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MOMOKO KAWAKAMI

Development of the Small- and Medium-Sized
Manufacturers in Taiwan’s PC Industry

I. Introduction

Taiwan’s personal computer industry (hereafter abbreviated PC industry)' has
attained an amazing record of expansion since the mid-1980s. Its international
market share for several products in 1995 was as high as 65% for mother-
boards, 64% for scanners, and 57% for monitors.”> As Taiwan was primarily
exporting simple labor-intensive products such as textiles and plastic products
until the mid-1980s, this outstanding achievement in the PC industry is often
referred to as a successful case of the upgrading of the industrial structure in a
developing economy.

The development of the industry has the following three main character-
istics: (1) diversification of products, or a backward and upgrading production
shift from labor-intensive products, i.e. from PCs and peripherals, to capital-

! In this paper, I use “PC industry” as an abbreviation for “personal computer-related
industry” : manufacturing of personal computers and peripheral products, including monitors,

scanners, motherboards, add-on cards, computer mice, etc. The term covers a wide range of

products, but my field research focused mainly on the manﬁt‘actufers of PCs, m;onitors, and
motherboards.

2 Including overseas production values.
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and technology-intensive products and components, (2) heavy reliance on
OEM/ODM export orders, and (3) dramatic growth of local small- and me-
dium-sized manufacturers (SMEs), who took the place of foreign manufactur-
ers (FMs) as the main producers within several years.

The author is especially interested in the third point, firstly because Tai-
wan’s PC industry’s competitiveness stems from the flexibility provided by
the rise of these SMEs (Emst, 1992). Second, and more important, this
process is a typical example of the development path of Taiwan’s manufactur-
ing industries, where the role of foreign firms is no more than that of catalyst
(Schive, 1992). As is also the case with other industries in Taiwan, it was the
energetic entry into the market of local SMEs that brought about the dramatic
rise of Taiwan as the world’s third largest producer in the information indus-
try.

This is in contrast to many other Asian developing economies, where
FMs are likely to continue to dominate production activities in the electronics
industries. Also, this differs from the cases of Japan and South Korea, where
large local corporations have led the expansion of the industry. The questions,
then, are: why were these local SMEs in Taiwan able to enter the industry and
grow, in spite of their limited capital and technology? What were the eco-
nomic and technological backgrounds that made the vigorous entry activities
of SMEs possible? Are other developing economies likely to follow the same
path to witness the development of their own local SMEs in the PC industry?

In this paper, I will explore these problems by studying the background of
the industry in Taiwan. First, I try to show that the development of Taiwan’s
PC industry is not a sudden and unexpected phenomena, but rather a natural
process that started on the basis of technology formation during the preceding
period of the 1960s and 70s. Second, I will show that the subcontracting pro-
duction network prevalent in the export-oriented industrialization of Taiwan
played a critical role in the rise of SMEs in the PC industry in two respects: on
the one hand, it transmitted the production experience acquired in the preced-
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ing expansion of Taiwan’s electronics industry, as well as carrying various
spillover effects from relationships with FMs, while on the other hand it low-
ered the market entry barriers to the industry, and thus made the entry of local
SMEs possible.

In this paper, I primarily focus on the early phase of the industry’s devel-
opment, in 1980-90, when SMEs were very actively entering the market and
subcontracting production networks developed rapidly. In Section II, the
process by which Taiwan’s PC industry developed and the main characteris-
tics of the industry in Taiwan are summarized. Section III studies the activities
of FMs and their impacts on the development of local SMEs. Section IV stud-
ies the basic conditions for the development of local PC manufacturers, the
preceding development of the electronics industry, and the subcontracting
production arrangements of the PC industry. The analysis is based on my
interviews with 17 manufacturers and two informants, the list of which ap-
pears in Appendix 1. Emphasis in this section will be put on the critical role of
the well-organized subcontracting production network in Taiwan, which
evolved as an organizational response by SMEs to the environment. Section V
is the conclusion.

I1. Development of Taiwan’s Local PC
Manufacturers

1. Development of the PC Industry: Chronology

In Taiwan, production of PC-related products started around 1979, when
a few American manufacturers began to produce terminals and monitors on
the island (IDB Annual Report, 1982-83). Tables 1, 2, and 3 show the export
value of the main products (1981-86), the annual production and export value
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of the industry (1981-94)°, and the annual export value of the foreign and local |
manufacturers (1984-90). As Table 1 indicates, the export of monitors and
terminals increased remarkably, and the industry started to éxpand rapidly in
1982. In 1983, the export of microcomputers showed a sudden increase, and
they became one of the primary export items of the industry. In 1984, total
export value for the PC industry exceeded one billion US dollars, and as early
as 1986, Taiwan recorded the 7th largest information industry production
value in the world. |

In 1989, however, the industry experienced a slowdown due to recession
in the European, US, and Japanese economies. Although the industry’s growth
rate remained positive, the slowdown drove many local manufacturers, espe-
cially SMEs, out of the market. Also during the recession period of 1989-91, a
sluggish world market, appreciation of the New Taiwan dollar, and a labor
shortage on the island forced several FMs to discontinue their operations in
Taiwan.

Starting in 1992, the industry picked up again. In this year, Compaq an-
nounced a bold price cut policy which led to worldwide price competition in
the industry. Faced with intensified market competition, many FMs increased
their OEM/ODM orders to Taiwan, and this led to a strong recovery of the PC
industry in Taiwan. ' -

Throughout this period of grdwth, Taiwan’s PC industry was led by ex-
port growth. Table 2 reveals that about 95% of the total demand of the indus-
try continuously came from the international market. OEM was the main
source of orders for local manufacturers, with the share in total orders being
93% in 1984 and 67% in 1990 (Table 3). As for product composition, com-
puter parts dominated at 87% of total exports in 1981, but declined very rap-
idly to 11% in 1984. Since then, the top three products, i.e., microcomputers,

3 Figures for the hardware information industry are used. The elements of the
“hardware information industry” basically correspond to those of the “PC industry.”
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terminals, and monitors, have continuously led the industry’s development,
with their combined share in production export being 92.6% in 1981 and
88.6% in 1986 (Table 1).

2. Characteristics

The development of Taiwan’s PC industry summarized above has two
conspicuous characteristics. First, a significant change in the attributes of the
producers occurred over the course of the industry’s expansion: FMs as lead-
ing producers came to be replaced by local producers by the early 1990s, as
local manufacturers caught up with and substituted for these FMs (CIER,

1988, p.84).

Table 4 compares the annual values of exports by FMs and local manu-
facturers. In 1984, 57% of total exports was that of FMs. However, the posi-
tion of FMs gradually faded through the 1980s, as local manufacturers. suc-
cessfully increased their production and exports. As a result, the export share
of FMs fell to 30% by 1990. Unfortunately, detailed figures for the 1990s are
not available, as MIC (the Market Intelligence Center of the Institute for the -
Information Industry), the information source, stopped collecting this data
after 1990. But, unarguably, the decline of the production and export share of
FMs accelerated after the slowdown in 1989-91, as American FMs such as
Commodore stopped their production in Taiwan during this period. In 1995,
the production share of FMs was as low as around 15% (Hwang, 1995, p.45).
Kuo (1995, p.165) writes, “Taiwan’s electronics industry has been trans-
formed from a FM-dependent assembly industry to a self-sustaining, continu-
ally upgrading locomotive for Taiwan’s industrial growth in the 1980s and
beyond.” This is mostly true in the case of the PC industry.

The second characteristic of the development process of the iﬁdustry is
the fact that it was not the growthvof certain large-scale corporations but rather
the vigorous market entry activities of SMEs that brought about the rise of
local manufacturers as the main producers. All through the 1980s, news-
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10 MOMOKO KAWAKAMI

papers continuously reported on the “overheated rush into the market”
(Central Daily News, 1983.6.22), the “large number of small and medium
- manufacturers rushing into the information industry crazily” (Economic Daily
News, 1986.10.7), and the “entry of a large number of manufacturers with
small production scale and capital” (United Daily News, 1987.9.4).

Chen (1994) revealed that the electronics industry recorded the highest
gross entry ratio® (18.7%) and the second highest net entrance ratio (9.5%)
among 20 manufacturing sectors during the period 1983-89. Though the fig-
ures include non-PC industry manufacturers, and therefore remain only indi-
rect evidence, they indicate the vigor with which PC-related manufacturers
were entering the market. Further evidence is the decline of the export share of
the 20 largest eprrters; it dropped from 83.2% in 1983 to 53.7% in 1988. The
government attributed the decline to the increase in the number of small-scale
exporters during the period (/DB Annual Report, 1988).

Table 4 shows the number of manufacturers of each PC-related product
that belong to TEAMA (Taiwan Electric Appliance Manufacturers” Associa-
tion). Here, we can see clearly that the rush of manufacturers into the market
was the main driving force of the industry’s continuous growth. The number
of personal computer manufacturers that belong to TEAMA increased by ten
times during 1984-90 (from 20 in 1984 to 201 in 1990), while the number of
PC units produced in Taiwan increased by four times (from 584,000 in 1984
t0 2,381,000 in 1990).

Moreover, the table does not demonstrate the full extent of the market
entry activity of local SMEs, as it covers only the members of TEAMA, and
so does not necessarily include underground manufacturers. Indeed, the actual
number of manufacturers grew much faster than it appears in Table 4. For

4.Gross entry ratio, gross exit ratio, and net entry ratio is defined respectively as E;/ Ny,
(N 1-N¢+E)/Ny, and (Ni.1-Ny)/Ni, where E; is the number of new entry in the year of t and Ny is

the number of manufacturers in the year of t.
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example, a report claims that the number of microcomputer manufacturers
increased from 10 in the early 1980s to 100 in 1983 (Institute for the Informa-
tion Industry, 1990l, p.6), while, according to Table 4, there are only 59 mak-
ers in that year.® This discrepancy seems to have originated from the fact that a
large number of local SMEs were tiny underground manufacturers that en-
gaged in subcontracting production. Some of the manufacturers I interviewed
(M5, M7) observed that there were “numerous tiny subcontractors” in Taiwan
in this period. The market entry of SMEs was much more vigorous than is
indicated by the statistics.

By the mid-1980s, the problems caused by the number of SMEs swarm-
ing into the PC manufacturing business came to be recognized as a threat to
the industry’s sound development. The government, once concerned that most
of the induétry’s exports were concentrated among the small number of large
FMs (IDB Annual Report, 1985), came to ascribe the difficulty of the industry
to the fact that manufacturers were too small in scale and too large in number.®
In 1988, the number of companies engaged in the information industry, in-
cluding software manufacturers and trading, jumped to 4,400 from 1,709 in
1985 (IDB Annual Report, 1988). The IDB Annual Report (1992, p.190)
states:

[These SMEs] have no other choice but to follow the market change and foreign
large manufacturers. They all produce the same or similar products, hence
bringing about vicious price-cutting competition. There is no way to maintain

market order and possible profit.

Thus, the energetic entry of SMEs into the PC industry continued all
through the 1980s. It is the background and mechanism of this energetic mar-

5 Including manufacturers of microcomputers and minicomputers.

§ The assistant director of ERSO (Electronics Research and Service Organization) of
the Industrial Technological Research Institute also expressed his concern about the small-
ness of local manufacturers in the mid-1980s (China Times, 1984.2.22).




12 MOMOKO KAWAKAMI

ket entry that will be explored in Section IV. But before proceeding to that
analysis, we’ll take a brief look at the impacts of the production and purchas-
ing activities of FMs on the development of local SMEs in the next section.

I1I. The Role of Foreign Manufacturers

In general, the role of FMs in the postwar industrialization of Taiwan has been
rather indirect, where FMs “served less as an engine of growth than as a cata-
lyst to significantly facilitate the development process” (Schive, 1992, p.102).
In the case of the PC industry, too, some authors conclude that “it is not
through the technology transfer but through the introduction of new products,
that foreign manufacturers showed the direction of development for local
manufacturers” (CIER, 1988, p.84).

However, the role of FMs in the PC industry is undoubtedly far more
important than in other industries. As we have already seen in Section II, the
position of FMs was quite high both in the production and export segments of
the industry in the early to mid-1980s (Table 3). Obviously, if there had not
been local production by these FMs, Taiwan could never have risen to become
a world-famous “PC Island” within only a decade.

FMs’ other contribution to the development of Taiwan’s PC industry
came from their OEM/ODM procurement activities. In the PC industry, the
change in products and technology is extremely rapid, and differentiation in
products has a wide range. Many large PC manufacturers have resorted to
OEM procurement in Taiwan in order to lower the cost of production and
adjustment, and to respond to the rapid market change. Especially after the
mid-1980s, when labor costs on the island rose and the New Taiwan dollar
appreciated, several FMs began to take advantage of Taiwanese manufactur-
ers’ accumulated experience in mass production and in R&D rather than sim-

- ply exploiting Taiwan’s cheap labor. Thus, Taiwan came to be significant to
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FMs as a foothold for OEM/ODM procurement rather than as a simple pro-
duction base. This change is reflected in the rapid expansion of OEM export
value (Table 3). These OEM orders provided local manufacturers with vast
opportunities to expand production and accumulate experience without incur-
ring marketing costs. At the same time, FMs extended various forms of assis-
tance to local manufacturers in procuring OEM/ODM orders.

In this section, we study the significance of FM activities, including local
production and OEM/ODM procurement, for the development of local PC
manufacturers. The following three aspects are considered: (1) demonstration
effects, (2) technology assistance and nurturing of human resources, and (3)
stimulation of the components industry. 7

1. Demonstration Effects

At first, FMs played a critical role in introducing new products to Taiwan.
They stimulated the development of local manufacturers by demonstrating the
future possibility of this industry. Obviously, the successful expansion of
exports by FMs in this period induced both existing and potential local manu-
facturers to pursue this profitable new market.

Similarly, OEM procurement by FMs showed local manufacturers not
only the profitability of the industry, but also the fact that they had the capa-
bility to manufacture PC-related products. One example of the introduction of
new products by FMs is power supplies, production of which was started by
the two pioneers Vidar Sun Moon Star and Delta Electronics with OEM or-
ders and technology assistance from IBM (interview with IBM).

2. Technology Assistance and Nurturing of Human
~ Resources

Upon procuring OEM orders, FMs extended various forms of technology
and managerial assistance to local manufacturers. This assistance played a
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critical role in the development of local manufacturers. Let’s take the example
of IBM, the FM in Taiwan best known for its effectual assistance.

IBM’s procurement value in Taiwan grew from US$310 million in 1984
to US$580 million in 1995. In 1986, Taiwan ranked as its second largest OEM
source in the world (Commonwealth, 1986.11.1). Almost all of the staff of the
Procurement Division of Taiwan IBM are engineers with rich experience in
production engineering. They routinely go out to the shopfloors of local
manufacturers to keep a close eye on their production lines. In order to extend
appropriate assistance, a previous career at other manufacturers is almost al-
ways a requirement for serving at IBM.

M1 developed an original monitor on the basis of its experience in TV
production in 1980. But it was after M1 received OEM orders from IBM in
1981 that production started to expand rapidly. M1 admits, “IBM played a
critical role in the technology formation process of our company. Their assis-
tance was effective, and it was a typical process of learning.” IBM points out
that they contributed to M1 in two ways. First, they extended direct assistance
in the R&D process for creating the monitors. Headquarters in the US and
Taiwan IBM were both involved. Second, it supported M1 indirectly in accu-
mulating production experience with its high volume of orders.

M2 is another large monitor supplier that grew with the support of IBM’s
procurement. Similar to the case of M1, M2 benefited from the large volume
orders and assistance from IBM in the early to mid-1980s. Business with IBM
terminated in the-late 1980s. But it had provided M2 with a chance to enter the
market and start to consolidate the technology from the initial phase of the
industry’s development (interview with M2).

Compeq, the largest PCB manufacturer in Taiwan, is another example of
a local manufacturer nurtured under the assistance of IBM. It started to manu-

7 The following is based on an interview with Taiwan IBM.
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facture multi-layer PCBs in the early 1980s, as it was “forced by customers to
do so” (Commonwealth, 1985.8.1). Taiwan IBM extended assistance in pro-
duction engineering, and the company headquarters in the US assisted in R&D,
and thus “made Compeq’s 50 engineers try and experiment continu-
ously”(Commonwealth, 1985.8.1), whenever a problem arose. Clearly, this
technology assistance extended by OEM customers played a critical role in the
technology formation process of these Taiwanese manufacturers.

Also many manufacturers indicate that they improved their quality con-
trol, design of their production line, and production design through assistance
from OEM customers. One leading monitor manufacturer (M3) developed all
of its products by itself. Still, it admits that detailed assistance in production
technology and quality control extended by its Japanese customers improved
its productivity substantially. The same thing was heard from other manufac-
turers (M14, M15). “Japanese customers are very nervous about quality con-
trol. We learned a lot from them, including how to tidy up the shopfloor.”

Another significant contribution of FMs has been their training and nur-
turing of employees, many of whom eventually left FMs to play an important
role in information and technology diffusion from FMs. Some set up or joined
local manufacturers after their employment at the FMs’ local branches. Some
exploited the experience they accumulated while serving as engineers at local
OEM manufacturers. During field research, I came across many former em-
ployees of FMs who founded their own manufacturing operations, or were
recruited as senior engineers or managers by local manufacturers. An indus-
trial analyst comments, “Required experts for local manufacturers were sup-
plied by FMs in the early to mid-1980s” (Informant 1).

A good example of the utilization of the engineers fostered by FMs is the
case of a present leading monitor manufacturer, M4. On its entry to the field
of monitors in the late 1980s, it adopted a strategy of starting from a multi-
frequency model, a technologically more advanced product compared to the
single-frequency model prevalent at that time. M4 intended to overcome its
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disadvantage of late entry by jumping into this frontier market. For this pur-
pose, it recruited a group of engineers from an American monitor manufac-
turer which was leaving Taiwan at that time, and succeeded in the new market
through the continuous efforts of those engineers. Hwang (1995, pp.45-46)
writes, “Foreign electronics companies nurtured the human resources which
~ Taiwan’s PC industry needed most during its rapid expansion... and if they
had not left Taiwan at the appropriate time, Taiwan could have been faced
with a lack of human resources.” M4 demonstrates the unintended but well-
timed contribution of FMs to the subsequent development of local manufac-
turers. '

In the case of IBM, “there are several manufacturers set up by former
IBM employees. As they understand our requirements and standards very well,
we often do business with them” (interview with IBM).

Nevertheless, the critical key to success in realizing these spillover effects
of FMs lay not in the technology assistance itself. Rather, it lay in the smooth
transmission of market information and production experience from FMs to
local PC manufacturers via the movement of Taiwanese production engineers,
managers, and efiperts in component procurement. These human resources,
together with the return of engineers who had studied and accumulated their

“experience abroad (mostly in the US), proved to be the most important asset to
the subsequent rise of local manufacturers.

3. Stimulation of the Components Industry

Local production of FMs stimulated the PC components industry with its
production volume, especially in the initial phase of the industry’s develop-
ment. FMs’ large-scale procurement of components, together with their strict
cost and quality requirements, stimulated the growth of the components indus-
try (Informants 1, 2).

As we have seen above, the presence of FMs was very significant for the
success of Taiwan’s PC industry. However, as is indicated by the case of




Developmeﬁt of the Small- and Medium-Sized Manufacturers in Taiwan’s PC Industry 17

ASEAN countries, where expanding inflow of FMs hasn’t induced the emer-
gence of local PC manufacturers, the mere inflow of FMs does not stimulate
the growth of local manufacturers. In other words, the presence of FMs is only
a necessary condition for the rise and growth of local SMEs, not a sufficient
one. Therefore, in order to understand the critical key to the successful growth
of local SMEs, we must explore the idiosyncrasies of the Taiwanese economy
that made the rapid rise of local manufacturers possible. In the next section,
we will take a look at some of the elements that formed the background to the
rise of local SMEs.

IV. The Rise of Local SMEs

As we have seen in Section I, it was the vigorous market entry activity of local
SMEs that brought about the rapid expansion of Taiwan’s PC 111dustry Actu-
ally, this “swarming” phenomenon is not unique to this industry, but is a typi-
cal pattern of industrial development in postwar Taiwan. This can be seen
partly from the fact that the most common description of the active market
entry in the PC industry was that it was “just as the case of other industries”
(Commercial Times, 1982.12.11). “The PC industry is the most conspicuous
example of the very serious situation of bee-like swarming market entry in
Taiwan” (Central Daily News, 1985.3.30). '

In this section, I will try to clarify the basic mechanism through which
local SMEs entered the highly competitive market of the PC industry, in spite
of their limited capital and technology. First, we study the step-by-step proc- .
ess of technology formation in the consumer electronics industry during the
1960s and 1970s. It will be clear that it was strong human resources and the
components industry, both of which were cultivated by the preceding growth
of consumer electronics production, that facilitated the market entry of SMEs,
as well as the expansion of Taiwan’s PC industry. Second, we examine the
relevance of subcontracting production arrangements for the market entry of
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SMEs. By analyzing the results of interviews with the management of several
local PC manufacturers, we can see that the minute division of labor of the
subcontracting production network played a critical role in the industrial de-
velopment of the local PC industry in Taiwan. It acted as a carrier for swift
transmission of information and technology, while at the same time it lowered
the market entry barrier for local SMEs.

1. Legacy from the Consumer Electronics Industry:
Continuous Process of Technology Formation

In the early 1980s when Taiwan’s PC industry started its rapid expansion,
there were two types of local manufacturers on the island: the large-scale
electronics manufacturers, and the petty manufacturers that started with
“nothing in hand.” The former started with monitors/terminals, as TV sets,
one of their primary products, shared technological similarity with these pe-
ripherals. As for the latter type of manufacturers, many of them started from
assembly or subcontracting production steps of PCs and peripherals, expand-
ing step-by-step. Though these two types of manufacturers differed in their
initial condition of entry, they benefited equally from the good industrial basis
that was already established by the early 1980s. The purpose of this subsection
is to show that the development of local PC manufacturers was an extension
of the continuous development process based on the heritage of the electronics
industry since the early 1960s. In the following, I will study the development
of (a) the TV industry, (b) the calculator industry, (c) videogame machines, (d)
fake-Apple computers, and (e) early entrants to the PC industry, with an em-
phasis on their significance for the subsequent development of the PC indus-

try.
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(1) The TV Industry: Consolidating the Foundation for the Electron-
ics Industry®

Taiwan’s electronics industry started in the 1960s,” when assembly pro-
duction of transistor radios and black-and-white TV sets was started, mainly
by foreign manufacturers. These two products dominated, comprising 80.6%
of the total output of the electronics industry in 1966, and led the growth of
the consumer electronics industry all through the 1960s to the early 1970s.
The TV industry in particular became a significant milestone in the subse-
quent development of the electronics industry.

Figure 1 shows the change in the annual production of TV sets (1964-85).
In 1962, several Japanese manufacturers, including Matsushita, Mitsubishi
and NEC, set up joint ventures in Taiwan, and started production of black-
and-white TV sets in 1963. The number of manufacturers grew from 1 in 1962
to 22 in 1979 for black-and-white TV sets, and from four in 1969'° to 17 in
1979 for color TV sets. Among the 22 manufacturers operating in 1979, seven
were 100% foreign manufacturers, four were joint ventures (all of them were
with Japanese cooperation) and the remaining 11 were local manufacturers.

In this period, the government adopted an import substitution policy for
the TV industry, with the intention of protecting local producers. A high im-
port tariff rate for finished TV sets and various components, import controls,
and local content regulation were adopted. At the same time, the government
allowed export-oriented manufacturers to make good use of Taiwan’s cheap
labor without being ~ affected by the protective policy adopted for the local

8 The following description is based on Yeh (1980) and Liu (1987).

9 Some manufacturers engaged in radio assembly in the 1950s, but “there was no such
concept as industrial engineering; every product was assembled with numerous pieces of

spare parts by one worker” (Lin, 1986).

10 production of color TV sets was started in this year.
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market. While foreign manufacturers sold 99% of their products back to their
parent companies, most of the local producers targeted the domestic market.
As aresult, foreign manufacturers, with a high export ratio, high volume of
production and relatively low local content, and domestic manufacturers, with
a low export ratio, small volume of production and high local content, coex-
isted on the island. It was this “dichotomy” (Satoh, 1996) between export-
oriented foreign manufacturers and local manufacturers that made TV produc-
tion an important step toward the PC industry.

On one hand, this dichotomy provided local manufacturers with
“opportunities to learn foreign technologies and accumulate capital” (Yeh,
1980, p.182) by allowing them to engage in production for the protected do-
mestic market. By conducting interviews with 40 manufacturers, Lin (1986)
found that local TV manufacturers learned almost all of the production tech-
niques, basic concepts of industrial engineering and quality control from their
Japanese technology suppliers. But Lin’s emphasis is on the fact that they
acquired these borrowed technologies and new concepts through their own
technological efforts to learn and mastér. She points out that color TV subcon-
tract operations, once begun by taking advantage of cheap labor, turned into a
channel for introducing new technology and technological concepts through
the sincere “technology efforts” of local manufacturers.

Moreover, some of the local manufacturers avoided falling into the “trap
of inefficiency” which often accompanies the import substitution policy, by
gradually starting to export in the 1970s. Some exported for OEMs, and some
exported to Asian and Latin American countries. The required local content
ratio for black-and-white TV was as high as 90% in the early 1970s. This
policy played an important role in stimulating the expansion of the compo-
nents industry, including the manufacture of CRTs, PCBs, switches, flybacks,
etc. Monitor manufacturers (M1, M2) emphasize that “the most important
components of monitors, CRTs and flybacks, were developed by the growth
of the TV industry. Sure enough, we owe a lot to the industry.”
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On the other hand, this “dichotomy” allowed foreign manufacturers to
expand their Taiwan-based production without being affected by the protec-
tive policy. Eventually, these large-scale manufacturers contributed to the
local economy with their huge volume of production by nurturing the local
components industry and human resources. Foreign manufacturers trained
hundreds and thousands of engineers and managers, who then set up local
" assemblers and component makers. A magazine article once noted, “GI
[General Instruments] and TI [Texas Instruments] are training centers for
Taiwanese engineers, and RCA trained many shopfloor leaders.” In 1985, the
number of manufacturers set up by ex-employees of GI exceeded 100
(Commonwealth, 1985.3.1).

In addition, the technological similarity between TVs and moni-
tors/terminals allowed several local TV manufacturers to enter the PC industry
in the very early phase of its development." Although M1 and M2 stress that
the resolution requirement for monitors was much higher, they admit that they
made good use of the accumulated technology from R&D in the TV industry
when they started to develop monitors.'? If these manufacturers had not been
able to exploit their technology and production experience in the TV industry,
Taiwan would have missed the critical time of entry into the PC industry. In
this way, the TV iridustry paved the way for the rise of the PC industry in
various respects.

Nevertheless, to the extent that the TV industry was technologically ma-
ture and key components always had to be imported, Taiwan’s TV industry
could never break the foreign manufacturers’ technological control over the

1 As Lin (1986, p.13) points out, “medium and high resolution monitor and terminal
manufacturing are actually a technological extension and upgrading of the TV receiver manu-
facturing technology.” '

12 Both of them received OEM orders from IBM in the early 1980s and used the op-
portunity to grow.
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industry.”® As Liu (1987, p.262) indicates, the industry by this period had
attained its rapid growth through “being incorporated into the international
system of division of labor of Japanese and American multinational corpora-
tions.” It was through the emergence of new products that this situation
changed.

(2) The Calculator Industry

Beginning in the early 1970s, the manufacture of new products, i.e., cal- 7
culators, telephones, and tape recorders started to expand rapidly. To the ex-
tent that they were developed on the basis of the components industry and the
manpower developed by Taiwan’s TV industry, manufacturing of these prod-
ucts began from the industrial foundation laid by the TV industry. But these
new industries were different from the TV industry in several ways. Here, we
look at the example of the calculator industry, from which some manufactur-
ers jumped into the PC industry.

Satoh (1996) points out that Taiwanese manufacturers of calculators and
telephones had the following common characteristics; they were © mainly
local manufacturers, @ highly export-oriented, @ highly dependent on OEM
orders, and @ mainly SMEs that made use of the local production network.
Obviously, these attributes are different from those of Taiwan’s TV industry,
where foreign manufacturers continuously occupied an important position,
where local manufacturers were large in scale, and where the subcontracting
operations were limited (Lin, 1989). This difference seems to have stemmed
from the following two factors. First, the entry barrier was much lower in the
calculator industry than in the TV industry, both in terms of the réquired tech-
nology level and capital. M5 says, “At the time calculator production was
relocated to Taiwan by American and Japanese buyers, the technology was

1* As many as 66 technological assistance agreements were signed between Taiwanese
and foreign manufacturers between 1965-1978.
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already quite simple. Basically, it was an assembly production of 10 to 20
‘components. Certainly, calculators were much easier to manufacture than TV
sets.” Also fixed and liquid capital required for the mailufacturing of calcula-
tors was much smaller. “The availability of CPUs sometimes formed an entry
barrier” (M5), but compared to the huge amount of capital required for TV
manufacturing, the requirements to enter the calculator industry were much
lower. Second; the industrial development of the whole economy, the upgrad-
ing of the educational level, and the increase in the number of engineers and
managers with backgrounds in electronic engineering during the 1960s had
produced a large number of potential founders of SMEs by this time.

Of particular relevance to the present paper’s concern is the development
of a subcontracting production system in the calculator industry. One leading
manufacturer (M6) was established by a group of engineers in 1973. It notes
that it once had as many as 40-50 subcontractors in the 1970s. M6 describes
its subcontractors as follows: “Most of the subcontractors engaged in a small
number of production steps, usually 2-3 steps only. Larger makers had 40-50
employees, but there were many minor subcontractors with only 4-5 employ-
ees. Workers in these tiny manufacturers were often housewives, who couldn’t
work in factories as they had to look after their children, but who could engage
in some simple job in nearby house factories. Some of these subcontractors
were established by our former employees. The production cost was quite
cheap in these tiny manufacturers, as their overhead cost was very low.”

Another manufacturer (M5) points out that there were two critical factors
in the rise of subcontracting production in the calculator industry: a labor
shortage and market fluctuations. M5 was established in 1973 and executed all
of the assembly production steps in-house at first. But the labor shortage
gradually forced M5 to subcontract out an increasing number of production
steps. M5 says, “It’s hard to recruit 100 workers, but it’s easy to subcontract
out to 5 subcontractors each with 20 workers.” According to M9, “Calculator
production in the 1970s involved many labor-intensive routine tasks, like
placing plastic keys on a board. Development of subcontracting production
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was almost inevitable.” Also, subcontracting ensured flexibility in production.
“If an order exceeded our capacity, then we subcontracted it out. If orders
decreased, then we took the subcontracting work back and did it in-house. We
made adjustments in this way” (M5).

In their comparative study of Korean and Taiwanese keyboard and PC
industries, Levy and Kuo (1991) found that Taiwanese manufacturers were
small in size at entry, and expanded gradually through continuous investment.
They called this strategic orientation of Taiwanese SMEs a “bootstrap strat-
egy.” Clearly, the two calculator manufacturers I studied followed the
“pootstrap strategy,” and can be regarded as forebears of the same pattern of
development in the PC industry.

Last, as in the case of the TV industry, the calculatér industry’s techno-
logical similarity to the PC industry provided several manufacturers with good
starting points in the PC industry. M6’s founders were strongly interested in
the PC industry when they started operations, but as the PC industry’s tech-
nology was still immature, they decided to start with calculators
(Commonwealth, 1984.5.1). Later, when they started manufacturing terminals
in 1985, they were able to fully exploit the technological similarity between
these two product's.

(3) Videogame Machines: A Cradle of Fake Apple Manufacturers

During 1980-82, Taiwan experienced a boom in the manufacture of
videogame machines, with exports amounting to US$130 million in 1982. A
high profit ratio nf 15-20% led to a swarm of new makers.' In 1982, however,
there arose a “save our children” movement, and the government finally an-
nounced a ban on the production of videogame machines due to social pres-

14 An article described the sudden increase of manufacturers as, “ walk three steps and
find one maker, walk another five steps and find another maker, turn the corner and again find
one maker” (Commonwealth, 1982.5.1).
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sure. According to a newspaper article (Commercial Times, 1983.12.21),
about three-fifths of the videogame machine manufacturers managed to sur-
vive the ban. Most of them rushed into the production of Apple II clones as a
way out, because the basic technology of design and manufacturing of that
product was quite similar to that of the videogame machine (Commercial
Times, 1983.12.21). By early 1982, the swarm of new entries into the PC
market became so huge that the existing PC manufacturers became concerned
that the rush of former videogame machine manufacturers would ruin the
industry’s market order (Commercial Times, 1982.3.16). Clearly, videogame
machine production played a significant role as a cradle for small local PC
manufacturers.

Another contri%ution that videogame machine production made to the PC
industry came from thie ‘induced expansion of the components industry. An
article in Commonwealth magazine (1982.3.11) pointed out that the
videogame machine industry had improved the components procurement con-
ditions for the PC industry. For example, Taiwan enjoyed IC purchase prices
10% below average international prices, owing to the huge demand from
videogame manufacturers. This certainly benefited PC manufacturers, too.
Also, the number of domestic printed circuit board (hereafter abbreviated as
PCB) manufacturers increased from 2-3 to 50-60 by the early 1980s, with half
of their production absorbed by videogame manufacturers. In addition, the
videogame industry nurtured a large number of programmers. According to an
article in the Commercial Times (1982, 1982.3.11), “the videogame machine
industry nurtured thousands of microcomputer engineers within a year.” Rich
human resources in circuit design and production engineering, and a good
basis in the electronic component industry were good preparation for the rise
of Taiwan’s PC industry.

(4) Fake Apple Computers

Stimulated by the boom of Apple II PCs in the United States during 1980
to 1983, manufacturers in Taiwan flocked into the production of fake Apples,
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illegal clones of Apple Ils, in the early 1980s (Commercial Times, 1982.12.8;
1982.12.11). Market entry was further accelerated by the collapse of
videogame machine production. As the capital and technology required for
manufacturing Apple clones were small (M7, Informants 1,2), many minor
manufacturers. leaped into the market, and the number of manufacturers
jumped within a few years from around 10 to 100 by 1983. Many manufactur-
ers improved the hardware and software of the original Apple II and devel-
oped a Chinese language word processing system as well. As a result, these
clones “exceeded the original Apple II in function, and in cost performance
exceeded the Apple Ile” (Commercial Times, 1983.12.21). However, fake
Apple production collapsed, as Apple took decisive measures against imita-
tors and charged several Taiwanese manufacturers with counterfeiting by
1983.

In spite of its short duration, the Apple IT boom proved to be an important
technology learning step toward the present success of Taiwan’s PC industry,
as it bridged the gap between the technology needed in this new industry and
the capability of design and production engineering that manufacturers had
accumulated by that time.

Another significance of Taiwan’s fake Apple production is that local
manufacturers could start accumulating technological capability from the very
beginning of the industry’s product cycle, owing to the foothold they got with
Apple clones. PC manufacturers could start their efforts in design, production
engineering, and organizing subcontractors from the very beginning of the
industry’s product cycle. Compared to the case of the TV manufacturing in-
dustry, this was very fortunate for local Taiwanese PC manufacturers. In the -
case of the TV industry, mature technology from Japan'® was transplanted
from abroad with 8-12 years’ lag. In contrast, engaging in the production of

15 The lag with Japen was 12 years for black-and-white TVs, and 8 years for color
TVs. .
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Apple clones, which was still immature technologically, made the technologi-
cal independence of Taiwan’s PC manufacturers possible. No matter whether
they were small or large in scale, most of the manufacturers I interviewed
developed their products without technological assistance from abroad. Tai-
wan’s PC industry seems to owe its independence to the early manufacturers
of Apple clones.

As Apple clones demonstrated the profitability and future possibility of
the industry, the entry rush continued. From around 1984, IBM 16-bit PCs
replaced 8-bit Apple II PCs. As early as the mid-1980s, “horrible competi-
tion” (Economic Daily News, 1986.10.7) and “bad competition” had already
appeared in the market. Vigorous market entry by local PC manufacturers
continued all through the 1980s.

(5) Earliest Entrants to the PC .Industry

In this way, both categories of Taiwan’s local PC manufacturers in the
early 1980s, traditional consumer electronics manufacturers and small new
manufacturers that leaped into the market, arose on the basis of the preceding
development of the consumer electronics industry. Thus, the rise of the PC
industry in the early 1980s was not sudden and unexpected, but was a natural
extension of the preceding industrial development.

Of the two categories, the large-scale electronic appliance manufacturers
played an important role in the early phase of the industry’s growth. In the
early 1980s, these traditional manufacturers such as M1 and M2 received
OEM export orders for low-end terminals and monitors from abroad.'® By
exploiting their experience in TV set production, these manufacturers ex-
panded their production volume quickly. The rele of these traditional elec-
tronic manufacturers in the early 1980s was very important, as the rapid in-

'6 They had manufactured heavy electric machinery, electric home appliances, and

other industrial electric products in the past.
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crease of their production of terminals and monitors provided Taiwan’s PC
industry with important initial momentum.

However, the presence of these consumer electronics makers gradually
faded out through the 1980s, as “their organizations were so huge that they
couldn’t always keep up with the rapid market change of the PC industry”
(Infonnénté 1, 2). Thus, the small manufacturers that rushed into the market
came to replace the large manufacturers and became the main force of the
industry’s expansion by the mid-1980s. Some of them were established by
engineers who applied their knowledge, design capability, and experience in
industrial engineering to this new market. There were also some manufactur-
ers that jumped into the market starting with subcontracting tasks. They were
often so small that they could take on only a few production steps.

The significance of the subcontracting production arrangement to the rise
of SMEs is the focus of the next subsection.

2. The Subcontracting Network

The main purpose of the present subsection is to show that the subcon-
tracting production network, which developed as an organizational response
by small local manufacturers to overcome the constraints facing them, played
an important role in the successful rise of Taiwan’s PC industry. Its signifi-
cance was especially obvious in the early phase of the industry’s development.
On the one hand, the subcontracting production arrangement relieved small
manufacturers of fixed costs and dispersed their risk, and thus made their
“bee-like” market entry activities possible. On the other hand, the same ar-
rangement provided manufacturers with the competitive qualities of flexibility
and speed, as well as effectiveness of specialization, and thus attracted many
OEM customers to Taiwan. ‘

I first report on the structure and background of the well-organized sub-
contracting production network in Taiwan. Then its relevance for the rise of
the PC industry is examined. Also, I look at the relevance of the subcontract-
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ing production network for the shift of competitive edge of the industry; it lay
in “flexibility and speed” stemming from the subcontracting production net-
work in the early to mid-1980s, but has since shifted to a strong capability in
design and production engineering. The primary source of information is my
interviews with 17 manufacturers, and two other informants.

(1) Structure

Several previous studies have pointed out that the well-organized division
of labor is a conspicuous characteristic of Taiwan’s PC industry. Emst (1995,
p.4) points out that “an extreme form of specialization” and “a focus on multi-
ple, volatile and short-term links that involve only limited financial and tech-
nology transfers” are observed in Taiwan’s PC industry. Lee, Wu and Wu
(1995, p.17) report that, “the edge of cheap labor and the industry network that
naturally formed among middle-size and small manufacturers built the solid
export capability of Taiwan.” Also, most of my interviewees indicated that the
close cooperation among numerous manufacturers in the Taipei-Hsinchu area
is a critical key to the strength of Taiwan’s PC industry.

On the development of the subcontracting production system in Taiwan’s
postwar industrial development, a series of studies by Shieh (1989, 1992a,
1992b, 1993) provides the most detailed and insightful analysis. His study is
based on his participant observation and his interviews in a wide range of
export-oriented industries, and his scope of analysis covers the production
organization within and ainong units of production, unit trajectories along the
subcontracting network; and the social background of the formation of the
system. Also Ka (1993) studies in great detail the subcontracting production
organization and social network among minor manufaciurers and traders in an
apparel industry community. A study by Chen (1994) is rich in detailed de-
scription of the SME’s world, and reveals its socio-economic basis. Satoh
(1996) provides a comprehensive analysis of the subcontracting production

system.
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In the PC industry, subcontracting production is typically observed in the
assembly of PCBs, i.e., the pfocess of inserting components into PCBs. The
assembly of PCBs for monitors consists of three main steps: auto insertion
process, surface mounting device (hereafter abbreviated as SMD) insertion
process, and manual insertion process. PCB assembly for PCs consists of the
SMD and manual insertion steps only. The basic characteristics of the subcon-
tracting production arrangement observed in my case study are as follows.

(a) Minute Division of Labor

First of all, the subcontracting production arrangement is characterized by
minute division of labor and specialization. Based on his interviews with 17
SMEs (each with fewer than 20 employees) in the apparel industry and 29
SME:s in the electronics industry, Shieh (1991) wrote, “‘small-scale enterprise
is a characteristic of Taiwan’s industrialization. Every step of production, and
production of every component has a corresponding unit of production. And
every unit of production has a corresponding boss.” Shieh takes the example
of the process of manufacturing PCBs, and explains the division of production
steps into material preparation, holing, and printing, each of which is done by
a different manufacturer. Similarly, my case study revealed that the produc-
tion steps of PCB dssembly can be executed by different units of production in
Taiwan. Many cases of fragmentation of production steps and distribution of
the tasks among minor subcontractors were observed in my case studies.

Figure 2 illustrates a possible pattern of fragmentation of production steps
and distribution of tasks among manufacturers in PCB assembly production.
In the case of PCB assembly, a typical specialization pattern is the division of
labor into R&D — auto insertion (in the case of monitors only), SMD inser-
tion — manual insertion — testing and packaging. Besides PCB assembly,
miscellaneous tasks are often subcontracted out to house factories and house-
workers. For example, M8, a small manufacturer of power supplies with 30
employees, subcontracts out some tasks such as screwing, bonding switches,
inserting plates, etc. to family workshops. M8 says, “Some housewives quit
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Figure 2. A Pattern of Fragmentation of Production Steps Among Manufacturers

Note:The figure indicates a possible pattern of division of labor among SMEs, and is based on
the findings of the author’s field research. In this case, Firm A specializes in R&D, final
testing, and packaging, and subcontracts out all the assembly work. Some part of the
work, such as parts forming and insertion of smaller components etc., are again subcon-

tracted out by Firm D.
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our factory to take care of their children. But they are familiar with the task, so
we keep in contact with them, and ask for their help when we need them.
Sometimes we subcontract simple jobs, like sub-assembly of heat-radiators,
out to these houseworkers.” Thus, a variety of manufacturers, including
houseworkers, participate in this production system.

One important category of manufacturers that organize the subcontracting
network is the “factory-less” or “fabless” manufacturers: those engaging in
design, testing, packaging (and often marketing) only. A factory manager at
M9 comments, “I once worked at this kind of manufacturer. Probably there
are hundreds of manufacturers of this type in Taiwan. Their offices are often
located in small apartments in Taipei. They specialize in design and quality
control, and set up their own sales offices abroad and do marketing.”

M10 is a typical example of a “factory-less” manufacturer. On its estab-
lishment in 1981, M10 engaged only in component trading. A few years later,
it started design, testing and packaging of add-on cards, and subcontracted all
the assembly production steps out. All through the 1980s, M10 grew rapidly
and started “production” of scanners, motherboards, and PCs. It also set up
offices in the US, Germany, the UK, etc., to promote sales. But it was only
after 1991 that M10 introduced SMD equipment; in other words, M10 de-
pended on subcontracting for PCB assembly and final assembly until as late as
1991. “Unarguably, subcontractors played a critical role in our development”
(M10). Another motherboard manufacturer with 20 workers also specializes in
design, testing and packaging only, and subcontracts out all the assembly
production processes to five subcontractors. The very existence of the large
number of “factory-less” manufacturers demonstrates the efficiency of divi-
sion of labor among the highly specialized manufacturers on the island.

Besides the subcontracting based on fragmentation of production steps,
there is another type of subcontracting arrangement, “horizontal subcontract-
ing” (Shieh, 1992&, pp.53-54), where orders and tasks are exchanged between
fellow manufacturers. This arrangement was observed in my study too. This
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type of subcontracting arrangement has two subcategories; irregular horizontal
subcontracting and regular horizontal subcontracting. The former is an ar-
rangement where over-capacity orders are temporarily put out to other manu-
facturers. “When we are running out of time, we call on them for help. It’s
good for both of us. They can make money and we are helped by them” (M13).
In the case of regular horizontal subcontracting, the order is subcontracted out
to the most appropriate unit of production. For example, “We are a medium-
sized subcontractor with 40 employees. In order to make full use of our man-
power, we only take orders for products with more than 80 components. Oth-
erwise, we subcontract the order out to smaller manufacturers” (M9). In the
case of M12 , “We started from a small subcontracting factory. But now we
have 600 workers, including 60 R&D staff members, and our competitive
edge is shifting toward high-end pfbducts. We produce 17-inch monitors our-
selves, and subcontract out 14-15-inch monitors to smaller manufacturers.
They are more suited to production of these standard products, as their over-
head cost is smaller.” In this way, “horizontal” subcontracting promotes a
distribution of appropriate tasks among the members of the network and im-
proves the overall efficiency of the industry.

(b) Flexibility and Irregularity of Subcontracting

The second characteristic of subcontracting production observed in my
study is the flexibility and irregularity associated with specialization. Most of
the interviewees distinguish between “regular” and “irregular,” or long-term
and one-time contracting/subcontracting. Still, the distinction is quite vague.
“We have several subcontractors who can help us when we are in hurry to
finish the order” (M11, M13). “I have a list of possible subcontracting part-
ners. When I need help, I make phone calls to them to find the guy who can
help us” (M7). In these cases, the potential subcontracting relationship lasts
for a long period, but the actual business relationship is irregular.

Even with subcontractors whom they regard as “regular” partners, many
manufacturers maintain a free hand to stop doing business with them. Al-
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though several manufacturers emphasize that “we become friends as we go on
with the subcontracting relationship, and I feel too sorry to stop subcontract-
ing out to them,” most of the manufacturers admit that they stop subcontract-
ing out orders when the demand declines. “We can put orders out when they -
grow and exceed our capacity for a certain period of time. But when the de-
mand decreases, we have to take the production steps in again.” This kind of
ﬂéxibility and irregularity is natural, as these attributes are the very reason that
a large number of manufacturers utilize the arrangement. As we will see.in the
next subsection, many manufacturers regard the subcontracting production
arrangement as a “safety valve” for market fluctuations.

The flexibility and irregularity of the subcontracting arrangement natu-
rally leads to multiplicity and mutual dependence among the manufacturers.
My study found that the division between “subcontractors” and “‘contractors”
is quite vague, especially among SMEs. “If an order exceeds our capacity,
then we put it out. If we are not busy with our orders, then we can help other
manufacturers to finish their orders” (M7, M8, M13). In this case, one cannot
call the manufacturer either “subcontractor” or “contractor”; it is both a
“subcontractor and contractor. ” Also, the growth of a manufacturer doesn’t
necessarily accompany the upgrading of its status from subcontractor to con-
tractor (M12, M13, M14). Nor does it lead to decreasing reliance upon sub-
contractors. As the case of M10 demonstrates, some manufacturers attain
growth by making intensive use of subcontracting."’

(2) Factors in the Rise of Subcontracting Production Arrangements

(a) Motivation for Contractors

As we saw above, thie subcontracting production arrangement observed in
Taiwan’s PC industry is characterized by the minute division of labor, and a
very flexible arrangement of specialization among the members. The next

17 This finding is in agreement with that of Levy & Kuo (1991).
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questions are: Why do manufacturers make intensive use of the subcontracting
production arrangement? Why do many manufacturers do subcontracting
tasks, though they complain that “our profit rate is low, and we are vulnerable
to market changes” (M7, M10)?

On the part of contractors, three main reasons for making use of subcon-
tracting arrangements can be pointed out. First, this arrangement developed in
order to solve the difficulty of recruiting factory workers, just as it did in the
case of the calculator industry. M13 pointed out that the labor shortage is the
primary reason for the development of the subcontracting system in the indus-
try. “We cannot recruit enough workers in-house. But it’s easy to find subcon-
tractors.” As we saw in the previous section, labor shortages led to the devel-
opment of subcontracting production in the calculator industry as early as the
1970s. In order to solve the problem, it was natural for PC manufacturers to
make use of subcontracting production’s decentralized mobilization system of
manpower from the very start of the industry’s growth. “Especially, many
manufacturers preferred to subcontract out labor-intensive production steps
such as manual insertion of components and miscellaneous tasks > (Informant
1).

Second, the very flexibility associated with the subcontracting arrange-
ment is the strong point of subcontracting production network. In Taiwan,
SMEs have mainly engaged in export since the 1960s.'® All through the ex-
port-oriented development of the postwar Taiwanese economy, how to deal
with market fluctuation, how to disperse the involved risk, and how to realize
the lowest cost, have been the primary concems for SMEs. And it was this
concern that made the specialization of the subcontracting production ar-
rangement a desirable arrangement for SMEs (Shieh, 1992a; Chen, 1994). The
subcontracting production arrangement is an organizational response on the
part of SMEs to these fluctuations and risks, for it allows a manufacturer to

'8 Please refer to Abe & Kawakami (1996).
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increase and decrease production volume without incurring substantial capital
cost. In the case of M7, “it’s not always cheaper to subcontract out, but we
rely on subcontractors, as they save us investment in equipment” (M7). “They
ensure us flexibility of production. By adjusting the order volume to put out,
we can control the production” (M4)."

Third, specialization reduces the overhead cost to individual manufactur-
ers and allows them to make full use of their equipment. Possible utilization
of subcontracting arrangements enables a group of engineers to set up a
“factory-less” manufacturer and concentrate on design and testing. This condi-
tion was critical for the growth of PC manufacturers, as most SMEs are con-
tinuously faced with capital constraints.

Last, subcontracting production allows individual manufacturers to ex-
ploit the merit of specialization. M9 points out that “each task we put out is
quite simple, like simple soldering and bonding of wires. But workers accu-
mulate experience in each job, and it does make a difference.” M8 states,
“Take the example of the work of bonding switches. Subcontractors do work
for at least 2-3 contractors” orders simultaneous.ly‘ So those housewives work-
ing at the subcontracting units are quite skillful. If we do the same bonding
in-house, the cost might be higher by as much as 35-40 % at the initial stage.”

(b) Motivation of the Subcontractors

Many subcontractors display dissatisfaction with “the low profit rate and
limited opportunity” of simple subcontracting, when asked about their self-

19 Here, it is noteworthy that the adjustment cost associated with stopping
subcontracting business is substantially lower than the cost involved in in-house adjustment,
i.e., dismissal of workers and idle equipment in Taiwan. In other words, the behavior of
Taiwan’s PC industry manufacturers reveals that the adjustment cost among production units
is lower than the adjuStment cost within a unit. For the relevance of the low transaction cost
of Taiwan’s economy for the growth of Taiwanese SMEs and the industrial development led
by them, please refer to Levy (1991).
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esteem. Why, then, do such a large number of manufacturers leap into this
business?

The primary reason is the low risk and low fixed cost associated with
subcontracting production. As for the required capital and technology to set up
a PCB manual components insertion workshop, M13 says, “At present, 1.5
million NT dollars, several years’ experience in production engineering, and a
middle level knowledge of electronics will be enough.” Of course, the smaller
house workshops are even easier to establish. In the early 1980s, many engi-
neers started subcontracting factories with NT$100,000 to 150,000 raised in
the informal money market or borrowed from relatives (M7). Besides the Iow
initial set-up cost, another merit of subcontracting is the smaller requirement
for liquid capital. “Price fluctuation in key components is quite wild in this
industry. But subcontractors do only assembly, and all the materials are pro-
cured by contractors” (M9, M10). Thus, the subcontracting production ar-
rangement is not only a system of division of labor among manufacturers, but
also a risk-sharing mechanism between differently sized manufacturers; the
risk associated with the procurement of components is borne by the larger
manufacturers in exchange for a high profit rate, while the risk-averse minor
manufacturers offer their cheap labor and accept a lower profit rate in compen-
sation for their low risk.

Related is the second reason for manufacturers to engage in subcontract-
ing tasks, which is the prospect of stepping up “along the subcontracting net-
work” (Shieh, 1992a, p.69). Indeed, it is this prospect that induces numerous
manufacturers to leap into this network, despite the low profit rate. For exam-
ple, M7 intends to “invest in SMD machines and ‘step up’ within a few
years.”

M13 is atypical case of “development along the subcontracting network.”
It was set up in 1986 as a small manual insertion subcontractor. As its cus-
tomer expanded production rapidly, M13’s subcontracting business expanded
greatly, and it introduced SMD in 1994, then auto insertion equipment in 1995.
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The number of employees expanded from eight in 1986 to 160 in 1995. Its
next aim is to cultivate its own R&D capability. Another success story is the
case of M12. It started as a subcontracting factory where employees of a PC
manufacturer gathered after work and engaged in manual insertion production
jobs “that were not profitable for large manufacturers.” Through eight years’
continuous investment, the firm grew into a monitor assembler with 600 em-
ployees including 50 R&D experts. '

These manufacturers all follow the “step-by-step” expansion trajectory,
gradually integrating the fragmented production steps and expanding capacity.
“In general, we start as a small subcontractor. Sometimes the first goal is to
integrate inspection and packaging in-house, as this means that we can do
quality-control ourselves. Then we’ll try to integrate more capital-intensive
production steps” (M9). The next goal is to start to procure necessary compo-
nents. “As long as we do simple ‘subcontracting, our future is limited. It’s
risky to procure components by ourselves, but the business will be much more
profitable” (M9). Another goal is “to start direct OEM business with foreign
customers” (M13). The subcontracting production arrangement provided each
manufacturer with the opportunity to “step up” at a small initial cost.

(3) Relevance of the Subcontracting Production Arrangement for the
PC Industry’s Development

In concluding this section, it is this arrangement of subcontracting pro-
duction that has enabled and induced the market entry of SMEs. Also, almost
all of the interviewees emphasized that “flexibility and speed of specialized
manufacturing”® associated with close cooperation among manufacturers is
the main source of competitiveness of the industry.

At the same time, many manufacturers point out that the significance of

20 Youth Daily News, 1986.1.3, reports that “Taiwanese manufacturers’ merit lies in

the speedy response and flexible development capability.”
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the subcontracting production system has decreased substantially in the last
four to five years (M14, M15, Informant 2).*' My case study has revealed that
the newly set up manufacturers are not as dependent on subcontracting pro-
duction as are older ones. Also relatively old manufacturers are less reliant on
subcontracting production.

One reason for the gradual disappearance of subcontracting is the stricter
quality requirements of OEM customers. Though “many manufacturers still
subcontract out to smaller ones in secret” (M9), the intensified competition
among large OEM customers has led to an increase in in-house production by
large OEM manufacturers, and narrowed the room for subcontracting. Also,
severe price competition and rapid expansion of the market in the last several
years has accelerated the trend of production concentration among large manu-
facturers. Finally, the production shift to Southeast Asian countries and main-
land China, as well as introduction of foreign labor, have replaced the cheap
local labor power mobilized through the subcontracting production arrange-
ment.

As the importance of subcontracting has gradually decreased, the primary
competitive edge of Taiwan’s PC industry has shifted from the low cost and
‘production flexibility ensured by the subcontracting network to strong capabil-
ity in design and production engineering by specialized manufacturers.

In the following, the relevance of the subcontracting network in achieving
flexibility and speed is first explained. Second, I will point out that the shift of
the competitive edge toward strong design capability reflects the economy’s
successful accumulation of human resources and production experience,
which was facilitated by the subcontracting arrangement.

21 The recession during 1989-1991 was a turning point. Many SMEs exited the market
and production concentration started, as the growing OEM orders from large American and
Japanese buyers brought about the industry’s recovery.
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(a) Relevance of “Flexibility and Speed” to Specialized Manufacturrs

I have already revealed the relevance of the subcontracting production
arrangement for production flexibility. The arrangement was the very appara-
tus that allowed local SMEs to adjust to market changes with flexibility and
speed.

Another outcome of the subcontracting production arrangement is the
large number of highly specialized manufacturers.” Whereas the PC industry
of South Korea is led by large conglomerates, Taiwan’s manufacturers are
characterized by high specialization. Indeed, “specialization” is a key word for
understanding the Taiwanese PC industry. A look at TEAMA’s member list
reveals that most of the PC industry manufacturers are concentrated in the
production of a small number of products. This is partly because these manu-
facturers were established by engineers exploiting their technological back-
grounds. Through the interviews, I formed the impression that Taiwanese
manufacturers are bold when expanding their business in their “own direc-
tion,” but are rather conservative about going into “unfamiliar spheres” (M2,
M14). Also, as active market entry caused severe competition, manufacturers
came to concentrate on a small number of products and production steps. The
step-by-step manner of expansion and continuous capital constraints facing
these SMEs made investment within the range of “one’s own business” rela-
tively profitable..

This specialization is also reflected in the organization of the components
industry, of which Shieh (1993, p.100) said, “production of every component
has a corresponding unit of production.” Many interviewees pointed out that

22 I her comprehensive study of the economic development process of postwar South
Korea, Amsden (1989, p.127) pointed out that Korean conglomerates, the engine of the de-
velopment of the economy, tend to diversify widely rather than specializing in certain fields,
as their level of experience in particular industries does not enable them to upgrade and move
into a higher quality niche.
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the strength of specialized component manufacturers is one of the main factors
that enabled local FMs to grow rapidly. “Almost all of the components are
available at very reasonable prices in Taiwan. Without these components, we
could never have grown as rapidly as we did” (M10).

(b) The Shift in Taiwan’s Competitive Edge and the Decreasing
Reliance on Subcontracting

Most of the interviewees indicate that strong design capability and expe-
rience in mass production are the two areas in which Taiwan’s PC industry
has the main competitive edge at present. For example, a leading motherboard
manufacturer says; “Once a customer hands us a specification for a new moth-
erboard, we can develop a correspondent sample within only a month” (M14).
“Our capability of designing production lines and products in a way that
minimizes the model-change cost is the source of our competitiveness” (M4).
Taiwan IBM also points out that the main competitive edge of Taiwan’s PC
industry has already shifted to strong capability of design and production
engineering. As for the latter, “Taiwanese production engineers can manage to
produce 3-4 models in one line a day”(M3).

The significance of this shift in competitiveness is outstanding, when we
compare it with the preceding cases of the electronics industry and other la-
bor-intensive industries, where Taiwan’s competitive edge continuously lay in
“low cost and flexibility.” How and why did the PC industry succeed in up-
grading its technology capability?

The successful shift in Taiwan’s competitive edge in the PC industry is a
result of the fact that local manufacturers caught up technologically with the
industry leaders. As we saw in section II, a large number of engineers and
specialized managers have been fostered in the electronics industry since the
1960s. The product shifts in the 1970s and 1980s from TV manufacturing to
videogame machines and Apple II clone production accompanied the gradual
improvement in local manufacturers’ technological level. In other words, the
gap between the technology required for a particular industry and the capabil-
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ity of local manufacturers in that technology has narrowed over the course of

industrial development since the 1960s.

Again, the subcontracting production network played a_central part in
facilitating the swift technology spillover and information dissemination. It
was mainly via the turnover of engineers and managers who acquired exper-
tise with one company, then set up new manufacturers, that these spillover
effects were realized. M2 comments, “M2, M1, RCA, and another large local
manufacturer were very much like four central training centers for the man-
power of Taiwan’s PC industry, because a large number of manufacturers
spun off from these makers.” When I asked to interview the engineers who did
the R&D for monitors in the early 1980s, I was told that “they are all gone,”
« almost no one has remained here, for some of them set up their own business,

and others moved to newer firms.”

It is a conspicuous characteristic of Taiwan that the technology spillover
and information dissemination occurred not within a firm, but primarily be-
tween manufacturers. And the subcontractiﬂg system, together with the strong
cultural inclination to start one’s own business in Taiwanese society, enabled
capable engineers and managers to “stand alone,” and promoted the continu-
ous diffusion of technology and information. The subcontracting production
system has played the role of a “carrier of spillover effects” over the course of
the industry’s development. The same arrangement spurred the diffusion of
technology from FMs that produced PC products on the island in the early
1980s, and let local manufacturers get into the market at a good time.

Tt was this successful accumulation of human resources, as well as the
return of engineers from abroad in the 1980s, that has enabled the industry to
upgrade its competitive edge toward the more technology-oriented sphere.
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V. Summary and Conclusion

In this paper, I have explored the background of the rise of SMEs in Taiwan’s
PC industry, with a focus on the factors that made their active market entry in
the 1980s possible. I have studied the issue from the following two viewpoints:
(1) technology accumulation by local manufacturers during the preceding
expansion of the electronics industry, and (2) the subcontracting production
arrangement.

My study found that both of these factors substantially contributed to the
SMEs’ growth. The step-by-step technology accumulation of local manufac-
turers is observable since the 1960s. The TV industry consolidated the basis of
the electronics industry by introducing basic technology concepts and produc-
tion engineering. It also fostered a large number of engineers, and stimulated a
local components industry. In the following development of the calculator
industry, the relatively low entry barriers allowed a large number of SMEs to
enter the market. To the extent that an extensive subcontracting production
network developed among the SMEs, this industry displayed a pattern of
development similar to the PC industry. In the early 1980s, there occurred a
boom in the manufacturing of videogame machines and Apple II clones. This
produced a large number of engineers with experience in circuit design and the
application of microcomputers. These two products also provided SMEs with
opportunities to enter the PC industry in the initial phase of its development.
This timely entry of SMEs was important for the later technological upgrading
of PC manufacturers. All of these preceding industries brought about a grad-
ual narrowing of the gap between the required technology level for a certain
product, and the technological capability of the local manufacturers, thus
lowering the technological entry barrier to the PC industry for SMEs.

Also, the subcontracting production network was significant for the rise
of local SMEs in several ways. On one hand, it lowered the market entry bar-
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rier for SMEs. On the other hand, it encouraged numerous engineers and man-
agers to spin off from FMs and large local manufacturers, thus promoting the
diffusion of information and technology in the economy. It also facilitated the
upgrading of the competitive edge of the industry toward its current strong
capability in design and production engineering. In this way, the rise of Tai-
wan’s PC industry was not sudden and unexpected, but rather a natural exten-
sion of the breceding development of the electfonics industry.

Finally, I would like to touch on the implications of the case of Taiwan’s
PC industry for the promotion of SMEs in other developing economies. Are
other economies likely to experience a similar growth of SMEs to replace
FMs and large local conglomerates in high-tech manufacturing?

Unarguably, Taiwan provides a good example of successful growth by
SMEs. The PC industry in particular is full of success stories: venture busi-
nesses of two to three engineers growing into world-famous manufacturers in
several years, pétty subcontracting factories developing into makers with
thousands of employees and strong R&D capabilities, and so on. However,
what deserves emphasis is that Taiwanese SMEs could overcome entry barri-
ers and grow rapidly mainly because there was an organized production sys-
tem in Taiwan that allowed SMEs to enter this highly competitive market: the
risk-sharing and cost-saving mechanism of the subcontracting production
network. And this network was neither an arrangement developed under the
leadership of large manufacturers, nor was it a result of a promotion policy by
the government. Rather, it is a natural organizational response that SMEs
developed in order to overcome the labor shortage and to reduce risk. The
diffusion of education and an equal income distribution in Taiwan are precon-
ditions of the arrangement, too.

In contrast, the conditions that gave rise to Taiwan’s subcontracting net-
work are usually lacking in the developing economies: we are more likely to
find that oversupply of labor, domination by existing conglomerates, and
unequal income distribution hinder the formation of a subcontracting produc-
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tion arrangement among SMEs. In this respect, the development of the sub-
contracting production arrangement and the rise of SMEs in Taiwan are not
simple, transferable experiences for other economies. Rather, they are a reflec-
tion of Taiwan’s socio-economic conditions, and are the fruit of its overall
economic development.

Still, economic development is a continuous process of catching up. Tai-
wan’s electronics. industry, which was only a simple production base with
abundant unskilled labor in the early- to mid-1960s, came to earn Taiwan the
sobriquet “PC Island,” with its rich engineering and production capability, in
just one decade. This fact itself should encourage the small manufacturers of
the developing countries considerably.
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