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(A Study on Transferring of Product Engineering and Design Technology in the Thai
Automobile Industry)
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Abstract

This study investigates the evolution of technology transfer in the Thai
automobile industry, which has gradually been integrated into global production
network of some specific automotive models (one-ton pickups). This paper
discusses the role of an automobile assembler in transferring technology to its
affiliate and the way their strategic changes bring about heightened demands on
the technological capacity of suppliers and the contents of technology transfer.
With higher competition at the global level, both assemblers and parts suppliers
are required to improve their technical and managerial skills, especially in the area
of ‘product engineering’ capability. The author examines the roles of an assembler
in transferring technology and discusses the implications to Thai suppliers. The
changing environment suggests that local suppliers should improve their
engineering and management skills, which will enable them to utilize inter-firm
relationship with assemblers as a means to improve their own technological
capabilities. The dynamic process of capability formation in local parts firms,
through intensive efforts and learning inducements brought about by inter-firm

relationships, are also discussed.
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Chapter 1

Introduction

1.1 Significance of the Study

In the initial stages of the industrialization of virtually all developing
countries, capital and technology (production and managerial technology) are
scarce. A promising means of promoting economic development to-overcome
these bottlenecks is attracting foreign direct investment (FDI). Apart 1;rom its
direct effects in terms of the expansion of domestic output, capital formation,
employment, and export, FDI can bring about indirect benefits through
technology transfer and diffusion, skills upgrades and the development of local
ancillary industries through the creation of backward linkages (Dunning 1983,
Borensztein et al 1995, Blomstrém and Kokko 1999, Markusen and Venables
1999). Multinational firms can play a crucial role in international technology
transfer because they undertake a major part of the world’s research and
development (R&D) efforts to create and then own most of the world’s advanced
technology (Blomstrom and Kokko 1999). When making direct investments
abroad by establishing overseas affiliates, these multinational firms inevitably
must transfer technology to and upgrade the existing skills of the local population
to assure the efficiency of their foreign operations (Sedgwick 1995). Therefore,
FDI can act as a catalyst for knowledge diffusion and the provision of local
capability formation in the recipient countries of FDI.

Nonetheless, prevailing understandings of the ways technology is transferred

are far from complete. The existing literature has focused on the issue of



international technology transfer through formal and voluntary forms such, as
intra-firm technology transfer and arm’s-length trade of technology (Reddy and
Zhao 1990). However, very few studies have investigated the dypamic process of
technology transfer and technological capability-formation in developing
countries (e.g., Kim 1997, Cyhn 2002), and even they have not focused directly
on technology transfer through informal mechaﬁisms, such as the incidence of
‘inter-firm’ technology transfers.' Moreover, progressive global competition,
driven by trade liberalization, deregulation of trade and investment, and the
revolution of information and communication technology (IT), have changed
global competition by making it more dynamic. These changes have prompted
multinational firms to view their global production as a network rather than as
“stand-alone overseas investment projects” (Emst and Kim 2002). This trend is
expected to proliferate, and the host countries of FDI stand ready to adapt
appropriately to benefit from such changes. However, there is still a lack of
understanding of the impacts of being a global production network on technology
transfer; and how and in what forms local suppliers will be affected by such
developments. Hence, the principal motivation of this research is to investigate
the issue lSSr looking at Thatland’s automobile industry as a case in point.

Thailand provides an instructive model because its industrialization is of
relatively short duration historically, and, throughout that process. it has relied
heavily on FDI. In addition, among manufacturing industries that have been
promoted there, the automobile industry is probably the only industry that the

Thai government has had specific and clear goals to promote. Among important

" Inter-firm technology transfer is defined as a relationship between a supplier and an assembler
that encourages knowledge transfer to make suppliers meet the assembler’s guality requirement.
This is sometimes referred to as ‘buyer-supplier’ relationship (Capannelli 1997), or ‘technology
partnering’ {Beecham and Cordey-Hayes 1997).



rationalized policies imposed by the Thai government, the Local Content
Requirement (LCR) regulation was regarded as the most influential policy for the
development of supporting industries in Thailand. In 1975, a LCR of 25 percent
for passenger cars and 20 percent for pickups was introduced. Later on, in 1987, it
had been increased to a level of 54 percent for passenger cars and 70 percent for
pickups, the level of which was maintained until the end of 1999. A series of
rationalized policies, including L.CR, high tariff protection, import ban on small
cars, etc., has forced foreign assembling firms to become catalysts in promoting
the growth of local supporting industries. From a virtual nonei;‘;stence of
manufacturing expertise, in less than 40 years, the Thai automobile industry has
been transformed from an import-substitution industry to a more export-oriented
one, and currently it has been integrated into part of the global production network
of some specific models by many world manufacturers. Foreign assembling firms
have played an important role in disseminating important technology that has
enhanced the technological capability formation and growth of Thailand’s
supporting industries (Techakanont and Terdudomtham 2004a).

Because the current trend continues in the direction of globalization,
significant changes in car manufacturers’ strategies, in particular, the
requirements they impose on and the relationships they forge with local suppliers
can be expected. In other words, technology transfer is evolving at both ‘intra-
firm’ and ‘inter-firm’ levels; thus, it is necessary to investigate to what extent
these strategies affect the content of technology transfer, how automobile
manufacturers respond to such changes, how local firms adapt to these changing
environments and how they utilize inter-firm relationship with assemblers as a

means to develop their own technological capabilities. Research on technology



transfer is scarce and there are few studies that set out to explain the process of
technological capability formation (Ernst and Kim 2002). Therefore, this study
contributes to the literature by examining the current technology transfer activities
by a Japanese assembler and offering the evolution of inter-firm technology

transfer and how local parts firms develop their technological capability.

1.2 Objective of the Study

1) To investigate the practices of technology transfer in product engineering
and design capabilities by Japanese assemblers to their affiliates and to suppliers.

2) To study the effects of changes in strategy of assemblers to use Thailand
as their export base on the ‘inter-firm’ relationship and to analyze the evolution of

inter-firm technology transfer.

1.3 Organization of the Study

The organization of this report 1s as follows: Chapter 2 discusses the
conceptual background and provides an analytical framework relevant to this
study. (hapter 3 explains the research methods and reports general information of

firms studied. Chapter 4 will present research findings on the roles and practices

-
i

of a Japgnese assembler in transferring technology to its affiliate and their
supptiers in Thailand. This chapter focuses mainly on the ‘intra-firm’ technology
transfer. In Chapter 5, the focus shifts to ‘inter-firm’ technology transfer. It
discusses the technological capabilities formation in the local parts firms and their
relationship with assemblers. Three case studies of local parts-making firms that
have received direct assistance have been made to set the stage for the drawing of

general observations about the evolution of inter-firm technology transfer and the



dynamic process of capability formation. Chapter 6 provides conclusion and some

policy recommendations.



Chapter 2

Conceptual Background and Analytical Framework

Firms in developing economies can acquire technology or develop
technological capability by many means. They can develop the technology

through their own efforts, through a systematic research and development

0”‘,

program; they can learn technology from other firms; or they can accﬁmulate it
through experience (learning by doing) (e.g., Kim 1997). However, from the early
stages of economic development, technology transfer from foreign countries
seems to have been the most important channel for technology acquisition.
Technology transfer is deemed to have been successful when the transferred
technology is translated and internalized into the overall capability of the recipient.
The following sections will discuss three important concepts pertinent to this
study: ‘technology’, ‘channels’ and ‘forms of technology transfer’, in order to

develop an analytical framework for studying the technology transfer and local

capability formation.

2.1 Types of Technology

Technology can be defined in many ways, but researchers normally refer to
the words “technology” or “technological knowledge” as “a way of doing
something” (Nelson and Winter 1982, p. 60), “a collection of physical processes
that transforms inputs into outputs and knowledge and skills that structure the

activities involved in carrying out these transformations” (Kim 1997, p. 4). Some



of them maintain that “technology” refers to people’s knowledge of how to use
“techniques,” and defines as specifications of products or production systems that
may or may not be embodied in particular physical goods such as machines or
instruments (David 1997).

Previous literature has discussed the nature of technology, noting that it
typically takes two main forms, “explicit” and “tacit” (Polanyi 1962). 2
Sometimes, these two forms are referred to as ‘hardware’ and ‘software’
technology. Explicit knowledge, which corresponds to ‘hardware’ technology,
refers to knowledge that can be codified and is transmissible in formal or
systematic language, e.g., production manuals, academic papers, books, technical
specifications, designs, and the like. It is knowledge that can be shared,
transmitted, retrieved and reused relatively easily. Tacit knowledge corresponds to
‘software’ or ‘skill’, which, by contrast. is difficult to codify, communicate or
transfer. Explicit technology is usetul only when tacit knowledge enables
individuals and organizations to usc it. Otherwise, it 1s confined to individual
human minds, which makes it difficult to codify and communicate. Tacit
knowledge can be exchanged through action, commitments and kinds of
involvemént that allow people to share experience, such as face-to-face
communication or on-the-job or apprenticeship-type training (Ernst and Kim
2002).

In this study, the term “technology” refers to “tacit knowledge’ or ‘software’
technologies, which are necessary to perform activities or to achieve good quality
in the production of a part. “Performing an activity” refers to the ability to use

tools and/or equipment to perform a particular stage of production, to test the

% This concept is adopted by many studies, such as Hayashi (1990), Nonaka and Takeuchi (1995},
Kim (1997), David (1997), and Ernst and Kim (2002).



quality of the part produced, or to manage the inventory, production flow,

delivery, and other such things.3

2.2 Channels and Forms of Technology Transfer

International technology transfer may be classified into three main types,
according to the characteristics of the busines; relationship between the source
and the recipient. The three types are 1) “arms’-length” trade of technology, 2)
intra-firm technology transfer, and 3) inter-firm technology transfer (6;p?melli
1997). However, the literature has thus far paid greater attention to the first two
channels, since they are considered to be important means of upgrading the
technological capabilities of developing countries (Reddy and Zhao 1990).

“Arms’ length” trade of technology refers to cases in which technology is
acquired through market-mediated channels, and the recipient must pay for
technology by, for example, paying technological fees or royalties or simply
paying the monetary value of the machine in question. Intra-firm technology
transfer refers to cases in which foreign firms supply the necessary information
and train local workers in their overseas affiliates or joint ventures. Foreign firms,
who own the technology, receive dividends as the return on their transfer of the
technology.® With respect to the forms of technology transfer, previous studies
have used slightly different terms to define them. In these studies, the three major

forms of technology transfer can be distinguished as follows: 1) operation

? Many scholars emphasize the importance of ‘skill’ or ‘tacit’ knowledge. For example, see Nelson
and Winter (1982), Nonaka and Takeuchi (1995), Shin (1996), Lall (1996}, Kim (1997), David
(1997), Ernst, Ganiatsos, and Mytelka (1998), and McKelvey (1998).

* In this view, Kim (1997) identifies these two modes as market-mediated transfer, in which
transferee and transferor need to negotiate the terms and conditions involved. However, for the
FDI and foreign licensing, the technology supplier plays an active role in transferring the
technology, while in the case of the selling of the machine, the role is comparatively passive.



technology, 2) improvement technology, and 3) development technology (the
creation of new knowledge). Each category can include several sub-types,
depending on the researchers’ observations.’

Inter-firm technology transfer is defined as technology transfer between large,
foreign and smaller, local-based firms in the manufacturing sector. It has long
been recognized that informal technology transfer occurring through this non-
market-mediated route provides opportunities for local parts suppliers to learn
new technology from foreign finished-product assemblers (e.g., Lall 1980, Mead
1984, Hill 1985, Wong 1991, and Capannelli 1997). Wong (1991) divided forms
of inter-firm technology transfer into two types, direct and indirect. These writers
all found that direct assistance, forms of which have included training local
suppliers’ employees, giving advic;a about quality control or management
practices, performing plant audits and troubleshooting some production problems,
or loaning equipment, had not been frequently observed; however, Wong (1992, p.
53) has noted that the importance of technology tramsfer through “inter-firm”
linkages such as spillover, learning facilitation, and investment inducement are
more important. However, there is significant evidence that confirms that local
parts suppﬁérs have improved their technological capabilities through inter-firm

technical linkages, even in cases in which they have not received direct assistance

(e.g., Capannelli 1997, Techakanont 1997, 2002).°

* For instance, Yamashita (1991 p. 14-20) classifies technology transfer in ‘nine stages’, while
Kuroda (2001, p. 38-40) divides the technology into ten categories. Stages or levels of technology
may exhibit the degree of difficuity that the recipient has to master, from simple technology to the
most advanced kind.

® Local suppliers can improve their capabilities because they are exposed to new, specific
knowledge or information from the customers.

10



2.3 Technology Transfer as a Knowledge Conversion Process: Analytical

Framework

As discussed above, irrespective of the mode of technology transfer,
researchers have found the transfer of ‘tacit’ knowledge or ‘software’ technology
more important than that of its ‘explicit’ or ‘hardware’ counterpart. Accordingly,
the term technology transfer refers to the process of skill formation as experienced
by the recipient as a direct result of the contributions of the technology source.
The transfer process is said to be complete only if the recipient of the technology
understands and is able to operate, maintain, and make effective use of the
technology that has been transferred (Cohen and Levinthal 1989). Therefore,
evidence of the success of any technology transfer would be an increase in the
technological capabilities of the employees of the recipient firm and the
enhancement of the efficiency ot the firm’s production process as a whole. On the
recipient side, the process of technology transfer can be regarded as a learning
process, i.e., the process of the internalization of knowledge (both explicit and
explicit elements) trom the owner (or transferor) to the recipients own businesses
at the organizational level, sece Figure 1 below. However, only capable
organizations can translate individual learning and acquired capabilities into
orgamzational routines.

Although the concept of technology transfer is easily illustrated in Figure 1,
it is not easy to ascertain what is going on inside this ‘black box’. A concept that
helps explain this complex issue can be found in the analysis of how Japanese
companies create knowledge (Nonaka and Takeuchi 1995). They maintain that
knowledge (or technology) is not restricted to an individual but must be shared by

all of the human resources within the firm, an idea that is comparable to the

I



“routines” concept of Nelson and Winter (1982). It is reasonable to apply this
concept to the technology-transfer process because it is the process of one party’s
imparting a skill to another, after which the recipient needs to absorb or convert
the knowledge transferred, both ‘tacit’ and ‘explicit’, into its own ‘tacit’ and
‘explicit’ knowledge. This concept is also supported by McKelvey (1998, 161-
162), who maintains that the recipient is said. to have successfully learned a
technology if it can transform the codified knowledge (which is similar to explicit

knowledge) into its tacit knowledge at the organization level.”

Figure 1 Technology Transfer as a Knowledge-Internalization Process

Explicit and tacit Internalization
knowledge of the of knowledge
by the recipient

Explicit and tacit
knowledge of the

technology owner technology

recipient

Technology owner Technology recipient

Source: Techakunont (2002, p. 27)

Nonetheless, our understanding of the ways that knowledge is transferred and
that IQcaIf;uppliers can benefit from such relationship is far from complete.
International technology transfer has been studied extensively, but the existing
literature has focused on the transfer through formal mechanisms. such as joint
ventures, foreign licensing and technical assistance agreements (Reddy and Zhao
1990). Very few studies have investigated the dynamic process of technology

transfer and technological capability-formation in developing countries (e.g., Kim

7 However, it should be noted that such successful transformation process requires purposeful
effort and resource allocation (Lall 1996, Kim 1997).
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1997, Cyhn 2002). A main distinction between ‘inter-firm’ relationship and other
formal ones is that inter-firm relationships emerge only after a supplier has been
selected and approved by an input buyer. The supplier needs to have sufficient
technological capacity to respond efficiently to the specific needs of the input
buying firm; otherwise, the buyer has no incentive to finalize a business
agreement with that supplier (Asanuma 1989; pp. 21-25). This is completely
different from the case of intra-firm technology transfer in which the transferor
has clear incentive and willingness to transfer technology. Thus, directjechnical
assistance is rarely observed. Moreover, the issue becomes more complex-simply
because inter-firm technology transfer is not, logically, the main source of
acquired technology. Local suppliers _acquire and develop their own capabilities in
several ways, such as acquiring technology from joint ventures, foreign licensing
or technical assistance agreements; in other cases they rely on the importation of
machinery to strengthen their technological capabilities. Accordingly, to explore
this issue thoroughly, this study will analyze technology transfer as a process of
knowledge conversion, which takes into account dynamic factors such as time,
space and the environments in which firms operate.

Therefore, the analytical framework for this study has been developed by
relating the idea of technology transfer to the idea of knowledge conversion put
forth by Nonaka and Takeuchi (1995). From Figure 1, two diagrams have been
developed to represent the technology transfer at two levels, the intra-firm and the
inter-firm levels. In each diagram, it proposes two major categories of knowledge,
i.e., explicit and tacit knowledge, and two major performers within the technology
transfer process, i.e., the technology source and the technology recipient to show

the various channels through which knowledge can be communicated and created.
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At the intra-firm level,® the source, in this example, is a Japanese assembler
(headquarter in Japan) and the recipient is its affiliate company in Thailand (see
Figure 2). At the inter-firm level, the technology source is Japanese assembler in
Thailand and the recipient is local suppliers (see Figure 3).

Theoretically, assembling plant in Thailand will receive full ‘intra-firm’
support from its parent company, therefore, it éan be argued that the technology
transfer and learning process of the recipient side of these two levels are different.
It is reasonably to believe that the learning process at the inter-firm level would be
more complicated. Also, the conceptual background described above indicates
that local suppliers can acquire technology in two major ways, by creating or
improving their own knowledge (i.e., knowledge created inside the company)
and/or by learning or expanding upon technology that has been transferred from
its source (knowledge created from having a relationship with an external entity).
In other words, for suppliers, internal efforts and specific investments to expand
their absorptive capacity are crucial factors for the efficacy of knowledye
conversion. That is, local parts firms can internalize knowledge through the
creation of both explicit and tacit knowledge and through the dynamic process of
conversioh between two dimensions of knowledge; i.e., explicit and tacit
knowledge (Nonaka 1991). This is the main reason for including the absorptive
capacity only in the framework of inter-firm technology transfer (as shown in

Figure 3).°

% Intra-firm technology transfer is defined as a situation in which technology is intentionaily
transferred by the technology source, a foreign-parent company, to its overseas affiliate. Intra-firm
technology transfer is crucial because the success or failure of its overseas affiliate is determined
by the quality of its transfer attempt (Sedgwick 1995). Typical transfer practices involve provision
of training to the affiliate’s local people, at home and/or in the host country, and instruction and
training at the work site (or on-the-job training).

? This is by no mean to neglect the importance of absorptive capacity of the Japanese affiliate. The
author did not include it because it will more complicate. Technological capability of the affiliate

14



Figure 2 Intra-firm Technology Transfer and Knowledge Conversion
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Source: By the authors, based on ideas of Nonaka and Takeuchi (1995), Kim (1997) and

Ernst and Kim (2002)

company in Thailand can be improved by the technical support from the parent company.
Discussion about this issue will be given in Chapter 4.
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Figure 3 Inter-firm Technology Transfer and Local Capability Formation

Automobile assemblers
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Ernst and Kim (2002)

The knowledge conversion process that takes place in both levels can be

described as follows; conversion from tacit to tacit {called socialization) takes
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place when one individual’s tacit knowledge is shared with another individual
through training or face-to-face communication, whereas conversion from explicit
to explicit (combination) takes place when discrete pieces of explicit knowledge
are combined and made into a new whole. Conversion from tacit to explicit
(externalization) occurs when an individual or a group is able to articulate his or
her tacit knowledge into an explicit format, while conversion from explicit to tacit
(internalization) occurs when new explicit knowledge is internalized and shared
throughout a firm and other individuals begin to utilize it to broaden, g;tend and
reframe their own tacit knowledge. As more participants in and around the firm
become involved in the process, such conversions tend to become both faster and
larger in scale (Nonaka and Takeuchi 1995). Nevertheless, effective knowledge
conversion requires two important elements: an existing knowledge base
(especially the tacit element) and an intensity of effort to develop that knowledge
base. This is known as ‘absorptive capacity’, and it is crucial in determining how
fast and successfully local suppliers can internalize the transferred technology and
make it their own. Intensity of effort and commitment to the process are more
important than the knowledge base because the former creates that latter, but not
vice versa. Thus, intensity of effort enables a firm to improve its absorptive
capacity, which in turn helps it achieve technology transfer from its customers

elfectively.
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Chapter 3

Research Methodology and General Information about

Firms Studied

The main purpose of this research is to examine the evolution of technology
transfer in the Thai automobile industry, by investigating roles of automobile
assemblers in promoting the technological capability of their affiliate and their
local parts suppliers. This research relies on both primary and secondary data. To
enrich our understanding of the current issue, the primary data seems to be more
appropriate. Thus, the author tries to obtain the ‘first hand’ information. If that
was not available, secondary data will be used for analysis. In order to fulfill
research objectives, the author conducted three-phase of field survey, during 2002
and 2005. The details are given below.

The first phase was conducted in 2002 and 2003 to gain a deeper
understanding of this issue. A series of exploratory interviews were undertaken to
gauge thff:/f.:xtent to which the changes within the industry would have an impact
on the automobile-supplier relationship. This author visited five major assemblers
and interviewed their managemeht staff. Basic information, obtained in 2003,
about these companies is shown in Table 1. The survey results suggested that car
manufacturers were changing their purchasing and production strategies in the
direction of globalization, i.e., the adoption of global sourcing policy and the

integration of Thailand into their global production network. This had created

18



substantial pressure on parts suppliers, especially in the area of engineering

capability, and resulted in changes in the inter-firm relationship.

Table 1 Basic Information about Automobile Assemblers Interviewed

Assemblers  Establishiment  Owmership Main products Production Capacity Market origntation
{in 2003)
Auto T 19605 Japanese  Passenger cars and pickup trucks 200,000 Domestic
Auto I 1960s Japanese  Pickup trucks 147,000 Domestic
Aute M 1960s Japanese  Passenger cars and pickup trucks 174,000 Export
Auto A 1990s Japanese  Pickup trucks 135,000 Export
Auto H 1990s Japanese  Passenger cars 50,000 Domestic

Note: All firms currently export their products; however, if they export more than 50
percent of total production, they are classified as Export, otherwise, as Domestic firms.

-~

Source: Information obtained from field survey during 2002 and 2003 R

-

In the secr~1 phase (during 2003 and 2004), the author designed a set of
questionnai 1 sent them to about 100 suppliers in August 2003. These
suppliers wer-e in the same sample to which a similar type of questionnaire had
been sent in 2000.'* The questionnaires were distributed in this way to take
advantage of existing information about the inter-firm technology transter, which
is believed to provide a clearer picture to the evolution of inter-tirm relationship
in the Thai automobile industry. [he main questions were designed to obtain
general information, the characteristics of the suppliers’ relationships with their
customers and the status of their technological capability. The questions also
asked how the companies had acquired their production technology and the
sources of the improvements to their technology, the kinds of technical linkages
their customers had provided, and the technological benefits that had been derived
from having established and maintained inter-firm relationship with automobile
assemblers in Thailand. As will be reported in the Chapter 5, 15 questionnaires

were returned; six were from foreign suppliers, seven from joint ventures, and two

'* Details about the structure of questions and sample firms surveyed in 2000, please refer to
Techakanont (2002).
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were pure Thai companies (see Table 2)." Then, during December 2003 and
February 2004, the authors conducted in-depth, follow-up interviews with local
suppliers who reportedly had received direct technical assistance from customers.
These interviews were undertaken to examine the dynamic process of
technological capability formation through inter-firm relationships and the
intensity of their efforts. The survey findings and an analysis of them are provided

in Chapter 5.

Table 2 Characteristics of Parts Suppliers that Answered the Questionnaire

Type of firms Foreign firms | Joint venture firms That firms Total
(6 firms) (7 firms) (2 firms) (15 firms)
Establishment
1960-1970 1 2 1 4
1980s 1 I 1 3
1990-1995 2 4 - 6
1996 onwards 2 - - 2
Employment
Less than 100 1 - - 1
100 - 199 1 - 1
200 - 499 4 4 - 3
More than 500 1 2 2 5
Sales (in 2002)
Sales less than 100 mB. - - - -
100-499.9 mB. 2 2 - 4
500-999.9 mR. 3 3 - 6
1000-7 1 1 - 2
moreth. .~ B, - 1 2 3
Percentage . export
0% 4 I - 5
01-10% - 2 2 4
10.1-20% - , . ) )
20.1-50% 2 4 - 6
More than 50% - - - -
Total 6 7 2 15

Source; Questionnaire survey in 2003

"' Note that foreign firms refer to companies which have foreign equity not less than 80%, joint
ventures to companies which have foreign equity between 20 to 79%, and Thai firms to companies
which have foreign equity less than 20%
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The third phase, during 2004 and 2005, was devoted to in-depth interview
with automobile assemblers in order to learn the practice of technology transfer in
product engineering and design capabilities. In order to select the appropriate case,
this author relied on secondary information. such as the plan for export and the
investment strategies of assemblers in Thailand. By comparing the export of
automobile from Thailand in 2004 and 2005, interesting evidence has been
observed. In 2004, it was reported that export of automobiles was 332,053 units,
growing 41 percent from 2003. Mitsubishi was the largest exporter, fc;}}owed by
Auto Alliance, Toyota, General Motors, and Isuzu (see Table 3). Howéver, in
2005, according to export projection by assemblers, Toyota will become the
largest exporter, around 150,000 units of its new HILUX VIGO, new models of
pickup trucks. VIGO is a part of the Innovative International Multi-purpose
Vehicle (IMV) project that was launched in 2004, Mitsubishi would be the second

largest exporter, follows by Auto Alliance (Thailand), Isuzu and General Motors.

Table 3 Exports of Automobiles during 1997 and 2004 (classified by

assemblers)
1997 1998 1999 2000 2002 2004
Mitsubishi Motor 40,072 63,797 60,986 63,541 75,581 88,033
GM - - - 6,283 33,276 45,248
AAT - 1,213 42,785 49977 47,333 73,842
Toyota 1.563 1,819 12,151 16,031 11,882 52,682
Honda 370 2,910 6,361 6,183 10,371 44,564
Isuzu - 20 516 5,689 1,348 26,954
Nissan - - 1,912 4,590 555 301
Others - 48 380 541 n.a. n.a.
ext 42,205 69,807{ 125,091 152,835 180,553| 332,053

Source: Mori (2002), Prachachart Thurakij, February 10-12, 2003, and Thai Automotive

Industry Association.
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Table 4 Production Capacity and Export Plan from Thailand in 2005

Year of announcement Annual production
Company Estimated export in 2005 Main export market
to use Thailand as export base capacity (units)

Toyota 2002 350,800 150,000 Asia, Australia, New Zealand, Ocenea
Mitsubishi 2003 176,200 100,000 EU, Africa, Middle East
Auto Alliance

1996 135,000 65,000 EU, Australia, New Zealand, Ocenea
(Ford & Mazda)
Isuzu 200,000 50,000 Middle East and EU

2001
GM 115,000 50,000 Australia, New Zealand, and Asia

Source: Compiled by the author, Thai Automotive Industry Association

To a certain extent, rapid expansion of production and export, as shown in
Table 3 and Table 4, can confirm the success of the industry and the effort of
foreign assemblers (especially Japanese firms) in transferring technology to their
affiliates. Based on several interviews with assemblers, and secondary data
published by many associations as well as in newspapers, the IMV project of
Toyota emerges as the most interesting case for several reasons, such as the
newness of the project (which needs additional investment), the surge in
production and export in the past few years, and these newly designed models are
launched first in Thailand. The success of this project leads us to expect the
massive. of technology transfer by Toyota, hence, studying this project will
contribute/.to the literature by adding new evidence and improve our
understanding of the issue. In the Chapter 4, the characteristics of the IMV project
and the roles of Toyota in promoting engineering and design technology at the
Thailand plant will be discussed, while the report on questionnaire survey and
case studies on technological formation of part suppliers will be provided in

Chapter 5.
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Chapter 4

Roles of a Japanese Automobile Manufacturer in
Transferring of Product Engineering and Design

Technology

4.1 Background of Innovative International Multi-purpose Vehicle (IMV)
e

Project -

Toyota Motor Corporation (TMC) announced the Innovative International
Multi-purpose Vehicle (IMV) Project in 2002 by launching sales of a new-type
pickup truck in Thailand. The project includes 5 models newly designed for sale
in more than 140 countries and customer demands for high levels of durability
and comfort. In addition, an increase in production capacity is announced in
Thailand and Indonesia, in April, 2005. It was reported in the Toyota’s website
that this project represents an unprecedented approach under a "Made by Toyota"
banner that will rely fully on the resources and potential of outside-Japan global
production and supply bases for both vehicles and components. It is also
remarkable for fact that production will start almost at the same time at its four
main production bases of Thailand, Indonesia, Argentina and South Africa, which
will supply vehicles to countries iln Asia, Europe, Africa, Oceania, Latin America
and the Middle East. In addition, the project also includes the production of some
major components in various locations, such as diesel engines in Thailand,

gasoline engines in Indonesia and manual transmissions in the Philippines and
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India, and their supply to the countries charged with vehicle production (See

Figure 4 and Table 6).

Figure 4 Toyota’s Production and Supply Network (IMV project)

ppinesEnd Blalatsis for each. dom

Source: http://www.toyota.co.jp/en/strategy/imv/

Table S IMYV Project Production Plan

Country Type Start-up Capacity {(units per year) Export market
- Pickup Aug 2004 280,000 EU, Asia, Oceanta, Middle East,
Thai
1 suv Nov 2004 (140,000 export)  |and others.
. 80,000 Asia, Middle East
Indonesia SUvV Sep 2004
(10,000 expurt}
Pickup 60,000 EU, Africa and others
South Africa 2005
SuUv {30,006 export)
Pickup 60,000 South America
Argenuna 2005
SUv (45,000 export)

Source: Summarize from www.toyota.co.|p
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Table 6 Main Production Countries of Parts Related to IMV

Country Main Production Item
Thailand Diesel Engine
Indonesia Gasoline Engine
Philippines Manual Transmission
India Manuai Transmission

Source: http://www_tovota.co jp/en/strategy/imv/

On a geographical and historical scale, th(; IMV project represents the ihird
stage of manufacturing for Toyota (see Figure 5). In the first stage, Toyota made
vehicles only in Japan and exported the units to world markets. This wé;/fotllowed
in the second stage by local manufacturing in key market areas. Now, supported
by trade liberalization, such as CEPT (Common Effective Preferential Tariff) in
the ASEAN countries, Toyota has entered the third stage by taking up the
challenge of building a more efficient production and supply system on a global
scale. With this initiative, the globalization of Toyota’s attitude towards “making
things™ and “quality” is becoming more important than ever. Therefore, it is
essential tor Toyota to transfer technology, not only the operative levels, but also
management, engineering and design capabilities to its affiliate and supplier

network in Thailand. The roles of Toyota in transferring technology will be

discussed in the subsequent sections.

25



Figure 5 Stages of Toyota’s Global Production
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Source: http://www. toyota.co. jp/en/special/imv/imv.html

4.2 From Product Development to Mass Production: Basic Concepts

This section will provide basic information for understanding why
technology transfer is necessary when a foreign assembling firm plan to faunch a
new model of automobile in another country. This fact lies on the most important
task, i.c., product development, that must be accomplished before transferring the
manufacturing of automobiles abroad. Product development activity may be
divided‘inj;e' four major stages, namely, concept generation, function and structure
design, " process development (or process engineering), and, finatly, when these
activities were complete, mass production will be launched (as shown in Figure 6).

According to Aokt (1988) and Clark and Fujimoto (1991), Japanese

automobile manufacturers normally develop new products and/or new models in

Japan, at their R&D center, in close collaboration with many part suppliers, both

'2 According to Clark and Fujimoto (1991), these two stages may be referred to as “product
planning” and “product engineering.” In a recent study, Thomke and Fujimoto (2000) explain the
these two stages were normally cartied out simultaneously, hence, it is sometimes known as
“simultaneous engineering.”
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Japanese and foreign firms. Intensive information exchange between the
assembler and parts suppliers normally takes place at this stage, because the
assembler relies on engineering capability of the suppliers in both parts design and
development. This process is usually performed in Japan because the assembler
can maintain an efficient flow of information with all the suppliers.'’ Mass
production would have no serious problem if it were launched in home country,
because of the proximity to its suppliers and similarity of management routine.
However, if this product will be produced in another country, problem and
difficulty generally arise, which in turn requires the assembler to spenci more

resource to transfer technology to its affiliate as well as to local suppliers.

Figure 6 Stages of Product Development Activities
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Source: Thomke and Fujimoto (2000), Figure 2, p. 131

¥ According to a study, Kimbara (1996) reported that a supplier with design capability spent about
eight months designing and developing the first prototypes for the customer, and it needed about
six months for adjustments and to make the second prototype. This example can express the high
degree of collaboration between the two parties, and it supports why this process still remains in
Japan.
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In the case of Toyota’s IMV project, as mentioned earlier, there were 5
newly designed models. From its formal announcement, it took less than three
years for launching all models in 2004, which was considerably shorter than other
projects in the past. In addition of intensive technological transfer and support,
improvement in information technology, such as computer-aided design (CAD)

and digital engineering, is one main factor accounting for this success.!* Based on

interviews with many assemblers, the transfer of production to overseas facilities
normally occurs when the technical issues of the product engineering stage were
almost complete. The most important task is to prepare for the mass production at
the affiliate and to follow up all suppliers to meet the overall project schedule. '’

For the sake of simplicity, the contents of technology transfer to Thailand
may be classified into three parts, namely, 1) product development (which
includes concept generation, product planning, product engineering, and
engineering changes) 2) process preparation (or process engineering) and 3) mass
production, as shown in Table 7. In this section, roles of Toyota in transferring

engineering and design capabilities will be explained.

s
'* According to Liker (2004), Toyota could shorten lead time to market, i.e.. time required from
product development to mass production, to only 12 months. However, the author did not explain
or give information about general characteristics or design complexity of such projects. It is
believed that for the IMV project, it would require more time and resources because Toyota would
have to provide technical assistance not only to its affiltates but also for suppliers in the host
countries.

'* In a similar investment project, Techakanont (2002) observed that Japanese assemblers need to
provide technical support to suppliers in Thailand. A main reason is the geographic isolation
between preduct development and production activities. Therefore, many local suppliers that had
no participation in the development stage could not understand some technica] requirements, and,
hence, technical assistance was necessary. Currently, assemblers require that suppliers should
provide some development or engineering services, thus, supply chain management becomes more
critical to maintain competitive advantage. As stated in a report, Vaghefi (2001 ) notes that
engineering and development reliance on suppliers tend to be more important for assemblers
because it accounts for about 85 percent of direct production cost. This strategy can provide some
benefits to assemblers, such as aveiding investment, lower associated risk, and lower costs of
development and production, especially when suppliers gain more specialization. (see

http://www tovota.co.jp/en/special/toyota philosophy/)
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4.3 Technology Transfer in Product Engineering and Design Capabilities

In 2002, there was a report about the strategic changes in investing
pelicies of Japanese assemblers in Thailand (Mori 2002). The change was that
they would transfer higher level of technology to their affiliates, especially
product development, design, product and process engineering technology (see
Table 7). In 2003, Toyota and Mitsubishi announced the plan to establish a
research and development center in Thailand (Business Day, January 16, 2003,
Krungthep Thurakij, June 16, 2003}, which confirms Mori’s o_l;servation.
However, at that time. it was not clear if that would entai} a new and higher wave
of technology transfer.

Based on several interviews by this author, since 2002, there was evident that
some assemblers alrcady made the progress in transferring some aspects of
product and process enuincering to their employees, such as capability to revise
some engineering design of body parts and some components that are not safety

parts.!® Under the IMV project, Tovota took the lead by setting up a research

center, called “Toyota Technical Center Asia Pacific Thailand” or TTCAP-TH,
which is one of the two research centers (the other one is in Australia). The center
is located at Amphur Bangbo, Samutprakan Province. It was reported that Toyota
invested more than 2,700 million baht and commenced operation in April 2005,
There are about 290 staff, most of them are engineers. After recruitment, they
were train in Thailand on average three to six months, then they were sent to

Japan to work with Japanese engineers in product development division about one

'* An interview with Thai engineers of a Japanese assembler who were being trained at the
headquarter plant in Japan indicated that they were able to do analysis and revise some
engineering changes. Although each case needs to receive final assessment and approve by
engineering division at headquarter, every ‘engineering change notice’ has to be written
systematically and thoroughly evaluated before submission. Without sufficient knowledge
transferred, this could not be possible (Interview on March 16, 2004, in Japan)
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to two years (http://www.toyota.co.jp/en/news/05/051 1.htm! and Prachachart Thurakij,

June 16, 2003).

Table 7 Processes that are Likely to be Transferred to Thailand

Process Stages Individual processes Before | 2002
2002 onwards
Concept generation J J
Product Product Plan.mng- J J
Product Engineering J T
Development - -
Engineering change for local
N J T
specification
Process T T
engineering
Production stage In~h01fse production management T T
Supplier management T T

Note: Product engineering is a process consisting of repeated engineering, prototype
making, testing cycles that fead to the completion of formal drawings for products and
parts. ] = Japan; T = Thailand.

Source: Adapted from Mori (2002); Fig. 2, pp. 33, and from interviews by the author.

Normally, each assembler has its own way to develop new product, i.e., it is
the company’s specific knowledge. Most of technologies and skills are embodied
in organization routine and human resources, which are difficult to transfer. For
Toyota, it has its own development system, called “Toyota Development
System.” "’ Therefore, it is necessary for TTACP-TH to have their engineers
worked arfd trained in Japan. On-the-job training is probably the most effective
method to transfer ‘tacit’ skill of Japanese expert to Thai engineers through
‘socialization’ process. After ledarning such skills, Thai engineers have to

transform their skill into a more explicit form, such as to develop documents into

Thai language (externalization) or to improve the knowledge they have learned

'’ For details about product development of Toyota, see Fujimoto (1999), Amasaka {2002)and
Liker (2004)
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into a new standard (combination). This set of explicit knowledge would then be
crucial for sharing with and training to other staff at TTCAP-TH (internalization).

Examples of technology that need to be transferred to Thai engineers are
Toyota’s development software such as CATIA (Computer-Aided Three-
Dimensional Interactive Application), and digital engineering software that
Toyota collaborated with Delmia (Digital ”_Enterprise Lean Manufacturing
Interactive Application), in which the project is catled V-Comm (Virtual & Visual
Communication). Thomke and Fujimoto (2000) reported that this software help

-

Toyota to shorten lead time for product development because it can efficiently
simulate and analyze the feasibility of design, which is the Design-Build-Run-
Test cycle in Figure 6 at the very early stage of product development.'® This
digital manufacturing is changing the way Toyota and other larger manufacturers
develop and create new products with advanced 3-D simulation, promising to
dramatically speed the time-to-market for nuw products while cutting
manufacturing costs considerably. Thus, these are arcas that Thai engineers have

.. . . . .. L
to comprehend, and training in Japan was crucial in determining the success. "

"8 However, it is also because of Toyota’s systematical record about the success and failure of
design, development and engineering related issues, which enables Tovota to avoid 80% loss from
inappropriate design in prior to the production of the first prototype. Accordingly, Toyota could
shorten time to market by 33 percent, avoid the engineering changes after releasing the first
drawing by 33 percent, and lower development cost by 50 percent. DELMIA Press release (2004),
available at http://catiaworld.com/cwnews/view.asp?msglD=67

1 Nonetheless, it can be expected that the main function of R&D activity will be performed in
Japan. The centers in Thailand and in Australia would play supportive roles, as indicated in a
company’s document, ( An introduction to Toyota factory in Thailand) that TTCAP-TH’s
functions included “survey and research about consumer preference about style, technology, color,
and material for parts. Then this information will feed to the R&D center in Japan to develop and
design new automobiles.”
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4.4 Technology Transfer in Process Engineering Capability

The steps and procedures of technology transfer in process engineering are
similar to the transfer of product and design capabilities explained earlier. The
difference lies in the content of technology and the location. Because Toyota has
long operating experience in Thailand, this preparation process usually takes place
at both in Japan and at the plant in Thailand (as also indicated in Table 7). Due to
the advancement in design technology, Toyota can perform product engineering
and process engineering simultaneously at the early stage of design and
development. Toyota uses “digital mock-ups” software to do experiment on
virtual assembly and simulate the working environment in 3 dimensions. Also,
this software can analyze the ergonomics and the working condition between
workers and machines digitally, so that Toyota can design safe and efficient
assembly lines before the construction of the ‘real’ production lines at the
factory.”

Even though the design of production line could be done in Japan,
dispatching experts to perform the preparation in Thailand was essential because
the installation of machines and equipment had to be done in Thailand. At the
same tim"é):’.some Thai engineers were sent to Japan for training at the production
site, so that they could learn how to perform and manage the production line {(tacit
skills) from Japanese experts. Then, these trainees had to codify and transform
their accumulated tacit knowledge into a more “explicit’ form of knowledge,
which is easier to share with other staff, such as working manual or standard for

operation. These documents were then studied and improved by Thai and

® This is a part of the V-Comm project, in which engineers of Toyota can perform the simulation
from V-Comm rooms in different locations simultaneously.
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Japanese engineers. A set of new explicit knowledge such as working manual for
the operation in Thailand would be developed (combination). Finally, all of these
documents will be used to train and to embed the skill into all emplovees
(internalization). Because the transfer of this technology usually requires “time’
and ‘space’ for workers to ‘socialize’, the presence of Japanese experts in
Thailand is one crucial factor in determining the success of technology transfer.
The SECI process explained above is the task that Toyota has to accomplish.
The process is similar to the observation of a previous study by nghakanont
(2002) in a sense that Japanese assemblers aim to develop the skill of “trainers,”
which will be crucial in passing on the skill to their peers and/or subordinates.
Usually, the preparation stage requires enormous supports from headquarter in
forms of man-hour of experts and training program for local staff, for instance.
With this projection and the intense competition in the global market, Toyota
responded by establishing ~Toyota Global P'roduction Center” (GPC) in July 2003.
The mission of GPC is to rapidly instruct large numbers of mid-level plant
managers from overseas and Japan in best practices. A reason behind this
establishment is because of globalization strategy of Toyota; as can be seen in the

following statement;

Toyvota sees increased self-reliance for overseas affiliates as essential to successtul
worldwide expansion. With over 50 manufacturing sites in 26 countries and
locations worldwide, Toyota’s traditional “mother plant” system of support has
been stretched. Toyota’s overseas vehicie production posted a year-on-year increase
of 18.7% in CY2003 and is on course to rise another 20% in CY2004. “We must
advance our competitiveness by developing more efficient training to support
overseas manufacturing efficiency and quality,” explains Toyota Executive Vice

. . . 21
President Kosuke Shiramizu.

I http-//www.tovota.co.jplen/special/gpe/gpe.html
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The GPC has an objective to reduce resources and costs that the headquarter
has to support their overseas facility, at the same time, it aims to provide ‘best
practice” operation skill to middle class managers. Toyota emphasizes the
importance of tacit knowledge of its employees, as it is the key element of the
Toyota Production System. One of the main achievements to promote this is the
development of “visual manuals.” Visual manuals are created because Toyota
sought a “common base” for manufacturing at Toyota plants worldwide. Also,
this means that Toyota has to find and organize the best practices and eliminating
individual methods that rarely written down. In doing so, Toyota “selected and
organized the best practices for each skill and applied digital technology to
compile these methods into ‘visual manuals,” keeping text to a minimum, while
using photos along with short animation and video clips to facilitate rapid
comprehension.” The manuals also have slow-motion videos clips which enable
trainees to grasp skills of experts who tend to demonstrate too rapidly. The use of
animation with necessary explanation can be regarded as an attempt to ‘decode’
the ‘tacit’ skills of experts into a new form of ‘explicit’ knowledge that can be
efficiently-Shared and learned by other staff. As a result, Toyota can reduce the
time and resources spent on support its overseas plants and on traimning their staff
globally. In 2003, 1t was reported that GPC had about 2,000 visual manuals in

stock, covering a vast repertoire of automotive assembly processes.

34



Figure 7 An Example of Visual Manual
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Source: http://www.tovota.co.jp/en/special/epc/ope. hunl

For efficient and effective skills training, trainees will be trained through
four stages at GPC (see also Figure 8):

(1) Trainees acquire basic knowledge using visual manuals.

(2) They practice fundamental skills — such as how to tighten screws so
they are not too loose or too tight — at specially designed work tables,

(3) They progress to “element work™ training. such as joinng a door lock
rod and door handle.

(4) They learn the basics of standardized work, including how to start and
end an operation, the kanbhan system of just-in-time parts ordering and how 1o use

the andon system to halt the line if there is a problem.*?

Figure 8 Training Steps at GPC
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Source: hiip://www.toyota.co.jp/en/special/epc/epc.hitml

22 Kanban, Just-in-time, andon are some basic skills of the Toyota Production System (TPS).
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Carefully considered, the training practice of GPC is consistent with the
SECI process of Nonaka and Takeuchi (1995). It begins with the assembly of
experts in manufacturing skill (socialization) in order to create best practice
manual {(externalization). Then, each manual will be developed into a new form of
explicit knowledge (combination), i.e., the ‘visual manual.” This manual is then
used in training. Trainees can learn from the visual manuals and then assimilate
such skill into their skill (internalization).??

Because of this efficient method of training, GPC is augmenting this
capability to reduce preparation time and minimize the need to send personnel to
overseas sites to supervise training for new-model assembly. It is reported that
Toyota can reduce training costs by 50 percent, while improving the training
effectiveness by 6-7 times. The aim of GPC to reduce support resource can be
seen in Figure 9. However, the GPC was established after the announcement of
the IMV project. Thus, it is believed that the GPC was not fully utilized for this
project, then, sending Thai trainees to train in Japan and dispatching Japancse

expert to train staff in Thailand was necessary.

Figure 9 Aim in Reduction in Support during the Preparation Stage
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Source: http://www.toyota.co.ip’en/special/gpc/epe. himl

¥ However, the participation with Japanese experts, or trainers, during the training is important for
the transfer such skills.
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4.5 Technology Transfer in Production Management: the Toyota Production

System

After the launch of IMV project, Toyota Motor Thailand expanded their
annual production capacity from 200,000 units in 2003 to 350,000 units in 2005.
This calls for a more systematic production management system of its operation
and of its suppliers. Therefore, it is essential for Toyota Motor Japan to transfer
and spread its strength in production management system, called “Toyota
Production System” (TPS). For the Thai plant, TPS has been initiated since 1998
and it is known as “Toyota Way.” At first, Toyota tried to implement oniy in its
factories. Since 2001, this activity has been promoted to suppliers, as will be

explained later in this section. In essence, TPS consists of three main activities;**

1. Just-in-Time: produce right parts, right amount, at the right time.

(=]

Jidoka: n-station qualits control — making problem visible and never

letting a defect pass into the next station.

(V¥

Kaizen: continuous improvement that encourage employees to suggest
new tdeas to reduce waste and improve productivity.

It should note that the “Toyota Way” is not merely a tool that anyone can
adopt and utilize efficiently without effort. There are other issues, such as
corporate culture. organizational routine, and vision. The gist of the system is the
“kaizen” mind and the core factor i1s the company’s human resource. The TPS can
be prevailed in organization that had well-trained staff with kaizen mind. Without

that, JIT and Jidoka will be meaningless. For instance, if an operator found a

* TPS was developed by Taiichi Ohno and was applied not only to the shop floor of Toyota plants
but also spread to suppliers (Liker 2004, p. 32). In fact, TPS consists of many sub-activities under
these three main activities. For reference about the TPS, see Ohno {1988), Fujimoto (1999), Liker
(2004).
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defect in the line and did not hold the “andon,’ the line will not stop, the problem
will not be corrected, hence, the utmost quality of product cannot be achieved.
Therefore, the human resource department of Toyota is important to provide
training to their employees and to develop evaluation scheme in order to ensure
the effectiveness of training.

For TMT, to maintain and improve its competitiveness, it needs to spread
the application of TPS to cover not only its own staff, but also the manufacturing
of parts (i.e., its suppliers) and the sales units (i.e., its dealers). The company
initiated two main courses of action for this. On the one hand, it has been
promoting the TPS at the manufacturing level, 1.e., at the production site of
suppliers. This activity is conducted by a team of specialists in the purchasing
department. They will rove from time to time to instruct and assist the suppliers to
implement a TPS model line in their operation. This program is run on a voluntary
basis. Suppliers in the “Toyota Cooperation Club” can apply for this program. It is

expected that all members will join TPS activity by 2007.2° On the other hand, it

promotes the TPS at the management level. For this purpose, in 2004, “Toyota
Academy” was established as the training center for promoting TPS. It offers
several cﬁﬁ}ses for senior executives and executives of its affiliates, suppliers and
dealers. In 2004, 1t offered 6 courses. In 2005, the number of courses increases to
15 courses. The number of coursés and attendees are expected to increase in the
future, indicating the long term commitment of Toyota to diffuse its technology to

all parties involved in its supply chain in Thailand.

** Interview with a staff of Toyota’s purchasing division, March 7, 2004,
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Chapter S

Inter-firm Technology Transfer and Local Capability
Formation: Case Studies

As discussed in C'hapter 3 and Chapter 41 the Thai automobile industry has
recovered from the economic crisis and has been transformed into an export
oriented industry in the past five years, as indicated by the surge in both

P
production and export amounts. Because the automobile manufacturing requires
large number of parts and components, the rapid expansion makes assemblers to
have close relationship and even require higher technological level from their
suppliers. Thus, in this chapter, we will turn our focus to the suppliers’ side and
study how the changes in the industry affect their relationship with automobile
assemblers, whether or not the technological linkage has been changing and how

it evolves. Field survey results will be presented and three case studies will be

discussed.

5.1 Evidence of Inter-Firm Technology Transfer in the Thai Automobile

Industry

This part presents the field survey findings regarding the existence of inter-
firm technology transfer in the Thai automobile industry. The questionnaire asked
the firms to specify three important buyers (in terms of value of order) over the
previous three years (2000 — 2003), to investigate the types of inter-firm
relationship they had had with them. The assistance reported was of two types: 1)

direct assistance, referring to the cases in which suppliers reported having some
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customers’ staff staying on as support for a period of time, and 2) indirect
assistance, referring to situations in which the respondents received some other
form of advice from customers. Those who answered neither were regarded as
having received nothing. The questionnaire results showed that, of the 15 firms,
only three reported having received technical assistance as well as technical
advice from their customers; 11 firms reported having received technical advice,

while the rest appeared to have received nothing (see Table 8).

Table 8 Number of Respondents Receiving Technical Assistance from
Customers (during 2000 and 2003)

Degree of inter-firm technical assistance Foreign Joint venture  Thai Total
Received direct assistance from customer 1 - 2 3
Received only technical advice 4 7 - 11
Not at all 1 - - |
Total number of firms 6 7 2 15

Source: Questionnaire survey in 2003

However, the follow-up interviews with the assemblers revealed that all of
them had teams that periodically visited and followed up on the work of the
suppliers to ensure the quality and timing of all parts ordered. In many cascs, their
staffs merely visited and provided technical advice on specific problems found
during 'theﬂ‘_visit or on areas for improvement. Thus, the suppliers had received
various kinds of technical advice from their customers.”® The questionnaire noted
four types of such technical linkages, including advice about quality control.
maintenance, design drawings for the making of dies or tooling and advice about

project management. As shown in Table 9, almost all suppliers had received

advice about quality control, while about half of them received advice about

% Some firms may have realized that they had received nothing, despite having been visited. In
this survey, there was only one case of a firm that had not received any advice from an automobile
customer; hence, this firm was considered to have received nothing.
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project management. Only few of them received advice about maintenance and

design.”’

Table 9 Technical Advice Suppliers Received from Customers

Types of technical advice Foreign Joint venture  That Total
Quality control practice 3 7 2 14
Advice about project management practice 3 3 2 3
Maintenance ! 1 1 3
Design drawing to make di¢ or tooling - - 2 2
Total number of firms 6 7 2 15

Source: Questionnaire survey in 2003

By rearranging the information obtained from the questionnaires, the authors
were able to correlate the technical linkages the car assemblers had created with
these suppliers. As regards their answers about who their main customers were,
they mentioned eight car assemblers, six of them Japanese firms and two non-
Japanese firms. As shown in Table 10, the Japanese assemblers seemed to have
played a more active role in providing inter-firm support, while non-Japanese
firms provided only advice about quality control. The more active roles of the

Japanese firms could be explained by the larger scale of their production and their

longer experience in Thailand.®

*7 Based on the information obtained from the survey, only six suppliers (two are Thai firms)
reported having performed design activities. As seen in the table, only two Thai firms received this
assistance, while foreign and joint-venture firms did not receive it. This implies that an inter-firm
technica!l linkage is likely to be created with suppliers that have limited opportunities. In foreign
and joint ventures, this is accomplished through ‘intra-firm’ support.

* Production capacity of Auto B was about 10,000 units, while Auto G about 40,000 units per
year. While that of Japanese firms were larger than 100,000 units a year, see also Table 1.
Nonetheless, this information should be interpreted with care because it is derived from suppliers’
answers that they receive what kind of support or advice from their main customers. Interview
with assemblers indicate that each firm has its own plan and program to support suppliers.
However, this is beyond the scope of this paper. Future research may be taken by investigating in
details about supplier development program of these firms to yield clearer understanding.
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Table 10 Technical Advice Assemblers Provided to Suppliers

Types of technical assistance that each Japanese firms Non Japanese firms
car assembler provided to supphiers Auto T AutoM Autol AutoN Auto A AutoH| AutoB  Auto G
Quality control practice 5 5 8 1 6 5 1 1
Advice about project management

practice 3 - 2 - 2 ! - -
Design drawing to make die or teoling - - H - 1 - - -
Maintenance - - - - )i - - -
Total number of suppliers that suppl

parts to each asseml:}])er e 3 3 8 2 7 3 1 1

Source: Questionnaire survey in 2003

The findings presented thus far confirm the existence of and reveal the
current state of inter-firm technology transfer in the Thai automobile industry. The
suppliers acknowledged that these linkages with automobile assemblers provided
benefits in several ways, such as improving their quality-control and problem-
solving capabilities and teaching them new production processes and management
practices. They added that all of these had led to improvements in their
technological capabilities.

All firms in the sample reported that, compared to three years previously,
they had experienced technological improvements such as reductions in defect
rates, shortening of time cycles and reductions in production costs. However, as

discus$ed in the previous section, in addition to inter-firm technical linkages, there

»
o

ra

are several other possible sources of such improvements, such as internal efforts.
the adoption of newer machinery, longer-term worker experience, the creation of
[inkéges with suppliers and instiiutions, and even the hiring of skilled workers
from other companies. Accordingly, it was also necessary to inquire about the
sources of the improvements noted.

The questionnaire asked all suppliers about the importance of several

potential sources of technological improvement. Theoretically, firms could
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improve their productivity in several ways, such as 1) acquiring new machinery
(newer models of machines that were technologically more sophisticated), 2) in-
house training efforts, such as training or technological activities, 3) the build-up
of employees’ experience (the learning-by-doing effect), 4) the hiring of skilled
workers from other companies, 5) technical assistance resulting from having a
relationship with the customers (inter-firm relationship with customers), 6) the
improvement of the quality of the suppliers (inter-firm relationship with suppliers),
and 7) technical linkages with institutions in Thailand (domestic jgurces of
technology).” -

In Table 11 and Figure 10, the responses are displayed in accordance with
their average values, from high to low. In-house efforts and the improved
experience of employees were regarded as the most important sources of
technological improvement. It is interesting to observe that those improvements
came from their suppliers, inter-firm technical relationships with customers. and
the adoption of new machines that were expected to have a stronger impact.
Technical linkages with institutions in 1hailand such as universities. government
laboratories, or technical training institutions were found to be less important to
foreign and joint venture firms than it was for Thai firms. This finding provides
cvidence 1o support the argument that firms with foreign ownership have
considerable opportunities to obtain necessary technology (both for manufacturing
and for improving productivity) from their parent companies. Such opportunities
are not already available to That firms; therefore, it is not surprising to observe

that a domestic source of technology is regarded as an important source of

 They were asked to state the degree of importance of each factor, based on a Likert-scale from 1
to 7, in which 1 means that the particular source is not important at all, while 7 means that the
particular source is extremely important, that it contributed to their itnprovement.
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technological improvement for independent Thai firms. As regards the last factor,

head-hunting was found not to be an important factor for technological

improvement; however, it received a high evaluation by Thai firms.

Table 11 Sources of Technological Improvement

Sources of technological improvement Foreign Joint venture Thai  Average
In-house training 7 6.14 5.5 6.4
Higher experience of employees 6.17 5.86 5.5 5.93
Quality improvement by suppliers 5 4.57 5.5 4.87
Technical linkage with customers 4 5.29 5 4.73
Adoption of new machine 4.33 4.29 5.5 4.47
Technical linkage with institutions 383 2.57 4.5 3.33
Hiring well-trained workers from rival firms 1.83 1.29 3.5 1.8

Source: Questionnaire survey in 2003

Figure 10 Sources of Technological Improvement
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5.2 Inter-firm Technology Transfer and Local Capability Formation: Case

Studies

Field survey results presented earlier clearly show that automobile

assemblers created inter-firm technical linkages, which made local suppliers

realize that that was an important source of technological improvement. However,
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the process of technology transfer is not static. Once the environment in which
firms operate has changed, e.g., the changes in the assemblers’ production and
purchasing policies that were discussed previously. those changes would affect
the content of the inter-firm technology transter as well as the capability
formation of local suppliers. Thus. in this section, the results of the follow-up
surveys regarding the three cases that reportec!_ inter-firm technical support from
assemblers over the previous three to five years will be discussed. Then, an

analysis and some general observations about the evolution of inter-firm
e

PE
A

technology transfer and technological capability formation within these three

firms will be provided.

5.2.1 Case 1

Supplier A is a joint venture between a Japanese motorcycle manufacturer
(62%) und o« Thay tirm (38%). In 2003, its main products were motorcycle parts
(50°) and automobile parts (17%) and others (die cast molds and machining
services). However, the equity ratio at its establishment, in 1990, was Thai (72%)
and Japanese (28 %) businesses. The ownership structure was changed after 2000,
due to liquidity problems (after the economic crisis), changes in the production
technology and intense competition.

From 1990 to 2000, during which time the main source of the production
technology was its Japanese partner, the Thai owners had management authority.
The company’s main products were casting parts for motorcycles. After 1993, the
company has diversified its business to include the casting of auto parts, this was
possible because of the Thai majority ownership. However, the Japanese partner

was passive about providing technology to assist this supplier because its business
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was unrelated to the firm’s main business. Supplier A acquired technology
through a technical assistance (TA) agreement with a Japanese casting company
to produce parts for Auto 1. In 1996, it received approval to supply casting parts to
Auto A. It believed that it could utilize the know-how it had acquired earlier to
produce the same product for new customer. However, due to the difference in
production techniques and specifications of the casting product, this supplier
could not simply follow the production technique of Auto L In fact, Auto A
required that Supplier A take full responsibility for production preparation. Once
it was clear that Supplier A could perform such activities to a tight deadline, Auto
A needed to provide technical support. That technical support included sending
experts to assist, work with and train local staff members (socialization) in the
preparation stage (which lasted about two years) and the provision of designs for
the new production line (transfer of explicit knowledge); in addition, all expenses
were borne by the buyer (Auto A).*°

Why did Auto A have to bear this costly activity when it could not gain any
monetary benefit from doing so? There are two main reasons for this. One was
that this obligation was on the mandatory list of the LCR regulations. Thus, Auto
A had to"procure the parts locally. Another reason was that it was impossible to
switch to another supplier because of lead-time constraints. Hence, to avoid the
setback of the entire project because of a delay on the part of a supplier, Auto A
determined that providing intensive technical assistance in the technical area that
the supplier lacked was both more economical and more efficient. This is a clear

example of technology transfer through a buyer-supplier relationship, in which the

% Details about the inter-firm technology transfer activity by this firm to suppliers in Thailand,
including the case study of this supplier, were provided in Techakanont (2002). However, in that
report, this assembler was named ‘T-firm’.
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buyer enhanced the local supplier’s capability, especially in the area of its quality-
control and project-management capabilities, without receiving any monetary
payment for providing such assistance.

However, because of the economic crisis, the supplier faced a severe liquidity
problem. This called for a rescue plan by its Japanese investor, which had also
planned to make this supplier its regional base. Since the Japanese company
became the majority party, ‘intra-firm’ technology transfer has become the main

source of technology. As a result, Auto A changed its view of this supplier, in that

P
&

it no longer considered it necessary to provide direct technical assistance, as it had
done from 1997 to 1999.* In the event that quality problems arose, the Japanese
partner was responsible for solving them and supplying the counter-measure.
Intra-firm support took the form of increasing numbers of Japanese
expatriates from one to six to provide coordination. technical advice, and training
to enhance the technological capabilitv of the supplier. The role of the Japancse
partner in assisting this supplier included a short- and long-term plan. To
overcome the low utilization capacity in the short-run, due to the economic crisis,
it transferred orders from Japanese headquarters to Thailand. This included the
transferring of molds and machinery for producing the parts and exporting them to
Japan. This process is still ongoing. As its longer-term plan, it installed a new
production line for a new product, low-pressure casting for cylinder heads (for
motorcycles). In addition, it set up another casting process whose production
technology was somewhat similar to that of the production of cylinder heads for a
new generation of diesel engines (made from aluminum, instead of using ferrous

casting). This was considered part of its plan to develop the production skills of

*' Interview with a top management of Auto A on March 12, 2001,
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Supplier A for future orders by some automobile assemblers in Thailand. This
new technology is much more difficult to carry out than ferrous casting; hence, it
was disclosed that without the Japanese partner, it would have been impossible for
Supplier A to acquire this technology.

Moreover, in 2001, local engineers were sent to the headquarters plant in
Japan to learn about mold design. Two groups were sent; each group consisted of
three engineers, and the duration of their training was about three months. They
were trained on the job, and the target was to make the Thai engineers understand
the details of mold design so that later they could collaborate with mold-makers in
Thailand. The Japanese firm made additional investments in computer aided
design (CAD) and computer aided manufacturing (CAM) technology to support
this activity. As a result, the design capability of Supplier A has been enhanced
and developed. Previously, Supplier A lacked the knowledge about how to make a
mold. It just gave a drawing of the part to mold-makers for them 1o produce. The
mold-makers then proceeded to make ‘as cast’ drawings and mold drawings, after
which they produced the mold. There was always the chance that some problem
might firise due to the improper mold design and that Supplier A would not realize
it until the trial of the finished mold. Thus, it took longer to have a perfect mold
complete. After their training in Japan, local engineers came to understand the
hidden technical issues specific-to the part drawing and could translate and
develop the drawing into an appropriate ‘as cast’ drawing. It was unable to do so
in the past and lacked sufficient technical knowledge to collaborate with mold-

makers in the process of mold design. As a result, a complete mold could now be
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finished within a shorter time span, as sometimes required.” In 2003, Supplier A
was able to produce about 50 to 60 molds, half of which were exported to its
Japanese affiliate in other countries. Hence, this is clear evidence of the
technological development of this supplier. and the active role of the Japanese

experts should be acknowledged.

5.2.2 Case 2

Supplier B, an independent Thai firm, was established in 1986. It belongs to
S-group, the largest avito parts group in Thailand, which consists of méﬂfg than 30
companies. The oricin of S-group can be traced back to the establishment of the
S-firm, which was founded in 1972 as an Original Equipment Manufacturing
(OEM) producer for motorcycle seats, trimming parts and other parts. [t began
business as an OEM supplier because it had a close business relationship with,
and been receiving considerable assistance from, Auto M from the beginning. The
inter-firm relationship benefited S-firm by allowing it to acquire manufacturing
technology. As an ecxample, Auto M had introduced S-firm to its Japanese
suppliers tor the purpose of strike technical assistance deals with them, and, at the
same time, Auto M had dispatched Japanese experts to work, assist, and to
transfer technology. particularly in the area of stamping and die-making
technology. to S-tirm. Since then, its production and technological capability has
been developed.

In the mid-1980s, Auto M requested S-firm to expand its production of auto
body parts and other stamping parts. Auto M recognized that S-firm had

investment capability but not technical expertise; therefore, it decided to provide

321t could complete the design process about 5% faster than it could three years previously.
Currently, for a similar type of mold, the lead time for making a mold used by Supptier A is about
30% longer than at the best practice plant of the Japanese firm.
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technical support.* In 1986, S-firm established Supplier B and received a
technical assistance agreement with Auto M for the stamping die-manufacturing
tecimo-logy. Since then, Supplier B has developed its technological capability and
become an indispensable supplier for Auto M. It currently produces a wide range
of products, such as stamping dies, press parts, bumpers, chassis frames, door
hinges, fuel tanks, car bodies and exhaust pipes and mufflers; it also supplies
products to almost all automobile manufacturers in Thailand. This company
acquired technology through technical agreements with many foreign companies
(almost all of them Japanese firms) that specialize in particular products; however,
for stamping and die-making technology, it mainly received technical advice from
Auto M.

It has been reported that Auto M transferred substantial technology,
especially in the area of metal-stamping and die-making technology, to assist
Supplier B in acquiring the necessary operational capabilities to produce good-
quality parts. From the beginning, in addition to setting up the production line and
installing machinery, Auto M shared information assets, such as the standards for
die-making (explicit knowledge), and sent a number of Japanese experts to work
with Sﬁﬁplier B. * Supplier B’s engineers shared experience through
‘socialization’ with Japanese experts and assimilates such explicit knowledge into

their own tacit knowledge (internalization). Auto M’s die-making standard has

% In fact, there were three options for Auto M to localize stamping parts: 1) to import, 2) to
produce in-house, or 3} to outsource from local suppliers. The first option might not be justified
because of its bulkiness and in part because of the LCR regulations; hence, the firm had to choose
between in-house production or subcontracting out. However, it was the company’s strategy to
outsource stamping parts and to develop local suppliers, such as Supplier B. At present, it also
outsources outer panels, a practice that is completely different from other car makers, which
usually produce these parts in-house.

It has been reported that there have always been Japanese staff people working with this supplier,
but the total number has varied from time to time. Over the past three years, there were on average
four Japanese experts working at Supplier B.
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been revised, adapted, and developed to local working conditions.” The revision
of this die-making standard was done through brainstorming by the responsible
engineers and technicians to find the solution (internal socialization). Once they
found that solution, the standard was revised and added to the stock of explicit
knowledge (externalization). Over time, localized versions of the company’s own
die-making standard have been established (combination).

An important step of inter-firm collaboration came in the years 1993 to 1995,
when Auto M requested that Supplier B conduct an engineering study gﬁstamping
parts of competitors’ vehicles in order to feéd that information back to Auto M’s
design center, which was developing a new model of pickups to be launched
around 1995. This activity is called ‘tear down’, and essentially it is very similar
to ‘reverse engineering,’ i.e., disassembling all the stamping parts of existing
competitors’ products to analyze the specifications of the raw material. stamping
processes, parts designs, and, in total. the stamping technology. Supplicr B had w0
make an enormous investment in computerized software, such as computer-aided
design (CAD) and computer-aided munufacturing (CAM) programs. as well as in
much testing equipment. A designated group of engineers worked closely with
experts from Auto M (socialization). Close supervision and guidance from the
Japanese experts helped Supplier B broaden and decpen its capacity in very
important basic engineering area, e.g., raw materials, die design and process
engineering technologies, all of which added to its own stock of knowledge

(socialization and then externalization). Combining the intensity of Supplier B’s

* 1t should also be noted that die-making standards have been revised because Supplier B was
supplying stamping parts for other automobile assemblers whose design standards were slightly
different. Technical advice from automakers has been acknowledged as an important source of
information as well.
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efforts with the technical support from Auto M, Supplier B could achieve
significant technological development.*

After 1996, the firm experienced a significant change in customers’ technical
requirement, when it received a new order from a newly established car maker,
called Auto A, which had just transferred all of its pickup production to
Thailand.”” It planned to produce and export ﬁew models of pickups, the upper
bodies of which were newly designed; thus, no master model was available. This
reflected a departure from the previous production experience of Supplier B. The
information assets that Supplier B received were by way of the parts drawings of
87 ordered parts; this was based on the fact that it needed to accomplish all the
‘process engineering’ tasks® on its own. However, because of Supplier B’s
limited experience in the preparation the entire engineering process and the tight
schedule, Auto A realized that there was a possibility that this supplier might not
be able to finish that preparation on schedule; hence. it decided to provide
intensive technical assistance.”

On average, there were seven Auto A staff members working at Supplier B's
factory for about two years, and nearly 40 experts came to provide support on a

short-teri basis at each stage of preparation (socialization). The content of the

* This reflected the commitment of top management and the intensity of the effort in expanding
its technological capability, induced by the inter-firm relationship. Many senior engineers have
acknowledged this collaboration as the most important step, and it marked the milestone in
achieving greater self-reliance in the engineering capability of Supplier B. It should be noted that.
in addition to this activity, Supplier B also invested in a new stamping plant at Laemchabang.
immediately next to the Auto M plant. The main activity of this new plant was to provide a
stamping service mainly for Auto M, while Supplier B placed more emphasis on supportive
activities, such as die and tooling design and production-process development.

*” The details regarding the inter-firm technology transfer activity by this firm to suppliers in
Thailand, including Supplier B, has been reported in Techakanont (2002). See also footnote 30.
** Process engineering tasks include a series that consisted of planning, designing, drafting a
drawing, die-making, finishing, and stamping, trouble shooting and trying out, prior to the launch
of mass production.

*? Although Japanese experts from Auto M were working at Supplier B’s plant, they played no role
in filling other firms’ orders.
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inter-firm technology transfer by this company was in the area of ‘process
engineering” capability.*® Supplier B benefited from Auto A’s intensive technical
assistance by learning new project management practices and improving its die
design standards, which became acceptable to many other assemblers thereafter.*!

Since the industry became more liberalized, in 2000, many assemblers have
pursued a strategy to make Thailand their production and export base, and that has
resulted in significant changes in purchasing and supplier relationship policies.
The practice of Auto A, i.e., requiring suppliers to take full respon§jbility for
process engineering activities, apart from quality, cost, delivery (QCD) criteria,
has become a basic requirement for other makers. They have increasingly adopted
a global sourcing strategy to obtain good parts at the lowest price. Moreover, they
now demand higher technological involvement from parts suppliers, to provide
full component design and development capabilities, or, at least, to respond to
engineering changes in design that could take place during the process leading up
to mass production.

In 2000, after about 15 years’ experience in providing stamping seivices,
Supplier B’s first challenge in the area of product development and engineering
activity was the order from Auto I. Supplier B won the bidding as a Tier-1

supplier for front bumpers and reinforcements of this giobal model. It received

* The process of knowledge conversion took place through interactions between Japanese and
Thai staff members. Technical support was provided through the OJT method, to provide training
in all the processes step by step. First, they transferred tacit skilis through OJT (socialization), and
assisted Supplier B in developing working and quality standards (externalization). Then, they
revised and improved it to create a new standard (combination) and used that to train local staff
member to acquire basic operation skills (internalization). Technical assistance effectively
enhanced local workers’ skills. Improvement of the operators’ skill resulted in a significant
reduction in the defect rate. Moreover, Supplier B has made exceptional improvements in its
project-management capabilities, and it has acknowledged that it was accredited QS9000 because
of the knowledge acquired from working with Auto A experts. Clearly, the content of the
knowledge conversion was in the area of ‘process engineering’. -

*! Interview with a senior engineer of Supplier B, on August 25 and December 4, 2003.
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only a sketch drawing of the bumper and some minimum states of the requirement
regarding the engineering specifications from Auto 1.* Because of the limitations
of this information, Supplier B needed to develop finished parts and supply them
to the customer on the planned schedule.

Nevertheless, Supplier B found that, given its existing level of explicit and
tacit technology, it would not be able to meet Auto I's schedule. Hence,
purposeful investment (of more than 50 million baht) in computer aided
engineering (CAE) and simulator software necessary for the development task
was approved by the top management and made during 2001 and 2002. This new
investment enabled Supplier B to simulate and test its design and allowed it to
have its first 3-D design finalized. That process required some ‘guest engineers’ to
be sent to Auto I’s headquarters to collaborate throughout the entire process of
‘product engineering’, including the development of detailed blueprints for each
component and major systems; after that, prototypes of components and vehicles
were built based on those preliminary drawings, following which, prototypes were
tested against established targets; finally, the tests were evaluated and the designs
modified as necessary. The cycle was repeated until an acceptable level of
perforrne(ﬁ::e was achieved.”

In total, Supplier B sent ‘guest engineers’ to Auto I three times, until the final
parts drawings were approved. Each time, it sent two to three veteran engineers
who stayed in Japan about one week. All expenses were borne by Supplier B. The
guest engineer system exposed the company to the real product-development

activities of Auto I (socialization). It enabled this company to understand how the

** This is normal practice for Japanese or other Tier-1 suppliers, because they have design and
development capability. However, for Thai firms, this reveals significantly higher technical
requirements by suppliers than in the past.

** This definition is from Clark and Fujimoto (1991, pp. 116-117).

54



activities were managed and made it possible to help Supplier B to translate the
knowledge gained from direct experience into actual product-development
activities (internalization of embedded knowledge). After the guest engineers
returned to Thailand, the knowledge they had acquired was shared with local staff
members (socialization) and then incorporated into the company’s design
standards (externalization). Clearly, despite the absence of direct technical support
from the customer, the combining of its existing knowledge base with purposeful
investment and increasing the intensity of its in-house efforts to pg;fom the
‘product engineering’ activity, Supplier B was able to benefit from the infer-firm
technical linkage, and its technological capabilities were enhanced.

In 2003, it was disclosed that Supplier B already had about seven parts
designed and developed in-house that met the customer’s requirements. It was
also able to produce for export two sets of transfer dics, weighing 23 tons, to
Germany. In addition. t» improve productivity at its Laemchabang plant, it
installed a new, automuted production line. Although it purchased machines from
a Japanese machinc miiier, it had the ability to evaluate and select the appropriate
equipment and could Jesign the production line by itself. Hence, it can be said
that within less than 20 years, inter-firm technology transfer and internal effort
synergistically made Supplier B atiain appreciable technological capability
development. Thus, it is reasonable to expect that, as Supplicr B gradually
becomes more self-reliant in manﬁfacturing technology, direct support from Auto
M would be diminished. Internal efforts to develop technological capability will

become the most important element in the sustaining of the business.
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523 Case3

Historically, Supplier C had had a relationship with the S-firm. The
presidents of Suppliers B and C are brothers and established the S-firm together.
Five years later, in 1977, the younger brother, the founder of Supplier C, decided
to establish his own company. Its main business lines were plastic and metal
products for motorcycle parts, auto parts, and electronics and electrical parts. Its
development started with an order from two Japanese motorcycle manufacturers
to produce seats. Similarly to the case of Supplier B, at the time it was established,
it had investment capability; thus, the buyers provided the technical assistance
necessary for the production technology. Later on, this supplier diversified to
produce other plastic parts for motorcycles and electronics and electrical
appliances parts, and auto parts. It acquired the necessary technology through
technical assistance agreements or by forming new businesses through joint
ventures with Japanese firms that specialized in particular products. The company
has grown and gone on to become one of the bizuest Thai auto parts groups. the
T-group business.

The history of the development of Supplier C's technological capability is
that, frofffrits early stage, it acquired technology through various channels, from
purchasing state-of-the-art machinery, forging technical assistance agreements in
some areas of production technology (plastic parts). and having inter-firm
relationship with automobile assemblers. Inter-firm relationships  with
motorcycles buyers and Auto M were important for acquiring the technology
related to stamping and die-making. Supplier C has developed its capability
mainly through inter-firm relationships with motorcycle manufacturers in

Thailand and with Auto M.
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In the early 1990s, the automobile industry grew rapidly, and the demand for
auto parts surged significantly. Because of their close relationship, Supplier C
established a new factory at Laemchabang industrial estate at the request of Auto
M. Auto M dispatched Japanese experts to work at this plant and played a role
similar to the one it played in the case of Supplier B, giving advice and assisting
the supplier to prepare for the production of new product and to improve its daily
operations through greater attention to detail. The main role of the Laemchabang

plant was to perform the mass production and deliver the parts to the customer on

B g

time. Most of the large and bulky parts have been produced there. g

To respond quickly to the surge in demand and the rapid changes in the
technological requirements from automobile customers, Supplier C’s president
decided to divide the engineering and mold-making sections to form three new
companies. still located in the same area, however. Two companies perform the
stamping dic and tooling-making for metal parts, while the other one attends to
injection molds. blow molds, and die-cast molds to make plastic and aluminum
parts.” An interview with a manager of Supplier C indicated that, prior to 1992,
customers normally provided the data about the part, part drawings, die designs
and die drawings. Using these information assets, Supplier C made the dies and
prepared the production process, which it was able to do quite easily. In the
process. if some problems arose, customers normally sent engineers to provide
advice and troubleshoot problems.

From early 1990s on, the technical requirements customers imposed on

suppliers changed drastically. In 1993 and 1997, customers provided sample parts,

* Since 1998, for the company that attends to plastic molds, it has used a Japanese company to
obtain technical consultant and assistant service in the fields of operation, design, and obtaining
information about tooling, machine, and equipment. Thus, it can be said that Supplier C utilized a
TA agreement in order to supply some technical knowledge that it did not possess.
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part drawings, and inspection jigs, but not the die drawings.* This meant that
Supplier C needed to design the die itself. Inter-firm technical assistance came by
way of advice given during periodic factory visits, which were made to ensure
that the supplier could accomplish the preparation process on time. During this
time, Supplier C had to invest in computerized software such as CAD and CAM
and hardware such as a new CNC machine and testing equipment to enhance its
technological capabilities sufficiently to meet the higher requirements of its
customers. After 1998, almost no customers provided sample parts or inspection
jigs. Supplier C received only the data about the part in CAD data format. Using
this data, it needed to design and make the dies, establish the production processes
and make the inspection jigs to produce the part to the exact specifications. The
knowledge it accumulated and its previous investment in CAD/CAM helped this
supplier meet the customer’s higher technical requirements. However, apart from
assistance from Auto M at its Laemchabang plant, it did not receive any direct
assistance from other makers. It received only some technical advice regarding
quality control and die and tooling design.

Af}er 2000, the industry became more liberalized, and automobile assemblers
required 4fiat suppliers be able to develop their own drawings, which meant that
suppliers needed greater design capabilities. In some of the new orders, Supplier
C weon the bidding as a Tier-1 supplier. Similarly to the case of Supplier B, it
received only sketch drawings of the parts with statements of the requirements. It
had to design and develop the part drawings, which need to be approved by Auto 1.
It has been reported that, during the preparation process, Auto I sent some

engineers to follow up and to give advice on the part-design process. Thus,

* Inspection jigs were provided because the customers wanted to ensure the quality of the parts.
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Supplier C was able to learn some specific technical information about die design
through a socialization process with Japanese experts. Also, it has been learned
that Supplier C had made an additional investment of more than 60 million baht
for CAD and CAE software to improve its design and engineering capabilities.
However, in many cases, Supplier C still lacked sufficient capabilities to
provide full service from design and part development as a global Tier-1 supplier.
To overcome that limitation, a TA partner that had such design capability played a
collaborative role in the development stage in Japan, to finalize the desigy of parts.
After the part drawings were finalized, Supplier C designed the dies and pfepared
the production process based on the part drawings developed by its TA partner.
This is the process by means of which it has now accumulated sufficient
capability. Hence, it can be said that it is vital to make continuous internal efforts
to develop technological capability and that some external source of technology,
such as a TA agreement. cun be used to supplement know ledge in a technical area

that the supplier still tacks.

5.3 Evolution of inter-firm technology transfer and technological capability

formation of local parts firms

On the basis of these three prominent case studies, this paper has found that
the changes in assemblers’ technical requirements affected the pattern of inter-
firm relationships and technology transfer. This complex issue is summarized in
Table 7. This section analyzes the matter and offers general ideas about the
evolution of inter-firm technology transfer.

This study has found that inter-firm technology transfer in the Thai

automobile industry began during the early stages of the introduction of LCR
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regulations (after 1970). To make the required use of locally made parts,
assemblers both produced them in-house and subcontracted them out. During the
period between1970 and 1990, when they subcontracted, they sometimes helped
suppliers establish production facilities, as is clearly seen in the case of Suppliers
B and C, both of which needed only to have only sufficient investment capability
and fair operations capabilities.

Moreover, prior to 1990, almost all of the car models produced in Thailand
were the same models produced in other countries. When production of a model
was transferred to Thailand, Japanese automakers normally sent experts to
perform all of the tasks that were critical in preparing for the production, until the
quality of the tryout parts was acceptable. Then, local staff members were trained
in how to operate the machinery and how to control quality during mass
production. The implication from this is that information assets such as sample
parts, parts and die drawings, production process (and in some cases ¢ven the
stamping dies) were available to local suppliers. Supplicrs did not need to do the
whole preparation process, ranging from designing the facility to designing the
tooling and designing the production process; thus, they did not have opportunity
to perforfn the whole series of engineering activities, but only the operations.™
Therefore, it can be argued that the content of inter-firm technology transfer was

to a large extent at the operational level. However, it should be noted that, apart

“* In fact, it has been found that other car assemblers used the same strategy, i.e., sending Japanese
experts to prepare the production process and simply use Thai suppliers as service providers
(Techakanont 2002). There are at [east two reasons that accounted for this practice. On the one
hand local suppliers were in the initial stages of acquiring the requisite technology; as a result,
Japanese assemblers preferred to complete the preparation in order to meet the scheduled deadlines.
On the other hand, the industry was still protected by LCR regulations and high import tariffs;
therefore, it was possible that assemblers would have to bear this high-cost activity in order to
comply with the regulations, while still keeping the operaticn profitable. For details about
government policies, please see, for example, Doner (1991), Buranathanang (1995),
Terdudomtham (1997), and Techakanont and Terdudomtham (2004).
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from receiving technology from assemblers, suppliers also acquired technology
from other channels, such as technical assistance agreements or joint ventures.

Between 1990 and 1995, the situation changed slightly. Assemblers generally
required that suppliers have investment, operational and some aspects of process
engineering capabilities. A main reason for this was that information assets that
assemblers provided suppliers were reduced. Suppliers were required to have the
capability to design dies, toolings, and production processes. The technical
collaborations between Auto M and Supplier B confirm this fact. Supp,lier B was
able to improve its engineering capabilities by obtaining inter-firm technical
assistance through ‘socialization’ with Japanese experts, ‘combination’ of the
explicit knowledge of the assembler, and, finally, ‘internalization’ and
‘externalization’ of that knowledge into its own knowledge base. However, the
intensity of the effort of focal firms that were important for such knowledge
assimilation, conversion and formation should not be overlooked.

Between1995 and 1999, some assemblers started producing new models first
in Thailand. The relevant information assets were drastically reduced. As can be
seen in Table 7, no part drawings or master parts was available to suppliers;
instead, only CAD data was distributed. Thus, suppliers had to prepare all the
production process by themselves. The cases of Supplier A and B in dealing with
Auto A show that the contents of inter-firm technology transfer had gone beyond
the operational and QCD to include ‘process engineering’ capabilities. The
‘socialization” process between local staff and Japanese experts was essential for
suppliers to assimilate the technology effectively.

As the industry became more liberalized, after 2000, many assemblers

pursued the strategy of making Thailand their production and export base. Global
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sourcing and competitive bidding systems were adopted, and assemblers
demanded their Tier-1 suppliers in Thailand to provide a full component design
and development capability, or, at least, to respond to engineering changes in the
designs that might occur during the process prior to the mass production. In this
respect, the research findings in Section 3 and the case studies reveal that inter-
firm technology transfer became less intensive than it had been in the past. The
more active role of suppliers and their increased ability to take part in the product
engineering process have become increasingly important. In other words, local
suppliers must show their strong will to participate in such processes and must
possess sufficient engineering capability; otherwise, they will not be selected as

Tier-1 suppliers and cannot benefit fully from inter-firm relationships.
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Given the rapid changes in the automobile industry, suppliers need to have
design capability. Nevertheless, it takes time and resources to develop that
capability, as confirmed by the case of Supplier B. Thus, suppliers have needed to
be aware that there were also other ways to respond to the heightened technical
requirements, especially as regards design and product development capabilities,
of automobile assemblers. Local suppliers may acquire technology from
technology partners, which can be either by striking joint venture deals (case of
Supplier A) or technical assistance agreements (case of Supplier C) to supply and
assimilate the knowledge in the particular technical area that had been lacking and
to retain their customers’ business. This will allow them to benefit from inter-firm
technology transfer and provide them with the opportunity to take part in the

product-development stage with customers in the future.
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Chapter 6

Conclusion and Policy Recommendations

Progressive global competition has made international investment more
dynamic and has led multinational firms to consolidate their dispersed operations
as a network. This research investigates the Thai automobile industry’s relatively
recent integration into the global production network and examines”how this
situation has affected the pattern of knowledge transfer and assembler-’supplier
relationships, in particular, through the inter-firm linkages that have evolved in
the process.

In examining the roles of foreign automobile manufacturers to transfer
technology. thi~ research selects the case of Toyota’s IMV project as a case study.
In response to intense competition, Toyota has integrated Thailand into a part of
the global production network of its multi-purpose vehicles, Research findings on
IMV project and recent Toyota’s activities confirm that higher technological
capabilities, such as product engineering and design activity, have been
transferred to their affiliates in Thailand. Analysis on these activities is based on
an analytical framework that integrates the essence of technology transfer with
that of knowledge-conversion processes. All the main findings are presented in
Chapter 4.

In addition, this research also investigates the effects of such changing
environments on local parts suppliers. It evolution of inter-firm technology
transfer and the dynamic process of local capability formation are explained and

analyzed with case studies of three prominent firms. The case studies show that
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inter-firm technology transfer has undergone significant evolution as regards its
contents and the roles and the degrees of intensity of effort of both the transferors
and the transferees. It has been found that over the previous 20 years, the content
of the technology transferred has increased the degree of difficulty of the transfer,
in areas from the operational to process engineering and product engineering.
There is ample evidence that local suppliers had been able to start business with
appropriate levels of investment capability but significantly less technical
capability. Their viability as businesses was made possible because of the
intensive inter-firm technology transfer initiated by the assemblers. Local firms
were then able to improve and develop their technological capabilities through a
variety of means, the most important of which has been their internal efforts to
improve their capabilities. Over time, during each stage — i.c., from the
operational to process engineering and product engineering — the level of effort of
the transferor has become less intensive, while it has taken a greater degree of
effort on the part of local suppliers to keep up with the accelerating pace and
heightened technical requirements of the assemblers, particularly with respect to
design and engineering capabilities. Assemblers are demanding a higher level of
engineefﬂig capability from their suppliers to improve their own competitiveness.
Throughout this process, the suppliers have 1o upgrade their QCD to survive
and grow, and in some cases their engineering to become more profitable and
finally to become Tier-1 suppliers, at which point they are eligible to benefit from
a higher level of technology transfer including ‘product engineering’ capabilities.
In some instances, internal efforts and endeavors may not have been sufficient to

reach the desired levels; thus, alliances with foreign partners may turn out to be a
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good way to attain these targets.“ Overall, the suppliers’ own efforts in human-
resource development seem to have been the most crucial factor in maintaining
and continuously developing their technological capabilities; that, in turn, opens
them to the benefits of inter-firm technology transfer.

It is undeniable that, given the rapid pace of development, local parts firms
may not be able to upgrade themselves quickly enough to meet the higher
technological requirements of assemblers and the trends of globalization. It has
been reported that most local suppliers have not been able to deal well with these
changes and have stepped down to a lower tier; some may lose orders in the future
if they remain at the same technological level they currently maintain
(Techakanont 2003). Thus, the role of the state should be changed to facilitate and
support the fields of knowledge that local firms lack. There are many areas in
which the Thai government and its institutions can play kev roles, for instance,
human resource development (graduation systems and training centers) and the
enhancement of particular technological capabilities, such as the implementation
of testing facilities. All of these efforts should be extended to sustain and expand

the development of the supporting industries.

*" In the short run, local firms should remain focused on and attempt to retain the business they
have, i.e., to maintain the orders from assemblers as global Tier-1 suppliers. Since they lack both
the financial resources and some of the technology, they should not be over-concerned about being
Tier-1 or Tier-2 suppliers, or attempt to maintain their majority ownership if their financial and
technology status is fragile. In the long run, because many Thai firms still do not have their own
indigenous production technology, they inevitably must search for an appropriate technology
partner, even if that entails entering into forms of acquisitions such as striking deals regarding
technical assistance or entering joint-venture agreements.
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Summary

This paper investigates the evolution of ‘inter-firm’ technology transfer in the Thai automobilé
industry, which has gradually been integrated into global production network of some specific automotive
models (one-ton pickups). This paper discusses the linkage between the role of automobile asseroblers
in ﬁansferﬁng technology and the way their strategic changes bring about heightened demands on
the technological capacity of suppliers and the contents of technology transfer. With higher competition
at the global level, local suppliers are required to improve their technical and managerial skills,
especially in the area of ‘product engineering’ capability. The authors examine the ways local firms
have adapted to these changes in their environments, as well as the ways they utilize inter-firm
relationship with automobile assemblers as 2 means to improve their own technological capabilities.
The dynamic process of capability formation in local parts firms, through intensive efforts and learning
inducements brought about by inter-firm relationships, are also discussed.
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K. Techakanont and T. Terdudomtham

1. Introducticn

In the initial stages of the industrialization of virtually all developing countries, capita]
technology (production and managerial technology) are scarce. A promising means of PrOmotmg )
economic development to overcome these bottlenecks is aftracting foreign direct investment (FDp),
Apart from its direct effects in terms of the expansion of domestic output, capital formation, :
employment, and export, FDI can bring about indirect benefits through technology transfer and
diffusion, skills upgrades and the development of local ancillary industries through the creation
of backward linkages (Dunning, 1983; Borensztein, et al., 1995; Blomstrdm and Kokko, 1999:
Mearkusen and Venables, 1999). Multinational firms can play a crucial role in intemational technology
transfer because they undertake a major part of the world’s research and development (R&D)
efforts to ereate and then own most of the world’s advanced technology (Blomstrém and Kokko,
1999). When making direct investments abroad by establishing overseas affiliates, these
rultinational firms inevitably must fransfer technology to and upgrade the existing skills of
the local population to assure the efficiency of their foreign operations (Sedgwick, 1995). Therefore,
FDI can act as a catalyst for knowledge diffusion and the provision of local capability formation
in the recipient countries of FDI.

Nonetheless, prevailing understandings of the ways technology is transferred are far from
complete. The existing literature has focused on the issue of international technology transfer
through formal and voluntary forms such, as intra-firm technology transfer and amm’s-length
trade of technology (Reddy and Zhao, 1990). However, very few studies have investigated the
dypamic process of technology transfer and technological capability-formation in developing
countries (e.g., Kim, 1997; Cyhn, 2002), and even they have not focused directly on technology
transfer through informal mechanisms, such as the incidence of ‘inter-firm’ technology transfers.l)
Moreover, progressive global competition, driven by trade liberalization, deregulation of trade
and investment, and the revolution of information and communication technology (IT), have
changed global competition by making it more dynamic. These changes bave prompted multinational
firms to wew their global production as a network rather than as “stand-alone overseas investment
pro_]ects” (Ernst and Kim, 2002). This trend is expected to proliferate, and the host countries
of FDI stand ready to adapt appropriately to benefit from such changes However, there is still
a lack of understanding of the meacts of belng a global production network on technology

1) Inter-firm technology transfer is defined as a relationship between a supplier and an assembler thal encourages
knowledge transfer to make suppliers meet the assembler’s quality requirement. This is sometimes referred to
as ‘buyer-supplier’ relationship (Capannelli, 1997), or “technology partering’ (Beecham and Cory-Hayes, 1997).
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transfer; and how and in what forms local suppliers will be affected by such developments.
Hence, the principal motivation of this paper is to investigate the issue by looking at Thailand’s
automobile industry as a case in point. S
Thailand provides an instractive model because its industrialization is of relatively short duration
historically, and, throughout that process, it has relied heavily on FDL In addition, among
manufacturing industries that have been promoted there, the automobile industry is probably
the only industry that the Thai government has had specific and clear goals fo promote. Among
important rationalized policies imposed by the Thai government, the Local Content Reguirément
(I.CR) regulation was regarded as the most influential policy for the development.of supporting
industries in Thailand. In 1975, a LCR of 25 percent for passenger cars and 20. percent for
pickups was introduced. Later on, in 1987, it had been inéfeased to a level of 54 percent for
passenger cars and 70 percent for pickups, the level of which was maintained until the end
of 1999. A series of rationalized policies, including LCR, high tariff protection, import.ban
on small cars, etc., has forced foreign assembling firms to become catalysts in promoﬁflg the
growth of local supporting industries. From a virtual nonexistence of manufacturing experfise,
in less than 40 years, the Thai automobile industry has been transformed from an import-substitution
industry to a more export-oriented one, and currently it has been integrated into part of the
global production network of some specific models by many world manufacturers. Foreign
assembling firms have played an important role in disseminating important technology that has
enhanced the technological capability formation and growth of Thailand’s supporting industries
(Techakanont and Terdudomtham, 2004). ,
Because the current trend continues in the direction of globalization, significant changes in
car manufacturers’ strategies, in particular, the requirements they impose on and the relationships
they forge with local suppliers can be expected. In other words, inter-firm technology .transfef
is evolving; thus, it is necessary to investigate to what extent these strategies affect the content
of inter-firm technology transfer, how local firms adapt to these changing environments and
how they utilize inter-firm relationship with assemblers as a means to develop their own tecﬁnological
capabilities. Research on inter-firm technology transfer is scarce and there are few studies that
set out to explain the process of technological capability formation (Emst and Kim, 2002).
Therefore, this paper contributes to the literature by examining the evolution of inter-firm technology
transfer and the role of automobile assemblers in promoting the technological capability of local
parts suppliers in Thailand. The organization of this paper is as follows: Section 2 discusses
the conceptual background and provides an analytical framework relevant to this study. Section
3 explains the research methods and reports the evidence of infer-firm technology fransfer coliected.
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Section 4 discusses the technological capabilities formation in the local parts firms and thejr
relationship with assemblers. Three case studies of local parts-making firms that have receiveq
direct assistance have been made to set the stage for the drawing of general observations aboyt
the evolution of inter-firm technology transfer and the dynamic process of capability formation
Section 5 provides concluding remarks.

2. Conceptual Background and Analytical Framework

Firms in developing economies can acquire technology or develop technological capability
by many means. They can develop the technology through their own efforts, through a systematic
research and development program; they can learn technology from other firms; or they can
accumulate it through experience (learning by doing) (e.g., Kim, 1997). However, from the early
stages of economic development, technology transfer from foreign countries seems to have been
the most important channel for technology acquisition. Technology fransfer is deemed to have
been successful when the transferred technology is translated and internalized info the overall i
capability of the recipient. This section will discuss three important concepts pertinent to this
study: ‘techmology’, ‘channels’ and “forms of technology transfer’, in order to develop an analytical ‘1
framework for studying the inter-firm technology transfer and local capability formation.

i
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2.1 TBypes of Technology

Technology can be defined in many ways, but researchers normally refer to the words
“technology” or “technological knowledge” as “a way of doing something” (Nelson and Winter
1982, p. 60), “a collection of physical processes that transforms inputs into oufputs and knowledge
and skills that structure the activities involved in carrying out these transformations” (Kim, 1997,
p- 4). Some of them maintain that “technology” refers to people’s knowledge of how to use
“techniques,” and defines as specifications of products or production systems that may or may

. not be embodied in particular physical goods such as machines or instruments (David, 1997).
_« Previous literature has discussed the nature of technology, noting that it typically takes two
main forms, “explicit” and “tacit” (Polanyi, 1962).2) Sometimes, these two forms are referred

to as ‘hardware’ and ‘software’ technology. Explicit knowledge, which corresponds to ‘hardware’
technology, refers to knowledge that can be codified and is transmissible in formal or systematic

2) This concept is adopted by many studies, such as Hayashi (1990), Nonaka and Takeuchi (1995), Kim (1997),
David (1997), and Ernst and Kim (2002).
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