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Abstract

Less-developed countries always lack well-developed industrial clusters, and nurturing such clusters is essential to their economic
development, especially for technology-based industries. Consequently, location specific cluster formation should be promoted, including
efficient technological infrastructure, mature innovation—production interaction, and competitive advantages. These factors have a positive
accumulative effect on the selected district, and firms in the district compete for these resources through spatial proximity, a focus on certain
technologies and technological infrastructure. To establish mature clusters, the Taiwanese government has aggressively developed Science
Parks during the past two decades. This study applies this concept to analyze the interaction between agents and the formation of innovation
clusters in the Hsinchu district, the location of the first Science Park in Taiwan.

© 2003 Elsevier Ltd. All rights reserved.

Keywords: Hsinchu Science-Based Industrial Park; Proximity; Cluster; Technological infrastructure

1. Introduction

Since the end of the 1980s, the development of the
knowledge-based economy, globalization, and international
competitive pressure has increased the importance of
innovation in local economies (Camagni, 1995; Feldman,
1994; Malmberg, 1997; Porter, 1990; Ritsila, 1999; Storper,
1995). Simultaneously, globalization is increasing distinct
local differences arising from local capabilities and
environments. Under the globalized international labor
system, the mid-1990s saw a new development model
involving Taiwan, China and the United States replaced the
previous model involving the United States, Japan and
Taiwan that had dominated during the 1970s and 1980s.
Although Taiwan retains competitive advantages over
China in the vertical division of technology in the new
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model, its time lead has reduced signiﬁcantly.1 Therefore, to
maintain the international competitiveness of Taiwan, the
establishment of a business friendly environment and local
innovation clusters, namely, the creation of an environment
to enhance local innovative capabilities, is a pressing task.

Empirical studies during the past 10 years stressed the
role of “endogenous growth mechanism” in local develop-
ment, as well as influences such as local entrepreneurship,
social network, synergy elements, dynamic learning pro-
cess, and so on. The work reveal a need to further study the
role of innovative activities, their effect on boosting local
development and growth, and the agglomeration of milieu.
Empirical research on innovation is focused on knowledge
spillover and spatial proximity (Acs and Audretsch, 1988;
Audretsch, 1998; Glaeser et al.,, 1992; Saxenian, 1994;

! According to a survey result published by the Wintel Survey Center,
78% of investors investing in Taiwan thought that the years 2002-2003
will represent the peak of capital flows from Taiwan into China. Moreover,
the same investors expected that the Chinese information technology
industry would surpass that of Taiwan after 5 years.
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Storper, 1995), knowledge flow and the limits of geographi-
cal dispersal (Audretsch and Feldman, 1996), collective
learning process (Maillat, 1998), learning process and the
stickiness of certain forms of knowledge (Markusen, 1996),
and untraded dependencies (Freeman, 1991). However,
spatial proximity does not necessarily guarantee learning
initiation (Malmberg, 1997). Companies require proximity
to competitors, suppliers, consumers, and technological
infrastructure to improve their competitiveness through
learning (Porter, 1998). Previous research on Taiwan
included applying the concept of learning regions to discuss
the formation of the industrial corridor in Northern Taiwan
(Hsu, 1998), combining the concepts of learning region and
regional dynamic competitive advantages to analyze the
industrial system and geographic structure of the Hsinchu
district (Yang, 1999), and examining how spin-offs caused
the geographic concentration of high-tech industries in the
Hsinchu district (Kung, 1999). Studies by Taiwanese or
non-Taiwanese scholars share a common tendency of
stressing the role of spatial proximity in enhancing
interactions among companies, the establishment of non-
trading dependencies, and agglomeration in a single
locality. However, some researchers have presented differ-
ent views. For example, Porter (1990) believed that
geographic clustering intensifies competition, and thus
increases interaction intensity within the local integral
system. That is, the clustering phenomenon involves a
mechanism which can maintain competitiveness among
companies and facilitate information flow and exchange.
Hart and Simmie (1997) used case studies to demonstrate
that, although innovative companies tend to agglomerate in
certain areas, owing to their competition to acquire capital
and release new products, such companies may not enjoy
close relationships, and may not even form an innovative
production network.

Since SMEs do not have the same advantages as large
enterprises in pursuing innovation, the question arises of
how such companies can compete and gain knowledge.
Based on the hypothesis of this study, namely that local
production networks are the basis of innovation, knowledge
spillover from academic institutions or research and
development (R&D) conducted by other companies is the
key to obtaining knowledge for SMEs. While high-tech
industries have long used employee stock distributions to
enhance employee loyalty, the effectiveness of this method
for agents with specific economic knowledge is uncertain.
Another important question is whether this is one of the
resources that companies clustering in certain localities
compete to acquire, especially since they can boost their
profits by accelerating new product release. Because few
work have studied these particular research questions, this
work hypothesizes that when companies cluster in certain
localities, their interactions inevitably involved competition
for specific local resources. These resources include agents
with endowments of new economic knowledge, technology
professionals, knowledge and information, production

markets, and even partners. Although local agents some-
times collaborate, whether this collaboration remains
essential to competition is uncertain. This study attempts
to use this perspective to examine the interactions among
local agents and the development of an innovative
environment. Moreover, this study also uses the Hsinchu
district, where the Taiwanese high-tech industry is con-
centrated, as a case study for investigating the develop-
mental characteristics of an innovative environment.

This paper will first describe the technology-based
regional development strategies in Taiwan. Then, the
research method and scope will be introduced. In addition
to analyzing, the developmental characteristics of the
Hsinchu Science Park and the surrounding areas, the survey
results are discussed. Finally, we will summarize the
findings of this work and offer conclusions.

2. Development strategies of Science/Technology
Park (STP) in Taiwan

Asian countries frequently follow policies of using
strategic investments, typically by central government, to
create technology-based clusters or cities to serve as
growth engines for their respective regions. Owing to
substantial government investment, as well as rent and tax
incentives, Taiwanese STP such as the Hsinchu Science-
based Industrial Park (HSIP), established in 1980, and the
Tainan Science-based Industrial Park (TSIP), established
in 1995, have become closely integrated with regional
industries and local development. Thus, high-tech and
innovative firms generally remain concentrated in specific
locations, use shared facilities, and enjoy common
economic benefits. These specific characteristics can be
transformed into regional development. From this per-
spective, STP can be an effective tool for integrating
industry and regional development. Comparing the devel-
opment of Hsinchu Science City in Taiwan with the
planned development of Tsukuba Science City in Japan
and Taedok Science Town in Korea reveals some unique
experiences in Taiwan in that the government-led projects
have successfully stimulated the regional, and even
national, emergence of innovation systems and economic
development (Lin, 1997).

The functions assigned to Parks and the actual activities
conducted in them differ according to different regional
developmental goals. Primarily, an STP offers place for
nurturing SMEs or new start-ups, as well as for firms to
conduct R&D or technology transfers and produce or
assemble high-tech products. According to developmental
goals, functions, relationships with regional development,
and development methods and management, the orientation
of STP can be categorized into three types, namely,
innovation/incubation-oriented (I&I0), R&D-oriented
(R&DO), and production-oriented (PO). 1&IO parks
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primarily endeavor to utilize new technology to stimulate
industrial innovation. Such parks create new industrial
foundations to attract R&D personnel from universities and
research institutes to apply the results of basic research.
New technology-based firms (NTBFs) are created during
this process. Generally, this type of park is located around
universities or research institutes.

Second, R&DO parks attempt to develop industrial
technologies and promote industrial upgrading. These parks
also aim at attracting regional firms and adopting measures
to encourage firms to participate in R&D. Most R&DO
parks are also located around universities or research
institutes. Consequently, R&DO parks can access spillover
from knowledge-based activities and existing technological

infrastructures in the area. Furthermore, such parks help to
attract knowledge actors.

Third, PO parks attempt to establish regional industries
and promote economic growth. These parks generally
produce or assembly technological products. The items
produced in these parks share several characteristics: (1)
large market potential, (2) wide use, (3) high added value,
and (4) technology intensive. The above product charac-
teristics distinguish Science Park production from that of
most industrial zones in Taiwan. Based on the special
characteristics of different areas, Taiwan can be divided
into urban and community areas, and the following
developmental strategies can be proposed for STPs in the
Taiwan area (Fig. 1).
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Fig. 1. Development strategies of Science Park in Taiwan.
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2.1. Urban areas

Owing to differences in developmental features among
areas, the development process proceeds through various
phases. Additionally, special characteristics lead to the park
functions. The Taipei district is the political and economic
center of Taiwan, with a high concentration of universities
and research institutes, as well as R&D investments.
However, large areas of land are difficult to find in highly
developed districts. Consequently, the development of I&IO
and R&DO parks in other areas should be emphasized.

In terms of land availability, employment rate, and
average labor productivity, the Taoyuan area compares
favorably with other urban areas, although it suffers from a
relative weakness in terms of R&D. However, since
Taoyuan is close to Taipei, it is an ideal location for a
production-oriented park. Such an arrangement would
provide the Taipei area with a readily accessible base for
the mass production of newly developed items. Such an
arrangement would benefit both areas.

To complement the HSIP and government development
policies, the Hsinchu area should focus on developing I1&IO
and R&DO parks. Besides fully exploiting the technology
and R&D resources of this area, such an approach would
promote the Hsinchu region as the center for technological
research in Taiwan and enhance the international competi-
tiveness of the area.

The Taichung and Tainan areas have relatively high
quality living environment and maintain good R&D support
environment. Consequently, R&D focused STPs could be
developed in these two areas. Meanwhile, the Kaohsiung
area is the second largest metropolitan district in Taiwan,
and is the political and economic center of southern Taiwan.
Based on the R&D, commercial, skilled manpower, and
educational strengths of Kaohsiung, integrated parks could
be developed there focusing on incubation and production.

2.2. Community areas

Owing to limited developmental conditions, few devel-
opment opportunities, low public investment, and popu-
lation migration outflow, industrial development is limited
in most other areas of Taiwan, besides the major urban
mentioned above. Consequently, plans should be developed
to connect these community areas with urban areas.
Specifically, R&DO or PO parks could be established in
these areas, but the establishment of I&IO parks would be
less suitable. The development of PO parks would be
suitable in Changhua and Pingtung, especially since these
areas are located near Taichung and Kaohsiung, respect-
ively. Besides offering production functions, these areas
also could offer high quality residential and recreational
facilities.

As for other areas facing sluggish development, the
present developmental conditions are inadequate for estab-
lishing STPs. Consideration should first be given to creating

Table 1
Distribution of Science Parks and incubators

Number of
Science Parks

Number of
Incubators

Precinct

Northern region Chilung
Ilan
Taipei 1
Taoyuan
Hsinchu
Central region Hiaoli
Taichung
Changhua
Yunlin
Southern region Chiai
Tainan
Kaohsiung
Pingtung
Taitung
Hualien

Eastern region

N = W dWNWR A — B OO — —
|

Source: National Science Council and Ministry of Economic Affairs,
Taiwan, the end of 2001.
1t includes Hsinchu and Chunan Science-based industrial park,
however, Chunan park is located between Hsinchu and Hiaoli.

technology transfer centers, academic research institutes, or
investing in public development to boost the technological
level of industry and spur regional development. The
establishment of further STPs could be considered in the
future as appropriate.

As of 2001, Taiwan had four science-based industrial
parks, namely Hsinchu (1980), Tainan (1995), Chunan
(1998), and Taichung (2001). Besides these parks, Taiwan
also had 62 innovation/incubation centers (Table 1 and
Fig. 2), (47%) located mostly around the Hsinchu and
Chunan Parks.

3. Methodology and data collection

Since innovative knowledge is ambiguous, difficult to
represent, and often discovered incidentally, its geographi-
cal and spatial transportation through communication is
crucial. However, the marginal cost of transporting knowl-
edge increases with distance, particularly knowledge that
needs to be learned imperceptibly. That is, face-to-face
interactions and frequent and recurring communications are
important to companies seeking to utilize such difficult,
ambiguous and uncertain innovative knowledge, acquire
such knowledge themselves, and even attract agents
including individuals or groups that have such knowledge.
Therefore, this work hypothesizes that a particular innova-
tive environment involves technological infrastructure
establishments (including universities and research insti-
tutions), the implementation and facilitation of specific
public policies by government, and agents such as
companies. This environment produces self-sustaining
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Fig. 2. The distribution of Science Parks and incubators.

spin-off effects through dynamic interactions among
academic and research institutions and companies. Owing
to the characteristics of innovative knowledge and spatial
factors, this spin-off effect continues to accumulate in a
particular area, but the speed of accumulation decreases
with increasing distance, eliminating corporate advantages
in competing for economic agents based on know-how
related to new knowledge, technical professionals, knowledge
and information, and so on. Consequently, the innovative
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milieu is formed through interactions among agents in an
innovative environment. The purpose of companies in
entering such a milieu is to acquire new technology flow and
utilize the tangible technological infrastructure to maximize
profits (Figs. 3 and 4).

To achieve the research goal, the methodology of this
work is based on descriptive statistics, using indicators of
innovative milieu. Data sources include governmental
statistics and empirical survey data gathered by case studies.
Although some case studies and government data failed to
provide timely and appropriate information, they provide a
good analytical basis for future research. This investigation
used two major sources of data:

3.1. Empirical data on the characteristics of innovation
cluster formation

These characteristics help companies to enhance their
competitiveness. Because ITRI has been central in the
technological development of Hsinchu and its interaction
with surrounding areas, this work utilized the findings of the
ITRI technology development projects and the outcomes of
innovative incubators developed by ITRI. This investigation
used indicators such as number of new companies formed,
R&D capital investment, technological workforce size and
number of patents to analyze the local innovative pro-
duction network and the formation of innovation cluster.
This work also utilized some statistical data collected by
ITRI and HSIP.

3.2. Surveys and interviews

This work also conducted surveys and interviews with
technological professionals in HSIP and project managers of
academic or research institutions located near HSIP. These
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Fig. 3. Dynamics structure of innovation cluster.
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Fig. 4. Conceptual diagram of the structure of innovation cluster.

surveys and interviews aimed at enhancing understanding of
the culture of high-tech social groups and institutions.? The
survey collected 268 valid samples during early 2001 and in
the middle of 2001. Most of the subjects (45%) worked in
the integrated circuits industry, followed by computers and
peripherals (28%), telecommunications (20%), and optic-
electronics (7%).

4. Characteristics of innovation clusters
in and around HISP

New developments in globalization and communications
technology have prompted developed countries to focus
their competitive strategies on improving innovation. This
shift also increased the value of knowledge-based economic
activities. Knowledge-based economic activities or innova-
tive activities generally cluster in areas with a rich base of
scientific knowledge related to specific industries (Baptista,
1996), which is why companies capable of applying new
knowledge in production and commercialization are
focused in just a few areas of the world. Proximity helps
to generate and transfer knowledge more effectively, and
thus new knowledge-based activities tend to cluster in
specific geographic localities (Audretsch, 1998). Accord-
ingly, the Taiwanese government first created ITRI in 1973,
and then established the HISP near ITRI in 1980.

After 20 years of development, HSIP currently comprises
about 300 companies, with a total annual production of US$
20,330 million.® HSIP has grown significantly, especially in

2 In the early stage of the investigation, surveys were sent out to the
subjects. After the surveys were returned, according to the answers on
interview preference, interviews were conducted with subjects who were
willing to be interviewed. The investigation conducted completed face-to-
face interviews with a total of 72 people.

3 According to the HSIP administration, there were 302 companies with
an annual production of US$ 20,330 million and a total of 105,782
employees in HSIP at the end of 2001.

the last 10 years. Annual production has increased 10-fold
during the past 10 years, the number of companies has
increased 150%, and the number of employees has tripled.
Because the presence of 300 companies at the HSIP was
very attractive to technical workers, the quality of the labor
force in the HSIP has improved considerably. Growth of
employees with college degrees or better was 46% from
1997 to 1999, compared to a 21% increase in the total
number of employees. The area around HSIP also changed
significantly. For example, the nearby and very accessible
Hukou industrial zone originally was focused on traditional
industries such as the ceramics, glass, beverage and
chemical industries. However, by the end of 1999,
electronics related industries had grown to represent 30%
of the total number of industries in Hukou. Out of these
electronics related industries in Hukou, 40% involved
semiconductor companies. Furthermore, the Taiwan High-
way No.l Corridor (excluding the Chunan Science Park) is
located south of HISP and between Hsian-Shan and To-Fen
Interchange, and this highway has also become an attractive
location for high-tech companies because of its accessibility
and low cost land (Fig. 5). Science Parks or companies
located in the corridor created by this road include the
Kuan-Yen Science Park, Kin-Yen Electronics, and so on.
The force behind this prosperous development comes not
only from the Park, but also from ITRI, which is essential to
the technological infrastructure of the region.

4.1. Formation of spin-off innovative companies

ITRI is a non-profit research and development
institution with a focus on applied technology research
and scientific technology services. In 2000, ITRI had 6000
employees and 12 research units. During the creation of
the Park, ITRI provided the greatest support to the HSIP,
particularly when HSIP began to focus on semiconductor
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Fig. 5. Hsinchu district: location and major infrastructure and urban characteristics.

and computer/peripheral industries.* Notably, the elec-
tronics and telecommunication departments in ITRI are
the major sources of spin-offs. The electronics department
of ITRI had 374 employees in 1980, the year after HSIP
was created. By 1990, the number of employees in the
electronics department of ITRI quadrupled to 1509, while
the number of companies in HSIP has grown eightfold.
Fifteen percent of the companies that moved to HSIP
during 1987 through 1989 were created by the spin-off
effect of R&D technology professionals in ITRI.’
Furthermore, during the rapid growth of the Park in the
1990s, 25% of the 171 new companies established in
HSIP were created by the spin-off effect originating from
this technological infrastructure (ITRI), including the 10
companies created by the business incubator established
by ITRI in 1997 (Fig. 6).

Approximately one-quarter of the innovative companies
created by the R&D technological professionals of ITRI
from 1981 through 1999 chose to locate in the Park, while
the remainder chose to locate near the Park and ITRI
During the same period, R&D technological professionals
continuously spun-off their knowledge to companies located
within or outside the Park. Moreover, as noted earlier,
besides the existing 12 research units, ITRI created a
business incubator in 1997 to foster new innovative
companies. This business incubator had successfully created
21 innovative companies by the end of 2000. Forty-eight
percentage of these companies chose to locate in the Park,

4 According to the HSIP administration, the annual production of
integrated circuits and computers and peripherals by the end of 2001 are
US$ 11,556 million and US$ 4602 million, which amounted to 55% and
31% of the total annual production of the HSIP, respectively.

5 Including several better-known semiconductor companies such as
Taiwan Semiconductors, Macronix International Co., Ltd., Winbond
Electronics Corp., Taiwan Fiber Optics, and so on. Taiwan
Semiconductors was created under the leadership of the ITRI President
Chun-Mo Chung and a team of almost 70 integrated circuits R&D
professionals.

while 24% chose to locate in the vicinity of ITRI and the
Park (as revealed in Fig. 6).

Over the years, the outcomes of ITRI technology
development projects, relying on technology transfer and
spin-offs, have directly or indirectly led to the creation of
numerous innovative companies. Among these companies,
many were created directly by spin-offs of technology,
facilities or professionals of technology development
projects. Some were invested and created by companies
that participated in the technology development projects or
companies that benefited from technology transfers. Fur-
thermore, some were created by employees of ITRI. All these
different innovative companies share one characteristic in
common, namely, their management teams and technology
all originate from specialized science technology projects.

4.2. R&D expenditure, technology transfer and patents
granted

The cost of communications has reduced significantly in
the present era of globalization and communication
technology. However, because of the ambiguity and
uncertainty of new knowledge, high-tech companies still
depend on the face-to-face interactions facilitated by spatial

10
8

Number of 6 =
Companies 4
2

Hsinchu Science Hsinchu District Northern Region Others
Park
Locations

Fig. 6. Locations of companies created by the ITRI business incubator.
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Table 2
R&D capital input and approved patents

Year Number of approved
patents in the HSIP

Number of approved
patents in the nation

R&D capital in the HSIP
(by US$ million)

R&D capital in Hsinchu district
(by US$ million)

National R&D capital of all
manufacturing industries
(by US$ million)

1990 - 22601 107
1991 - 27281 131
1992 - 21264 139
1993 - 22317 197
1994 327 19032 256
1995 766 29707 393
1996 997 29469 557
1997 1582 29356 735
1998 1692 25051 1010
1999 2536 29144 1108

191 1217

- 1269
210 1454
302 1773
382 1986
518 2193

- 2428
907 2931
1206 3385
1302 3666

Source: (1) Indicators of Science and Technology, Taiwan. (2) Technology Agency and Statistics Agency, Ministry of Economic Affairs, Taiwan.

clustering, and thus location remains important.
Furthermore, the more R&D is inputted into a clustered
space, the faster new technologies and products can be
released, the greater the profits from new technologies and
products will be, and the more innovative outcomes will be
stimulated. Examining total corporate spending on R&D in
the Hsinchu district in 1990 reveals that only 56% came
from companies located in HSIP. However, by 1998, this
figure had increased to 84% (Table 2). From 1990 through
1999, the R&D capital input of companies in HSIP increased
10-fold, exceeding not only that of companies in the wider
Hsinchu district, but also exceeding the national average.
This phenomenon was further evidenced in the dominance
of information technology hardware of publicly traded
semiconductor companies in the US software patents
registered by Taiwanese companies, revealed in the statistics
collected by the Industrial Development Bureau, Taiwan
Ministry of Economic Affairs. Among the top 10°
companies and institutions, 70% were located in Hsinchu
district.

R&D capital input level further stimulates competition
among companies or agents, as demonstrated clearly by the
number of patents generated by companies in HSIP and ITRI.
From 1994 through 1999, the number of overseas approved
patents originating from Taiwanese companies grew 53%.
During the same period, the number of overseas patent
approvals originating from Taiwanese companies located in
HSIP increased 6.7-folds. Additionally, while only 2% of the
total number of patents in Taiwan were owned by HSIP
companies in 1994, this number grew to 10% by 1999.
Moreover, 12% of the total overseas approved patents owned

¢ According to the Industrial Development Bureau, Taiwan Ministry of
Economic Affairs, from 1995 through 1999, the 10 companies that had the
highest numbers of approved US patents include: United Microelectronics
Corp. (24), ITRI (24), Macronix International Co., Ltd. (18), Taiwan
Semiconductors (13), Winbond Electronics Corp. (13), Primax electronics
Ltd. (8), National Science Council, Taiwan (7), Hotelk Semiconductor Inc.
(7), Behavior Tech Computer Corp. (6) and Inventec Corp. (6), and so on.

by Taiwanese companies are controlled by HSIP companies.’
These data demonstrate that, in terms of competition for the
timely release of new products and procedures, information
and technology flow in the cluster drives innovation.

Likewise, in 1994 only 22% of the capital involved in
technology transfer in the information electronics industries
occurred in the Hsinchu district. However, by 1996,
42% occurred in the Hsinchu district (Table 3). This
increase shows that the clustering of related or similar
industries in a particular geographic location benefits the
accelerated release of new discoveries or the acquisition of
market share information. Consequently, the speed and
intensity of innovation increases. The cluster of R&D
capital input not only increases innovation energy, but also
boosts profits from industrial activities that rely on new
knowledge. For example, 30% of the 78 publicly traded
electronic companies in the Hsinchu district had average
EPS exceeding 3 from 1996 through 1999, and only 11%
recorded deficits.

4.3. Local innovation network

Successful innovative companies created by the ITRI
business incubator include new branch units established by
existing companies spin-offs established by R&D pro-
fessionals at existing companies and research institutions.
Both professional spin-offs of ITRI and innovative compa-
nies incubated by ITRI tend to prefer locations in or around
the Park. Because HSIP and ITRI have different functions,
these two institutions share an intricate relationship
characterized by compensation and demand. That is,
the technological infrastructure spins-off or transfers
professionals or technology to HSIP, and the Park demands
technological innovations and R&D from the technological
infrastructure. This relationship forms a science park system

7 In 1999, there were a total of 11,092 overseas approved patents in
Taiwan. Out of this number, 1276 were owned by companies located in the
Park (Source: 2000 Indicators of Science and Technology, Taiwan).
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Table 3
ITRI technology transfer statistics

Year Information electronics

Metal mechanics

Chemical engineering

Number of companies US$ (thousand) Number of companies US$ (thousand) Number of companies US$ (thousand)

1994  Hsinchu district 49 1056 8
Total in Taiwan 223 4845 136
1995  Hsinchu district 28 1001 6
Total in Taiwan 130 3132 138
1996  Hsinchu district 52 4649 5
Total in Taiwan 201 6401 131
1997  Hsinchu district 44 1352 8
Total in Taiwan 189 3257 109
1998  Hsinchu district 79 3281 9
Total in Taiwan 278 6935 124
1999  Hsinchu district 64 1837 9
Total in Taiwan 243 6438 68
2000 Hsinchu district 71 4505 13
Total in Taiwan 249 11137 103

62 2 19
724 61 393
187 2 4

1091 76 867
34 3 54
1290 98 1021
181 4 25
950 112 1576
93 10 132
1331 148 3043
144 5 76
1223 102 1953
373 3 85
2752 42 1252

Source: Department of Technology Services, ITRI.

containing an innovation system (Hu, 1991, 2001; Hu
and Lin, 2003). Furthermore, although communication costs
have fallen significantly owing to globalization and
improved communications technology, face-to-face inter-
action remains essential to high-tech innovative activities,
particularly given that new innovative knowledge
is ambiguous, uncertain, difficult to symbolize, and com-
plex. Such face-to-face interactions can allow knowledge to
be accumulated and changed slightly in a specific
geographic location. Consequently, while clustering is
essential to innovation, location also remains very
important.

There are several potential phenomena in the specific
geographic location described above. First, agents with new
knowledge in research institutions or companies may create
their own companies focused on mass production. Second,
to acquire new technology or improve products and
procedures, existing companies may commission academi-
c/research institutions to conduct R&D or export R&D
teams to work in these institutions. Third, the innovative
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companies developed by all types of business incubators can
establish factories and initiate mass production in a
particular locality. These phenomena reveal that inter-
actions occur mainly between companies and ITRI, or
between companies and academic research institutions, and
enable functions such as R&D, mass production and
incubation and the gradual creation of an innovative
production network in a locality (Fig. 7). This network is
the foundation of local industrial innovation. That is,
innovative companies seek to gain control of the latest
technology or product information, recruit important or
outstanding R&D or technological professionals, acquire
elements of state-of-the-art or key technologies, and
aggregate in a specific locality.

However, the question arises of whether the interactions
among companies within this network structure are as
intense as those between companies and academic research
institutions. Moreover, if the two types of interactions are
equally intense, then the question of whether the inter-
actions are sufficient to enable the formation of a local
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production network, a technological community, and so on
arises. This work investigates the formation of such a
learning network using the results of surveys and interviews
with R&D and technological professionals in HSIP.

5. Survey results

The hypothesis of this investigation is “when companies
cluster in a specific locality, their interactions are charac-
terized by competition for specific resources within that
locality”. Specifically, this work focuses on the formation of
innovative milieu owing to such interactions. First,
companies compete for technological professionals, and
even professionals in other areas. Thus, in terms of channel
of information, 26% of first-time employees® in HSIP
acquired employment information from relatives or friends
who were already working in HSIP. Among those surveyed
40% originally lived in Hsinchu district, and just 20% came
from areas outside Hsinchu district. Once these pro-
fessionals entered HSIP, 38% acquired further employment
opportunity information from relatives and friends working
in HSIP, and 22% acquired such information from social
gatherings in HSIP or within companies. Consequently, the
professional employment market formed by the cluster of
similar and/or related companies in the Hsinchu district is
utilized by companies to discover new knowledge teams or
opportunities.

In terms of the acquisition of knowledge from the
working environment, nearly 75% of R&D or techno-
logical professionals resolved problems through formal
channels established for this purpose by their companies,
while 25% utilized informal channels, generally seeking
help from friends working inside or outside HSIP in
similar industries but different companies. Among
professionals who utilized informal channels for problem
resolution, 50% verified their information by referring to
multiple sources. Overall, this approach resembles learn-
ing networks (Bessant and Francis, 1999). However,
different companies in the similar industries are in
competition, making it dangerous to rely on a single
information source. As for the key knowledge, such
knowledge is difficult to acquire locally, even through
informal channels. Consequently, 20% of the surveyed
R&D or technological professionals extended their
informal networks overseas, mainly to Silicon Valley”,
and relied on former classmates or friends for
information.

This work also speculated that the local production
network is the foundation of innovation. However, the
survey results reveal that collaborations among companies
on R&D or product design represented less than 30%, and

8 The other sources of employment included human resources companies
(30%) and newspapers (23%).
° Compared with Saxenian and Hsu 2001, p.919).

mostly were involved companies involved in the same
industry but at different levels. That is, companies at the
same level of the same industry are in competition.
Consequently, such companies gather in the Hsinchu district
to acquire elements such as information and agents, and to
better understand their competitors. Companies mainly
form international coalitions, while establishing horizontal
collaboration or vertical integration relationships with local
companies, thus forming both competitive and collaborative
interactions. This type of interaction establishes excellent
competitive advantages for companies located in HSIP and
its vicinity.lo Therefore, the interaction network among
local companies is a key contributor to specific innovations.
Furthermore, although companies in and around HSIP have
certain supply production coalitions,'' local economic
linkages represent a weak, short-term, non-systematic
production network. That is, the companies in and around
HSIP ultimately will be driven to other regions such as
China under the pressure of price competition and
demand.'? This indicates that the competitive and colla-
borative relationships among the companies do not help
them to establish deep local roots. This structure differs
from the notion of an innovative production network
embedded in a locality, as conceived by most research on
this topic. However, the idea that an innovative production
network encourages innovative companies to cluster in a
locality is verified. This phenomenon confirms that HSIP is
basically a production-oriented science park. R&D activi-
ties in HSIP thus tend to involve enhancing existing
products or technologies rather than introducing new
innovations (Table 4). Notably, these activities simply
represent methods to prolong product life cycles through
expeditious, frequent and gradual innovations and the
international division of labor.

In terms of turnover of technological professionals, such
turnover was highest among engineering technological
professionals in production departments, followed by

' The milieu created by the Park further prompted companies to cluster.
For example, the IC Design company located near Taiwan Semiconductors
commissions Taiwan Semiconductors to produce their IC. Once the
production is completed, they can perform tests on the IC immediately.
Because the machines in Taiwan Semiconductors are in operation for 24 h a
day, as soon as the IC passes the tests, it can be forwarded immediately to
the packaging factory, which is also in 24 h a day operation. Any mistakes
in the process can be immediately corrected through feedback. Such
connected production process, when compared to many large international
firms’ procedures of commissioning South Korea companies to produce IC
and packaging IC in Singapore or Malaysia, the IC development process in
Taiwan is at least 15 days shorter (Source: senior technological
professionals of Taiwan Semiconductor, 2001). Because of the short
product life cycle and the pressure of new product development, the
compression in schedule creates competitive advantages for IC industries in
Taiwan.

"' Some companies located in the Park and companies outside the Park
belong to the same corporation group, such as Acer Incorporated, United
Microelectronics Corp., Microtek International Incorporated, and so on.

12 Particularly industries that are obsolete or labor intensive, such as
manufacturers of 8-inch IC, monitor, mouse, keyboard, and so on.
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Industry Year

1997

1998

1999

Type of research

Experimental

Applied research

Experimental

Applied research

Experimental

Applied development (%) (%) development (%) (%) development (%)
research (%)
Integrated circuits 11.5 88.5 18.9 81.0 20.0 79.9
Computer and peripherals 46.2 53.8 50.6 49.1 35.7 62.5
Communications 124 87.6 20.3 78.3 20.3 79.2
Optical electronics 23.3 76.7 23.8 72.1 23.4 76.5
Advanced mechanics 54.9 45.1 10.4 89.6 47.7 52.3
Biotechnology 47.8 52.2 24.5 75.5 374 60.7

Source: HSIP administration. Note: Applied research refers to the actual application of a discovered new knowledge, including inventions of new methods
or new usage, or focusing on a particular application goal or objective. Experimental development refers to the development of new product, improvements of

procedures, and methods to enhance production efficiency.

technological professionals in service and R&D depart-
ments. Around 53% of interviewees planned to change jobs
in 2-3 years, and 29% planned to change jobs in 1-2 years.
The reasons for job change included low current salaries and
bonuses (56%), followed by a non-stimulating work
environment (15%) and a desire to join a team working
with innovative technology (9%). Therefore, the most
popular career path in HSIP was to work for well-known
companies (70%). Only 11% of interviewees were willing to
work for start-up companies working on innovative
projects. This indicates that the majority of R&D and
technological professionals follow conventional career
paths, competing to work for bigger, more mature and
better-known companies, and lack the risk-taking mentality
of seeking to participate in the early life cycle of innovative
products. This mentality dominates in the culture of the
technological community through proximity and synergy
elements. Such a culture is also evident in the emphasis of
the R&D activities of HSIP companies on improving
production procedures or enhancing production efficiency
(as listed in Table 4). This phenomenon displays a very
different mindset to that of technology professionals in
Silicon Valley, who compete to undertake new challenges in
developing progressive technology. Consequently, Silicon
Valley leads HSIP in various key technologies and
advanced products (Saxenian, 1994).

Furthermore, agents with new economic knowledge do
not change jobs as easily as expected. One reason for this
phenomenon is that their current companies can still match
their expected values, therefore they stay with these
companies. Also, when the current companies are unable to
match their expected values, the team with the new
knowledge or technology will move to another companies,
or alternatively create a new start-up to realize the ambitions
of the team members. In the implementation process of
specialized science technology projects conducted by the
ITRI, because R&D activities are commissioned by

companies or R&D workers are exported to ITRI by
companies to conduct R&D activities, the local spin-off
phenomenon is particularly obvious. Only by working or
experimenting with R&D or innovative agents can the
recipients of technology transfer really learn a new knowl-
edge or technology. This process of technology transfer also
leads to spin-offs of new knowledge or technology. There-
fore, companies operating in such locations find it easier to
gain control of new technology or product information,
recruit important or outstanding R&D technological pro-
fessionals, and acquire the latest or key technologies, thus
further strengthening the accumulation of innovation.

Additionally, owing to the ambiguity and uncertainty of
new knowledge, innovative activities of high-tech compa-
nies continue to be necessary to emphasize face-to-face
interactions in spatial clustering, so that knowledge can be
accumulated and slightly changed in a specific space.
Among companies that collaborate in R&D or product
design or nearly 30% of the total in HSIP, 55% maintained
face-to-face interactions at a frequency of at least weekly
twice. Since the life cycle of high-tech products is
shortening, rapid problem resolution is essential for these
companies. The interactions between two parties associated
with the solution of advanced technology related problems
grow significantly after a while, and begin to induce
innovations and enhance the competitive advantages of a
company compared to its competitors.

Because companies at the same level of the same
industry are competitors, corporate collaboration mostly
occurs among related industries, and a continuous system is
lacking (Fig. 8). However, companies can attain temporary
collaboration or support quickly, which can be attributed to
an embedded local compatibility. Namely, when companies
face market competition, spatial proximity and the normally
unattached local technology community will adjust and
reorganize resources flexibly. As Porter (1998) noted, the
emphasis of companies to cluster in a locality is controlled
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by key resources and information. To develop competitive
capital, companies clustered in an area must rely on human
relationships, common interests, face-to-face interactions
and identification with the local community. Therefore, in
HSIP and other clusters of particular industries, over 60% of
science and technological professionals in the technological
workforce utilize informal social gatherings, such as
reunions and book clubs, to maintain and expand their
professional networks. Such channels can provide opportu-
nities to discuss difficult problems, or share common
experiences. Additionally, around 20% of science and
technological professionals formed professional networks
through seminars or conferences. Forty-four percentage of
these gatherings were conducted irregularly, while 38%
were conducted once or twice monthly. The frequency thus
resembles that of informal channels used by science
and technological professionals to acquire support or
technology. This phenomenon indicates that the spontaneity
and uncertainty of new knowledge in the innovative R&D
process led to occasional and non-continuous interactions
and collaborations among technological professionals and
companies.

The more agglomerated companies are, the more
obvious are the opportunities for innovation. The
capabilities and flexibility formed in a locality can help
companies to acquire the resources they require. These
required resources include interactions with suppliers in

related industries, which can accelerate innovation and
make products and services better match market
demands. However, the soundness of a local business
potential environment created by clustering will influence
the ability of companies to achieve solid growth. Owing
to overcrowding and the competitive effect created by
clustering, similar to the growth of agglomeration,
overcrowding is expected reduce the benefits of cluster-
ing. Likewise, any advanced technology will be replaced
by a new innovative technology. When new industrial
clusters emerge, existing industrial centers decline
(Brezis and Krugman, 1993). Therefore, developing a
clustering locality can influence the formation of
production capabilities through the aggregation of inno-
vative spin-off companies. Around 40% of technological
professionals interviewed identified the ability of innova-
tive spin-off companies with innovative energy to enhance
local innovations during the clustering progress. That is,
the spin-off of innovative companies means the emergence
of new products, which stimulates innovation in local
related industries or companies manufacturing similar
products.

6. Conclusions

Less-developed countries always lack well-developed
industrial clusters, and thus their regional or national
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economies can only compete globally by relying on cheap
labor and natural resources (Porter, 1998). All industrial
clusters have an agglomerative economic effect, but cluster
location is important in industries that rely on new
knowledge. Cluster locations require adequate technologi-
cal infrastructure, mature innovative interactions within
technological human resources and benefits that can
compensate for diseconomy factors. The proximity among
companies created by such clusters is essential to stimulate
company learning, creating compatible knowledge spillover
effects and establishing a positive feedback among various
local agents.

Competition is the basis for forming a local innovative
milieu. Although numerous studies have introduced notions
of collective learning, sticky knowledge and learning
processes, untraded dependencies, and even network
formation, competition among new products and technol-
ogies remains essential to technology-based industrial
competition. To be leaders in creating new products or
introducing new technologies, companies must be located in
an industrial cluster to compete for key resources. Such
resources include anything that can help increase profits,
including agents with new knowledge, technological
professionals, information, and even potential partners
(such as local companies or suppliers). Similarly, within
the technological workforce centered on the industrial
cluster, knowledgeable agents compete to work for
companies that meet their requirements for an employer,
and technological professionals compete for better employ-
ment opportunities. Consequently, most R&D and techno-
logical professionals in the Hsinchu district follow the
career path of competition to work for larger, more mature
and more famous companies, and lack the risk-taking
mentality required to participate in the preliminary stage of
developing new knowledge. Owing to proximity and
synergy, this trend is the norm in technological community
culture.

Moreover, the majority of innovative companies created
through spin-offs from local companies or the Institute of
Industrial Technology Research (ITRI) chose to locate their
mass production in the HSIP or Hsinchu district. Addition-
ally, to utilize spatial proximity to exploit the competitive
elements outlined above, these companies consider the
transfer of local technological infrastructure, spin-offs of
technological professionals, and equipment and resources
for further R&D. Business incubators recently established
by academic or research institutions are also beneficial for
enhancing local entrepreneurial environment. These
phenomena benefit the further R&D of existing companies
or the R&D incubation of innovative companies, thus
establishing a local innovation network. Furthermore, to
achieve the same goals while boosting market competitive-
ness, related industries and companies collaborate in the
short-term. This type of cooperation is occasional rather
than continuous, and thus represents a temporary collabora-
tive production network (as shown in Fig. 8). Consequently,

the innovation network formed in the Hsinchu district,
focused on ITRI, further causes the aggregation of
innovative companies and increases competition among
new products and production procedures. However, owing
to the obscure local production network and weak links
within the local economy, companies are not embedded in
the local economy. That is, the Hsinchu district cluster is
based mainly on a combination of collaborative and
competitive interactions. Although this pattern differs
from that emphasizing collaboration and dependencies, as
discussed in previous research, it is still a local innovative
milieu.
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