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M odeling the Evolution of Public Industry R& D Institute- the

Caseof ITRI

Abstract

The Industrial Technology Research Institute (ITRI) has been recognized as a
successful case for industry R&D institutes to facilitate the industry development. During its
development process, ITRI has experienced several stages of strategy and organizational
reforms. The evolution of the organizational structure and the interactions with the
social-technological environment are complex and dynamic, all together being important
factors for ITRI to generate impacts to the industries. This study analyzed the devel opment
history of ITRI, and derived a system dynamics model to examine the structure behind the
successful experience. The results of the model are discussed.
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1. Introduction

Using industrial research institute as a technolagy in the national innovation system
has been a common policy both in developing ancldped countries. For example, the
National Institute of Standard and Technology (NI®T the U.S.A., the National Research
Council (NRC) of Canada, the National Institute Aflvanced Industrial Science and
Technology (AIST) of Japan, and the Korean Ingitat Science and Technology (KIST).
How to properly integrate the research institutesttze technology powerhouse to the
industry was an important issue to the policy malkerd the management of these institutes
(Shih et al 2003).

Among these national affiliated/supported industresearch institutes, the Industrial
Technology Research Institute (ITRI) in Taiwan bagn recognized as a successful model.
ITRI has played an essential role in Taiwan’s indakdevelopment process. Many leading
high technology companies such as Taiwan Semicaodianufacturing Company (TSMC),
United Microelectronics Corporation (UMC), and TaiwMask Company are spinoffs of
ITRI, and ITRI also significantly contributed to ehdevelopment of the Taiwan’s
semiconductor industry, the information and elaut® industry, the automotive industry,
and the machine tool industry. Besides the expliegearch and development (R&D)
achievements, ITRI also acted as a foster of highiell executives in Taiwan’s
high-technology sector. As of 2006, over 160,000vadi have graduated from ITRI, with
more than 5,000 are in the Hsinchu Science Par, hibart of Taiwan’s information
technology industry, serving in mid to high levehmagement positions. Furthermore, more
than 60 are current domestic corporations’ chieécekives. (Veloso and 2001, Liu and
Brookfield 2000, Mathews 2002, ITRI website).

The Industrial Technology Research Institute (ITRfpunded with Taiwanese
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government’s initial funding in 1973, is the largasn-profit R&D organization in Taiwan. It
has a consistent close interaction with local itigusrms and has been recognized as one of
the key roles to enhance Taiwan industry. ITRI baen involved in wide spectrum of
research areas, such as: chemical engineering, amiesh communications, materials,
biotechnology, nanotechnology, energy, and enviemtal protection. Recently, ITRI has
further extended its research domain to includeistrial analysis, industrial policy, human
resource development, knowledge services, andisabta development. (ITRI, various
years).

ITRI's widely recognized achievements have madel ldRsuccessful model” of how a
public research institute could generate real irtgogcpromoting local industry development.
However, as the development of the industry appredcand the industrial environment
changed, ITRI has been questioned how it could taanits glorious past and keep
generating eye-flashing impacts. We have obsertatl iTRI has gone through several
repositioning and/or restructuring of itself alormyde its 37-year history, and every
restructuring effort reflected the interplay of temporary industrial and governmental
environment, and the evolution of organization tégees. It would be interesting to explore
why ITRI could succeed in the past and evaluateldhg-term impacts of its restructuring
strategy.

System dynamics (Forrester 1961) has been widedyg uis practice and industrial
research to identify underlying structures behimdnplex behaviors and improve policy
making (Roberts 1978, Morecroft and Sterman 199%yl€C 1996, Ford 1997, Coyle and
Morecroft 1999, Jan and Hsiao 2004, Chen and J&3)20he pragmatic philosophical
foundation makes it a useful methodology to hamdimplex and dynamic phenomenon in
the real world (Barlas and Carpenter 1990). Thislystexplored the development history of
ITRI in the context of its developmental environmetterived dynamic hypothesis of the
development processes, and will simulate some ydienarios to test the long term
implications of organizational change strategies.

2. TheRoleof ITRI inthe Taiwanese national innovation systems

In the early development periods of national innmrasystems (NIS, Freeman 1987,
Lundvall 1992, and Nelson 1993) in a developingntoy the government usually plays an
active role in initiating and propelling the accuation of R&D capabilities (Metcalfe 1995).
As the industry proceeds on industrializing, thé& Njenerally involves three parts: industry,
government, and academia (Arnold et al 1998, B8e81L

In Taiwan, more than 97% of firms are small and immedsized enterprises (SMES).
Therefore the private sector lacks the abilitiesl @aesources to develop advanced new
products and technologies. The private sectors s@meak in the early stages that they were
incapable to proactively seek and absorb the kraydefrom foreign sources or local
universities. On the other hand, due to the ingensiystem and tradition, the university in
Taiwan has long been passive to industry requirésne@onsequently, the government
founded many research institutes to establish aermpovent-supported R&D subsystem
hoping to serve as the median agent for technaliffysion or new industry creation.

Under this circumstance, we could see among thenatinnovation systems a stronger
tie between the research institute and the induairny a weaker tie between the industry and
the universities. From 1979, the Ministry of Economffairs (MOEA) began setting aside



budgets to commission government-supported resedasthutions to work on industrial
technology R&D projects. Under MOEA, there are 2&vernment-supported research
institutes that conduct R&D in various fields oflustrial technology. Among these institutes,
ITRI is the biggest one and is believed to contehilhe most impacts to the industry sectors
for decades. Taiwanese government has investedih@aVTRI to create and maintain its
R&D capacities. The annual budget of ITRI exceedSB 554 million in 2009, and roughly
half of it is from government sponsored projecthe Tmajor milestones in ITRI's
achievements include:

® The acquisition of semiconductor process technolagy Taiwan in 1976, which

subsequently lead to the spinoffs of two biggestewéoundry companies TSMC
and UMC.

® Establishment of Taiwan Notebook Personal Comp{R&) Consortium with 47
domestic manufacturers that enabled the vertidaigmation of the notebook PC
industry, and thereby helped make Taiwan the weralgest notebook computer
producer (over 90% market share).

® Transferred carbon fiber production technologiesiaf/cle, golf ball and tennis
racket to relative private manufacturers. The nigtdechnology helped some
private firms like Giant thus became world-competitand thereby entered the
global high-end market.

® Breakthrough in optical pickup head for CD-ROM @svand laying foundation for
the emergence of optical disc drive industry, andbéed Taiwan to be the largest
CD/DVD drive producer.

® Transferred dry film photoresist technology to sorpdvate firms which
subsequently enabled the Eternal to achieve a lghohiket share of over 40%.

® Spinoff of Mirle Automation Corp, the first and ¢gst integrated industrial
automation equipment company in Taiwan.

® Built Taiwan’s first common auto engine through tteehnology transfer from
Lotus UK. This is Taiwan’s first independently deed, mass-produced 1.2L 8-
and 16-valve common auto engines.

3. Thedevelopment stagesof I TRI

Since ITRI's inauguration in 1973, the industry eomment and the organizational
strategy of ITRI has gone through several stagasaatition. The development process can
be divided into three stages according to the chamghe interaction pattern between ITRI,
the environment, and other actors in the natiamabvation systems.

3.1 Thefirst stagefrom 1973 to 1984

® Industry Environment

ITRI was founded in an age where the private seabbrindustry in Taiwan are quite
primitive and generally small and weak. The pdditienvironment at that time was still in the
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martial-law status where policies are made by tite aders. The initial mindset of the
government was to use public industrial researshitute as a mediating agent to absorb or
develop technologies, then diffuse them to thegteisector, as indicated fiy. 1. Since the
private firms’ capabilities are weak, the governmmexpected ITRI to accelerate the
technology inflows to increase the capabilitiesrafustry firms either to conduct in-house
R&D or license from other sources on their own, dimdlly to establish self-supported
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Fig. 1. The initial mindset of the government

® Strategy of ITRI

For ITRI in this stage, the major funding came frgovernment sponsored projects.
The government provided ITRI the funding in hopes denerating industry impacts. The
higher impacts were perceived, the more resouregdvernment was willing to allocate in
these research projects. Because the technologybaltslity of local industry is low at this
moment, ITRI allocated more efforts on localizirge tacquired technology for near-future
needs of the targeted new industry. Transferriocalizing, and then spinning off into private
company became the major strategies adopted byifliRis stage to generate impacts.

The main focus for ITRI is to accumulate and difuke en-competing technology
(technologies that do not exist in the private @egtbut could enable them to compete in new
markets) to the private sector. By conducting goment supported R&D projects, ITRI can
either self develop or transfer from foreign tedogy sources and localize the targeted
technology. The accumulated capabilities can th@noff into private companies at some
proper time. The technology commercialization desti@ted by the spinoff companies will
reduce the perceived risk and thus attracts modenaore private companies entering this
industry, which will contribute to the formation ofdustry clusters, and finally leads to the
perceived policy effectiveness of the governmenhtmduce more similar R&D projects to
ITRI, as illustrated irFig. 2
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Fig. 2. ITRI's strategy in stage 1

® Organizational Structure

Laboratories of ITRI are founded by disciplinesclining electronics, machinery,
materials, and chemical engineering. These laboestmperated somewhat independently
based on separated government sponsored projeftesting the simple and uni-disciplinary
technology nature of the private sector at thaétim

® Environment Interaction Pattern

The decisions of research topics in this stage \wetermined from top of the Ministry
of Economic Affairs. The intention of the governrmeras to create new industries in Taiwan.
Due to the implicit “new industry creation” mindse¢searchers of ITRI tends to focus their
energy on R&D activities and less on the diffuse@pect. The interaction with the industry is
through the intermittent spinoffs to release theuatulated capability to the private sector.

The most famous example in this stage is the 19ZA Radio Corporation of America)
project. The project was initiated by the Ministof Economic Affairs, considering
establishing the integrated circuits (IC) indusasy Taiwan’s next flagship industry preceded
by the textile industry. Through the RCA projectRI trained the first group of seed
engineers in semiconductor manufacturing, and fiearegl the first 4-inch IC fabrication
facility into ITRI. The project ended up into a 8pif of UMC and several IC design houses.
The success of this project resulted in severaterding project-and-spinoff activities in
later stages.

3.2 The second stage from 1985 to 1994

® Industry Environment

As the development in the private sector proceed€R] is expected to be more
responsive to the industry. The private sectorcifipally the electronics industry, was
improved from the initial digital watch and calcida fabrication to the manufacturing of
personal computer peripherals. The variety of tetdgy requirement in the industries also
increased, which thereby required ITRI to expasdibficiency and get more specialize in
each technology discipline.

® Strategy of ITRI
This stage started as Morris Chang (who later edaihe spinoff company TSMC and
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led it to become the world’s biggest wafer foundoynpany) took the position of president of
ITRI. He emphasized the necessity of researchtunss to generate impacts to the industry,
and the performance can be measured by how mucimgtieite can earn from the private

sector. Morris adopted two most influential polgiethe one-to-one policy and the

walk-out-of-lab policy.

The one-to-one policy implied that ITRI aims toreaqual amount of income from the
private sector without sacrificing government spiyed budgets. The walk-out-of-lab policy
requires that every engineer should visit certaimber of private firms every three months.
These policies forced the researchers to underdtamdequirements of the industry, and
forced the adjustments of research topic to messetihequirements.

With the premise that ITRI still needs to generatpacts to the industry, the one-to-one
policy made ITRI's research focus expanded from #uwvanced new-industry-creation
technologies toward the near-competing technologgrey the delay of technology diffusion
was shorter. The new structure was illustratedign3. Besides the spinoff diffusion model,
ITRI was expecting to generate more income fromdifexring technologies to the private
sector. Furthermore, the walk-out-of-lab policy ahd pressure from the one-to-one policy
also made ITRI to provide more non-research cong@wices to the industry to increase the
income from the private sector.
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Fig. 3. The impacts of one-to-one policy in stage 2

® Organizational Structure

The operational model of autonomous laboratoriesntaias, while the disciplines
divided and the variety of technology increasedodratories specialized for optics, energy,
aerospace, and computer and communications atdisse or reorganized. The number of
employees increased according to the increase saiptines and laboratories. Due to the
increased ratio of private sponsored projects aodtract services, the number of
non-research staffs also increased.

® Environment Interaction Pattern

Due to the one-to-one policy, ITRI became morevactinding new models to serve the
needs of current industry. The models include @mitrservices, technical services,
technology transfers, spinoffs, and fostering itdualliances.

The flagship industry creation process continued,fbcus adjusted from firm creation
to industry cluster formation. Micron and submicimojects on semiconductor technology
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were conducted and spun off into TSMC and TaiwarskV@ompany, and later the first
self-developed DRAM company, Vanguard. Mirle Autdima Corp. was spun off from the
Machinery Laboratory. And the Notebook Alliancesgdkthrough in CD-Rom pickup heads
and high speed textile weaving technology also iggad important impacts to the private
industries.

3.3 Thethird stage from 1995-present

® Industry Environment

Through the development process, some local ingssictors were well developed in
scale and competence, the private sector is mgrabta to find direction and acquire the
technology on its own. ITRI are forced to abandomea near-competition researches to avoid
conflict of interests with these private firms.

As the changes in the nature of the industry enwirent progressed, more and more
public research institutes specialized in specifisciplines established; therefore the
influence of ITRI on government industry policy degons diluted. The long increasing
provision of resources seems meeting a limit. Thesgure to compete on government
resources becomes higher. ITRI has to reorgarszeuitnan resource composition to generate
higher added-value impacts.

On the other hand, Taiwan's industry structure wasder restructuring that
manufacturing activities were moving out. The sssvindustry has become the biggest
section of industry production. Furthermore, theture of industry changed toward
multidiscipline, and the variety of technology r@ement increased and shifted from
manufacturing to service and becomes more innavatiented.

® Strategy of ITRI

The stage began from the presidency of Dr. Chiakan, followed by Dr. Johnsee Lee.
The previous single disciplinary autonomous lalmtas model seems no longer suitable to
the industry environment. Major strategic changada be found in three aspects: enriching
soft and supportive elements in ITRI, enhancing #dministrative process and IT
infrastructure in the headquarters, and the testegf emerging applications through focus
center.

For the soft elements aspect, ITRI established alyek centers to promote
institution-wide mindset change, and introduce tivéy, service oriented capability toward
future-oriented product innovation and value creatiFor example, ITRI founded the
Creativity Center to promote innovative producteated R&D, integrated distributed
industry information, business intelligence, angiring activities in various labs into the
Industrial Economics and Information Center and lindustry Academy, and established
dedicate offices for international cooperation gawhnology licensing.

For the efficiency improving aspect, ITRI conducted institute-wide processes
reengineering, consolidated the distributed non@edhadministrative and R&D project
management processes, and introduced centralizBdsiERems through the E3P project. The
previous laboratory-based diversified administetiprocesses and isolated information
systems were unified and integrated into a ceamtdliheadquarter-based administration
process. The new processes enable the operatiortenfralize administrative and
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management activities and distributed R&D actigitie&/nder the new process model, the
institution level goal-seeking strategy making baes possible.

For the new emerging application aspect, baseth@wrdnsolidated infrastructure, ITRI
flexibly establishes focus centers based on integyaexisting laboratories to explore
cross-disciplinary application and implementationemerging technologies. For example the
System On a Chip (SoC) center, the Nano Technofogyter, the Biomedical Center, the
Flexible Display Center, the Photo Voltaic Centand the Radio Frequency Identification
(RF-ID) Center, and Cloud Computing Center.

The focus of ITRI thus moved toward the pre-comqpgetaidvanced technology that the
private sector expected to require in 5 years aiemo
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Fig. 4. Strategy adjustments in stage 3

® Organizational Structure

As described in the strategic section, ITRI condd&@ome major restructuring activities
in this period. The organizational structure shifttom the distributed autonomous
laboratories model to the integration of core ldbsus centers, and linkage centers model.
The structural change reflected ITRI's responseshé changes in the nature of industry
environment and the nature of emerging applications

Under this structure, ITRI's headquarter is morpatde of being the “brain” thinking
and planning for future development directions, aridgration of core lab energies to work
on emerging applications becomes possible. Besidesriginal role of being a technology
powerhouse, ITRI is trying become a hub of techgploetwork.

Geographically, following the expansion of Taiwamigyh-technology clusters, ITRI
established new campus in middle and southern gdafiaiwan, to better serve the local
industry firms.

On the composition of human resources, ITRI coretleiarly retirement program twice
in this stage to increase the portion of newly uged PhDs and reduce the portion of
none-R&D personnel.

® Environment Interaction Pattern

The success of ITRI's develop and spinoff modeboa hand increases the capability of
private industry, and on the other hand accumuldtespressure for ITRI to leaved these
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disciplines it used to be good at. Owing to ther éwvereasing complexity in the private sector,
it is even harder to reproduce the eye-flashingsté@ industry creation as ITRI did in the
semiconductor sector. ITRI is seeking new modelgdoerate impacts to the industry, and
somehow reduces the barriers from the inertiasgbiievious success.

ITRI attempted to generate impacts with several nmdels. For example, the creation
of OpenLab, the first incubation center in Taiw&he OpenLab mechanism inside ITRI was
focusing on accelerating industrial technology digweent through joint R&D and startup
incubation. As of March 2004, 209 companies hadl dke ITRI facility, promoting NT$43
billion in investment. ITRI received the 2005 AABIvard (Asian Association of Business
Incubation) and the 2006 Randall M. Whaley Incubafahe Year Award from the National
Business Incubation Association (NBIA), the firssidn organization to receive this award.
Another example is introducing the intellectual owse planning (IRP) concept into
intellectual property management and strategy nggkising patent analysis and patent
packages greatly enhanced the added values oftpaten

As the attempts to approach product innovation,l l3&gan to conduct joint researches
with creativity based product design companies. &aonceptual products received design
awards from international design competitions saskhe iF and the Red Dot.

As the attempts for exploring advanced technoldBRl in this stage more actively in
persuading the government to invest in advancetntdogy development projects, and
increased the portion of this type of projects &a20of all government sponsored R&D
projects. ITRI also expanded its cooperation wihal and international universities and
foreign leading research institutes.

3.4 Thenumbers

The moving trend of ITRI‘s historical budgets wéwn inFig. 5. We can see that the
total budget increased substantially throughoutytars. The One-to-One policy seemed to
be effective after some time delays, and keepstdt@ budget grew even when the
government projects stopped increasing. The Adwanbechnology Project since 2001
gradually increases and occupied roughly one-foairtbtal government projects.
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Fig. 5. Historical Budget$ of ITRI (NT$ Million, Source: ITRI Annual Reports)

! Due to ITRI's internal classification standardmspgovernment projects may be excluded from thev“GD
Project” category. The actual budgets of governnsponsored projects could be slightly higher thenvalue
shown in the figure.

2 The Ministry of Economic Affairs began sponsorthg “Advanced Technology Projects” since 2001.
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Looking at the R&D outputs, as shownHig. 6, the patent granted in the U.S. per year
gradually increases along side with the budgetdiremd the advanced technology project
seemed to have positive impacts to patent genarafiter some time delay. The effective
accumulated patents are the accumulated numbertents filed globally and currently
maintained by ITRI.

—*—Total Budget —*—$§ from Gov. Prj ——$ for Advanced Tech. Prj. US Patent/Yr —*— Acum, Effective Pmem‘
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Fig. 6. ITRI's historical budgets vs. patents (3BudTRI's Annual Reports)

The number of employees increased alongside thgedbuirend. For the education
backgrounds of employees, the portion of employa#s bachelors and below significantly
dropped in the third stage, and the number of mastd PhD increased respectively. The
figure reflected the policy to adjust the qualityusture of employees to adopted new
missions.
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Fig. 7. The structure of ITRI's human resourcesrdlie years (Source: ITRI's Annual Reports)

4. Conclusion and discussion

ITRI has long been regarded as a successful mdgebpelling industry development
through public industrial research institutes. Lingkback the development history of ITRI,
there were some important strategy reforms andnapaaying organizational restructures.
By analyzing the evolution of strategies and mitgls& various important actors in the
national innovation systems, the seemingly compulexelopment processes and dynamic
environmental interactions could be better undestoom the modeling process. This study
formulated dynamic hypothesis to the process ofi'fTpast development history. According
to the derived model, some findings from this redeaan be addressed and discussed as
below:

11



4.1 The tradeoffs between long-term and short-term objectives

The one-to-one policy adopted in the second stadiERI’'s development might be one
of the most critical culture impacts to ITRI. Thpolicy effectively stimulated ITRI's
behavior moving toward the industry side, and a& dther hand reduced ITRI's motive to
excel for long term excellence. From the derivedlelave could see the structure that might
generate the “shifting the burden” effect, the poes of 1-to-1 policy made researchers to
shift efforts from advanced topics to near-termhtexdogies, and made the laboratories to hire
more employees with lower education background twkwon pan-technology supporting
services. These effects are non-reversible bedauseasy for advanced engineers to work
on applied topics, but in the cost of losing themmpetence of cutting edge technologies
through time.

It took ITRI two painfully early retirement plans &djust the composition of employee
structure. But as we know this kind of plans araallg very risky and very easy to have
severe reverse selection effects that the capaddple will leave first and keeping the
incapables. It may need a simulation to evaluageldmg-term impacts of the one-to-one
policy, and discuss what other alternatives migigte

4.2 Theintrinsic difference of the two stage transitions

In our classification, the development the ITRI wdisided into three stages. The
transition from stage 1 to stage 2, and the trmsifrom stage 2 to stage 3, might be
intrinsically different in nature. The basic migssoof stage 1 and 2 are “learn to have “, and
“develop to better.” Both transitions belong to tt®me manufacturing paradigm. But the
stage 3 transition could be a fundamentally difieréhing under the service-oriented
innovation-bound globally-connected industry enwim@nt. We have seen that through the
presidencies of Dr. Shih and Dr. Lee, ITRI is sglkploring effective strategies and
organization structure to adopt the new paradignshbuld require much more study to
explore the intrinsic differences in the naturetled two paradigms, and discuss the policy
implications. We have observed ITRI's attempts ngyito tackle the difficulty through
networking of internal and external R&D resourceay( universities), changing from the
previous R&D powerhouse mindset into a hub of R&Btworks could be a possible
direction. Again, to test possible impacts thisaideuld need a revision on the current model,
and simulation would be needed to test the longrtdynamics of various possible model
settings.

4.3 Exploring new waysto servetheindustry

Jan and Chen (Jan and Chen 2006) identified tlotes and six tasks ITRI performed to
serve the industry in last three decades, as showe figure below. Following their model,
when the industry enterprises accumulate highémi@ogy capacity in industrial subsystem,
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ITRI may need to perform different tasks not belaggto the original technical supported
role but to the level of product supported roles.tfe contrary, when enterprises have lower
technology capacity in industrial subsystem, GRSy fake advantage of various tasks
belonging to facilitating role and strategic role treate new industries for industrial
subsystem. The interplay of technology capabilihd annovation orientation could be
another hint to the exploration of new service niede

References

Arnold, E. et al. 1998. Strategic Planning in Reseand Technology Institutes, R&D
Management 28 (2), 89-100

Barlas, Y. and Carpenter, S. 1990. Philosophiaatl @ model validation: Two paradigms. System
Dynamics Review, 6(2). 148-166.

Betz, F. 1998. Management Technological Innova@ompetitive Advantage from Change, John
Wiley & Sons, pp. 74

Chen, J.H. and Jan, T.S. 2005. A System Dynamia$eMaf the Semiconductor Industry
Development in Taiwan. Journal of Operational Rede&ociety 56(10). 1141-1150.

Coyle, R.G. 1996. System Dynamics Modeling-a pcattpproach, London, UK: Chapman &
Hall.

Coyle, R.G. and Morecroft J. (eds). 1999. Speswsue: System dynamics for policy, strategy and
management education. Journal of Operational Refs&uciety, 50(4).

Ford, A. 1997. System dynamics and the electrooiegp industry. System Dynamics Review
13(1). 57-85.

Forrester, J.W. 1961. Industrial Dynamics, CamlejddA: MIT Press.

Freeman, C. 2981. Technology Policy and EconomiftoReance : Lessons from Japan, Pinter,
London.

Hou, C. and Gee, S. 1993. National systems supgdschnical advance in industry: the case
of Taiwan. In: R. Nelson, (ed.), National Innovati®ystems: A Comparative Analysis,
Oxford University Press, Oxford.

ITRI, 2002. Industrial Technology Research Inséfuthe Annual Report of ITRI, Hsinchu,
Taiwan

Jan, T.S. and Chen, Y. 2006. The R&D system fousirihl development in Taiwan.
Technological Forecasting and Social Change 73689-574.

Jan, T.S. and Hsiao, C.T. 2004. A four-role mode¢he automotive industry development in
developing countries: a case in Taiwan. Journgh®Operational Research Society 55.
1145-1155.

Liu, R. and Brookfield, J. 2000. Stars, Rings &reds: Organisational Networks and Their
Dynamics in Taiwan's Machine Tool Industry, LongiBa Planning 33, 322-348

Lundvall, B-A. 1992.(ed.), National Innovation Sgtsts: Towards a Theory of Innovation and

13



Interactive Learning, Pinter, London

Mathews, J. 2002. The Origins and Dynamics of dale/R&D Consortia. Research Policy 31,
633-651

Metcalfe, S. 1995. The economic foundations of netdgy policy: equilibrium and evolutionary
perspectives. In P. Stoneman, (ed.), HandbookeoEttonomics of Innovation and
Technological Change, Blackwell Publishers, Oxford.

Morecroft, J. and Sterman J.D. (eds). 1994. Moddtim learning organization, Portland, Oregon:
Productivity Press.

National Science Council, 2003. Yearbook of Sciesnte Technology R.O.C., Taipei, Taiwan,
pp.24

Nelson, R. 1993. (ed.), National Innovation Systeln§omparative Analysis, Oxford University
Press, Oxford

Roberts, E.B. (eds). 1978. Managerial applicatafrsystem dynamics, Cambridge, MA:
Productivity Press.

Shih, C.T. et al. 2003. Industry Technology andIFTtRe visible brain. ITRI, Hsinchu. (in
Chinese)

Veloso, F. and Soto, J. 2001. Incentives, Infrastme and Institutions: Perspectives on
Industrialization and Technical Change in Late-Deping Nations, Technological
Forecasting and Social Change 66, 87-109

14



