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The effect of knowledge spillover on productivity: 
Evidence from manufacturing industry in 
Indonesia
Irvan Kuswardana1*, Nachrowi Djalal Nachrowi1,  and Telisa Aulia Falianty1 and 
Arie Damayanti1

Abstract:  In this study, we analyze the effect of knowledge spillover on productivity in 
the Indonesian manufacturing industry from 2010 to 2014 using inter-sectoral lin
kages and inter-regional linkages. For the first time in the literature, we apply an input- 
output table and geographic distance between regions as the weight matrix in spatial 
econometric estimation to measure the productivity spillover. We find that: (1) pro
ductivity spillover from transactions of intermediate goods in vertical linkage (custo
mer-supplier) is dominated by inter-industry downstream and intra-industry upstream; 
(2) the adoption of foreign technology by domestic firms through imported materials is 
more vital than foreign direct investment; (3) productivity spillover created from capi
tal-intensive industries is higher than that from labor-intensive industries; (4) in pro
ductivity spillover flows through inter-regional spillover and intra-regional spillover, the 
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PUBLIC INTEREST STATEMENT 
Industrial product developments such as com
puters, smartphones, automotive, etc., are 
changing rapidly. Their production process is very 
complex, involving various suppliers with specific 
skills. However, this provides an opportunity for 
the suppliers to absorb knowledge and adopt 
technology from their upstream and down
stream partners by becoming part of the global 
supply chain. 

Domestic industries can benefit from being 
part of the global supply chain network by 
learning from other advanced firms/industries. 
However, to have the capability to effectively 
absorb the technology and narrow their tech
nology gap with advanced firms, local suppliers 
should have certain minimum capacities (e.g., 
minimum set of skills). The local suppliers’ ability 
to catch up is key to their development. Another 
strategy they can employ is to form communities 
within the local region. In these communities, 
local industries can increase their efficiency by 
sharing resources (capital, machinery, workers, 
etc.).
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latter creates higher productivity spillover than the former. This implies that the shorter 
the geographic distance, the narrower the technology gap; (5) investments in human 
capital and physical capital are a prerequisite for absorbing technology and thus 
essential absorptive capacity factors for firms/industries/regions as they narrow down 
the technology gap between developing and advanced firms/industries/regions.

Subjects: Economics and Development; Econometrics; Manufacturing Industries  

Keywords: spillover; inter-sectoral; spatial; linkage; productivity

1. INTRODUCTION
In this study, we analyze the effect of knowledge spillover on productivity in the Indonesian 
manufacturing sector from 2010–2014. This is an important topic because the rising complexity 
of industrial goods promotes linkages between industries. In turn, these linkages are expected to 
improve productivity through knowledge adoption and technology diffusion, known as knowledge 
spillover—a form of positive and uncompensated externality. However, the knowledge spillovers 
discussed in this study are little related to R&D spillover activity. Instead, they are closely related to 
the knowledge spillovers resulting from industrial linkages based on vertical activities (customer- 
supplier) and agglomeration (specialization and concentration). Indeed, our focus is on how 
domestic/local industries can optimally absorb the knowledge (both tacit and codified), adapt 
the technology, and incorporate them into their production methods or processes.

Regarding spillover resulting from the linkage between sectors (inter-sectoral spillover), Arrow (1962) 
proposed a theory that: “technological knowledge possessed by one industry can spread to other 
industries and increase the latter’s productivity through inter-industry trading of intermediate goods.” 
Subsequent scholars have adopted this theory. For example, Romer, (1986); Cohen and Levinthal (1990); 
Grossman and Helpman (1991), who studied the transmission channels of knowledge spillover and their 
impact on industrial productivity. Another strand of the literature pioneered by Marshall (1920), Arrow 
(1962), Jacobs (1969), Romer (1990), Krugman (1991), and Porter (1996) explains why industries within 
regions find internalization knowledge spillover useful in the concept of agglomeration and underline the 
importance of resource-based regions. An example of the Marshall Arrow Romer (MAR) spillover is the 
concentration of semiconductor suppliers and similar technologies in Silicon Valley, called intra-regional 
spillover (Audretsch & Feldman, 1996). This spillover serves as the global center for the high technology 
industry and innovation. Meanwhile, unlike MAR and Porter, Jacobs argues that the majority of signifi
cant knowledge transfers occur outside the resource-based region (inter-regional spillover).

This study is consistent with Sena (2004), who explains the channels of transmission through 
which technological knowledge can spillover: that is (1) inter-industry and intra-industry linkages; 
(2) inter-sectoral based vertical linkages or customer-supplier relationships (forward linkage/down
stream and backward linkage/upstream); (3) agglomeration-based geographical proximity.

Based on these channels, we investigate the impact of knowledge spillover on productivity in the 
Indonesian manufacturing industry through inter-sectoral linkages and inter-regional linkages. We 
focus on how domestic/local industries can optimally absorb technology. However, to absorb the 
technology successfully, Cohen and Levinthal (1990) suggest that firms/industries/regions should 
have a minimum or sufficient absorption capacity, which refers to a technological capability to 
absorb external knowledge. This means that the recipients of these spillovers (inter-sectoral and 
inter-regional spillovers) are limited to only a few firms/industries/regions.
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The empirical strategy of spillovers used in this study is consistent with that of Wolff and Nadiri 
(1993), Bartelsman et al. (1994), Abreu et al. (2004), Caragliu et al. (2012), Peng and Hong (2013), 
and Stiller (2018). In the inter-sectoral approach, we use the input-output linkage (backward and 
forward) based on the I-O table and apply inter-sectoral Durbin panel estimation to analyze the 
productivity spillover in linked sectors (inter-sectoral linkage). In the inter-regional linkage, we 
create an inverse distance matrix based on the geographic distance between regions (centroid 
point to point) and apply spatial Durbin panel estimation to analyze the productivity spillover 
between neighboring regions.

Based on the foregoing issues, we propose three hypotheses: (1) if knowledge spillover flows 
based on inter-industry and intra-industry linkages in a vertical linkage (downstream and 
upstream) between suppliers and customers, which of the two linkages is more dominant in the 
case of downstream or upstream or both linkage(s)? (2) if industrial-agglomeration-based geo
graphic distance creates a productivity spillover, is this inter-regional spillover? What factors affect 
the externalities from agglomeration in inter-regional and intra-regional spillover(s)? (3) if there is 
a positive relationship between knowledge spillovers and absorptive capacity, what is the nature of 
this relationship? What factors contribute positively to its absorptive capacity?

Suffice it to say, we clarify the transmission of knowledge spillover in the Indonesian manufacturing 
industry by using productivity spillover through inter-sectoral spillover (which originates from the 
externality of the input-output/vertical linkage) and inter-regional spillover (which originates from 
agglomeration based on geographical proximity). For the first time in the literature, we apply an 
input-output table and geographic distance between regions as the weight matrix in spatial econo
metric estimation to measure productivity spillover. We find that productivity spillover in vertical 
linkages (customer-supplier) is dominated by inter-industry downstream and intra-industry 
upstream. Productivity spillover also flows through inter-regional spillover (between) and intra- 
regional spillover (within). The latter creates stronger productivity spillover than the former, which 
implies that geographic distance proximity narrows down the technology gap. Another important 
finding is that investments in human capital and physical capital are a prerequisite for absorbing 
technology and thus important absorptive capacity factors for firms/industries/regions as they also 
narrow the technology gap between developing and advanced firms/industries/regions. The rest of 
the paper is outlined as follows: Section 2-Theoretical Foundation and Literature Review. Section 
3-Overview of the Indonesian Manufacturing Industry. Section 4-Data and Methodology. Section 
5-Empirical Results and Discussion. Section 6-Conclusions and Policy Implications.

2. THEORETICAL FOUNDATION AND LITERATURE REVIEW

2.1. The concept of knowledge spillover in manufacturing industry
The knowledge spillover theory is derived from a firm-level concept where one company benefits 
from the private information of another company (companies) for free. There are many cross- 
referencing benefits for firms that imitate the successes of others and those who learn from the 
efforts of others. Jaffe (1998) argued that the concept of the public good of knowledge is closely 
tied to spillovers, that the benefits of the new knowledge are higher than those of its creator 
holding on to it. The benefits are so diffuse that they will not be reduced by each individual. At the 
industry level, the industry collects external knowledge through externalities from vertical linkages 
(supplier-customer), leading to positive or negative impacts on either customers or suppliers in the 
market (Wolff & Nadiri, 1993; Lopez and Sudekum, 2007). At the regional level, the major extern
alities are caused by geographic factors from interactions among people who work within and 
between regions (Abreu et al., 2004; Stiller, 2018).
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The literature related to technological knowledge spillover should be considered an important 
determinant of productivity, as pioneered by Griliches (1979). He examined the relationship 
between information processing activities and knowledge in his knowledge production function. 
He linked the output of new knowledge to two types of input: investment in discovering new 
knowledge (e.g., spending on R&D) and flow of ideas from the existing stock of knowledge. He also 
mentioned that external input for creating innovation is also essential to consider being the source 
of externalities. This argument implies that the closer one is to the source of externalities, the 
easier it is to integrate and diffuse innovations from others. Recently, industrial spillover literature 
has been concerned with how the technology of a firm and its productivity level rely on the same 
industry and related industries. Scholars have found that knowledge spillovers flow through intra- 
industry and inter-industry spillovers (Bernstein & Nadiri, 1989; Los & Verspagen, 2000). In the 
spatial spillover literature, spillovers that flow within and between regions are estimated via 
geographic borders (Abreu et al., 2004; Orlando, 2004; Stiller, 2018).

A more general approach allows technology spillovers to flow across regions and industries. It is 
assumed that the benefit a firm can obtain from the technological efforts of other firms is inversely 
proportional to their distance from the externality-producing firm (Piga & Medda, 2007). They 
presumed that the spillover strength of the firm/industry/region is 

Si ¼ ∑n
j�iWijRj (1) 

where S is the spillover effect, subscript j is the origin of the spillover (e.g., a firm, an industry, or 
a region), subscript i is the firm/industry/region receiving the spillover, R is a measure of techno
logical capital, and Wij is an inter-industry weight matrix and spatial weight matrix representing 
the distance (economic distance and geographic distance) between i and j.

The construction of an inter-industry weight matrix was pioneered by Brown and Conrad (1967), 
followed by other scholars (Bartelsman et al., 1994; Peng & Hong, 2013; Terleckyj, 1974; Wolff & 
Nadiri, 1993), who constructed the inter-industry weight matrix based on input-output tables. 
These authors made their weights equal to the input/output coefficient, calculated by dividing 
the cell values by the corresponding column/row sum. These methods are used to distinguish 
between the potential spillover from downstream (demand-driven spillovers) and the potential 
spillover from upstream (supply-driven spillovers) using the inter-industry matrix. This matrix 
indicates that the more industry i buys or sells goods to industry j, the more it can benefit from 
technological spillover originating from industry j, and vice versa.

Another approach is to construct a spatial weight matrix. Abreu et al. (2004) and Stiller (2018) 
constructed an inverse distance matrix between regions using coordinates in latitude and long
itude (centroid point to point). This matrix indicates that the closer the distance between regions, 
the greater the spillover of knowledge. They also argue that geographical distance leads to 
a narrow technology gap.

2.2. Absorptive capacity
Many studies have focused on understanding the key characteristics of firms, regions, and coun
tries that make it easier to understand and decode information coming from outside in an 
economically efficient manner since the publication of Cohen and Levinthal (1990) on the firm’s 
absorptive capacity. The concept of absorptive capacity, which originated in the context of a firm’s 
theory, can now be applied to more complex institutions, such as regions and countries. The notion 
that a proper knowledge base is required to comprehend more and better information.
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2.3. Inter-sectoral linkage
A firm or industry must have a certain level of absorptive capacity to recognize, access, adopt, and 
benefit from these external sources of knowledge, whether through market-internalized transac
tions or externalities. Absorptive capacity is defined as the capability to acquire new information 
(Cohen & Levinthal, 1990). It has been suggested that the ability to catch up is influenced by the 
level of difference between the leader and the follower in foreign direct investment/FDI (Fagerberg, 
1995; Findlay, 1978). He argued that the technology or efficiency gap is the distinction between 
two firms (or industries). Moreover, Sjoholm (1999) argued that FDI benefits local/domestic indus
tries, but the effect differs between industries. He found that sectors with a high degree of 
competition will have FDI spillovers. Moreover, he concluded that the larger the technology gap 
between domestic and foreign companies, the larger the spillover.

However, large technological gaps may pose a barrier to technology transfer (Cohen & Levinthal, 
1990). These arguments are supported by Girma et al. (2005). They argued that companies with 
a productivity gap of 10% or less than the market frontier level are more likely to benefit from FDI 
spillovers. Therefore, in this case, the concept of absorptive capacity is important to narrow the 
technology gap between developing and advanced firms.

Foreign firm characteristics may be a key factor in the extent to which externalities from foreign 
companies exist. Scholars find evidence of productivity spillovers through the backward linkage 
between multinational companies (MNCs) and domestic suppliers (Clare, 1996) and partially 
foreign-investment customers in Lithuania (Javorcik, 2004). Moreover, she finds no evidence of 
intra-sector spillover or spillover from foreign-invested input suppliers and domestic input. She 
explains that, compared to fully foreign-invested companies, foreign owners are more likely to be 
better linked to the local economy through local sourcing.

Kokko and Blomstrom (1996) also argued that firm characteristics reduce performance gaps 
between foreign companies and local/domestic firms. This argument is supported by Marin and 
Bell (2006), Giroud (2012), and Elkomy et al. (2020). They found that local/domestic firms’ invest
ment in capital-embodied technology and skill training will make it easy for them to absorb 
technology from foreign companies. Moreover, they argued that, for policies to attract FDI to 
generate technology externalities, foreign-invested firms’ knowledge-creation activities and tech
nological capabilities are more important than just technology transfer externalities.

2.4. Inter-regional linkage
The inter-regional linkage mostly focuses on capital investment’s role in enhancing regions’ growth 
capabilities. A region can recognize and apply the appropriate external knowledge. However, some 
evidence shows that regions that produce codified knowledge cannot fully absorb, decode, and exploit 
it to its full potential. Therefore, this raises some questions. What caused this discrepancy? What drives 
this outcome? Why are the factors alone insufficient to explain regional efficiency growth? We try to 
answer these questions by applying spatial knowledge spillovers and regions’ absorptive capacities. 
Caragliu et al. (2012) linked productivity with technical knowledge accumulation to answer. He argued 
that productivity is better proxied by total factor productivity (TFP) to measure aggregate technology. 
The TFP’s rate of change over time depends on human capital (Moretti, 2004) and physical capital 
(Baffes & Shah, 1998). These authors refer to the literature on direct and indirect effects as the 
foundation for the Outward Knowledge Spillovers (OKS) measure. This study constructs this OKS 
using spatial econometric estimation (direct and indirect) to observe the relationship between absorp
tive capacity and TFP through the explanatory variables (human capital and physical capital).
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2.5. Trade growth approach
According to endogenous growth theory, country growth rates are linked to international trade links 
and embodied and disembodied knowledge spillovers (Grossman & Helpman, 1991). In this case, 
a country’s development relies heavily on its knowledge capital, as determined by national innovation 
and international technology diffusion rates. The degree of international openness can affect domes
tic innovation, the quantity of transferred technology, and the rate at which more advanced coun
tries’ technologies are adopted (Redding & Proudman, 1998). Scholars find the productivity growth of 
exporting firms when examining the role of exports at the firm level (Aw & Hwang, 1995). They find 
spillover effects on exporting firms. These externalities are referred to as productivity spillovers by 
exports. Another branch of empirical research, initiated by Coe and Helpman (1995), analyzed the 
knowledge capital incorporated in imported goods. Imports can result in a spillover effect when 
domestic firms learn about the innovative content of imported goods. Coe et al. (1997) estimated 
a large positive effect of import-weighted foreign research and development investment (R&D).

2.6. The role of spatial spillovers
That knowledge spills over was pointed out by Marshall (1920) and, more recently, by Arrow (1962) 
and Romer (1986). Nevertheless, the geographical range of such spillovers is highly disputed. 
Krugman (1991) and others do not question the importance of the externalities of knowledge in 
explaining the geographical concentration of economic activity. Indeed, they contend that such 
externalities are so important and powerful that geographic boundaries should not limit them. This 
reasoning line contends that the issue is not whether knowledge spillover but whether it should stop 
spilling over simply because it crosses a geographic border, such as a city limit, state border, or 
national boundary. Geographical proximity is essential for radical innovation (Caniëls & Romijn, 2003). 
The authors recommend stronger interactions between firms and research labs, and universities will 
yield more original and/or complex innovations. Greenstone et al. (2010) argued that agglomeration 
spillovers are larger between plants that share labor pools and similar technology. The above 
research studies have shown the importance of spatial proximity in cluster networks to create local 
knowledge spillover through agglomeration, which positively affects industrial productivity.

3. THE OVERVIEW OF THE INDONESIAN MANUFACTURING INDUSTRY
Indonesia experienced industrialization by increasing manufacturing in the economy and diversi
fying the manufacturing industry. However, industrialization abruptly stopped during the Asian 
Financial Crisis of 1997–1998, and it never returned to its former levels. The manufacturing sector’s 
contribution to gross domestic product has been declining. Workers have moved away from 
agriculture towards non-tradable sectors, such as sales, restaurant work, retail work, and con
struction. However, the manufacturing industry in Indonesia still drives economic growth. The 
contribution of manufacturing to the economy’s size is approximately 20 percent of the economy’s 
total.

Moreover, linkage and spillover effects are stronger in manufacturing than in other sectors of the 
economy. Linkage effects refer to inter-sectoral purchases and sales, while spillover effects refer to 
knowledge flows between sectors/regions. Below are some characteristics that the manufacturing 
industry possesses from sectoral and spatial dimensions.

3.1. Employment
Manufacturing adds relatively little to overall employment. The aggregated service sector con
tributes the most. The two main sub-sectors of manufacturing that create employment (labor- 
intensive sectors) are textile and food.
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3.2. Value added
Value-added manufacturing sectors tend to be dominated by a small number of low-tech manufac
turing subsectors. The largest contribution of value-added is in the food and petroleum sectors. While 
larger than the employment share, the share of value-added accounted for by manufacturing is lower 
than in other Asian economies like Japan, the Republic of Korea, Taipei, and China based on the World 
Input-Output Database (WIOD) released in 2016. In the value-added case, Indonesia has the highest 
share in the primary sectors, reflecting the importance of Indonesia’s mining sector.

3.3. Labor productivity
According to WIOD 2016, Indonesia performs poorly in terms of labor productivity compared to other 
Asian economies such as Japan, Korea, Taiwan, and China. Indonesia’s labor productivity growth rate is 
also low. From 2000 to 2014, the growth rate of labor productivity in the manufacturing sector was 
negative. Based on this issue, we measure manufacturing characteristics by sub-sectors in Indonesia 
(Table 1). The value-added is deflated based on the 2010 base year by the Indonesian Whole Price Index.

Table 1. Characteristics of manufacturing by sub-sectors in Indonesia in the year 2014
ISIC Sub-sectors Number 

of company 
(firms)

Number of workers 
(persons)

Value-added  
(billion rupiahs)

Labor Productivity  
(value-added/worker)  
in a million rupiahs

10 Food 5,975 877,791 248,000 282.53

11 Beverages 374 52,681 15,400 292.33

12 Tobacco 862 356,117 95,800 269.01

13 Textiles 2,555 546,946 63,800 116.65

14 Wearing apparel, dressing, and dyeing 2,141 636,684 41,100 64.55

15 Leather and footwear 694 279,064 26,200 93.89

16 Wood and product of wood 1106 228,201 17,800 78.00

17 Paper and paper product 485 180,712 45,800 253.441

18 Publishing, printing, and reproduction 528 50,505 9,390 185.92

19 Coke, refined petroleum product and nuclear fuel 80 6,352 1,970 310.14

20 Chemical and chemical products 1,002 193,261 161,000 833,07

21 Pharmaceutical, chemical medicinal products, and 
traditional medicines

239 58,024 12,100 208.53

22 Rubber and plastic products 1,794 390,555 110,000 281.65

23 Glass and Non-metal mineral products 1,618 177,082 61,600 347.86

24 Basic metal 323 73,255 52,100 711.21

25 Fabricated metal products 951 160,849 33,400 207.65

26 Radio, television and communication equipment 
and apparatus

342 144,895 31,700 218.78

27 Electrical machinery and apparatus 336 125,090 59.400 474.86

28 Machinery and equipment 379 61,720 26,100 422.88

29 Motor vehicles, trailer, and semi-trailer 380 140,107 117,000 835.08

30 Other transport equipment 331 89,992 44,100 490.04

31 Furniture 1,327 171,789 16,900 98.38

32 Other non-metallic mineral product 602 159,864 12,100 75.69

33 Industry services and maintenance 105 18,995 - -

Source: Authors 
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Based on Table 1, the top five sub-sectors of the Indonesian manufacturing industry that 
generate high labor productivity are (1) motor vehicles (ISIC 29), (2) chemical (ISIC 20), (3) basic 
metal (ISIC 24), (4) other transport equipment (ISIC 30), and (5) electrical machinery (ISIC 27). 
Next, we review Indonesian manufacturing from the perspective of spatial/regional dimensions or 
industry agglomeration.

3.4. Agglomeration
Agglomeration is a key process in facilitating modern manufacturing activities. The manufacturing 
agglomeration process is present in Indonesia. While manufacturing activities across Indonesia often 
started in certain major cities such as Jakarta, Bandung, and Surabaya. The process seems to reinforce 
itself, as new manufacturers tend to base their operations in areas where manufacturing activities 
already exist. The process also appears to be associated with productivity gains and increased product 
variety. Market forces and associated externalities appear to be the main drivers of these forces. 
Manufacturing agglomeration or clustering of selected industries continues to occur today, such as 
garments in the Bandung area, machinery and heavy industries in the Greater Jakarta and Surabaya 
areas, rattan in Cirebon and Jepara, leather and footwear in Sidoarjo, and Ceramics in Plered (West 
Java). Firm co-location can increase productivity spillover from foreign direct investment and exports. 
Spillovers can occur through various transmission channels, including changing market forces (such as 
increased competition and demonstration), labor turnover, and supply chains. Such channels are more 
likely to work when foreign and domestic firms are located close to each other. Empirical evidence for 
Indonesian manufacturing over the period 1990–2005 suggests that a higher share of exporters in 
a province (export spillovers), where multinational firms have a significantly positive effect on firm- 
level export propensity. The characteristics of manufacturing by region (island) are listed in Table 2.

Based on Table 2, we can see a deep disparity inter-region (inter-island), with Java as the center of 
the Indonesian economy, whereas other islands contribute less to economic growth. Approximately 
70% of the Indonesian manufacturing industry’s value-added is located on Java Island. However, 
although agglomeration in the manufacturing sector is crucial in Indonesia, only a few studies have 
been conducted on the issue. Henderson et al. (1995) used data from manufacturing industries to 
search for production externalities in cities between 1970 and 1987. From 1990 to 2003, Kuncoro and 
Wahyuni (2009) studied industry agglomeration on Java Island, illustrating how agglomeration 
contributes to increased manufacturing productivity via localization.

Moreover, Raharja and Kuncoro (2012) suggest that firms in agglomeration areas are more 
productive than those outside. Core agglomeration in Indonesia is still attractive to new manufactur
ing entrants. The core region performs better in terms of technology and worker availability, infra
structure, transportation, and access to finance. They argued that agglomeration, based on survey 
analysis of Indonesian manufacturing firms in 2009, confirms that the share of foreign manufacturers 
in the core region was 3.1 percent compared with only 0.9 percent in non-core regions.1 The 
percentage of direct exporters in core regions was 4.1%, compared with 2.1 percent in non-core 

Table 2. Characteristics of manufacturing by islands in Indonesia in the year 2014
Islands Number  

of firms
Percentage of  

number of firms
Number of  

workers
Percentage of  

number of workers
Value-added  

(billion rupiahs)
Percentage of  
value-added

Java 16,943 83.18 % 3,743,842 83.90 % 1,070,000 70.27 %

Sumatera 2,159 10.60 % 504,236 11.30 % 352,000 23.12 %

Kalimantan (Borneo) 321 1.56 % 95,939 2.15 % 44,200 2.90 %

Sulawesi (Celebes), Maluku, Papua 541 2.66 % 91,708 2.05 % 54,500 3.58 %

Bali & Nusa Tenggara 205 1.99 % 26,327 0.59 % 1,920 0.13 %

Source: Authors 
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regions. Since foreign firms and exporters are generally more productive, their presence in agglom
erations increases the possibility of productivity spillovers within the same industry/intra-industry in 
upstream or downstream industries (vertical spillovers). Therefore, in Indonesia, agglomerations tend 
to be characterized by a higher share of foreign investors and exporters.

3.5. The Indonesian industrial revolution 4.0 (4IR)
In 2018, the Indonesian government initiated a new road map, namely the Indonesian Industrial 
Revolution 4.0 (Making Indonesia 4.0), which has the top five priority sectors of the industry to be 
developed. There are food and beverage, chemical, textile and apparel, electronics, and automo
tive industries. One of the goals of the Indonesian 4IR is to achieve a double ratio between 
productivity and cost. Therefore, the implementation of technology 4IR enhances labor 
productivity.

4. DATA AND METHODOLOGY
The Indonesian Central Statistics Agency conducts annual surveys on Indonesian medium-large 
industrial manufacturing enterprises. Our data are mostly obtained from these surveys for the 
years 2010 to 2014. There is a 5-digit level numeric code for the manufacturing sub-sector 
classification (ISIC). Before estimating, we merge the data into a panel model (five years), and 
a data cleaning procedure is carried out to eliminate zero values for each period. We deflate value- 
added and capital based on 2010 with the Indonesia Whole Price Index.

This study’s methodology is derived from Romer’s (1990) endogenous growth theory, which 
extends the Cobb-Douglas production function with human capital input. This theory explains that 
productivity growth is determined by technological knowledge that depends on productivity para
meters, namely the share of human capital allocated to research and access to existing ideas. This 
study assumes that technological knowledge, which is embodied in intermediate input, flows 
through intra-industry and inter-industry linkages (Bernstein & Nadiri, 1989; Los & Verspagen, 
2000) and can be divided into upstream and downstream. Concerning inter-regional linkages, 
technological knowledge is embodied in geographically closed regions that develop similar indus
try structures and increase technological proximity (Abreu et al., 2004; Stiller, 2018).

We used an inter-industry weight matrix from the input-output (I-O) table on the inter-sectoral 
model to test the intensity of the knowledge spillover transmission mechanism. This model 
captures the innovative activity performed by a firm or industry that may affect both customers’ 
technology (forward spillover/upstream spillover) and suppliers (backward spillover/downstream 
spillover). In the inter-regional model, we capture knowledge spillovers between regions as spatial 
dependence using a spatial weight matrix that contains the inverse of the geographic centroid 
distance between the regions.

4.1. Productivity measurement
We use two productivity indicators: labor productivity and TFP. The formula used are listed in 
Table 3. 

Table 3. Indicators of Productivity
Indicators of Productivity Formula

Labor Productivity Based on value-added: LPVA log VA
L

� �

TFP: prod.fn. based Total Factor Productivity υα � β̂LevPet
K k � β̂LevPet

L l

Model 1. Spatial econometrics 
2. Panel model

Cross-sectional Dependence
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Labor productivity is defined as the ratio between output and input(s). It indicates how efficiently 
labor is used in production (Schreyer, 2001). TFP is the ratio of output and combined capital and labor 
input. These two tools (TFP and labor productivity) are important for productivity decomposition. In 
this study, TFP is computed using the Levinsohn Petrin (LevPet) formula, as shown in Table 3. The 
change in TFP indicates whether productivity is driven by investment in traditional capital (rise in 
capital intensity) or by investment in intangible capital (spillover, innovation, organizational change, 
R&D). Next, Schreyer & Pilat, (2001) summarized the productivity measures as shown in Table 4.

4.2. Weight matrix measurement

4.2.1. Inter-industry matrix (Wij)
An inter-industry matrix is a technical coefficient matrix with element ij, which shows the 
value of products from industry i used as intermediate materials in industry j (forward 
linkage) and the value of products from industry j used as input materials in industry 
i (backward linkage). 

4.2.1.1. Backward linkage.
The jith element divided by the sum of the ith column of the technical coefficient matrix gives 
the weight applied to the activity of industry j as a supplier to industry i:  

xBL
it ¼ ∑j�i

αji

∑j�iαji
xjt (2) 

4.2.1.2. Forward linkage.
The ijth element of the matrix, divided by the sum of the ith row of the technical coefficient 
matrix, gives the weight applied to the activity of industry j that purchases products from 
industry i.  

xFL
it ¼ ∑j�i

αji

∑j�iαji
xjt (3) 

4.2.2. Geographic distance matrix (Wsm)
Wsm is defined as

Table 4. Productivity measures
Type of output 

measure
Type of input measure

Labor Capital Capital & Labor Capital, labor & intermediate inputs 
(energy, materials, services)

Gross output Labor productivity 
(based on gross output)

Capital productivity 
(based on gross output)

Capital-labor TFP 
(based on gross 
output)

KLEM 
Total Factor Productivity

Value-added Labor productivity 
(based on value- 
added)

Capital productivity 
(based on value-added)

Capital-labor TFP 
(based on value- 
added)

-

Single-factor productivity measures Total factor productivity measures

Source: Schreyer in OECD, 2001 
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Wsm ¼

0 . . . 1
Dist s;1

1
Dist1;2

0 ..
.

..

. . .
. ..

.

1
Dist1;m

. . . 1
Dist s;m� 1 0

2

6
6
6
6
6
4

3

7
7
7
7
7
5

(4)  

● Measures R x R, where R is the number of district/regencies in Indonesia
● Spatial data in the form of coordinates for each district (x, y) is taken from Indonesia Spatial 

Agency
● The formula distance between regions based on centroid point to point.

4.3. Inter-sectoral model
The purpose of this model is to provide an answer to the first hypothesis on the existence of inter- 
sectoral spillover. The model is derived from the Cobb Douglas production function. 

Q=L ¼ AðK=LÞα (5) 

A is a positive constant, Q/L is productivity, K is physical capital, and L is the number of workers.

We modify the model above to construct a new panel model and inter-sectoral Durbin panel 
model to measure the effect of inter-sectoral linkages on labor productivity. These two models are 
used to answer the hypothesis on the existence of productivity spillovers on vertical linkages or 
inter-sectoral spillovers. First, the panel model is used to test the dominant effect of inter-industry 
linkages on productivity (both downstream and upstream). Second, the inter-sectoral Durbin panel 
model is used to determine the dominant effect of intra-industry linkages on productivity (both 
downstream and upstream).

4.3.1. Panel model

ln Q=Lð Þit¼ Aþα W ln Q=Lð Þjtþβ ln K=Lð Þitþγ ln Skillð Þitþη AgeitþΩ Importitþρ Foreignit

þ τ ðdummyinterÞjt þ εit (6) 

The model in equation (6) is a panel model at the firm level. It is used to answer the first hypothesis 
on the dominant effect of inter-industry linkages (both downstream and upstream) on productivity. 
where A is constant; Q/L is firm labor productivity; K is physical capital, and L is the number of workers; 
Skill is the worker’s skill obtained from the ratio of workers in the non-production floor and total labor, 
Age is the firm’s age, and Import is the ratio of imported material to total material. Foreign is the 
portion of the firm’s share capital owned by foreign investors; Dummyinter is a dummy variable that 
equals zero if the pairs of industries are in the same sector (or intra-industry linkage) and equals one if 
the pairs of industries are in different sectors (or inter-industry linkages); W is a weighting multiplier 
based on pairing firm i with firm j either by forward or backward linkage coefficients.

We precisely match one on one for pairing firm i with firm j using the following treatments:

a) Measure the forward and backward linkage coefficients from the input-output table.

b) Select each sector pairs based on the highest forward and backward values.

c) Select each firm pair based on the sector pairs above.

We use an inter-industry matrix derived from the I-O table in 2010 as the weight matrix.
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4.3.2. Inter-sectoral Durbin panel model
The model in equation (7) is an inter-sectoral Durbin panel model, following Peng and Hong (2013). 
It is used to answer the first two hypotheses on the existence of productivity spillovers in the intra- 
industry linkage (both downstream and upstream). 

ln ðQ
0

=L
0

Þit ¼ A
0

þ δ1∑N
j¼1Wij ln ðQ

0

=L
0

Þjt þ α
0

ln ðK
0

=L
0

Þit þ β
0

ln ðSkill
0

Þit þ γ
0

Age
0

it:

þ η
0 Import0it þ ρ

0 Foreign0it þ Dummytechit

þ θ1 ∑N
j¼1Wijðln Q0=L0 Þjt þ θ2 ∑N

j¼1Wij ln ðSkillÞjt þ θ3 ∑N
j¼1WijAge0jt:

þ θ4 ∑N
j¼1WijImport0it þ θ5 ∑N

j¼1WijForeign0it þ εit

(7) 

A’ is a constant, and δ1 is the inter-sector autoregressive coefficient reflecting knowledge spillover. It 
is expected to be positive when a sector’s productivity levels are positively related to a linear combina
tion of other sector values. The terms θ1,θ2, θ3, θ4, and θ5 are parameters; i = 1, . . ., N sector; t = 1, . . ., 
T is the period; the subscript it means own sector and jt means other sector; Q’/L’ is average sectoral 
labor productivity; K/L’ is average sectoral physical capital per worker; Skill’ is the average sectoral ratio 
between non-production workers and total workers; Age’ is average sectoral age; Import is the average 
ratio of the material’s imported and total material used; Foreign’ is the average share of foreign capital 
ownership; Dummytech equals one if capital-intensive sectors and equals zero if labor-intensive 
sectors, and ρ ForeignitþτðdummyinterÞjt þ εit is an inter-industry matrix (314 × 314). This model states 
that the dependent variable in sector i is influenced by the dependent and independent variables in 

sector j. ∑
j¼1

N
Wijis a weighted average of productivity of other sectors, it captures the inter-sectoral 

effects working through dependent variables, while ∑
N

j¼1
Wij ∑

N

j¼1
Wij, and ∑

N

j¼1
Wij Foreign’jt refers to the 

average of independent variables from other related sectors. θ1, θ2, θ3, θ4, and θ5 are the parameters 
associated with these variables. These coefficients estimate the inter-sectoral effect of the explanatory 
variables and capture two types of externality effects: first, the effect of working through labor 
productivity as a dependent variable, and second, the effects working through independent variables.

Therefore, if the coefficient δ1 is positive then productivity spillover flows among linked sub- 
sectors through forward linkages (downstream spillover effects) and backward linkages (upstream 
spillover effects).

4.4. Inter-regional model
The model in equation (8) is a spatial Durbin panel model, following Peng and Hong (2013). It is 
used to answer the second hypothesis on the existence of productivity spillovers in intra-regional 
and inter-regional linkages. 

ln ðY=LrÞst ¼ Cþ δ2∑R
m¼1Wsm ln ðQr=LrÞmt þ αr ln ðKr=LrÞst þ βr ln ðInfra=LrÞstþ

γr ln ðSpecializationÞst þ θ
0

1 ∑R
m¼1Wsm ln ðKr=LrÞmtþ

θ
0

2 ∑R
m¼1Wsm ln ðInfra=LrÞmtþ

θ
0

3 ∑R
m¼1Wsm ln ðspecializationÞmt þ εst

(8) 

C is a constant, and δ2 is the inter-regional autoregressive coefficient reflecting knowledge 
spillover. It is expected to be positive, indicating that a region’s productivity levels are positively 
related to a linear combination of other region values. The terms θ’1, θ’2, and θ’3 are parameters; 
i = 1, . . ., R region; t = 1, . . ., T is the period; the subscript st means own region and mt means other 
region; In this spatial Durbin panel model, all values of variables are in the region-level average 
that consists of 223 regions. Y/L is labor productivity, K/L is the physical capital per worker, and 
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specialization is the location quotient (LQ) index. It quantifies how concentrated a particular 
industry is in a region rather than a nation. It can reveal what makes a particular region “unique” 
compared to the national average; Infra/Lr is the infrastructure index per total labor in a region. 
The index is based on accessibility to water, electricity, and roads in each district and the regency. 
Wsm is the spatial weight distance matrix (223 × 223). This model states that the dependent 
variable in region s is influenced by the dependent and independent variables in the related 
region m. In this model, geographical proximity is a channel for the transmission of technology 
spillovers between regions. If the coefficient δ2 is positive, this implies that a productivity spillover 
exists among neighboring regions based on geographic distance.

4.5. Moran-I test and Moran scatter plot
The Moran-I test and Moran scatter plot are used to examine inter-sectoral and inter-regional spil
lovers. Then, the results are compared with the results from previous methods as robustness checks.

4.5.1. Inter-sectoral spillover
The Moran-I test is used to measure inter-sectoral spillover in terms of TFP and labor productivity 
indicators using the following formula: 

I ¼
n∑i∑jwijðyi � �yÞ yj � �y

� �

∑i∑jwij∑iðyi � �yÞ2
(9) 

Wij refers to the inter-industry weight matrix, industry i sell/buy output to industry j, and y is the 
dependent variable (productivity).

4.5.2. Inter-regional spillover
The Moran-I test is used to measure the inter-regional spillover in terms of TFP and labor 
productivity indicators using the following formula: 

I ¼
n ∑s ∑m wsmðys � �yÞ ym � �yð Þ

∑s ∑m wsm ∑s ðys � �yÞ2
(10) 

Wsm refers to the spatial weight matrix, region s supply/receives information from region m, and 
y is the dependent variable (productivity).

4.6. Direct and indirect effect of knowledge spillover
The interconnection with other sectors or regions in the economy means that inter-sectoral 
linkages and inter-regional linkages provide sectors or regions with access to a greater amount 
of technical knowledge that they do not directly produce (Olivier et al., 2005; Abreu et al., 2004). 
Inter-sectoral interactions exist between suppliers and customers because of inter-sectoral lin
kages. This means that a particular sector has access to the knowledge produced by its input 
demanders, direct knowledge spillovers, and the total knowledge to which these sectors have 
access, indirect knowledge spillovers. In the inter-regional linkage, the total knowledge available in 
the domestic economy is the sum of regional knowledge and the total available knowledge for 
inter-regional linkages. Then, we break down the total knowledge as the sum of the direct and 
indirect effects in equation (11) below. These effects are used to answer the third hypothesis that 
there is a positive relationship between knowledge spillover and absorptive capacity. 

ðKNÞTotal
ðIx1Þ ¼ ðKNÞðIx1Þ þWðIx1ÞðKNÞTotal

ðIx1Þ (11) 
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Total Effect = Direct effect + Indirect effect

4.7. Intensity of R&D
The sub-sectors of manufacturing are classified by R&D intensity taken from the OECD (2011) in Table 
5: high-tech, medium-high-tech, medium-low-tech, and low-tech. We do not use our R&D data 
because it is challenging to obtain R&D data in Indonesia. Therefore, this study’s analysis uses only 
two categories: high-tech and low-tech because of insufficient sample firms in the other two 
categories: medium-low tech and medium-high tech. Therefore, medium high-tech is included in 
the high-tech industry group (capital-intensive industries), and medium low-tech industries are 
included in the low-tech industry (labor-intensive industries).

5. EMPIRICAL RESULT

5.1. Inter-sectoral spillover
We explain the inter-sectoral model’s descriptive statistics for each variable in Table 6. We show 
that the average labor productivity varies between 3.182 and 17.612 with a standard deviation of 
1.445 at the firm level and between 8.056 and 17.375, with a standard deviation of 1.182 at the 
sectoral/5-digit ISIC level.

Table 5. The classification of sub-sector of manufacturing based on R&D intensity
Low-technology Medium-low tech Medium-high tech High-technology
Manufacturing n.e.c; recycling Building and repairing of ships and 

boats
Electrical machinery and apparatus Aircraft and spacecraft

Wood, pulp, paper products, 
printing, and publishing

Rubber and plastic products Motor vehicles, trailers, and semi- 
trailers

Pharmaceutical

Food products, beverages, tobacco Coke, refined petroleum, and 
nuclear fuel

Chemical excluding 
pharmaceuticals

Office, accounting, computing 
machinery

Textile, textile products, leather, 
and footwear

Other non-metallic metal products Railroad and transport equipment Radio, TV, and communication 
equipment

- Basic metals and fabricated metals Machinery and equipment Medical, precision, and optical 
instruments

Source: Adapted from OECD (2011) 

Table 6. Descriptive statistics of inter-sectoral variables (2010–2014)
Variables Firm-level Sectoral level (5-digit ISIC)
Dependent Obs Mean Stdev Min Max Obs Mean Stdev Min Max

ln(Q/L) 15,410 10.467 1.445 3.182 17.612 1,570 11.461 1.182 8.056 17.375

Independent
ln (K/L) 15,410 14.279 2.265 5.672 34.252 1,570 11,586 1.501 4.665 20.106

Skill (ratio) 15,410 0.166 0.184 0 1 1,570 0.224 0.104 0.026 0.893

Import (ratio) 15,410 0.089 0.245 0 1 1,570 0.147 0.182 0 1

Foreign (percent) 15,410 7.538 24.973 0 100 1,570 14.832 20.000 0 100

Age (years) 15,410 21.466 12.025 4 108 1,570 21.653 6.623 5.5 58

Dummyinter 15,410 0.669 0.471 0 1 - - - - -

Source: Authors 
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We introduce the dummy variable (Dummyinter). This variable represents the types of inter- 
sectoral linkages. It equals one if an industry pairs with another industry in different sectors and 
equals 0 if an industry pairs with another industry in the same or similar sectors. The classification 

Table 8. Estimation results of panel models (2010–2014)
Dependent 

variable 
ln(Q/L)it

Vertical spillover effect

Upstream Spillover Downstream spillover

fixed effect 
model

random effect 
model

fixed effect 
model

random effect 
model

ln(Q/L)jt 0.276 
(0.72)

1.663*** 
(68.25)

−0.098 
(−0.47)

1.081*** 
(8.51)

ln(K/L)it 0.019* 
(1.95)

0.176*** 
(25.20)

0.012 
(1.27)

0.160*** 
(22.72)

ln(Skill)it 0.062*** 
(3.29)

0.163*** 
(11.31)

0.044** 
(2.45)

0.124*** 
(8.98)

Importit 0.052 
(0.63)

0.540*** 
(8.96)

−0.194** 
(−2.05)

0.572*** 
(8.44)

Foreignit −0.003** 
(−2.12)

0.006*** 
(9.25)

−0.002 
(−1.55)

0.007*** 
(9.60)

Ageit 0.111 
(21.58)

0.008*** 
(5.75)

0.111*** 
(21.86)

0.007*** 
(5.12)

Dummyinterjt 0.006 
(0.12)

−0.025 
(−0.76)

0.056 
(0.91)

0.484*** 
(14.39)

_cons 8.074*** 
(45.17)

7.859*** 
(68.25)

8.130*** 
(45.64)

7.796*** 
(72.02)

N (Obs) 
R-sq

12,255 
0.053

12,255 
0.289

11.932 
0.052

11,932 
0.316

Source: Authors 
Note: Subscript it means influence on the sector itself; jt means influence on other sectors. 
Standard error in parentheses 
***Significant at 1%. (p < 0.01); ** Significant at 5 % (p < 0.05); * Significant at 10% (p < 0.1) 

Table 7. Correlation matrix of inter-sectoral variables (2010–2014)
Variables Panel Model 

(firm-level)
Inter-sectoral Durbin Panel Model 

(sectoral level/5-digit ISIC)

Dependent ln (Q/L) ln (K/L) ln(Skill) Import Foreign Age Dummy 
Inter

ln (Q’/L’) ln (K’/L’) ln 
(Skill’)

Avg 
Import’

Avg 
Foreign’

Avg 
Age’

Labor productivity 1.0000 - - - - - - 1.0000 - - - - -

Independent

Capital per labor 0.5254 1.0000 - - - - - 0.4972 1.0000 - - - -

Skill (ratio) 0.2894 0.2698 1.0000 - - - - 0.3516 0.2622 1.0000 - - -

Import (ratio) 0.3189 0.3780 0.1784 1.0000 - - - 0.4078 0.2550 0.2068 1.0000 - -

Foreign (percent) 0.3070 0.3700 0.1418 0.3887 1.0000 - - 0.3833 0.2119 0.0795 0.4639 1.0000 -

Age (years) 0.0467 0.1500 0.0702 0.0309 −0.0290 1.0000 - 0.1543 0.11557 0.1673 0.0423 −0.1505 1.0000

Dummyinter 0.2726 0.2121 0.1273 0.0461 0.0640 0.0051 1.0000 - - - - - -

Source: Authors 
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used in the same/similar sectors and sectors is based on 2-digit ISIC. Next, we present the matrix 
of correlations between the variables in Table 7.

In the next section, we present the inter-sectoral spillover results using the panel models in 
Table 8. We test the best panel models between fixed and random effects, both upstream and 
downstream, in analyzing the models. The results are as follows:

(a) Upstream spillover. We use the Hausman test to choose the best model between the fixed 
and random effects. The preferred model is the random effect model (chi2 = 1040.27; 
prob>chi2 = 0.000).

(b) Downstream spillover. We use the Hausman test to choose the best model between the fixed 
and random effects. The preferred model is the random effect model (chi2 = 1031.21; 
prob>chi2 = 0.000).

Based on the random effect model (the selected model), our findings show a positive significant 
impact of explanatory variables on labor productivity (ln(Q/L)it) such as a) capital per labor 
(ln(K/L)it) in upstream (0.176***) and downstream (0.160***); b) labor skill (ln(Skill)it) in 
upstream (0.163***) and downstream (0.124***); c). imported materials (Importit) 
upstream (0.540***) and downstream (0.572***); d). foreign capital ownership (Foreignit) 
in upstream (0.006***) and downstream (0.007***); e) and the maturity of firms (Ageit) 
upstream (0.008***) and downstream (0.007***). Our findings suggest that the channel of 
foreign technology entry to domestic firms is stronger through imported materials than foreign 
ownership share (FDI).

Another important factor is the coefficient of the dummy variable (Dummyinterjt) that was 
used to answer the first hypothesis. The hypothesis is: 

H1a. There is a more dominant effect from the inter-industry linkages between upstream and 
downstream.

Based on the random effect model (the selected model), by the value of the coefficient of the 
Dummy-Inter variable (Dummyinterjt), our findings suggest that inter-industry linkages positively 
affect productivity in the downstream industries (0.484***), while in the upstream industries, this 
effect is negative and not significant (−0.025). This implies that productivity spillover flows dom
inantly through inter-industry linkages in downstream than inter-industry linkage in upstream. 
Next, our results in Table 9 below are used to examine the previous results as robustness checks 
using Moran-I test in equation (9).

Table 9. Moran-I test results of inter-sectoral spillover (2010–2014)
Year Total Factor Productivity (TFP) Labor Productivity (LP)

All Upstream Downstream All Upstream Downstream
2010 0.166 0.145 0.194 0.082 0.088 0.088

2011 0.161 0.149 0.184 0.047 0.055 0.051

2012 0.181 0.162 0.207 0.090 0.088 0.106

2013 0.172 0.181 0.199 0.075 0.102 0.093

2014 0.147 0.143 0.171 0.009 0.007 0.012

Source: Authors 
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Table 9 shows that the TFP indicator is better than the labor productivity indicator in 
explaining the existence of productivity spillover among linked sectors in vertical linkage or 
inter-sectoral spillover. Our finding support Schreyer (2001), who mentions that TFP can 
explain the source of productivity that is driven not only by investment in traditional capital 
(rise in capital intensity) but also investment in intangible capital (spillover, innovation, 
organizational change, R&D). The main results from Table 9 show that inter-industry linkage 
in downstream dominantly generates more productivity spillover than inter-industry linkage in 
upstream. These results are the same as previous results. Therefore, the downstream spillover 

Table 10. Estimation results of inter-sectoral Durbin panel model (2010–2014)
Dependent 
Variable 
productivity 
ln(Q’/L’)it

Upstream spillover effects Downstream spillover effect

Capital-intensive 
intra-industry spillover 
(random effect model)

Labor-intensive 
intra-industry spillover 

(fixed effect model)

Capital-intensive 
intra-industry spillover 
(random effect model)

Labor-intensive 
intra-industry spillover 

(fixed effect model)
ln(Q’/L’)jt 0.526** 

(0.205)
0.264** 
(0.130)

0.346 
(0.213)

0.217 
(0.140)

ln(K’/L’)it 0.197*** 
(0.035)

0.096*** 
(0.016)

0.201*** 
(0.035)

0.094*** 
(0.016)

ln(Skill’)it 0.149 
(0.118)

0.089 
(0.064)

0.125 
(0.118)

0.087 
(0.064)

Import’it 0.381 
(0.289)

0.204 
(0.237)

0.374 
(0.288)

0.155 
(0.237)

Foreign’it 0.009*** 
(0.003)

0.009*** 
(0.002)

0.009*** 
(0.003)

0.009*** 
(0.002)

Age’it 0.008 
(0.009)

0.009*** 
(0.005)

0.008 
(0.009)

0.007 
(0.005)

ln(K’/L’)jt −0.003 
(0.068)

−0.068* 
(0.039)

0.147 
(0.125)

−0.035 
(0.035)

ln(Skill’)jt −0.539* 
(0.310)

−0.133 
(0.174)

−0.489 
(0.304)

−0.302 
(0.217)

Import’jt 0.511 
(0.775)

−2.942*** 
(0.958)

0.637 
(0.756)

−3.152*** 
(0.987)

Foreign’jt −0.014* 
(0.008)

−0.007 
(0.007)

−0.003 
(0.007)

−0.004 
(0.008)

Age’jt 0.025 
(0.019)

0.049*** 
(0.012)

0.014 
(0.020)

0.050*** 
(0.013)

_cons 2.068 
(1.530)

- 2.372 
(1.569)

-

Spatial (rho) 
Var(lgt_theta) 
Var(sigma2_e)

−6.98e-13 
(0.155) 

-0.675*** 
(0.144) 

0.348*** 
(0.028)

1.31e-08 
(0.108)- 
0.244*** 
(0.010)

1.44e-14 
(0.152) 

-0.651*** 
(0.147) 

0.350*** 
(0.028)

2.26e-08 
(0.117)- 
0.244*** 
(0.010

N (Obs) 390 1180 390 1180

R-sq 0.3437 0.158 0.354 0.148

AIC 
BIC

894.346 
953.8382

2515.327 
2591.426

894.876 
954.368

2520.31 
2596.409

Source: Authors 
Note: Subscript it means influence on the sector itself; jt means influence on other sectors. 
Standard error in parentheses 
***Significant at 1%. (p < 0.01); ** Significant at 5 % (p < 0.05); * Significant at 10% (p < 0.1) 
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effect dominantly flows from the customer to the supplier through inter-industry linkages 
(hypothesis H1a is proven).

Next, we present the inter-sectoral spillover results using the inter-sectoral Durbin panel model in 
Table 10 to answer the first (two) hypothesis. The hypothesis is: 

H1b. There is a more dominant effect from the intra-industry linkages between upstream and 
downstream.

Table 10 (in the first row) below shows productivity spillover (both upstream and downstream) in 
the intra-industry linkage.

In analyzing the models, similar to the previous model, we choose the best model (between 
fixed effect and random effect model), and we perform the test of both models using a Hausman 
test. The results are as follows:

(a) Upstream spillover. We find that the preferred models are the random effect model (chi2 = 
51.17; prob>chi2 = 0.000) on capital in-intensive intra-industry spillover and fixed effect 
model (chi2 = −33.95) on labor-intensive intra-industry spillover.

(b) Downstream spillover. We find that the preferred models are the random effect model (chi2 = 
44.91; prob>chi2 =0.000) on capital-intensive intra-industry spillover and the fixed effect model 
(chi2 =- 33.92) on labor-intensive intra-industry spillover.

Based on the upstream spillover (the left side), our findings show that intra-industry linkage 
positively affects productivity by the value of coefficient (σ1) for capital-intensive industries (0.526**) 
and low-tech, labor-intensive industries (0.264**). Based on the downstream spillover (the right side), 
our findings suggest that intra-industry linkages do not have a significant effect on productivity by the 
value of coefficient (σ1) for capital-intensive industries (0.346) and labor-intensive industries (0.217). 
This implies that productivity spillover flows dominantly through intra-industry linkages in upstream 
than intra-industry linkage in downstream. Therefore, the upstream spillover effect dominantly flows 
from supplier to customer in intra-industry linkages (hypothesis H1b is proven). Based on hypothesis 

Figure 1. Moran Scatter Plot 
based on TFP (5-digit ISIC) 
2010. 
Source: Authors  
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H1a and H1b above, our findings support that knowledge spillovers flow through intra-industry and 
inter-industry spillovers (Bernstein & Nadiri, 1989; Los & Verspagen, 2000; Sena, 2004).

Next, Moran’s scatter plot (Figure 1) is used to map manufacturing sub-sectors. Sectors with the 
strongest productivity spillover are those in Quadrant I. According to Hirschman (1958), those sectors 
are referred to as hub sectors. These hub sectors generate a multiplier effect on the economy. An 
example of this hub sector is the automotive industry (ISIC 29100). The graph based on the 5-digit ISIC 
in 2010 is shown in Figure 1.

5.2. Inter-regional spillover
Inter-regional spillover is used to answer the second hypothesis about the existence of productivity 
spillovers through agglomeration based on geographic distance (inter-regional and intra-regional). 
First, we present the descriptive statistics in Table 11.

The above descriptive statistics of inter-regional spillover variables in Table 11 reveal that the 
average labor productivity varies between 1.215 and 17.100, with a standard deviation of 1.215. 
Next, we present the correlation matrix in Table 12. We introduce infrastructure per labor (Infra/Lr) 
and location-quotient (Specialization) variables specified in the inter-regional model.

Next, we present the results of inter-regional spillovers using the spatial panel Durbin model in 
Table 13. We choose the best model (between the fixed effect and random effect model) using the 
Hausman test to analyze the models. The results are as follows:

a. Inter-regional spillovers. We find that the preferred models between regions are the fixed 
effect model (chi2 = −29.32) for Indonesia’s all regions (including Java) and the fixed effect model 
(chi2 =−18.22) on Indonesia’s all regions (excluding Java).

Table 11. Descriptive statistics of inter-regional variables (2010–2014)
Variables All Regions in Indonesia

Obs Mean Stdev Min Max
ln (Y/Lr) 1,115 11.446 1.215 7.303 17.100

ln (Kr/Lr) 1,115 11.393 1.629 6.125 21.630

In (Infra/Lr) 1,115 −8.247 1.860 −12.475 −3.715

ln Specialization 1,115 0.602 0.695 −2.151 3.158

Source: Authors 

Table 12. Correlation matrix of inter-regional variables (2010–2014)
Variables All region in Indonesia

ln 
(Y/Lr)

ln (Kr/Lr) ln (Infra/Lr) ln Specialization

ln (Y/Lr) 1.0000 - - -

ln (Kr/Lr) 0.5199 1.0000 - -

ln (Infra/Lr) −0.2046 −0.3087 1.0000 -

ln Specialization 0.2680 0.1629 0.1818 1.0000

Source: Authors 
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b. Intra-regional spillovers. We find that the preferred models within each region are  

(1) Java uses fixed effect model (chi2 =0.54; prob>chi2 =0.9093)

(2) Sumatera uses random effect model (chi2 =9.00; prob>chi2 =0.029)

(3) Borneo uses fixed effect model (chi2 =2.92; prob>chi2 =0.403)

(4) Bali uses random effect model (chi2 =23.25; prob>chi2 =0.000)

(5) Celebes uses fixed effect model (chi2 =−11.74)

The results in Table 13 are used to answer the second hypothesis that productivity spillovers 
exist among neighboring regions, based on geographic distance. This hypothesis is: 

Table 13. Estimation results of spatial Durbin panel (2010–2014)
Dependent variable 

productivity 
ln(Y/Lr)st

Inter-regional spillover 
(Between)

Intra-regional spillover 
(Within)

All regions 
(include 

Java) 
fixed effect

All regions (exclude 
Java) 

fixed effect

Java 
(fixed 
effect)

Sumatera 
(random 
effect)

Borneo 
(fixed 
effect)

Bali 
(random 
effect)

Celebes 
(fixed 
effect)

ln(Y/Lr)mt 0.652*** 
(0.238)

0.515** 
(0.236)

0.801*** 
(0.274)

0.346 
(0.379)

−1.497*** 
(0.495)

0.173 
(0.406)

0.715*** 
(0.260)

ln(Kr/Lr)st 0.057*** 
(0.018)

0.043 
(0.027)

0.092*** 
(0.018)

0.083* 
(0.044)

0.200*** 
(0.063)

0.388*** 
(0.086)

0.036 
(0.046)

ln(Infra/Lr)st 0.183*** 
(0.057)

0.319*** 
(0.106)

0.117 
(0.098)

−0.141* 
(0.078)

−0.070 
(0.170)

0.062 
(0.085)

0.111 
(0.131)

ln(Specialization)st 0.431*** 
(0.081)

0.396*** 
(0.100)

0.848*** 
(0.207)

0.748*** 
(0.153)

−0.286 
(0.390)

−0.061 
(0.141)

0.188 
(0.117)

ln(Kr/Lr)mt 0.068 
(0.074)

0.072 
(0.066)

0.012 
(0.073)

0.022 
(0.130)

0.236 
(0.180)

0.125 
(0.297)

−0.000 
(0.108)

ln(Infra/Lr)mt −1.488** 
(0.736)

−1.116 
(0.798)

−0.958 
(0.609)

−0.0508 
(0.375)

−1.745* 
(0.914)

−0.339 
(0.300)

−1.309 
(1.028)

ln(Specialization)mt −0.988** 
(0.466)

−1.125*** 
(0.420)

0.298 
(1.133)

−0.817 
(0.732)

−2.851** 
(1.406)

1.098 
(0.889)

−0.680** 
(0.315)

_cons - - - 5.312 
(3.683)

- 0.390 
(3.826)

-

Spatial (rho) 3.39e-09 
(0.211)

3.21e-09 
(0.195)

0.000 
(0.251)

1.20e-09 
(0.272)

4.84e-08 
(0.325)

0.000 
(0.320)

4.37e-09 
(0.233)

Variance (lgt_theta) - - - −0.406* 
(0.211)

- 14.96 
(1015.0)

-

Variance (sigma2_e) 0.317*** 
(0.013)

0.449*** 
(0.025)

0.133*** 
(0.008)

0.664*** 
(0.067)

0.377*** 
(0.053)

0.608*** 
(0.091)

0.332*** 
(0.034)

N (Obs) 
R-sq 
AIC 
BIC

1115 
0.039 

1902.235 
1947.385

640 
0.071 

1329.296 
1369.449

560 
0.339 

423.726 
462.678

260 
0.300 

748.706 
787.873

100 
0.388 

201.735 
225.181

90 
0.228 

232.584 
260.082

190 
0.165 

346.868 
376.091

Source: Authors 
Note: Subscript st indicates influence on the region itself and mt means influence on other regions. 
Standard error in parentheses 
***Significant at 1%. (p < 0.01); ** Significant at 5 % (p < 0.05); * Significant at 10% (p < 0.1) 
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H2. There is a productivity spillover among (neighboring) regions

Based on the first row in Table 13, our findings show that productivity spillover flows significantly 
in intra-region (within) (Java (0.801***) and Celebes (0.715***)) and inter-region (between) 
(Indonesia’s all regions include Java (0.652***) and Indonesia’s all regions exclude Java 
(0.492**)). It means that productivity spillover within the region (intra-regional) is higher than 
the productivity spillover between the regions (inter-regional). This implies that knowledge spil
lover flows more on the specific core region (a region surrounded by other regions with similar 
characteristics), such as Java, which contains sub-regions (i.e., districts and regencies with Jakarta 
as a center and surrounded by satellite regions such as Karawang, Bekasi, Tangerang, Bogor, etc.) 
that cause agglomeration. These findings support Krugman (1991) in his New Economic Geography 
(NEG) theory that the closer the distance, the greater the interaction between industries. Moreover, 
in a specific core region such as Java, it is easier to exchange material, joint use of machinery, 
labor migration, and cooperation between firms or companies than regions outside Java. Our 
findings support those of Stiller (2018). He argued that productivity spillover exists because 
a shorter geographical distance narrows the technology gap. Next, our results in Tables 14 and 
15 below are used to examine the previous results as robustness checks using Moran-I test in 
equation (10).

Table 14 shows that the TFP indicator is better than the labor productivity indicator in explaining 
the existence of productivity spillover between the regions (inter-regional spillover). These results 
also support Schreyer (2001), who mentions that TFP can explain the source of productivity that is 
driven not only by investment in traditional capital (rise in capital intensity) but also investment in 

Table 14. Moran-I test results of inter-regional spillover in Indonesia (2010–2014)
Year Total Factor Productivity Labor Productivity

I Z p-value I Z p-value
2010 0.149 12.904 0.000 0.023 4.829 0.000

2011 0.127 11.040 0.000 0.060 6.436 0.000

2012 0.109 9.594 0.000 0.021 2.564 0.005

2013 0.112 9.804 0.000 0.013 2.042 0.021

2014 0.094 8.337 0.000 0.003 0.875 0.191

Source: Authors 

Table 15. Moran-I test results of intra-regional spillover in Java (2010–2014)
Year Total Factor Productivity Labor Productivity

I Z p-value I Z p-value
2010 0.165 9.348 0.000 0.181 10.626 0.000

2011 0.161 9.151 0.000 0.198 11.621 0.000

2012 0.122 7.018 0.000 0.140 8.642 0.000

2013 0.170 9.715 0.000 0.078 8.090 0.000

2014 0.173 9.837 0.000 0.078 8.027 0.000

Source: Authors 
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intangible capital (spillover, innovation, organizational change, R&D). Table 15 shows the produc
tivity spillover within the region (intra-regional) on the Java islands.

Based on the results in the two tables above (Tables 14 and 15), our findings suggest that productivity 
spillover within the region (intra-regional) is higher than the productivity spillover between the regions 
(inter-regional). These results are the same as previous results.

Next, spatial descriptive is used to map the distribution of the manufacturing’s TFP by region (districts 
and regencies) throughout Indonesia, as shown in Figure 2 and Java island, as shown in Figure 3.

Figures 2 and 3 show that the darker the color, the higher the productivity or TFP. Most of the 
regions with the highest TFP are located on Java Island. Next, the Moran scatter plot is used to 
map each region’s position in Figures 4 and 5.

Figures 4 and 5 show that regions with the strongest productivity spillover are located in Quadrant 
I, referred to as core regions (e.g., Jakarta and its satellite region). These regions own industrial 
districts or clusters that form industrial agglomerations. Therefore, productivity spillover exists 
among neighboring regions (hypothesis H2 is proven).

5.3. The relationship between knowledge spillover and absorptive capacity
We analyzed both inter-sectoral and inter-regional spillover using spatial econometric estimations in the 
section above. From the positive coefficients of δ1 and δ2, we know that knowledge spillover positively 
impacts productivity in the Indonesian manufacturing industry. However, the degree to which each firm/ 
industry/region benefits from these spillovers depends on the absorptive capacity owned by the firms/ 
industries/region itself (Cohen & Levinthal, 1990). Therefore, we analyzed the relationship between 
knowledge spillover and absorptive capacity to answer the third hypothesis. The hypothesis is: 

Figure 2. Distribution of 
Manufacturing’s TFP in 
Indonesia. 
Source: Authors  

Figure 3. Distribution of 
Manufacturing’s TFP in Java 
Island. 
Source: Authors  
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H3. There is a positive relationship between knowledge spillover and absorptive capacity.

Figure 5. Moran Scatter Plot 
based on TFP’s Manufacturing 
in Java 
Source: Authors  

Figure 4. Moran Scatter Plot 
based on Manufacturing’s TFP 
in Indonesia 
Source: Authors  
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To test this hypothesis, we use the concept of technological gap and investment in human and 
physical capital in the internal industry/region. Both investments are located in the explanatory 
variables as a proxy for absorptive capacity. This study follows that of Caragliu et al. (2012). They 
argued that the explanatory variable’s direct effect on TFP is represented the absorption capacity 
factors. Following their models, both investments narrow the technology gap between developing 
and advanced firms/industries/regions as a precondition requirement to absorb technology if their 
effects are significantly positive.

5.4. Direct and indirect spillover effect
Based on the inter-sectoral spillover in Table 16 (on the left side) below, the TFP is computed using 
Levinsohn Petrin (LP) formula on the firm level. Then, the results are aggregated at the sectoral 
level (as an average value). Sub-sectors TFP is then regressed with the inter-sectoral Durbin panel 
model in equation (4). In this model, Dummytech is used to proxy for the technology gap. 
Dummytech equals one if the sectors’ sub-samples are capital-intensive industries that reflect 
a lower technology gap. Dummytech equals 0 if the sectors’ sub-samples are only labor-intensive 
industries that reflect a higher technology gap.

Table 16. Direct and indirect spillover effect (2010–2014)
Dependent 
variable 
ln(TFP)

Inter-sectoral Spillover Inter-regional Spillover

Capital-intensive 
industries (low-gap) 

(high-absorption) 
fixed effect model

Labor-intensive 
industries (high-gap) 

(low-absorption) 
fixed effect model

Regions 
in Java 

(high-absorption) 
fixed effect model

Indonesia’s region 
exclude Java 

(low-absorption) 
fixed effect model

Direct Effect

ln(K/L) 0.095** 
(0.038)

0.044*** 
(0.016)

0.058*** 
(0.018)

−0.024 
(0.027)

ln(Skill) 0.284** 
(0.131)

−0.004 
(0.061)

- -

ln(Specialization) - - 0.920*** 
(0.189)

0.451*** 
(0.097)

Indirect Effect

ln(K/L) 0.136 
(0.145)

−0.024 
(0.037)

0.034 
(0.078)

0.126 
(0.092)

ln(Skill) −0.209 
(0.366)

−0.254 
(0.201)

- -

ln(Specialization) - - 0.216 
(1.317)

−1.090** 
(0.472)

Total Effect

ln(K/L) 0.232 
(0.156)

0.021 
(0.039)

0.092 
(0.079)

0.102 
(0.093)

ln(Skill) 0.074 
(0.074)

−0.258 
(0.201)

- -

ln(Specialization) - - 1.136 
(1.304)

−0.639 
(0.496)

N (Obs) 
R-sq

468 
0.121

1180 
0.061

560 
0.381

640 
0.095

Source: Authors 
Standard error in parentheses 
***Significant at 1%. (p < 0.01); ** Significant at 5 % (p < 0.05); * Significant at 10% (p < 0.1) 
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In analyzing the models, we choose the best model (between fixed effect and random effect 
model), and we perform the test of both models using a Hausman test. The results are as follows:

(a) Capital-intensive industries (high absorption). We find that the preferred model is the fixed- 
effect model (chi2 = −0.01).

(b) Labor-intensive industries (low absorption). We find that the preferred model is the fixed 
effect model (chi2 = − −14.94).

Based on the inter-regional spillover in Table 16 (on the right side), the TFP at the firm level is 
measured using the Levinsohn–Petrin (LP) formula. Then, the results are aggregated at the 
regional level (as an average value). The regions’ TFP are then regressed with the spatial Durbin 
panel model in Equation (8). Similar to previous studies, Dummytech is used to proxy the technol
ogy gap. Dummytech equals one if the regions’ sub-sample is only in the core regions that reflect 
a lower-gap technology. Dummytech equals 0 if the region’s sub-sample is only in the non-core 
regions that reflect a higher technology gap. Similar to previous studies, we choose the best model 
(between fixed effect and random effect model), and we performed the test of both models using 
a Hausman test. The results are as follows:

(a) All the regions in Java have high absorption. We find that the preferred model is the fixed- 
effect model. (chi2 = 0.11).

(b) Indonesia, all regions exclude Java (low absorption). We find that the preferred model is the 
fixed-effect model (chi2 = −24.13).

By definition of absorptive capacity as the capability to take in new information, it tends to close 
with the internal factors of firm/industry/region. Therefore, the factors are located in the coefficient 
values of the explanatory variables of sectors/regions. Based on the inter-sectoral spillover in Table 
16 (on the left side), the absorptive capacity is located on the direct effect of explanatory variables 
such as a) skill labor variable (ln(Skill)) by the value (0.284**) on capital-intensive but a negative 
value (−0.004) on labor-intensive; b) capital per labor (ln(K/L)) by the value (0.095**) on capital- 
intensive industries and (0.044***) on labor-intensive industries. Based on the inter-regional spil
lover in Table 16 (on the right side), the absorptive capacity is located on the direct effect of 
explanatory variables such as a) physical capital per labor (ln (K/L)) by the value (0.058***) in Java, 
but a negative value (−0.024) outside Java; b) the location-quotient/LQ (ln (Specialization)) by the 
value (0.920***) in Java and (0.451***) outside Java.

Based on both results (inter-sectoral spillover and inter-regional spillover), our findings suggest 
that the knowledge spillover created from capital-intensive industries (high absorptive capacity) is 
higher than that of labor-intensive industries (low absorptive capacity). Second, knowledge spillover 
created from a core-region/Java (high absorptive capacity) is higher than that from the non-core 
regions/outside Java (low absorptive capacity). Therefore, the results imply a positive relationship 
between knowledge spillovers and absorptive capacity. Hence, Hypothesis H3 is supported.

5.5. Discussion and analysis
In this study, we aim to disseminate the transmission of knowledge spillover in the Indonesian 
manufacturing industry by using productivity spillover through inter-sectoral spillover (which 
originates from the externality of the input-output/vertical linkage) and inter-regional spillover 
(which originates from agglomeration based on geographical proximity).
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5.5.1. Inter-sectoral spillover
Our finding answers the first hypothesis that in the inter-sectoral approach, spillover flows dom
inantly through inter-industry linkages (mainly via downstream) and intra-industry linkages 
(mainly via upstream) from the transaction of intermediate goods between customers and sup
pliers. Therefore, this study contributes to distinguishing productivity spillovers between closely 
related industries. Our findings are consistent with those of Lopez and Sudekum (2007) who found 
that intra-industry linkage in Chile’s manufacturing sector occurred mainly upstream. In Indonesia, 
inter-industry spillover activities mainly occur downstream, while intra-industry spillovers mainly 
occur upstream. Our results also support the findings of Los and Verspagen (2000) and Javorcik 
(2004) who argue that industrial spillover depends on more collaborative research efforts through 
upstream intra-industry linkages compared to downstream inter-industry linkages.

Next, we describe the flow of intermediate goods in vertical linkage. We take the automotive 
industry’s supply chain network (ISIC 29100) as the hub sector to explain this inter-sectoral spillover 
with greater clarity. In this industry, first, the raw material (for example, iron) is processed into mixed 
iron and processed again into a metal alloy as an intermediate good input. The intra-industry linkage 
conducts these processes in the upstream industries by a few steel industries. Then, they create 
upstream spillover effects from a few multinationals (MNCs) of steel producers (who produce metal 
alloys) to local/domestic metalworking downstream industries. These local industries process this 
input (metal alloy) into parts or components. The upstream spillover flows through good-quality 
material input (metal alloy) produced by the intra-industry collaboration of a few MNCs of steel 
producers delivered to local/domestic metalworking industries to produce parts and components. 
These parts and components are then delivered to many downstream industries as inter-industry 
linkages, such as motor vehicle assembly, construction, accessories, and shipbuilding industries. The 
downstream spillover effects will flow from customers, such as the MNC of motor vehicle manufac
turers (e.g., Toyota and Honda) to the local/domestic metalworking industries as suppliers of parts 
and automotive components. In this case, knowledge spillovers flow from technical expert coaching, 
renting a (modern) machine, and doing business consultation conducted by the customer so that 
their local/domestic suppliers can fulfill the standard requirements of products related to quality, 
cost, and delivery (QCD). With these two types of spillovers (downstream spillover effect and 
upstream spillover effect), the local/domestic suppliers can produce a range of products with high 
quality and competitive prices that enhance their productivity and efficiency.

Regarding the positive effect of inter-sectoral linkages on productivity, this empirical result 
implies that the government should create a business climate conducive to supporting linkages 
and partnerships between upstream, midstream, and downstream industries. The government 
must support the local/domestic intermediate goods supplier industries to be part of the global 
supply chain network to absorb and diffuse technological knowledge from their trading partners 
(intra-industry and inter-industry) to other local/domestic industries.

Other interesting facts also arise. First, we claim a positive impact on productivity spillover 
resulting from the investment of imported materials. This result supports Coe and Helpman (1995) 
and Grossman and Helpman (1991), who argued that knowledge capital is embodied in imported 
goods. Our findings suggest that foreign technology’s entry channel to domestic firms is stronger 
through imported materials than foreign direct investment (FDI). We argue that imports could 
result in a spillover effect when domestic firms learn imported goods’ innovative content. This 
finding is also supported by Coe et al. (1997), who estimated a large positive effect of import- 
weighted foreign R&D investment. Second, we claim that foreign capital ownership positively 
impacts domestic/local industries’ productivity. Our findings are consistent with the findings of 
Fransman (1985) and Kokko and Blomstrom (1996) who argue that the channels through which 
MNCs diffuse technology are: a) active and formal transactions (joint ventures, licensing), b) active 

Kuswardana et al., Cogent Economics & Finance (2021), 9: 1923882                                                                                                                                 
https://doi.org/10.1080/23322039.2021.1923882

Page 26 of 31



and informal transactions (linkage), c) passive and formal transactions (goods trade), and passive 
transactions (trade journals, scientific exchange). Our findings are also consistent with those of 
Redding and Proudman (1998) who argue that trade openness in international trade can affect 
the domestic innovation rate through technology transfer and the adoption of advanced foreign 
technologies. Third, we claim that firm maturity positively affects productivity. This implies that 
this positive productivity spillover benefits mature firms and industries. Our findings are consistent 
with Porter’s (1980) industrial life cycle theory. According to him, the industrial life cycle refers to 
the industry’s four-stage evolution based on the business characteristics commonly shown in 
each phase. The industry’s four phases of the life cycle are introduction, growth, maturity, and 
decline.

5.5.2. Inter-regional spillover
The next finding answers the second hypothesis that using the inter-regional approach, industry 
agglomeration based on geographic distance produces externalities that create productivity spil
lover among neighboring regions. Our findings suggest that productivity spillover created from 
within the region (intra-regional) is stronger than the productivity spillover created between 
regions (inter-regional). This implies the important role of geographical and technological distance 
in producing knowledge spillovers in Indonesia.

The results confirm previous productivity spillover relevance and dependence on geographical and 
technological distance. As Boschma (2005) and Stiller (2018) describe, the major role of geographic 
distance is its reinforcing effect on other proximity dimensions. Geographically close (core regions) 
are more likely to develop similar industry structures and increase technological proximity. In con
structing the model, we classified regions between the two groups. The first group is the core region. 
This region has the complete infrastructure and capital (including ICT technology). In Indonesia, the 
core region can be proxied by Java islands (Raharja & Kuncoro, 2012) because it fulfills the above 
requirements of capital and infrastructure. The second group is a non-core region that can be proxied 
by other islands (excluding Java). These regions lack infrastructure and other physical capital (elec
tricity, ICT, roads, bridges, universities, laboratories, industrial districts, etc.).

Agglomeration is important for facilitating the growth of modern manufacturing activities. The 
manufacturing agglomeration process is present in Indonesia. While manufacturing activities 
across Indonesia often started in certain major cities such as Jakarta, Bandung, and Surabaya. 
The process also seems to be associated with productivity gains and increased product variety 
(specialization) by region. The specialization of selected industries continues until now, such as 
garments in the Bandung area, machinery and heavy industries in the Greater Jakarta and 
Surabaya areas, rattan in Cirebon and Jepara, leather footwear in Sidoarjo, and Ceramics in 
Plered (West Java). This implies that investment in public capital, such as industrial innovation 
centers in each region, will generate strong and positive productivity spillover effects. The devel
opment of infrastructure also promotes sectoral factor mobility, leads to specialization, and 
increases production possibilities (Baffes & Shah, 1998). Infrastructures such as freeway toll 
roads and ICT are needed to build another new core region that will increase the connectivity of 
the region and enhance productivity spillover.

5.5.3. Absorptive capacity
The third finding answers the third hypothesis that there is a positive relationship between knowledge 
spillover and absorptive capacity and what factors contribute positively to absorptive capacity. First, 
our results suggest that investment in human capital and physical capital are important absorptive 
capacity factors that narrow the technology gap between developing and advanced firms/industries/ 
regions as a prerequisite for absorbing technology and enhancing productivity (Kokko and Blomstrom, 
1996; Giroud, 2012; Marin & Bell, 2006). Second, knowledge spillover created from capital-intensive 
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industries (high absorptive capacity) is higher than that from labor-intensive industries (low absorp
tive capacity). Third, knowledge spillover created from the core region (high absorptive capacity) is 
higher than that from the non-core region (low absorptive capacity). Therefore, there is a positive 
relationship between knowledge spillovers and absorptive capacity.

6. CONCLUSION AND POLICY IMPLICATIONS
In this study, we analyze the effect of knowledge spillover on productivity in the Indonesian 
manufacturing industry from 2010 to 2014 using inter-sectoral and inter-regional linkages. 
Contrary to the existing studies, we apply, for the first time, an input-output analysis as a proxy 
of inter-sectoral spillover and geographic distance as a proxy for inter-regional spillover using 
spatial econometric estimation. We focus more on absorbing knowledge (both tacit and codified) 
optimally, adapting the technology, and incorporating that technological knowledge into produc
tion methods or processes to increase the local/domestic industrial productivity and efficiency. Our 
significant findings can be summarized as follows:

First, productivity spillover from intermediate goods transactions in vertical linkage (customer- 
supplier) is dominated by inter-industry downstream and intra-industry upstream. Therefore, the 
downstream spillover effect predominantly flows from customers to suppliers through inter- 
industry linkages, while the upstream spillover effect predominantly flows from suppliers to 
customers through intra-industry linkage. Domestic industries/local industries can absorb knowl
edge by becoming suppliers of parts and components to their downstream/MNC industries and 
becoming customers of intermediate goods produced by their similar upstream sectors. This 
implies that the government should support and create a tied linkage between upstream, mid
stream, and downstream industries to enhance productivity spillover among the linked sectors.

Second, our findings suggest that foreign technology’s entry channel to domestic firms is stronger 
through imported materials than foreign direct investment (FDI). The government may continue to 
support the local intermediate goods/supplier industries to become part of the global supply chain 
network and encourage foreign-owned companies to establish partnerships with domestic/local sup
plier industries so that domestic/local supplier industries can absorb and disseminate technological 
knowledge possessed (from advanced foreign/MNC companies) to other domestic and local industries.

Third, productivity spillover created from intra-regional spillover (within the region) is stronger than 
the productivity spillover created from inter-regional spillover (between the region), which implies 
that the shorter the geographic distance, the narrower the technology gap. This implies that invest
ment in new public capital in specific regions, such as infrastructure and industrial-specific zones in 
the new-core region, will generate strong and positive productivity spillover effects. Development 
infrastructure such as ICT and freeway toll roads (especially outside Java) will increase the connec
tions among sectors and developing new industrial-specific zones (new core regions) in critical 
sectors will promote the spillover of related sectors and improve systemic competitiveness.

Fourth, investment in human and physical capital (land, building, machinery, etc.) are essential 
absorptive capacity factors for firms/industries/regions. This implies that both investments narrow 
the technology gap between developing and advanced firms/industries/regions as a precondition 
requirement to absorb technology.

Fifth, knowledge spillover created from capital-intensive industries is higher than that of labor- 
intensive industries. This implies that the Indonesian government has the right path to boost 
sectoral labor productivity through the national program of Indonesia 4IR by implementing digital 
technology 4.0 in the Indonesian manufacturing sector.
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