industrial subsectors tend to differ in their ability to absorb knowl­
edge externalities from foreign firms. Therefore, FDI productivity spillovers may 
be evident in one subsector but not in others. 

Within the industrial sector, food processing is a major industry in terms of 
contribution to total manufacturing value added and employment, whereas elec­
trical machinery is the most sophisticated and one of the fastest growing industries 
in Indonesia. For example, in 1988, the value added from food manufacturing and 
electrical machineries were 9.03% and 2.40%, respectively (out of 28 three-digit 
manufacturing industries), and in 1995, these figures increased to 10.63% and 
8.49%, respectively (BPS 1989, 1996). Moreover, foreign share in value added 
also increased rapidly in these industries, from 11.23% for food manufacturing and 
34.03% for electrical machineries in 1988 to 13.31% and 50.65%, respectively, in 
1995. Consequently, these two industries provide suitable cases for FDI spillover 
analyses. 

Furthermore, disaggregated industries are devoid of heterogeneity in data. As 
argued by Bartelsman and Doms (2000), large and persistent heterogeneity exists 
across firms even within a sector. By focusing on two disaggregated subsectors, 
problems related to data heterogeneity are minimized. Finally, the two chosen 
subsectors a\e sually classified as having different technological levels. The 
Organisation of Economic Co-operation and Development (OECD), for example, 
classifies food products as a low-technology industry, while it groups electronics 
and electrical machineries as high-technology industries (see, for example, Hatz­
ichronoglou (1997) for the OECD technology-intensity classification). Therefore, 
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TABLE I 

Some Key Indicators of Food Processing and Electtical Machinery Industries 

Food Processing Electrical Machinery 

Indicators 
(!SIC 311) (!SIC 383) 

1988 1995 1988 1995 

Output share (% of manufacturing output) 12.33 1060 3.65 7.11 
Output (IDR million) 5,175 19,232 1,533 12,900 
Value-added (IDR million) 1,254 5,151 332 4,245 
Labor ( 1,000 of people) 248 367 45 164 
Value added/Labor (IDR 1,000) 5,049 14,049 7,308 25,816 
Number of establishments 1,729 2,470 228 459 
Foreign firm (% of total establi shments) 2.02 3.20 12.28 28.98 
Domestic firm (%of total establishments) 89.36 89.55 85.09 68.72 
SOEs (% of total establishments) 8.62 7.25 2.63 2.30 
Foreign share (% of value-added) 11.23 13.31 34.03 50.65 
Export (%of output) 5.821 8.95 6.82 21.61 
Imported matetial (%of total material) 11.82 4.84 57.12 72.29 

Source: Author's ca lculation from the survey of large and medium enterprises, selected 
years. 
1 This figure is calculated from 1990 data since this was the first year information on exp011s 

was reponed. 

it is expected that these two subsectors may experience different sources of pro­
ductivity gains from FDI. 

A. The Indonesian Food-Processing Industry 

Food processing is one of the important nature-based industries in Indonesia. It is 
a rapidly growing industry, relying largely on local raw materials to produce outputs 
to meet domestic needs (Sjoholm and Takii 2008). This industry covers a wide 
variety of products, among which dairy products, cooking oils, fruit products, grain 
milling, fish and seafood, noodle, sugar, tea, and coffee processing are important. It 
represents a broad and diverse sector in terms of the nature of industry, size of 
investment, level of technology, raw material used, and workforce employed. 

The Indonesian food-processing industry expanded rapidly throughout the 
period of study. Although its contribution to total manufacturing outputs has 
decreased slightly, the value of output has risen more than threefold, from around 
IDR 5.2 billion in 1988 to IDR 19.2 billion in 1995 (Table 1). The expansion of this 
industry also reflects a rapid, almost quadruple, increase of value added. ln terms 
of labor absorption, this sector employed 248,000 workers in 1988 and 367,000 
workers in 1995, which accounted for approximately 12% of total manufacturing 
employment. This sector also recorded a significant increase in labor productivity 
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during the period of study, as can be observed from the change in magnitude of 
value added per labor. Private domestic firms are dominant in this industry, 
accounting for more than 80% of the total firms in the sector, whereas state-owned 
enterprises (SOEs) represented only 8.62% of total firms in 1988. Foreign contri­
butions to value added for this imt try are more than I 0%, even though foreign 
firms make up less than 4% of the total number of firms in the sector. This indicates 
the important role of foreign firms in this industry. During the period of study 
(1988-95), this sector became less reliant on imported material, whereas the 
percentage of output exported increased moderately, from 5.82% to 8.95%. 

B. The Indonesian Electrical Machinery Industry 

The electrical machinery industry is a relatively small industly in terms of 
number of establishments, but it has expa~ded rapidly during the observed period. 
The value of output jumped from only lOR 1.5 billion in 1988 to more than !DR 
12 billion in 1995 (Table 1). This industry is one of the high-technology industries, 
and has been a targeted sector for foreign direct investment. In 1988, foreign­
owned firms represented more than 12% of total fi1ms in this industry and this 
number rose q 29% by 1995. Interestingly, foreign contributions in this sector 
amounted to more than 50% of the total value added in 1995, revealing the 
important role of foreign investment. As shown in Table 1, this sector relies heavily 
on imported materials, with a share of more than 70% of total materials used in 
1995. However, the percentages of output exported also increased considerably 
from 6.82% in 1988 to 21.61% in 1995, more than tripling. 

The electrical machinery industry is a homogenous industly in terms of tech­
nology. This industry covers electrical machinery for industries and electrical 
appliances for household use. TW~froductivity of labor in this indust1y is among 
the highest for subsectors of the manufacturing sector, with value added per labor 
of !DR 7.3 million in 1988 and lOR 25.8 million in 1995. 

III. LITERATURE REVIEW 

A. FDI, Knowledge Transfer, and Productivity Spillovers 

Multinational companies (MNCs) are commonly believed to possess greater 
knowledge than local firms. Theoretical literature on FDI argues that for MNCs to 
be able to compete with their local counterparts, the former need to have specific 
knowledge advantages, which are defined broadly as superior technology, 
advanced managerial skills, and the ability to exploit scale efficiency (Smeets 
2008). These knowledge advantages may enable MNCs to access domestic product 
and resource markets. Although local firms might have more information about 
consumer preferences and local networks, the superior knowledge of MNCs can be 
a competitive advantage to winning a greater market share. 
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To ensure a competitive advantage, MNCs frequently need to transfer knowl­
edge to their subsidiaries. This transferred knowledge may generate positive 
effects to host economies through two distinct processes: direct knowledge transfer 
from MNC parents to subsidiaries in host economies; and indirect knowledge 
externalities from MNC subsidiaries to domestic firms. The latter, known as an FDI 
spillover effect, has been argued to be an important contribution to host economies, 
for it generates productivity improvements to domestic firms (see, for example, 
Javorcik 2008). 

Theoretical literature identifies three main channels for productivity spillovers. 
First, the presence of MNCs in domestic markets may provide demonstration 
effects to domestic firms through direct imitation or innovation and development 
(Das 1987; Cheung and Lin 2004; Lin and Chuang 2007). Second, the entry of 
MNC subsidiaries to host economies may increase market competition and force 
domestic firms to utilize their resources more efficiently (Wang and Blomstrom 
1992). Third, productivity spillover may occur when workers trained by MNCs 
move to do~0stic firms or establish their own companies and apply the knowledge 
to improve productivity (Fosfuri, Motta, and Ronde 2001). 

These three cha Is of FDI spillovers have been empirically examined in a 
number of studies using either cross-sectional or panel data. The cross-sectional 
industrial studies provide more optimistic evidence regarding positive FDI spill­
overs on domestic firms' productivity. Among them are Caves (1974), Globerman 
(1979), Blomstrom and Sjoholm (1999), D1iffield (2001), and Dimelis and Lauri 
(2002). In contrast, panel data firm-level studies provide mixed evidence. Some 
identify positive productivity spillovers (Gorg and Strobl 2005; Kugler 2006; 
Blalock and Gertler 291}~; Suyanto, Salim, and Bloch 2009). Others show no 
evidence of spillovers (Haddad and Harrison 1993; ~W)ings 200 I) and some even 
find negative productivity spillovers from FDI (Aiiken and Harrison 1999; 
Djankov and Hoek man 2000; Thangavelu and Pattnayak 2006). Thus, the spillover 
effect of FDI on domestic firms' productivity is still a subject of debate. The 
present study is an attempt to contribute to this debate by using disaggregated 
industries from a developing country. 

B. FDI Spillover to Sources of Productivity Growth 

Recent empirical studies on FDI spillovers focus on productivity growth instead 
of productivity level. As argued by Liu (2008), evaluating FDI on productivity levels 
may not yield evidence of positive spillovers, as it depicts only the short-run effects. 
Estimating FDI on productivity growth can provide clearer evidence of positive 
spillovers, as the long-run effects are captured. Haske!, Peirera and Slaugther (2007) 
present similar concerns that investigating FDI effects on the rate of productivity, 
which can be measured from the first difference of productivity level, may provide 
dynamic effects of FDI on the productivity growth of domestic firms. 
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A number of empirical studies have been conducted in the context of FDI 
spillover effects on productivity growth. These studies can be divided into two 
kinds, based on the method of analysis: studies that adopt a conventional measure 
of total factor productivity (TFP) growth, and those that use a decomposition 
analysis. The first kind examine FDI spillovers on TFP growth under a conven­
tional production function, with a primary focus on technological progress, as they 
assume that a firm produces at full efficiency or capacity. The second kind inves­
tigate FDI spillovers on components of TFP growth, as the assumption of full 
efficiency is relaxed and productivity gains from FDI can be identified through 
technology and efficiency. 

The authors know only two studies of the second kind. Girma and Gorg (2007) 
is perhaps the first study evaluating FDI spillovers on components ofTFP growth. 
Applying the Divisia index for decomposing TFP growth into technology and scale 
efficiency for UK manufacturing, they find that FDI productivity spillovers mainly 
stem from technology. In this study, FDI effects on efficiency gains are found to be 
insignificant. A contrasting finding is obtained by Kravtsova and Zelenyuk (2007) 
in the Ukrainian manu(acturing sector. By decomposing TFP growth into effi­
ciency and technology using a non-paramet1ic data envelopment analysis (DEA)­
based MPI, they find evidence of positive FDI spillovers on both technology and 
efficiency. They demonstrate that knowledge from FDI can be either process and 
product knowledge, which generates technology spillovers, or managerial and 
organizational knowledge, which induces efficiency spillovers. 

From the findings of these previous studies, there is still no consensus regarding 
which sources of productivity gains are mainly obtained by domestic firms from 
foreign presence (MNCs). The mixed evidence may be because firms in different 
economies or different industries have different capabilities of grasping different 
sources of productivity gains. Firms in a certain industry may receive efficiency 
gains while those in another industry may obtain technology gains. As a contribu­
tion to the literature, particularly the Indonesian literature, this study examines FDI 
spillover effects on sources of productivity growth in the Indonesian food­
processing and electrical machinery industries. This study may help to reconcile 
controversy surrounding the findings of previous studies. 

IV. MODEL SPECIFICATION AND ESTIMATION PROCEDURE 

The estimation procedure in this present paper involves two stages. The first stage 
is to decompose TFP growth into efficiency change (EC) and technological change 
(TC) using a DEA-base MPI. In the second stage, the calculated time-variant 
firm-specific EC and TC indexes are used interchangeably as a dependent variable 
ill panel data regressions on the FDI-spillover variable. From the estimates, the 
spillover effects of FDI can be identified from the sign and significance of the 
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spillover variable. If the coefficient of the spillover variable is positive and has a 
statistically significant effect on EC or TC, it is taken as evidence of positive 
spillovers. In contrast, the negative sign and significance of the spillover variable 
is taken as evidence of negative spillovers. If the coefficient is insignificant, 
regardless of whether it has a positive or negative sign, it is considered as evidence 
of no spillover. 

To explain the decomposition ofTFP growth using the MPI, suppose that firm i' s 
technology is observed in two periods, t = I, 2. The technology for these two 
periods is represented by (x!, y!) and (xf, yl), respectively. The output-oriented 
MPI, as introduced by Caves, Ch1istensen, and Diewert ( 1982), can be defined as: 

(
DI ( 2 2) D2( 2 2))~ I 2 I 1 2 2 0 X; ' )'; 0 X; ' )'; 

M a ( x;, Y;, x; , Y; ) = Dl ( .1 1) x D2 ( 1 1) , 
0 x, y, 0 x, y, 

(I) 

~ere M i/ ( x!, y), x[, yf) is an MPI for the period t = I, 2, Db ( xf, yf) represents a 
Clistance fu~tion that compares second-peiiod firms to first-period technology, 
Db(x!, y!) 's a distance function for firm i at the first technological period, 
D'b ( xl, yJ) denotes a :distance function for firm i at the second technological 
period, DJ(x!, y!) is a distapce function that compares first-period firms to the 
second-period technology, X; is the inputs of firm i, and y; is the outputs of firm i. 
The right-hand side of equation (I) can be rewritten as: 

I 

M 1,2 ( 1 1 2 2 )-(Db(x/,y!) Db(xf,yl))2 (D'b(xf,yl)) (2) 
o x;, Y;, x; , Y; - v2 ( .1 1) x v2 ( 2 2) x v~ ( 1 1) , 

0 X;, )'; 0 X; , )'; 0 X;, )'; 

where the first part of the right-hand side of the equation measures the geometric 
mean of the technological change between two periods, evaluated at x,+1 and x, and 
the second part measures the change in the output-orient:=:= measure of Farrell's 
(1957) technical efficien ,y between period t and t + L Hence, the MPI is the 
product of the change in the change in technology (TC) that occurred in the same 
periods, and relative efficiency (EC) that occurred between period t and t + I, 
which can be written as: 

where 

Ml,2 = TC1.2(x1 y 1 x2 y2 ) X ECl,2 (x1 y 1 x2 )'2 ) Q Q I ) I ) I ) I Q I ) I ) 'I ) I ) (3) 

I 2 I 1 2 2 0 X; • )'; 0 X;' )'; 

[(
DI ( 2 2)) (DI ( I I))]~ 

TCo (x;,y;,X;,y; )= D'b(xf,y?) X Db(x/,y!) (4) 
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£c l.2( 1 1 2 2) - D'b(xl,l) 
0 X;, y;, X;' Y; - I ( I I). 

D0 X;,y; 
(5) 

The time-variant firm-level MPI, TC and EC indexes are calculated using DEAP 
computer software.2 The technological change (TC) and eftWency change (EC) 
obtained from equations (3) to (5) are used interchangeably as a dependent vari­
able in a model for estimating the FDI spillovers on the sources of productivity 
growth. The empirical model can be written as: 

(6) 

where Y = (T~~~.q, Spillover is a spillover variable defined as in equation (7), a 
and ~ denote parameters to be estimated, g is a vector of other variables (age and 
size) contributing to Y, i denotes firm, t denotes time, and ~ is random error. 

The fixed-effect specification is used to estimate equation (6). There are two 
reasons for choosing this specification for the empirical analysis. First, as the 
spillover effects of FDl depend on within-firm variation in the spillover variable 
(FD!_Spillovers), the fixed-effect specification helps to avoid the possihility of 
reverse causality (that industries with higher productivity growth may attract more 
FDI) by introducing firm dummies. Second, the fixed-effect specification can 
mitigate the impact of some forms of non-random measurement errors, such as a 
subsequent increase in the value of a certain variable used in equation (6). With 
these two advantages, the potential interference between FDI spillovers and pro­
ductivity growth can be minimized. 

Y. MEASUREMENT OF VARIABLES AND DATA SOURCES 

A. Measurement of Variables 

There are two sets of variables used in the present study. The first set includes 
variables for decomposing TFP growth. These are output and input variables. Value 
added is used as an output variable, total number of workers is taken as a mea­
surement for labor, and the replacement value of fixed assets is used as a proxy for 
capital. Output values arc deflated using the average wholesale price index (WPI) 
at a constant price, while capital values are deflated using WPI for machinery . 

. 
2 The sotlware is available from www.uq.edu.au/economics/cepa/. DEAP2.1 is developed by Coell i 

( 1996) at the Center for Productivity and Efficiency Analysis, Department of Econometrics, 
University of New England. This software is written in the Shazam language and can be operated 
using an lBM personal computer. Different instructions can be can·ied out by updating the existing 
command file or by writing a new instruction command. 
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The second set of variables includes productivity growth variables, a spillover 
variable, and other variables. The productivity growth variables are technological 
change (TC), efficiency change (EC), and total factor productivity growth (TFPG), 
which are obtained from the decompositions shown in equations (3) to (5). Each of 
the productivity variables is used interchangeably as a dependent variable in the 
panel data regression model of equation (6). A spillover variable is measured 
following Blalock and Gertler (2008), which is defined as: 

L r;, * r;, 
Spilloveri, = .:..;tv..;.:ie'=~=--­

"""' Y;, 
(7) 

i'tfiej 

where Y is gross output, F is a dummy variable for foreign firms (which takes a 
value of on~ a firm has foreign ownership and zero if there is no foreign 
ownership),3 i denotes the ith firm,j denotes thejth industry, and it/i E j indicates 
a firm in a given industry. The spillover variable is measured at the three-digit ISIC 
industries. Thus, the value of Spillover increase ith the output of foreign firms in 
the three-digit industry. Equation (7) represents the ratio of foreign outputs to total 
outputs in an industry. When the foreign shares ~ease. the spillover effects 
increase. Other variables included in the second set are the age of the firm and the 
size of the firm. The age is measured as the difference between the year of survey 
and the year of startin~oduction. The size of the firm is given by the number of 
workers in a firm as a fraction of the total number of workers in a three-digit 
industry. 

B. Data Sources 

The annual survey of Indonesian medium and large manufacturing industries 
(Statistik industri, or SI hereafter) is used as the ~ai,n data source for this study. 
This survey is conducted by Statistics Indonesia (Badan Pusat Statistik or BP$)4 

and provided in an electronic format. The survey covers the basic information of 
each establishment, such as its specific identification code, industrial classification, 
year of starting production, and location. It also covers the ownership information 
(domestic and foreign ownerships), production information (gross output, value 

. 
3 This definition tmplies that firms with a share of foreign ownership greater than 0% are grouped as 

foreign firms. The definition follows previous studies on the Indonesian manufacturing industry, 
such as Aswicahyono and Hil l (1995), Ramstetter (1999), Narjoko and Hill (2007), and Suyanto, 
SaJ'm, and Bloch (2009). 

4 Previously, BPS was Biro Pusat Statistik or Central Bureau of Statistics. Its current official name 
is Statistics Indonesia. 
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added, number of workers, value of fixed capital, material, and energy consump­
tion), and other information (share of production exported and value of material 
imported). As supplements to the SI data, this study also utilized other sources of 
data. The average whole price index (WPI) and the WPI for machinery are used as 
deflators for monetary values of output and capital, respectively. 

The samples cover a balanced panel of 393 food-product firms and a balanced 
panel of 44 electrical machinery firms operating between 1988 and 1995 (3,496 
observations).5 The year 1988 was chosen as the sta1ting year because it is the first 
year when the repla~nt values of capital were available. The year 1995 was 
used as the last year in order to exclude the period of economic crisis. 

From the original data set, this study conducts two adjustments with the inten­
tion of obtaining a consistent panel data set. The first adjustment is to remove 
errors and rnisreporting, which includes trimming out observations with negative 
and zero output values, adjusting the information regarding foreign share in each 
firm for consistency,6 and excluding observations considered as outliers by cutting 
out values above the 98.5th percentile of output and below the !.5th percentile. The 
second adjustme t is to the capital data where 72 out of 3,496 observations 
(2.06%) reported missing values of capital. The missing values are predicted using 
a methodology similar to Vial (2006), as follows: the available capital values over 
the observed period are regressed on the corresponding output values and the 
estimated regression coefficients are then used to calculate the predicted values of 
capital. By applying this methodology, the final panel data set has consistent 
capital~a. 

The summary statistics of the final panel data set for the relevant variables is 
presented in Table 2. The production variables (value added, labor, and capital) are 
reported in natural logarithm values. The high fl}.ean value of FDI_Spillovers in the 
electrical machinery industry results because of the large number of foreign firms 
in the sector. The large standard deviation of Age in the food-processing industry 

5 This paper uses firm as synonymous with establishment. The terms firm and establishmem are used 
interchangeably for expositional convenience, but in all cases refer to the latter concept. There are 
two reasons for preferring the establishment concept. Firstly, the data source (the annual survey of 
manufacturing establishments) does not provide, in every survey year, the information needed to 
identify whether an establishment is a standalone or one patt of a multi-plant finn. Therefore the 
number of finns may be over-counted because some establishments are counted as firms when they 
are not. Secondly, Caves and Barton (1990) argue that observations at the establishment level, 
rather than the enterprise level , have an advantage in the application of the stochastic frontier 
method, in that it is more specialized in the activity observed. 

6 ln some firms, the information related to foreign share is sometimes not consistent over time. For 
example, the foreign share for a firm may be repotted as 100% for the whole observed period but 
in one year is reported as 0%. In this case, the 0% is adjusted to I 00% for consistency. 
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TABLE2 

Summary Statistics of the Relevant Variables 

Food Processing (!SIC 31 1) 

Variable 
Standard 

Mean 
I Deviation 

Minimum Maximum Mean 

First stage 
Value addetl(ln) 13.0 2.2 7.5 17.8 13.5 
Labor (In) 4.9 1.4 2.8 8.2 4.8 
Capital (In) 13.5 2.3 6.1 24.5 13.9 

Second stage 
FDI_Spi/lovers (%) 11.5 7.1 2.2 37.2 48.6 
Age 24 23.4 0 100 16.2 
Size(%) 4 .7 15.8 0.1 2 12 6.3 

Source: Author's calculation from the final data set. 

Electrical Machinery (!SIC 383) 

Standard 
Minimum 

Deviation 

2.1 5.2 
1.1 3.0 
2.1 7.8 

12.9 29.3 
12.1 0 
6.4 0.3 

Maximum 

19.2 
7.6 

24.4 

69.4 
83 
27.3 
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TABLE3 

Decomposition of Average TFP Growth (Cumulative Percentage) of 
Food Processing and Electrical Machinery 

Food Processing (!SIC 3 I I) Electrical Machineries (!SIC 383) 
Year 

EC TC TFPGrowth EC TC TFP Growth 

1988 17.4 - 15.3 2.1 -4.5 -1.3 -5.8 
1989 14.2 -1 1.5 2.7 -10.9 7.7 -3.2 
1990 6.7 -2.8 3.9 -3. 1 -2.1 -5.2 
1991 9.1 -5.3 3.8 -6.3 7.8 1.5 
1992 8.1 -4.1 4.0 -19.9 23.5 3.6 
1993 7.8 -3.9 3.9 -0.2 3.9 3.7 
1994 7.8 -4.1 3.7 10. 1 -17.0 -6.9 
1995 17.4 - 15.3 2.1 -4.5 -1.3 -5.8 

Source: Author's calculation using DEAP2.1 
Note: EC = Efficiency change, TC = Technological change. 

is caused by large difference in ages between old and new firms. Some firms in this 
sector have been operating for 100 years while some firms have only been in 
production for a few months. 

VI. ESTIMATION RESULTS AND ANALYSIS 

Decomposition ofTFP Growth 

Using the DBe..-based MPI as discussed in Section IV, TFP growth is decom­
posed into two components: technological change (TC) and efficiency change 
(EC). The software DEAP 2 .1, which is used for calculations, provides time­
variant fi rm-specific indexes of TFP growth and the two components. The annual 
average industry-wise indexes are presented in Table 3.7 

As can be seen from this table, TFP growth in food products (I SIC 3 11 ) is 
contributed mainly by efficiency change. In contrast, TFP growth in electrical 
machineries (ISIC 383) is predominantly driven by technological change. These 
fi ndings a re not surprising since food products a re labor-intensive industties, which 
tend to increase their productivity through a learning-by-doing process of workers' 
knowledge accumulation, whereas e lectrical machineries are capital-intensive 
industries, which depend crucially on updated technology to increase their 

7 The time-variant firm-specific indexes are not presented in this paper due to space limitations but 
may be obtained from the author upon request. 
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productivity. Margono and Sharma (2006) and Ikhsan (2007) find closely similar 
results, although their studies were conducted on more aggregated two-digit 
industries. 

Furthermore, the cumulative average TFP growth is positive over the whole 
period of 1988 to 1995 for food products, while it is positive only in ce1tain years 
(1991-93) for electrical machineries. This possibly indicates that food processing 
is a growing industry that has subsequently improved its production and process 
knowledge through producing a larger amount of outputs given a set IIJinput 
combinations. For electrical machineries, the nega!ll; e TFP growth may be 
explained by the fact that the domestic fi1ms face high transaction costs in learning 
to "catch up" with new technologies, at least in the sho11 run (Aitken and Harrison 
1999; Liu 2008). FUithermore, negative effects may arise where firms, particularly 
in less developed economies such as Indonesia, use inferior production technolo­
gies and low-skilled workers, which may contribute to a low absorptive capacity of 
domestic firms to benefit from FDI spillovers. 

B. Estimation of FDI Spillovers on Sources of Productivity Growth 

Table 4 presents estimates for FDI spillover effects on efficiency change (EC) 
and on te~logical change (TC) in the selected industries. The estimations are 
conducted on the full sample of all firms and the subsample of domestic firms. The 
results from the full sample are presented in the upper part of Table 4, while the 
results from the subsample are given in the lower part. The results from the full 
sample are used as a benchmark for interpretation in this section. The subsample 
results have similar sign and significance and therefore have similar implications to 
the results from the full sample. m 

The estimates of FDI spillovers on EC for the food -processing industry are 
reported in column (1), while the results of FDI effects on TC a e portrayed in 
column (2). The numbers in parentheses in each column are /-statistics for the 
corresponding esfi!nates. From column (1), the coefficient of FDI variable 
(FDI_Spillovers) is positive and statistically significant at the 1% level, suggesting 
FDI improves the efficiency of domestic firms. The possible explanation is that 
foreign entries in the food industry increase competition, which then forces domes­
tic firms to increase their efficiency. This is consistent with the theoretical 
argument in Wang and Blomstrom ( 1992) and the empirical finding in Suyanto, 
Salim, and Bloch (2009), although this study focuses on the chemical industry. 

In column (2), the negative and statistically significant coefficient of FDI_ 
Spillovers indicates negative technology spillovers from FDI. This might be because 
the gap in technology between domestic and foreign-owned firms is relatively 
large, so that the former are unable to adopt advanced technology from the latter. 
As argued by Findlay ( 1978), a certain level of technology is required for domestic 
firms to absorb modern technology from foreign-owned firms. Preconditions, such 
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TABLE4 

Estimates of FDI Spillovers on Efficiency Change (EC) and Technological Change (TC) of Firms in 
Food-Processing and Electrical Machinery Industries 

Food Processing (!SIC 3 I I) 

Variable 

All firms (Full sample) 
FDI_Spillovers 
Age 
Size 
Constant 
Time dummy 
Fi rm dummy 
R2 
No. of observations 

Only domestic finns 
FDI_Spil/overs 
Age 
Size 
Constant 
Time dummy 
Firm dummy 
R2 
No. of observations 

EC 
( I) 

0.243*** (3.23) 
-o.000 13 (-0.67) 

0.090 (0.54) 
Yes 
Yes 
Yes 

0.00 1 
2,75 1 

0.268*** (3.36) 
-o.oooo5 (- 0.26) 

0.097 (0.57) 
Yes 
Yes 
Yes 

0.00 1 
2,56 1 

Source: Author's esti mations using equation (6). 
Note: The /-statistics are in parentheses. 
*** represen ts statistical significance at the 1. % level. 

TC 
(2) 

-0.335*** (-3.20) 
-0.00030 (-1.14) 

0.505*** (6.55) 
Yes 
Yes 
Yes 

0.002 
2,751 

- 0.373*** (-3.39) 
- 0.00019 (-0.64) 

0.454*** (6. I 5) 
Yes 
Yes 
Ye.~ 

0.002 
2,561 

Electrical Machinery 
(!SIC 383) 

EC TC 
(3) (4) 

-o.662*** (-5.63) 0.5 I 3*** (3.46) 
-o.0055 (-0.58) -0.00 12 (-1.05) 

0.003 (0.0 1) 0.219 (0.30) 
Yes Yes 
Yes Yes 
Yes Yes 

0.033 0 .012 
308 308 

-o.686*** (- 5.24) 0.564*** (3.47) 
-o.00023 (- 0.23) - 0.00 16 (-1.27) 

0.370 (0.53) 0.382 (0.44) 
Yes Yes 
Yes Yes 
Yes Yes 

0.027 0.016 
266 266 
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as a minimum level of technology and human capital operating the technology, 
may affect the capability of domestic firms to gain technological benefits from 
foreign firms. Another possible explanation may be that technology spillovers 
require domestic firms to use scarce resources for learning foreign technology, 
possibly resulting in lowering the technology level of domestic firms in the short 
run (Liu 2008). That is, the technological ability and effort expended by many of 
the domestic firms that compete with foreign firms is too low to be able to absorb 
spillovers when they occur in the short run.8 

The estimates for FDI effects on EC and on TC in the electrical machinery 
industry are presented in column (3) and ( 4) of Table 4, respectively. An increase 
in foreign investment reduces the efficiency change of domestic firms in the 
industry, as can be seen from the negative and high significance of the FDI_Spill­
overs variable in column (3). The implication of this finding is that there are 
negative spillover effects of foreign entry in the industry. This can be explained by 
the "market-stealing" hypothesis of Aitken and Harrison ( 1999), that foreign firms 
generally have a lower average cost, which allows them to reduce output prices in 
order to steal market share frotV"Oomestic firms. With a smaller market share, 
domestic fjrms may experience an increase in average costs in the short term, as 
they have to produce a smaller amount of output with the same fixed costs. Hence, 
the negative effects of foreign competition tend to overshadow the demonstr. 
effects, so that the net effects of foreign entries are negative. Fmthermore, FDI 
often draws the best employees away from the domestic firms competing for the 
same market and thus reduces the production efficiency of the domestic firms as is 
the case in electrical machineries in Indonesia (Liu 2008). 

An estimation of FDI spillovers on technical efficiency in the electrical machin­
ery industry (column 4) provides a positive spillover for technical change. This 
indicates that the foreign firms' presence in the electrical machinery industry 
generates technological improvm.:!}ent in all firms in the industry, including domes­
tic firms. A possible explanation for this finding is that the new technology brought 
in by foreign q~s to domestic markets generates imitation effects and innovation, 
which forces domestic firms to replicate the foreign firms' technology and develop 
new processes and product knowledge through research and development. As the 
electrical machinery market is a homogenous industry, as noted in Section II, the 
process of imitation and innovation tends to be faster than in a heterogeneous 
industry, such as food processing. This finding suppotts the theoretical argument of 
Das (1987) and Cheung and Lin (2004) on the demonstration effect of technology 
spillovers. 

In comparing the results of the food-processing industty and the electrical 
machinery industry, it is clear that these two industries receive different FDI 

8 One of the anonymous referees highlighted this point. 
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spillover effects. The food-processing industry is found to receive positive spill­
over effects through changes to technical efficiency, while the electrical machinery 
industry tends to receive positive spillover effects through technological change. A 
difference in the factor intensity could be an explanation for the difference in the 
sources of spillovers in these two industries. The electrical machinery industry, 
with a high capital intensity, tends to more easily adopt and replicate new tech­
nology and knowledge from foreign firms via a learning-and-doing proceEITl (Caves 
1974; Wang and Blomstrom 1992) and by employing skilled labor trained by 
foreign firms (Kaufmann 1997; Fosfuri, Motta, and Ronde 200 I), which leads to 
technological progress for the industry. In compa1ison, the food-processing indus­
try, which has high labor intensity, might increase its ability to compete by 
producing a higher output with the existing set of inputs or producing a given 
output with lowered combination of inputs, which then leads to increases in the 
technical efficiency of firms (Kravtsova and Zelenyuk 2007). 

For non-FDI variables, the coefficient of Age is negative and insignificant on EC 
and on TC for both the food-processing and the electrical machine1y industries, 
indicating that age does not have a significant impact on efficiency change or on 
technological change for the two industries during the observed periods. In other 
words, old and new firms do not differ much in theircapacity to embrace efficiency 
and technological change. An empirical study 1fWrms in India (Kathuria 2000) 
also finds similar evidence that the age of firms does not significantly affect their 
efficiency and technology. Moreover, the coefficient of Size is positive from all 
estimations, but it is significant only in the estimation ofTC in the food-processing 
industry. 

C. A Lagged Effect and the Growth Effect of FDI Spillovers 

In estimating FDI spillovers on productivity growth, two estimation issues 
emerge. The first issue relates to simultaneous bias, when the spillover variable is 
endogenous. In this case, the causal direction can go from productivity growth to 
foreign investments. FDI may be attracted to an industry with high productivity 
growth in order to gain greater profits (Liu 2008). Alternatively, foreign investors 
may choose to invest in a slow-growing industry in order to gain a greater com­
petitive advantage (Haske!, Peirera, and Slaugther 2007). This causal direction 
suggests that the ordinary least squares (OLS) estimates in Table 4 may be biased 
upward or downward. Dealing with this issue, we re-estimate equation (6) by 
replacing FDI_Spillover with a lagged FDI_Spif&er. As suggested by Haske!, 
Peirera, and Slaugther (2007), a lagged variable may be appropriate as spillover 
effects may take time to materialize. Foreign investments may be correlated with 
domestic productivity, but they are clearly uncorrelated with the future productiv­
ity growth. Therefore, replacing the spillover variable with lagged spillover can 
minimize the simultaneous bias. 
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The second issue relates to omitted variables, where some factors may be 
unobserved by researchers but are known by the firm. These unobserved factors 
may increase the correlation between FDI spillovers and productivity growth, 
although they may not be directly correlated. For example, high-quality manage­
ment may raise the productivity of a domestic firm and at the same time may also 
attract foreign investment. In this case, the OLS estimates in Table 4 could be 
biased upward. Addressing this issue, we apply a time-differencing on the spillover 
variable. Time-differencing may remove the firm-specific unobserved factor and, if 
it i~ sufficient, can minimize the omitted variable problem. 

Table 5 presents the estimation results for both the lagged spillover and the 
time-differenced spillover.9 When the spillover variable is replaced by a Jagged 
spillover (FDI_Spillovers,_1), the estimates are consistent with the results in the 
baseline model. In the food-processing industry, the lagged spillovers are found to 
have a positive effect on efficiency change, but have a negative effect on techno­
logical change. In the electrical machinery industry, the lagged spillovers are found 
to generate technological progress, but cause efficiency to deteriorate. The high 
significance of the lagged variable demonstrates that the spillover effects take time 
to materialize. 

Replacing the spillover variable with its difference (!J.FDI_Spillovers), our esti­
mates also confirm similar effects of FDI on firm-level efficiency and technology 
in both selected industries. The magnitude of spillover effects on efficiency and 
technology increase for the food-processing industry while they decrease for the 
electrical machinery industry. In addition, the significance remains at the same I% 
level for the food-processing industry (column 4 and 5 of Table 5) and it sl~htly 
decreases for the spillover estimates in electrical machinery, which happens at the 
I 0% level (the last two columns of Table 5). Nevertheless, the statistically signifi­
cant estimate of MDI_Spillovers in the two industries indicates that the omitted 
variable issue is minimal, if it is present at all, for the baseline estimates in Table 4. 

VII. CONCLUSIONS AND POLICY IMPLICATIONS 

This article empirically examines the spillover effects from FDI on efficiency 
change and technological change for domestic firms in the Indonesian food­
processing and electrical machinery industries from 1988 to 1995. The non­
parametric Malmquist productivity index combined with a fixed-effect panel 
regression is used to estimate the spillover effects in a two-stage methodology. The 
empirical results show that FDI generates positive spillovers on efficiency change, 

9 Table 5 presents the estimations from a ful l sample. Estimations on the subsample provide similar 
results in terms of signs and significance. Only the magnitudes of the coefficients become larger in 
some cases and smaller in other cases. 

© 2010 The Aulhors 
The Developing Economies © 20 10 lnsrirure of Developing Economies 



;! ® 
(> "' 

if~ ~ ._c 
Q:::T 
"0 (> 

- · > 
~ s 
~5 
0 ~ 
::> 
0 
:; 
(;' 

"' e:> ., 
0 

0 

~ 
2" 
<> 
0 ... 
)? 
< 
(> 

0 
";!, 
0:; 
m 
0 
g 
0 :; 
~-

TABLES 

Estimates of Lagged FDI Spillovers and a Rate of FDI Spillovers on Efficiency Change (EC) and Technological Change (TC) in 
Food-Processing and Electrical Machinery Industries 

Food Processing (!SIC 31 1) 

Variable 
Lagged FDI Growth Rate FDI 

EC TC EC TC 
( I) (2) (3) (4) 

FDI_Spillovers,.1 0.762*** -0.838*** - -
(9.75) (-7.65) 

11FDI_Spillovers - - 0.934*** -0.883*** 
(- 14.34) (5.81) 

Age -0.00023 -0.00020 -0.00018 -0.00027 
(- 1.37) (-0.76) (-0.93) (- 1.01) 

Size 0.095 0.5 10*** 0.094 -0.507*** 
(0.59) (6.64) (0.32) (-6.59) 

Constant Yes Yes Yes Yes 
Time dummy Yes Yes Yes Yes 
Firm dummy Yes Yes Yes Yes 
Rz 0.055 0.043 0.031 0.033 
No. of observations 2,751 2,751 2,751 2.751 

Source: Author's estimations using equation (6). 
Note: The !-statistics are in parentheses. 
***and* represent statistical significancJ at the I% and 10% level, respectively. 

Electrical Machinery ( ISIC 383) 

Lagged FDI Growth Rate FDI 

EC TC EC TC 
(5) (6) (7) (8) 

-Q.92S*** 0.868*** 
(-14 .34) (5.67) 

- - -0.027* 0.106* 
( 1.70) ( 1.92) 

0.00024 -Q.0016 0.00052 -o.002 
(0.33) (-1.37) (0.44) ( 1.60) 
-o.021 0.229 0.197 0.035 

(-Q.04) (0.32) (0.26) (0.06) 
Yes Yes Yes iJ Yes 

Yes _:. Yes Yes Yes 
Yes Yes Yes Yes 

0 .446 0.111 0.005 0.01.2 
308 308 308 308 
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whereas negative spillovers are observed for technological change for domestic 
firms in the food-processing industry. However, the empirical results turn out to be 
quite different in the case of the electrical machinery industry. The results show 
that there are negative spillovers from FDI on efficiency but positive spillovers on 
technological change in this industry. The findings of this study demonstrate that 
different industries may experience productivity gains through different sources 
due to a foreign presence. Whether the ductivity gains stem from efficiency 
improvements or technological progress erends on the nature and characteristics 
of the industry or firms in the industry. A low-technology industry, such as food 
processing, tends to gain efficiency benefits rather than technology benefits, 
whereas a high-technology industry, such as the electrical machinery industry, is 
likely to receive technology benefits. 

Outcomes related to the sources of productivity gains in the food-processing and 
electrical machinery industries are important to policy making in Indonesia. The 
policy makers should consider spillover channels when providing incentives for 
FDI in certain industries. In the food-processing industry, where the spillovers 
occur through efficiency improvements, FDI that generate managerial and organi­
zational knowledge should be encouraged. In the electrical machinery industry, 
where spillovers take place through technological progress, incentives should be 
provided for advanced technology transfer through FDI. Foreign firms which are 
willing to transfer their knowledge in the form of production, process, managerial, 
and organizational knowledge might be provided with special incentives. Finally, 
more general policies should be pursued which not only attract FDI but also benefit 
domestic firms; for example, building proper infrastructure and modernizing legal 
and political institutions and other fundamentals for creating a competitive envi­
ronment in the manufacturing sector of the country. 
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