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Abstract: This paper proposes a new mechanism linking innovation and
networks in developing economies to identify explicit production and
information linkages. We investigate the testable hypotheses of these
linkages using survey data gathered from manufacturing firms in East
Asia: Indonesia, Thailand, the Philippines, and Vietnam. We found that
firms that dispatched engineers to customers achieved more product and
process innovations than firms that did not. Just-in-time relationship is
effective for dealing with process innovation. We found that such strong
complementarities as Just-in-time are not effective for product innovation.
These findings support the hypothesis that face-to-face communication and
strong complementarities among buyer-seller networks have different roles
in product and process innovation.
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1. Introduction

This paper proposes a new mechanism linking innovations and networks
in developing economies. It identifies explicit linkages between production
and information. It also investigates the empirical implications of this new
mechanism using survey data gathered from manufacturing firms in four
megacities in East Asia. Our survey countries are Indonesia, the Philippines,
Thailand, and Vietnam. We collected firm level evidence on innovations,
linkages between production and information, and the respondent firms’ own
characteristics using mail surveys and field interviews.

How do face-to-face communication or tacit knowledge exchanges matter
for product and process innovation? What are the consequences of frequent
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communications on innovation trials? This paper tries to quantify these
questions about knowledge transmission in relation to production linkages,
leading to higher innovation performance. The estimates will be useful in
discussing the impact of small (and hypothetical) subsidies on the extent of
upgrading knowledge-exploiting and knowledge-creation (or knowledge-
exploring) activities for firms in production networks. Likewise, it discusses
the policy implications of these findings and some theoretical background to
evaluate the extent of production-related knowledge on industry upgrading.

There is a dearth of empirical research that precisely captures the
knowledge transmission mechanism through inter-firm communication. Two
exceptions are Javorcik (2004) and Blalock and Gertler (2008) who investigate
the backward linkages impacts of productivity upgrading by upstream
suppliers on MNCs customers. There is also a lack of quantitative evidence
that rigorously identifies the effects of production knowledge and the form
of communications through upstream-downstream relations. Since we need
to quantify the contribution of production networks on innovation, this paper
collects detailed information about production linkages, product and process
innovation, and creation of new markets. Cassiman and Veugelers (2002,
2006), Vega Jurado et al. (2008), Frenz and letto-Gilles (2009), and Machikita
and Ueki (2011) clearly suggest that the combination of two different sources
of knowledge is valuable for innovation. Saxenian (1996) emphasizes the
importance of information externalities within an agglomeration area, leading
to a higher cycle of knowledge creation based on evidence from Silicon
Valley. Saxenian (2006) shows that Indian or Chinese technicians coming
back from Silicon Valley combine the knowledge they have gained with local
knowledge to create new businesses. This field survey-based information
provides findings that are lacking in previous studies.

Most of the previous studies on the effects of geographic proximity on
innovation used the local average of R&D expenditures or the number of
R&D engineers as an explanatory variable. These studies assumed that all
firms in a local area benefit equally from the local average of R&D activities.
Even if this assumption were plausible on average, it is natural that the role
of knowledge flows in production linkages and the volume of interactions
would vary among linkages. That is why we have to go beyond geographic
proximity, collect information about linkages directly, and carefully investigate
the effects of each type of production linkage on innovation.

To examine the role of local production linkages on product innovations,
we need to identify the extent of companies’ investment in R&D, the exact
channels used to upgrade existing products, the geographic extent of new-
market creation, and the emergence of local alliances to introduce a new
product. We will build a simple model to explain the large variation of
product innovation across firms with and without R&D activities or multiple
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production linkages. This simple theoretical framework will be based on the
reduced-form regression model and will provide some interpretations of the
empirical estimates of the effect of two factors, i.e., the variety of production
linkages and engineer-level communications, on innovations. Estimating the
empirical elasticity of production linkages or micro-level communications
on innovation would enable us to detect the exact channels of process and
product innovation, and the creation of new markets.

This paper will investigate the role of production networks in industry
upgrading by documenting the spatial architecture of upstream and
downstream firms in developing economies, and examining the network
effects on innovation. Local network externalities are a mechanism for
understanding the relationship between production networks and innovation.
Endogenous growth theory, in particular Romer (1986, 1990), emphasizes
the importance of innovation in economic growth, but the inside mechanism
is almost a black-box. Lucas (1988) identified local knowledge spillovers as
important sources of economic growth. Glaeser ef al. (1992) showed city-level
evidence of the role of knowledge spillovers. Foster and Rosenzweig (1995)
developed the Bayesian framework of learning by doing and learning from
others in a village, and estimated the neighborhood impacts of introducing
HYV (which is a risky project in the initial stages). They showed the signi-
ficant impacts of neighbourhood experience in updating information about
optimal input volume. Conley and Udry (2010) studied the role of commu-
nication networks in determining the importance of learning from others.

Finally, Almeida and Kogut (1999) found that local transfer of knowledge
is stimulated by inter-firm mobility of engineers, technicians and other
professional and technical personnel (see Rasiah, 1994, 1995). Song et al.
(2003) showed the occurrence of inter-firm knowledge transfer that emanates
from hired engineers, who possess technological expertise distant from that
of the hiring firm. This literature suggests that engineers are expected to bring
fresh ideas to a firm, though the flow of knowledge seems to be geographically
embedded.

Theory also has developed. Jovanovic and Rob (1989) and Keely (2003)
provide some microeconomic explanations of knowledge exchanges over
time. Most recently, Berliant and Fujita (2008, 2009) formalize in detail
that knowledge creation needs appropriate diversity of knowledge between
two persons. This paper is a new attempt to open the black box of local
interactions-driven innovation to detect the knowledge exchanges using the
case of upstream-downstream relations.

This paper also focuses on production networks to quantify the extent
to which information flows with customers or suppliers motivate a firm to
innovate. The lack of empirical studies and the potential heterogeneity in
production-network availability provide several empirical questions about the



522 Tomohiro Machikita and Yasushi Ueki

effects of innovation networks. The specific question we are trying to answer
is how production networks affect firms’ incentive to innovate when inter-firm
linkages become dense. How do firms innovate if communication with their
suppliers increases? Should firms respond to information flows from their
consumers? This paper empirically explores these questions.

To summarize our introduction, we present the following two findings
that this paper will attempt to explain. These findings are basically consistent
with the network-based theory of innovation. First, firms with face-to-face
communications at the engineer level and firms with frequent interactions with
production partners are successful in implementing innovation, particularly
organizational change directed towards external markets, and process
innovations like the creation of new markets and securing new sources of
input. Second, however much the “Just In Time” system (JIT hereafter) is
effective in dealing with disequilibria, strong complementarities like JIT lead
to attitudes that encourage the maintenance of the status quo.

The next section provides our theoretical framework. Data will be
described in section 3. Section 4 shows the results. The discussion of the
results, and our conclusions, are in section 5.

2. Framework

We discuss the reasons why firms with direct information flows, especially
face-to-face communication and frequent exchanges of information, play an
important role in achieving product and process innovations. In our empirical
setting, we focus on exchanges of engineers and JIT information between
upstream- and downstream-firms. In particular, compared to firms that do not
accept engineers from main partners or dispatch engineers to main partners,
firms that interact with main partners are more likely to introduce new
product varieties, organizational changes in response to changes in the market
environment, and market-based process innovations. Inter-firm linkages take
various forms of guidance and learning such as exchanges of engineers. The
sources of inter-firm guidance and learning may exist in controlling quality,
costs, delivery, and environment management (QCDE) within the firm as well
as within the (international) production chain. Such total quality management
plays an important role of knowledge exchanges between upstream-
downstream firms. Not only customer but also supplier takes guidance from
the partner firm. That is, firms learn about demand for specific products
from their customers while firms receive technical information from their
supplier in the face of new demand. We assume that each firm requires such
information spillovers through backward and forward linkages to meet the
demand. Therefore, information exchanges between demand and technologies
spillover within the (international) production chain. Information exchanges
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may not take the form of “encoded” in terms of Polanyi (1966, 1967). More
concretely, communication between firms and their partners are not tran-
scribed for each other when the specific features demand and technologies
become complicated.

We derive the organizational (upstream and downstream relationship)
implications of Berliant and Fujita (2008, 2009) here. They emphasized
the dynamic implications of knowledge creation based on face-to-face
and frequent communications over time. These build a microeconomic
model of knowledge creation and study its dynamic implications on long-
term relationships. Their model rationalizes the optimal level of diversity
for collaborations. There are two key assumptions: (1) a low level of
diversification does not create any new knowledge; (2) diversification makes
communications costly. These assumptions lead to the following three
implications. First, knowledge exchanges through face-to-face and frequent
interactions make two agents homogeneous and efficient in communicating
with each other. Second, cooperation and strong complementarities lead to
attitudes that encourage maintaining the status quo. Finally, the knowledge
creation from frequent communications will diminish over time. We test
the implications of this model using the setting of information flows from
upstream and downstream linkages.

Firms with direct information flows from partners tend to be more
successful because of the value brought by face-to-face and frequent
interaction. Accepting engineers from the main supplier ensures the transfer
of knowledge relating to raw materials, parts, and components. If the suppliers
are based in a more competitive market, the main supplier has to pay the
costs of knowledge transfer, i.e., dispatching engineers to the main customer.
Dispatching engineers to the main customer also ensures the transfer of
knowledge about production processes and market changes. Since it is
critically important for firms to acquire the most accurate information about
market changes, the supplier dispatches the engineers from an upstream
to a downstream level. The empirical results suggest that there are also
backward linkages leading to information flows from customer to supplier.
Because most suppliers are keen to acquire ISO certification to help them
expand their market, they need to communicate face to face with their main
customer to pay the costs of dispatching engineers. The JIT system also
provides an opportunity for frequent interactions between customers and
suppliers. Frequent interactions ensure the accuracy of information about
market changes. JIT is effective for dealing with disequilibria. This seems to
be consistent with Schultz (1975). Although there are benefits from strong
complementarities, such strong complementarities as JIT lead to attitudes that
encourage maintenance of the status quo, leading to lower levels of product
innovation. We test these implications in section 4.
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3. Data

This section presents the survey data, sampling, firm characteristics, summary
statistics of dependent and independent variables, and geographic features
of production networks. The data used are sourced by the authors from an
original survey of manufacturers in Southeast Asia. The data encompasses
local firms, MNCs and joint ventures in Indonesia, the Philippines, Thailand
and Vietnam. Our dataset covers variables that relate to different types of
product and process innovations, as well as unique variables of management
practices inside the firm and management practices that support personnel
interactions of firms to external linkages. In contrast to the standard
administrative data, these variables enable us to draw a new combination of
industry upgrading and personnel interactions across firms.

A. Sampling

We used the dataset from the establishment survey on innovation and
production network for selected manufacturing firms in four countries in East
Asia. We created this dataset in December 2008 in Indonesia, the Philippines,
Thailand, and Vietnam. The sample population is restricted to selected
manufacturing hubs in each country (JABODETABEK area, i.c., Jakarta,
Bogor, Depok, Tangerang and Bekasi for Indonesia, CALABARZON area,
i.e., Cavite, Laguna, Batangas, Rizal, and Quezon for the Philippines, Greater
Bangkok area for Thailand, and Hanoi area for Vietnam). A total of 600 firms
agreed to participate in the survey: (1) 149 firms in Indonesia; (2) 203 firms
in the Philippines; (3) 112 firms in Thailand; and (4) 137 firms in Vietnam.

The sample industries consist of 17 manufacturers for each country. Since
the aggregate composition of industries is different among the four countries,
we focused on just three major industries for each of the four countries:
food processing, apparel, and wood products for Indonesia; food processing,
apparel, and electronics for the Philippines; food processing, apparel, and
chemical products for Thailand; chemical products, machinery, and electronics
for Vietnam.

B. Firm Characteristics

Table 1 presents the summary statistics of the main variables. The average age
of a firm is 14 years, with a standard deviation of 12 years. Firm size is also
much dispersed. Average size is 293 employees, with a standard deviation
of 456. Since our sampling strategy covers the whole of manufacturing in
each country, some firms have more than 2,000 employees while some firms
are very small, with less than 20 employees. Of the total number surveyed,
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Table 1: Summary Statistics of Firm Characteristics

Mean Std. Dev. Min Max

Firm Characteristics

Age 14.202 12.392 0 80
Full-time Employees 293.879 456.483 10 2000
Local Firms 0.617 0.487 0 1
Joint Venture Firms 0.132 0.339 0 1
Multinational Enterprise 0.251 0.434 0 1
Production (raw material processing) 0.463 0.499 0 1
Production (components and parts) 0.281 0.450 0 1
Production (final products) 0.712 0.453 0 1
Procurement of raw materials, parts, 0.250 0.433 0 1
or supplies
Marketing, sales promotion 0.433 0.496 0 1
R&D activities (1 if Yes, 0 otherwise) 0.221 0.416 0 1

Source: Economic Research Institute in ASEAN and East Asia (ERIA) Establish-
ment Survey 2008.

approximately 60 per cent are local firms, 13 per cent are joint-venture firms
and 25 per cent are MNEs.

Firm function is classified into one of five categories here. Forty-six
per cent of the firms process raw materials. Twenty-eight per cent produce
components and parts while 71 per cent produce final goods. A total of 24 per
cent procure raw materials while 43 per cent carry out marketing activities.

C. Dependent Variables

Tables 2a and 2b present our main interest — innovation. Innovative activities
reflect several dimensions of industry upgrading. There is no single measure
to evaluate the success or failure of a firm’s policy in industry upgrading.
We drew up four different groups of measures: new goods, adoption of new
technologies and organizational structures, new sources of procurement, and
creation of new markets. We classified innovations into the following three
categories: (1) product innovation (introduction of new goods); (2) process
innovations, including adoption of new technology and organizational
changes to improve product quality and cost efficiency; and (3) securing new
customers to sell to, and new suppliers to procure existing products from,
efficiently.

While approximately 45 per cent of the sample firms, on average, are
able to make product innovations in general, it appears that more firms find
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Table 2a: Summary Statistics of Product, Process, and Organizational
Innovations

Mean Std. Dev. Min  Max

Product Innovations

(1) Introduction of New Good 0.458 0.499 0 1

(2) Introduction of New Good to 0.096 0.295 0 1
New Market

(3) Introduction of New Good with 0.117 0.322 0 1
New Technology

Production Process Innovations

(1) Bought New Machines 0.529 0.500 0 1

(2) Improved Existing Machines 0.673 0.470 0 1

(3) Introduced New Know-how on 0.550 0.498 0 1

Production Methods

Organizational Innovations

(1) Adopted an international standard 0.531 0.499 0 1
(ISO or others)?

(2) Introduced ICT and reorganized 0.342 0.475 0 1
business processes?

(3) Introduced other internal activities 0.597 0.491 0 1

to respond to changes in the market?

Source: Economic Research Institute in ASEAN and East Asia (ERIA) Establish-
ment Survey 2008.

it difficult to achieve certain kinds of product innovations. Only 9 per cent
said they were able to introduce new goods to new markets, while only
11 per cent were able to introduce new goods using new technology. This
situation may be due to the higher fixed costs of creating new markets and
using new technology, in addition to the typical costs associated with product
innovations.

In contrast, more than 50 per cent of the firms were able to introduce
process innovations, such as (1) buying new machines; (2) improving existing
machines; (3) introducing new know-how on production processes; (4)
earning certification from the International Standards Organization (ISO); and
(5) introducing internal activities to respond to changes in the markets.

Table 2b shows that firms reported different experiences in the task
of securing new customers and suppliers, depending on the locations and
characteristics of the customers and suppliers. The probability of securing a
new local supplier or customer in a metropolitan area in which the respondent
is also located is higher (63 per cent for securing a new supplier and 65 per
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Table 2b: Summary Statistics of Market-based Innovations

Mean Std. Dev. Min Max

Procurement Innovations

(1) Secured a new local supplier 0.636 0.481 0 1
(100% local capital) in survey city
(2) Secured a new local supplier 0.567 0.496 0 1

(100% local capital) in the country
outside survey city
(3) Secured a new Multinational 0.174 0.379 0 1
Company (MNC) (100% foreign
capital) or joint venture (JV)
supplier in survey city

(4) Secured a new MNC or JV 0.162 0.369 0 1
supplier in the country outside
survey city

(5) Secured a new supplier in other 0.327 0.470 0 1
ASEAN countries

(6) Secured a new supplier in other 0.380 0.486 0 1

countries in East Asia (China,
Japan, Korea, Taiwan)

(7) Secured a new supplier in other 0.302 0.460 0 1
foreign countries

Market Creating Innovations

(1) Secured a new local customer 0.653 0.476 0 1
(100% local capital) in survey city

(2) Secured a new local customer 0.580 0.494 0 1
(100% local capital) in the country

(3) Secured a new MNC or JV 0.307 0.462 0 1
customer in survey city

(4) Secured a new MNC or JV 0.218 0.413 0 1
customer in the country

(5) Secured a new customer in other 0.271 0.445 0 1
ASEAN countries

(6) Secured a new customer in other 0.347 0.476 0 1

countries in East Asia (China,
Japan, Korea, Taiwan)

(7) Secured a new customer in other 0.365 0.482 0 1
foreign countries

Source: Economic Research Institute in ASEAN and East Asia (ERIA) Establish-
ment Survey 2008.
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cent for securing a new customer) than the probability of securing a new
supplier or customer outside the metropolitan area (56 per cent for securing
a new supplier and 58 per cent for securing a new customer). Securing a new
supplier or customer in other ASEAN countries is more difficult for the four
countries involved in the study (32 per cent for securing a new supplier and
27 per cent for securing a new customer). Sample firms also found it difficult
to buy inputs from, or sell products to, MNEs. Only 17 per cent of the firms
successfully secured new multinational suppliers within a metropolitan
area while only 16 per cent were able to do so outside the metropolitan
area. Between the two tasks, however, firms found it easier to sell products
to MNEs than to buy inputs from them. Nearly 30 per cent of the firms
successfully secured new multinational customers within an agglomeration
area, while 21 per cent did so outside.

D. Independent Variables Explaining Innovation Performance

Industries in the sample are primarily involved in manufacturing and export-
ing and are currently operating in East Asia. To keep pace with domestic
demand and stay on top of international competition, the firms adopt new
technologies, acquire new organizational forms to adapt to market changes,
create new markets, find new inputs to improve product quality and cost
efficiency, and introduce new products. They utilize the external environment
and local/international markets to upgrade themselves. Therefore, it is
reasonable to say that they are more likely to adapt new technology and
undertake organizational changes in response to the external environment and
the demands made by their respective local and international markets. Forty
five per cent of firms adopt the JIT system with their main customer. Thirty
four per cent of firms accept engineers from their main customer, while 21.5
per cent of firms dispatch engineers to their main customer. On the other hand,
36 per cent of firms adopt the JIT system with their main supplier, 27 per cent
of firms accept engineers from their main supplier, and 17 per cent of firms
dispatch engineers to their main supplier.

E. Production Networks in Space

We also focus on two issues related to production linkages between the main
customer and supplier in a spatial economy: (1) exchange of engineers; (2)
JIT. We have two competing theories of the spatial architecture of production
networks to explain co-location between two firms. First, if fixed search costs
for production partners (or setup and coordination costs of alliances) decrease
with capital structure between firms, it is efficient for firms with capital tie-ups
to form production linkages with their affiliates. Second, if communication
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Table 3: Summary Statistics of the Relationship with Main Customer and
Supplier

Mean Std. Dev. Min Max

Relationship with Customer

(1) Main Customer makes 0.638 0.481 0 1
Customized Good

(2) Geographic Proximity to 400.069 438.087 5 1000
Customer (km)

(3) JIT with Customer 0.451 0.498 0 1

(4) Capital Tie-up with Customer 0.107 0.310 0 1

(5) Duration of the Relationship with 6.412 3489 0.5 10
Customer (year)

(6) Accept Engineers from Customer 0.339 0.474 0 1

(7) Dispatch Engineers to Customer 0.215 0.411 0 1

(8) Customer is Important Partner for 0.668 0.471 0 1
Innovation

Relationship with Supplier

(1) Main Supplier makes 0.554 0.498 0 1
Customized Good

(2) Geographic Proximity to 343.418 413.176 5 1000
Supplier (km)

(3) JIT with Supplier 0.362 0.481 0 1

(4) Capital Tie-up with Supplier 0.112 0.316 0 1

(5) Duration of the Relationship with 6.233 3587 0.5 10
Supplier (year)

(6) Accept Engineers from Supplier 0.273 0.446 0 1

(7) Dispatch Engineers to Supplier 0.170 0.376 0 1

(8) Supplier is Important Partner for 0.117 0.322 0 1
Innovation

Source: Economic Research Institute in ASEAN and East Asia (ERIA) Establish-
ment Survey 2008.

costs for meetings and information exchanges increase with geographic
distance between firms, these two firms will form production linkages that
will tend to co-locate in one area. Capital tie-up with affiliates is a good
proxy for the existence of production linkages. If both of the first and second
conjectures are appropriate in East Asia, firms with capital tie-ups will tend
to locate nearer each other than firms without capital tie-ups.

That is, the geographic extent of input-output linkage is more locally
limited for firms with capital tie-ups than firms without tie-ups due to the
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needs of the JIT system or frequent information exchanges for quality
upgrading. This is a transport costs-based theory of co-location. This
explanation is also derived from standard spatial economy. Less productive
firms or less differentiated goods production forges local or nearby alliances
while more productive firms do it globally. For given variable communication
costs of alliances, the geographic extent of input-output linkages should be
ruled out by productivity. If communication costs increase, the probability of
network formation with remote firms could decrease.

Second, there is the enforceability-based theory of agglomeration. This
theory emphasizes the monitoring effect of production networks from buyer
to seller. If buyers do not have a long-term or tight relationship with the
producers, such buyers would have to frequently monitor and check product
quality. The cost of communication is an increasing function of geographic
distance between buyers and sellers. If this conjecture is right, for example,
firms with capital tie-ups need not be co-located because these buyers and
sellers would already know each other. The geographic extent of input-
output linkage is locally limited for firms without capital tie-ups compared
to firms with capital tie-ups, because of these monitoring needs. This section
answers the following questions relating to production networks in space:
(1) are there any differences in the input-output linkages across firms and
countries in East Asia; (2) how strong are the linkages between customers and
suppliers; and (3) are firms with production linkages also important partners
in innovation?

Exchanging engineers between firms is also a main proxy of exchanging
production-related knowledge through production linkages. Table 4 compares
the geographic proximity of firms that accept engineers from their main
trading partners with the geographic proximity of firms that choose not to do
so with their main partners. The results show that firms that decide to accept
engineers from their main customers and suppliers tend to be located farther
away from these trading partners (669 km from customer and 567 km from
supplier for firms that accept engineers versus 318 km from customer and 237
km from supplier for firms that do not accept engineers).

Table 5 compares the geographic proximity of firms that dispatch
engineers to their main customers and suppliers with the geographic proximity
of firms that do not dispatch engineers to their main partners. Firms save on
communication costs to remote areas by accepting engineers from their main
customers and suppliers if these trading partners are located far from them.
This is also true for firms that decide to dispatch engineers to their main
partners. By doing this, firms can save on communication costs, especially if
the partners are located in remote areas (500 km from customer and 348 km
from supplier for firms that dispatch engineers versus 391 km from customer
and 342 km from supplier for firms that do not dispatch engineers).
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It is natural for firms to create a JIT system with locally concentrated part-
ners. Table 6 relates the geographic proximity of a firm to its main customer
and supplier and the use of a JIT system. Firms who have a JIT system with
their main customer and supplier tend to be located nearer to their main
trading partners than firms who have no JIT system with their main partners
(333 km from customer with JIT, 232 km from supplier with JIT versus 448
km from customer without JIT, 442 km from supplier without JIT). The
formation of the JIT system justifies co-location based on transport costs.

4. The Impact of Knowledge Exchanges on Innovation

We describe the empirical content of face-to-face and frequent communications
and frequency of communications on innovations in this section. We report the
following internal effects of linkages in order to understand the information
flow through production linkages. First, exchanging engineers could stimulate
information flow based on face-to-face communication. Second, the formation
of a JIT system could provide the opportunity for frequent communication
between suppliers and customers. Since the last section reports on the effect
of the variety of linkages on product and process innovations, we relate the
internal information flow through linkages to product and process innovations.
This paper seeks to derive the firm’s knowledge production function.
We set the estimated equation as follows:

Pr(y, =) =alINSIDE LINK, + Bx, +u,

where y means the outcome of innovation and upgrading for each firm i
located in each country c, the variable INSIDE LINK proxies the meaning
of information and knowledge flows between firms (exchanging engineers
and using a JIT system), x is other controls, i.e., age, size, status of exporting
goods to foreign countries, status of importing intermediate goods from
foreign countries, country dummy variables, and a cross-sectional error term is
shown by u. To simply regress innovation outcome to covariates, we focus on
the estimated coefficient of INSIDE as the degree of innovation management
technology across firms.

Table 7 reports the effects of accepting engineers from customers and
suppliers on the product and process innovation. The dependent variable is
equal to one if each firm has carried out product and process innovation (for
example, introduction of new good or adoption of ISO) and is zero otherwise.
The independent variable, accepting engineers from customers or suppliers,
is equal to one if each firm accepts engineers from their main customer or
supplier. Marginal effects are presented. Other control variables are MNEs (or
joint venture/locals), age, firm size, industry, and country dummy variables.



[+L0°0] [s80°0] [sL00] [€80°0] [+s0°0] [0t0°0] [+80°0]
P10 L6070 L261°0 €01°0 WELT0 920°0~ $€0°0 [eorwIdyYD
[sLo0] [801°0] [601°0] [901°0] [¥L070] [€L070] [sor°0]
L6ST°0 8€0°0 Z10°0 1+0°0- LLET0 8L0°0 011°0 [e00 pUE POOM
[€80°0] [9900] [180°0] [8,0°0] [£9070] [8¢00] [¢L00]
860°0- LIIT°0- Wl 170" LEO0" 7000 £00°0 820°0- [oreddy
[9,0°0] [9900] [0800] [080°0] [€90°0] [9t0°0] [LL00]
0t0°0 601°0- wo'0- 0100 +S01°0 €€0°0 L9110 pooq
[0000] [000°0] [0000] [000°0] [00070] [000°0] [000°0]
0000 0000 0000 00070 0000 000°0 00070 saakordwry own-[Ing
[200°0] [200°0] [200°0] [200°0] [200°0] [100°0] [200°0]
1000~ +£00°0 70070~ ,500°0 €000 100°0 100°0 o8y
[+90°0] [£90°0] [290°0] [690°0] [+90°0] [920°0] [290°0]
L6110 FIT0 WL1T0 L091°0- £97°0" .290°0~ 002°0" sostdiojuy [euoneUnNA
[¥s0°0] [0L0°0] [+90°0] [¥L0°0] [9900] [zco0] [120°0] Jrddng
LIEE0 070 HPT0 HTI0 0S0°0- 0£0°0- 9L0°0 woy sduiduy 3daddy
[0L070] [9900] [1L0°0] [¥L0°0] [s90°0] [L€o0] [690°0] Iowojsn)
0£0°0 §20°0- 920°0 810°0 €200 0100 €10°0- woy sissurgug 3doddy
1ONIRIN oY}
ur saguey) $83001 SPOUIRIN
0} puodsay ssauisng uononpod
0] SANIANOY oziued100y uo MOH SQUIYORIN  JONIR]Al MAON 0}  POOLD) MAN (ON/SOA) uoneaouu]
[eurd)u] 01 101 OSI -MOUY MIN Sunsixyg poon) MaN Jo Jo $S3001J pue 1onpoId
paonpoxnuy pasnpoxnuy pardopy paonponuy pasorduy uononponu| uononponu| :sa[qeLreA juapuadoq
() 9) ($) ) (©) (2 49) (S10913 TeursIe|n) 11qoid

UOTJBAOUU] $S9001/10npold pue s1osurSuyg Sundeooy uoomioq diysuoneoy oyl :/ 9[qeL



'800C Aoaing juowysijqeisy (VYH) BISY 1Seq pue NVHASY Ul 9JmIsu] [oIedsay OIUOU0dH :90IN0S
‘pue[IRy L ST AIJUNOD 99UAIJY
01 18 JUBOYIUGIS {046 18 JUBOYIUSIS _ {040 1B JUBROYIUSIS , "$1930RIq UL SIOLID PIBPURIS 1SNOY  :SIION

L8S L8S L8S L8S L8S L8S L8S SUOIIBAIISqO
[180°0] [z1070] [820°0] [850°0] [s80°0] [zco0] [0L00]
WP 0" OVE0" WF6T0" Wl €S°0" 867°0" LY0°0- wWCLTO" WEURIA
[990°0] [++0°0] [+90°0] [690°0] [9900] [oco0] [+90°0]
WOLE0" WSLEO" W£CE0" LSET°0- $50°0- 710°0- 6L0°0" sourddriyqg
[sso0] [9¢00] [£900] [890°0] [L9070] [¢co0] [290°0]
L7650 2 18€°0" 867°0" S9T0" 1000 0100 00T0" eIsouopuj
[+80°0] [260°0] [880°0] [101°0] [290°0] [zs00] [101°0]

601°0 0z1°0 L8L1°0 620°0- WOLT0 £00°0- 920°0 uonelodsuen pue oy
[8,0°0] [160°0] [z80°0] [z60°0] [€s00] [z60°0] [£800] uorstoaxd
LE9T°0 LLLT0 W10 7L0°0 SE1T0 LS8T°0 L2910 pue ‘s13ndwod ‘soruonod g
[601°0] [111°0] [sor0] [L6070] [0L070] [zs00] [660°0]

ZIro STI'o L91°0 L261°0 L191°0 1€0°0- Wl LTO Azouryoey
[120°0] [+80°0] [€L070] [680°0] [850°0] [s+0°0] [6,0°0] s[ejowr
P10 7600 6170 6100 LOLT0 800°0- LSP1°0- pue ‘SNOLIdY UOU ‘UOI]

19IBIN o)
ur saguey) $$9001J SPOUIRIN
0} puodsay ssaursng uononpoid
0} SONIAIOY Jz1ue3100y uo MOH SQUIYOB]N  JONIB]N MON O}  POOD) MON (ON/SOA) uoneaouuy
[euIo)u] 01 101 OSI -MOUY MON unsixg pooDn MaN Jo Jo $S9001J pue 1onpoIJ
vwosvobﬁﬂ @oosﬁonH UQQQ@< @uozﬁonH ﬁo\/o.aEH :oﬁoz—uobﬁﬂ :oﬁoz—uobﬁﬂ ”moﬁn_.mﬁ.m\/ Eo@:omuﬂ
() 9) ($) ) (©) () D (10934 [euISIEIN) 31901

(ponunuod) :/ 91qe],



536 Tomohiro Machikita and Yasushi Ueki

As reported in column (4) of Table 7, the coefficient for accepting engineers
from suppliers is 0.124 with a standard error of 0.074, and it is statistically
significant at the 10 per cent level. Thus, firms that accept engineers from
main suppliers are likely to experience a significantly higher probability of
introduction of new know-how on production methods than firms that do not
accept engineers from main suppliers. The effects of engineers are prevalent
across several types of process innovation. As reported in column (5) of
Table 7, the coefficient for accepting engineers from suppliers is 0.244 with
a standard error of 0.064, and it is statistically significant at the 1 per cent
level. Thus, firms that accept engineers from main suppliers are likely to
experience a significantly higher probability of adoption of ISO than firms
that do not accept engineers from main suppliers. As reported in column (6)
of Table 7, the coefficient for accepting engineers from suppliers is 0.202
with a standard error of 0.070, and it is also statistically significant at the
1 per cent level. Thus, firms that accept engineers from main suppliers are
likely to experience a significantly higher probability of introduction of ICT
to reorganize business process than firms that do not accept engineers from
main suppliers. Finally, column (7) of Table 7 suggests that the coefficient for
accepting engineers from suppliers is 0.336 with a standard error of 0.054, and
it is statistically significant at the 1 per cent level. Since making investments
to deal with disequilibria has been another kind of process innovation, then
firms that accept engineers from main suppliers are likely to experience a
significantly higher probability of introduction of internal activities to respond
to changes in the market than firms that do not accept engineers from main
suppliers. Overall, only process innovation is positively related to accepting
engineers from main suppliers. But accepting engineers from main customer
and supplier which we can call passive knowledge exchanges does not affect
product innovation at all.

Table 8 presents the innovation impacts of dispatching engineers to main
customers and suppliers. We can describe dispatching engineers as active
knowledge exchanges. The dependent variable is also product and process
innovation as shown in Table 7. The independent variable, dispatching
engineers to customers or suppliers, is equal to one if each firm dispatches
engineers to the main customers or suppliers. As reported in column (1) of
Table 8, the coefficient for dispatching engineers to main customers is 0.145
with a standard error of 0.069, and it is also statistically significant at the
5 per cent level. This suggests that there is positive relationship between
introduction of new good and dispatching engineers to main customers.
Dispatching engineers to main customers also has positive relationship with
process innovation (adoption of ISO and adjustment with market turbulences).
Column (5) of Table 8 shows that the coefficient for dispatching engineers
to main customers is 0.156 with a standard error of 0.071, and it is also
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statistically significant at the 5 per cent level. As reported in column (7) of
Table 8, the coefficient for dispatching engineers to main customers is 0.193
with a standard error of 0.062, and it is also statistically significant at the 1
per cent level. Turn to the innovation impacts of dispatching engineers to
supplier, column (4) of Table 8 suggests that the coefficient for dispatching
engineers to main suppliers is 0.164 with a standard error of 0.096, and it
is also statistically significant at the 10 per cent level. Column (6) and (7)
of Table 8 shows that the positive impacts of dispatching engineers to main
customers is statistically significant at the 10 per cent level. Overall, product
and process innovation are positively related to active knowledge exchanges
which is dispatching engineers to main customers and suppliers.

In short, empirical results of Table 7 and 8 suggest that both the types
of knowledge exchanges with partners (accepting and dispatching engineers)
have positive impacts not only product innovation, but also process innovation
in the face of market disequilibria or market turbulence. Process innovation
aimed at enabling a firm to respond to changes in the external market
environment is positively related to the practice of accepting engineers from
suppliers and dispatching engineers to main customers.

Finally, the formation of a JIT system is also a proxy of information
exchanges through production linkages. Table 9 reports the impacts of forming
a JIT system with the main customer and supplier, on several types of product
and process innovation, especially some combinations of product innovations
and market-creating innovations. All the dependent variables are the same as
in Tables 7 and 8.

The independent variables of forming a JIT system with the customer
or supplier are equal to 1 if a firm forms a JIT system for production and
distribution with its main customer or supplier, respectively, and are zero
otherwise. To examine the impact on combinations of product innovations
and market-creating innovations, we regress introduction of new good to
new market to JIT system variables. Column (2) of Table 9 shows that the
coefficient for a JIT system with the customer is -0.088 with a standard error
of 0.033, and it is also statistically significant at the 1 per cent level. This
result indicates that JIT with customer does not stimulate the introduction of
new goods to new markets.

On the other hand, we show the results for non-R&D firms which have
not been carrying out in-house R&D activities by themselves. The empirical
question here is whether a JIT system provides information flows relevant
to market changes or market turbulence. Column (5) of Table 10 shows that
the coefficient for a JIT system with the customer has positive impacts on
adoption of ISO. The coefficient for a JIT system with the customer is 0.161
with a standard error of 0.081, indicating that the firm that forms a JIT system
with a customer has a higher probability of adoption of ISO. As reported
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in column (7) of Table 10, the coefficient for JIT system with customer
has positive impacts on investment in market disequilibria. The coefficient
for a JIT system with the customer is 0.182 with a standard error of 0.079,
indicating that the firm that forms a JIT system with a customer has a higher
probability of investing in internal activities that will help it adjust to changes
in the market. These results indicate that JIT with customer stimulates the
process innovation for firms which have not been carrying out in-house R&D
activities. Such firms also dominate our estimated sample. Overall, a process
innovation that helps a firm adjust to changes in the market environment,
for example, ISO certification or market turbulence, is positively related to
operation of a JIT system with a customer.

5. Conclusion

In East Asia, a complex production network has been constructed utilizing
wage disparity and lower transportation costs across countries in the region.
Lower transportation costs between regions foster the fragmentation of
production processes over borders. In particular, the intermediate process is
more complex, skill intensive, and higher paid while the final process is easier
to build, unskilled-labour intensive, and lower paid. On the other hand, since
both inter-firm supplier-customer relationships and intra-firm upstream and
downstream processes face higher transportation costs, firms with capital tie-
ups to their main trading partners tend to co-locate near one another.

From the viewpoint of spatial economy, it is unclear whether geographic
proximity between firms tends to spur knowledge transfer between upstream
and downstream processes within a concentrated area. On the one hand, co-
location stimulates frequent communication between firms. On the other hand,
the exchanges of engineers (dispatching of workers to partners and accepting
of workers from partners) between firms was shown to be more frequent for
firms located in remote areas than nearer their main trading partners. Empirical
work was needed to provide a solution. To detect the origin and destination of
knowledge flows between upstream and downstream processes, we collected
information on exchanges of engineers and implementation of the JIT system
to estimate the strength of ties.

The empirical results suggest that firms with face-to-face communication
at the engineer level and with frequent interaction with production partners are
able to innovate successfully, particularly in the areas of organizational change
directed towards external markets, and market-based process innovations
like the creation of new markets and securing new sources of input. In
particular, however, JIT does not stimulate the introduction of new goods to
new markets, while it is effective for ISO certification and response to market
turbulences. In summary, this result suggests that JIT is effective for dealing
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with disequilibria. But such strong complementarities as JIT lead to attitudes
that encourage maintaining the status quo.

We offer the following three hypotheses as a possible explanation for
these results: (1) different types of external sources (like engineers from
customer or supplier) and combinations of external sources and internal
resources provide the value of knowledge diversity; (2) different types of
external sources provide the opportunity to obtain accurate information about
other firms’ trials and errors, for firms without their own R&D department
or sufficient internal resources; (3) face-to-face communication and frequent
interaction with production partners provide a chance to acquire deep and
correct information about changes in the market and market turbulence.
As a result, the findings in this paper are related to Hortacsu and Syverson
(2009) who suggest the importance of intangible inputs like managerial
oversight within the firm to show vertical ownership is not usually used
to facilitate transfers of goods along the production chain. They conclude
that the central motivation of owning production chains is that they allow
more efficient transfers of knowledge of production and information of
markets. The findings of this paper can extend to the concept of “adaptive
organization” a la Dessein and Santos (2006) which theoretically analyzes the
complementarities between the level of adaptation to a changing environment,
coordination, and the extent of specialization. Production chains within
firms help the firm to collect market information and use it in production
and vice versa. Therefore, since managerial abilities have centralized local
information, these abilities play a key role as a technology of product and
process innovations within the firm.

We raise here several remaining issues, most importantly, the actual
direction of information flows. We are not able to separate learning activities
from teaching. If engineers were transporting their professional knowledge
about production process, then accepting engineers from partners seems to
provide learning activities for respondent firms while dispatching engineers
to partners seems to provide teaching activities for the firms. If firms were
absorbing their professional knowledge through partners, then accepting
engineers from partners seems to provide teaching activities for respondent
firms while dispatching engineers to partners seems to provide learning acti-
vities for the firms. To identify which flows are learning or teaching is difficult
without more direct information about the “teachers” and “students”.

Finally, we derive two policy suggestions based on these empirical
results. First, policy resources should target firms that have a few production
and intellectual linkages, particularly small- and medium-sized firms in East
Asia. Linked firms receive benefits from partners while providing important
information about market changes to their other partners, especially their
supplier. It is also important to devote policy resources to the implementation
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of JIT systems. If there are some obstacles to implementing a JIT system
that will help firms upgrade, public assistance can be tapped to create such
a network. Economies of network based on production linkages could create
such externality.

Second, policy resources should be allocated to the reduction of obstacles
to exchanges of engineers in East Asia. Since exchanges of engineers happen
at the local and international levels, (1) ensuring free exchanges of engineers
or simplifying immigration procedures and (2) creating common certification
of engineers’ skills in East Asia could stimulate the upgrading of firms and
industries through face-to-face communication at the different stages of
product and process innovation.
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