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Abstract

Government, Governance and the Development of the
Innovation System: The example of the Taiwanese
biotechnology and related sectoral policies

Chao-chen Chung

The University of Manchester for the degree of Doctor of
Philosophy in the Faculty of Humanities

This thesis focuses on the research of RTDI pdi¢research, technology,
development and innovation), and the main thenthisfthesis is to link the
three variables together: RTDI policy-making prazeshe contents of
RTDI policies---the appropriateness of RTDI polg&ien configuration of
the national, the sectoral and the technologicabwation systems. We
assume the policy-making process of RTDI policiesuld shape the
contents of the RTDI policies. Once the contentsRODI policies are

implemented, the RTDI policies would influence, Wiex appropriate or
inappropriate, on configuration of the three inrtawa systems. We define
the configuration of the three innovation systerasational, sectoral and

technological innovation systefNSTIS).

We use the Taiwanese biotechnology and relatedrsg¢giolicies as the
empirical examples. Biotechnology in Taiwan confeggiwith three sectors,
I.e. pharmaceuticals, agriculture and medical deBetween 2000 and
2008, the Taiwanese government intensively promotady policies in
order to support the development of biotechnolagy related sectors.
Among the various policies, we choose the Nati@wié¢nce and
Technology Programs and the regulation policiesgiims of Law of
Pharmaceutical Affairs and the Agro-pesticides Mgmaent Act) as our
two empirical cases and set up the in-depth disaader the policy-making
process of the two policies.

On the basis of the empirical cases of Taiwan, xpdoee the influence of
the RTDI policy-making process on the contents DDRpolicies which
further shapes the development of the NSTIS.
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Chapter 1 Introduction

1.1 Research background and research rationale

Why some policies appropriately support the natideahnological and
industrial development but others fail? It is orfetloe frequently asked
guestions of the date but lacking unified answgvéile the scholars of
innovation systems focus on the influence of natianstitutions and RTDI
(research, technology, development and innovatpwlicies, as a special
part of national institutions, on the different é&s of innovation systems,
political scientists analyze RTDI policies throutpe approaches of political

science.

From the perspective of the scholars of innovatgystems, different
approaches not only use different criteria to driw boundaries of
innovation systems but also discuss the roles tibmal institutions and
RTDI policies from different perspectives. From terspective of national
innovation system, Freeman (1987) has comparecemgrical cases of
Japan and Britain in order to explain how natiopalicies shaped the
national innovation systems of the two countrias] &lelson (1993) has
compared the empirical cases of 15 countries tecudss the roles of
governments played in the development of each mationdustrial

innovations. While Malerba (2004) use the framewark sectoral

innovation systems to describe that national stihs should ‘match’ the
development of the sectoral innovation system witihie national border,
Jacobsson and Bergek (1998) have used the framesiaitke system of
technological innovation to compare the energy ewst in Germany,
Sweden and Netherlands and explained that natiostitutions do effect
the development of technological innovation systewithin each national

border. Yet, even though Makard and Truffer (20@8kady show the
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configuration of the national, the sectoral and tdehnological innovation
systems, until now, the influence of the nationadtitutions and RTDI

policies on the configuration of the three innowatsystems remain unclear.

From the perspective of the political scientistsTDR policies are

‘man-made’ and shaped by a series of policy-makiracess rather than
‘born to have’. Through the network governance apph, Jensen (1991)
and Biegelbauer (2003) point oiut that RTDI polscere made through the
interactions between actors involving in the nekwvaf governance.

Through analyzing the roles of business interestigg and scientists in the
RTDI policies, Inzelt (2008) and Tournon (1993) wHwow business interest
groups and scientists shape the RTDI policies. Fthenperspectives of
public management, Braun (2008) describes howdlagionships between
the actors inside the government shape the codmimaf RTDI policies.

On the basis of the political science, RTDI pokci@e made through a
series of policy-making process, and the interastibetween actors in the
process indeed shape these RTDI policies. Nevegbelntil now, since
different political scientists analyze the policygking process of RTDI

policies from different perspectives and show tlagtipular aspect of the
policy-making process only, we have very limitedderstanding towards
the whole policy-making process of the RTDI pol&cend the influence of

the whole policy process on the RTDI policies.

In this thesis, we search for the integrated petspge for the analysis of
RTDI policies. On one hand, we tend to understama policy-making
process of RTDI policies which shapes the RTDIges. On the other hand,
we tend to understand the influence of RTDI poficiehether appropriate
or inappropriate, on the development of the comfigan of the three
innovation systems. In fact, the main theme ofttiesis is to link the three

variables together: RTDI policy-making processe-tbontents of RTDI

9



policies---the appropriateness of RTDI policiescomfiguration of the three
innovation systems. We assume the policy-makinges® of RTDI policies
would shape the contents of the RTDI policieseimmis of policy objectives
and policy instruments. Once the contents of RTdicpes are implemented,
the RTDI policies would influence, whether apprapely or inappropriately,
on development of the configuration of the threeowation systems. The
main theme of the thesis is highlighted again & dmlog box below. As
shown in the box, since we pay more attention ¢dlittkage between RTDI
policy-making process and the contents of RTDIge$, we use the thicker

arrow for the linkage between the two variables.

RTDI policy-making Contents of RTDI policies Appropriateness of
process RTDI policies on the
p—] P configuration of the

three innovation
systems

We choose the empirical examples according tohtemeé of the thesis. The
policies of the Taiwanese biotechnology and reladedtors are chosen

because of two reasons. Each of the two reasdatisdsssed below.

First, the development of biotechnology, from oamp of view, is not fully

explored. Biotechnology, as described by Brinklg2804), intersects with
plural sectors. Geseisk (2000) and Reiss et al 4RG@dso show that
biotechnology in fact intersects with the natiomahovation systems of
plural countries and is deeply shaped by the RTalicigs of different

nations. Biotechnology, therefore, provides anrgging empirical example
to show the configuration of the three innovatiystems, as well as the
appropriateness of the RTDI policies on the comégon of the three

innovation systems.

Second, the country of Taiwan offers a fascinagmgmple to discuss the
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development of biotechnology, the policy-making qass and the
appropriateness of policies. Biotechnology in Taiweas developed in the
very unique modes. There were three sectors adbpaézthnology as their
knowledge base, i.e. pharmaceuticals, agricultnteraedical device. Each
of the sectors offered contrasting opportunities tlee development of
biotechnology. In the pharmaceutical sector, losalall and medium

enterprises (SMEs) were the main forces of theosedthe original

knowledge base of the pharmaceutical sector wamiché engineering.

Only after the late 1990s, the pharmaceutical congsagradually adopted
biotechnology as one of their knowledge baseshénagriculture sector, the
main actors for innovation were the public reseadrdtitutions and large
public company. The private local SMEs only playador roles in the

agricultural innovation and production. The seedopted biotechnology as
its main knowledge base from the beginning of i&vedopment. In the

medical device sector, local SMEs were the pillarsinnovation and

manufacturing. The major knowledge base of theoseecas machinery and
information and communication technologies (ICThlYOn the late 1990s,
with the development of biochips, the sector statteadopt biotechnology
as one of its minor knowledge bases. We also tefethree sectors to the
‘biotechnology related sectors’. Through analyzitige history of the

development of the Taiwanese biotechnology andeglsectors from 1945
to 2000, we tend to clearly discuss the configonrabetween biotechnology
and the three sectors within the country’s natiobatder and further
recognize the configuration of the three innovatsystems. Furthermore,
the Taiwanese government, especially during 20@D@8, promoted lots of
policies to support the development of biotechnglagd all of the policies
were made under the context that the Taiwanesergmemt was the

divided-government under the presidential politye tministers of the
cabinet and administrators within the governmegedaserious problems

for coordination, and interest groups and academe® not fully involved
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in the policy-making process. Through analyzing theque policy-making
process of the Taiwanese biotechnology and relagstioral policies, we
will discuss how such policy-making process shaplee contents of
biotechnology and related sectoral policies in Baivand further shape the

appropriateness on the configuration of the thneevation systems.

1.2 Research questions

The thesis focuses on the four research questidmshveontribute to our
understanding to the theme of the thesis. Eacheofdur research questions
is established upon a variable which we assumenfloence the RTDI
policy-making process, as well as the contentsagtopriateness of RTDI
policies. The four variables we assume to influetiee RTDI policies are
polity, the horizontal coordination, the verticabotdination and the
involvement of external stakeholders. Moreoverpifrour perspective, the
four variables will not only influence the apprageness but also the
consistencies of RTDI policies which refer to thendition that a set of
RTDI policies are not contradictory and ideally qgidementary to each other.
The consistencies and appropriateness of RTDI ipsliavill be further
discussed and defined in Chapter 3. Here, we driytly introduce the four

research questions of the thesis as below.

Research question 1: How does a divided governomater the presidential

polity influence the consistencies and appropriedsrof RTDI policies?

Research question 2: How does the horizontal coatidin between actors
influence the consistencies and appropriatenes&Tddl policies? The

actors refer to both elected politicians and adstiators.

Research question3: How does vertical coordinati@tween elected
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politicians and administrators influence the cadesisies and

appropriateness of RTDI policies?

Research question 4: How does the involvement téreal stakeholders
influence the consistencies and appropriatenes&Tddl policies? The

external stakeholders refer to both interest granusscientists.

1.3 Methodology

Our empirical research is based on the qualitatnethodology of case
study and adopts the ‘two case design’; moreoverchoose the ‘policy’ as
the analytical unit, and each of our cases refetseta policy. As we have
slightly mentioned in section 1.1, the Taiwaneseegoment has promoted
many biotechnology and related sectoral policiesveen 2000 and 2008.
Instead of discussing the policy-making processalbtthese policies, we
only emphasize the detailed policy-making procegstwmo cases, the
National Science and Technology Programs (typicsiigrtened to be the
National Programs) and the regulation policies,tamrms of the Law of

Pharmaceutical Affairs (typically shortened to bee tLaw) and the
Agro-pesticides Management Act (typically shortenéd be the

Management Act). The two cases are chosen bedaegearte considered to
be the most suitable cases to observe the influeht®e four variables on
the RTDI policy-making process. We will further ciss the rationale to

choose the two cases in Chapter 4.

Interview is our main method to collect the firgtdd empirical data. We
have interviewed 36 interviewees in Taiwan, inahgdithe elected
politicians, the congressmen of the oppositionypdinte administrators, the
companies and academics who involved in the poheking process of the

two cases. The majority of the interviewees arehilgh level management

13



of public and private organizations. From our paifitview, since it is
usually the heads, the directors or the chief etvezsito involve in the core
of the policy-making process, we consider that ititerviews to the high
level management of each organization will maximme understanding
towards the policy-making process of the two pekcand minimize our
bias to the standpoints of each actors in the poliaking process. The
detailed name list and the positions of the intamaes are presented in

Chapter 4.

1.4 Sructureof thethesis

The whole thesis is structured according to thenthef the thesis. The first
part of the thesis, from Chapter 2 to Chapter 4, f@eus on the
establishment of the concepts of the thesis whrolige the framework to
link the three variables of the theme of the thdésgether. The concept
established in the first part include the concdpthe intersections of the
three innovation systems and the conceptual framevad the RTDI
policy-making process which not only analyze theDRPolicy-making
process but also analyze the influence of the pahieking process on the
contents and the appropriateness of RTDI poli¢readdition, in the second
part of the thesis, in Chapter 5 and Chapter 6wileapply the concepts
established in the first part for the analysis led £mpirical examples of
Taiwan and further explore the linkage of the thragables of the theme of
the thesis empirically. In the third part of thedls, Chapter 7 and Chapter 8,
we will reflect the concepts established in thetfipart by the empirical
discussion described in the second part of thegsh&e main contents of

each of the Chapters are summarized below.

Chapter One outlines the background and the thérine ahesis.
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Chapter Two reviews the existing literature relatedthis thesis. The
contributions and the conceptual and empirical gdpke existing literature
which motivates the research of this thesis wildisxussed in the Chapter.
Moreover, in the Chapter, we will establish our @gpt of the configuration

of the three innovation systems.

Chapter Three discusses the four research questiondetails and
establishes the conceptual framework of the RTDicpanaking process
which not only uncovers the black-box of the polmgking process of the
RTDI policies but also analyzes the influence of flour variables. We
assume the four variables would impact on the petieking process, the
contents and the appropriateness of RTDI policidschv affect the
development of the configuration of the three irat@mn systems. The
conceptual framework will be applied for the emgafianalysis of the two

cases in Chapter 6.

Chapter Four introduces the detailed methodologyth# thesis. The
rationale to adopt the methodology of the caseystilng method to collect
the empirical data and the name lists of the imesvges will be described in

the Chapter.

Chapter Five is the introduction for the history thie three Taiwanese
biotechnology related innovation systems from 1&43000. In the Chapter,
we will apply the concept of the configuration dfetthree innovation

systems for the analysis of the development ofelstmiology and related
sectors in Taiwan. The dynamics of the intersestiogtween biotechnology
and the three biotechnology sectors in Taiwan laeecbre of the Chapter.
The national institutions of Taiwan which shape twmfiguration of the

biotechnology and the three sectors will also Iseulsed in the Chapter.
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Chapter Six emphasizes the policy-making processthef Taiwanese
biotechnology and related sectoral policies fron©@@@o 2008. We will
apply the conceptual framework established in Giraptfor the analysis of
the policy-making process of the two cases, theoNat Programs and
regulation policies. We will especially focus oretmfluence of the four
variables on the different stages of the policy-mgkprocess of the two

policies.

Chapter Seven discusses the key findings of thegland the answers for
our research questions. On the basis of the twarmalpcases in Taiwan,
we will identify the influence of each of the fouariables on the RTDI
policy-making process, on the contents and on pipecgpriateness of RTDI
policies. Moreover, we will further explore the ceptual framework by the

empirical cases in the Chapter.

Chapter Eight is the conclusion of the thesis. VW summarize the key

findings of the thesis, discuss the main contrimgi of the thesis to the

literature, and the suggestions to the researtteifuture.
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Chapter 2 Literature Review

2.1 Introduction

This chapter has two aims. The first aim is to tderexisting literature

which strengthens our analysis of RTDI policy - ingkprocess and the
impact of RTDI policies on the development of inaben systems. The
second aim is to define the conceptual and empigaps of contemporary

literature and thus justify the contribution ofghhesis.

In this chapter we reviewed the literature whicln t& classified in three
categories, all of which relate closely to our exsh, i.e. literature on
innovation systems, political science literature molitical structures and
policy - making processes, and literature of eroplriresearch of
biotechnology and Taiwan. Each category of litexais discussed in terms

of its contents, its contributions and its shortougs.

The whole chapter is structured as follows: SecHdhis the review of the
literature of innovation systems. Section 2.3 dises the contributions and
the conceptual gaps of political science. Sectidnithe discussion of the
empirical research of biotechnology and Taiwan. tiBec2.5 is the

conclusion of the chapter.

2.2 Theliterature on innovation systems

The approaches of innovation systems that relatbisothesis are national
innovation system approaches, sectoral innovatygsiemn approach and
technological innovation system approach. In théoWong sections, we

will review each of the system approaches, as agthe critical reflections
17



towards the approaches of innovation systems.

2.2.1 National innovation system approaches

The literature on national innovation systems asltip¢ nation as the unit of
analysis. The development of the nation is the raérdoncern of the
literature and according to the approaches the deoynof the innovation

system is drawn by the spatial border of a nation.

In Technology policy and economic performa(ieeeeman, 1987), Freeman
has done one of the earliest research for the matgystem of innovation.
In his book Freeman focuses mainly on the natiomabvation system of
Japan. Besides the strategies of the Japanese c@spehich opened the
technology gap by importing technologies and ‘reeer engineering’, the
Japanese government, especially the Ministry oérirdtional Trade and
Industry (MITI), also played a critical role in pnoting the most advanced
technologies of the day. The most important rofel8lid |, from Freeman’s
perspective, were to forecast technological chargeto develop a long -
term vision to guide the directions for the Japaneational innovation
system. Since the post — war period MITI has fulhtegrated the
technology policies with the industrial policiesurthermore, with the
sophisticated vision, MITI effectively gave the dapse companies
sufficient confidence to make their own long - teimaestments in R&D,
software and personnel training. However, as desdrby Freeman, Britain
had a national innovation system which was quitdeint from the
Japanese one. Compared to the Japanese governvhatt,has possessed
strong guidance, provided overall supportive tetdupppolicies and tended
to shape the Japanese national innovations inag 4 term, the British

government has only started to promote relativehgl- term technology
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policies since the late 1980s. Despite the fadt Bndish companies failed
to take advantage of early work in the design amel development of
equipments to occupy a leading position in manufang and export, the
British government offered limited support to thati8h companies. Even
though the British government also seemed to ldassons from the
Japanese model of technological development andteégrate technology
policies with industrial policies, the majority dhese policies only
promoted fundamental research within the univesitind neglected the
need for the results of this research to be effelsticommercialized by
industry. According to Freeman, the policies of Brgish government were
neither sufficient to guide the long - term develmmt of Britain, nor

sufficient to ‘fix’ the weaknesses of the Britishtional innovation system.

Moreover, in the famous bookational innovation systengdlelson, 1993),
Nelson and the co - authors of the book collechedexperiences from 15
countries in developing high - technology or R&Dteimsive industries.
These 15 countries were sorted into 3 groups: tbapgwith large high -
income countries included the United States, Jagzermany, Britain,
France and ltaly; the group with smaller high -ome countries contained
Denmark, Sweden, Canada and Australia; the group leiver income
countries included South Korea, Taiwan, Brazil, étjna and Israel. All
countries were compared with each other accordiripe evolution of their
high - tech industries, R&D expenditures, differgqes of networks within
the high - tech sectors, as well as the actorsti¢péarly firms and
universities) involved in the activities of natidnanovations. Statistical
data were used for showing each country’s macrmauoa performance
and provide persuasive supplementary empirical eemids for the key
points of the book. In fact, for Nelson, the comgams of national
innovation systems are equivalent to the compasisoh high - tech

industrial developments in each nation. Nelson atider authors put
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national industry as the centre of their analyBsey directed most of their
efforts discussing firms’ strategies for innovati@ompanies’ relationships
with their private and public partners and the perfance of the industries.
Under such context, governments are mainly analymedheir economic
and technological functions such as funding basisearch, providing
national education systems, building the infragtes of research
(especially universities’ technology transfer), goging industrial

technology development and so on.

A book with a similar title as Nelson’s book is ldwall’s ‘National systems
of innovation’(Lundvall, 1992). Despite the similarity of theldg the two
books adopt different approaches for analyzingonatiinnovation systems.
Instead of case - by -case studies, Lundvall aadth- authors of the book
emphasize the innovation process of the nationstand to outline the
general points of view of national innovations. fard.undvall’s point of
view, national innovation systems are open systehish are embedded in
the international society. Lundvall pays attentiom the international
economic interactions between nations, such agniienal trade and
foreign direct investment (FDI). Besides, Lundvalko puts emphasis on

the active roles of public sectors in the procdsgational innovation.

Indeed, different approaches of national innovasigstems do provide great
theoretical and empirical research to analyze timeahics of national

innovations; in addition, the approaches also blaacognize the influence
of the national institutions on the national inntiea. While Freeman (1987)
points out how the policies of the government shaped support the
development of the national innovation system, blel€1993) focuses on
the uniqueness of each nation and Lundvall (1968)4 to uncover the
general principles which underlie the dynamics ational innovation

systems shaped by national institutions. From oamntpof view the
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approaches of the national innovation systems givea very important
entry point for the analysis of RTDI policies ar tcontext of the policy -

making processes which produce these policies.

Nevertheless, there are three common insufficisnofethe approaches of
national innovation systems. First, these appraachee the national
boundary as the single boundary of innovation systend the sectoral and
technological differences within the national bordee ignored. Even
though Freeman (1987) notices that Japan has lspecially successful in
semiconductor and computer industries, he doesfultt discuss the
reasons why Japan succeeded to become a leadingr powhese two
industries. Nelson (1993) and Lundvall (1992) alsanot take into account
the uniqueness of each sectoral and technologioalation system within
the national border. Second, the openness of anatinnovation system is
not fully discussed by the authors. Although Luritdaleady discovers that
national innovation systems are open systems, tdenmnco - authors limit
their research on international economic factougt{sas exporting) only .
Even though international political factors (such eolonization and
international organizations) also influence develepts of the national
innovation systems, Lundvall does not considerdhfestors in his book.
Third, these approaches recognize the importaesrof the government in
the development of national innovation system,tlgeyy do not analyze the
factors which make the government promote partigoddicies. The policy
- making process of the government is not discussHie same
insufficiency, as we are going to describe in thkofving sections, also
appears in the approaches of sectoral innovatistesys and technological

innovation systems.
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2.2.2 Critical reflections towards national innawatsystem approaches

The approaches of national innovation systemsnasportant entry point
for our analysis of RTDI policies, however, are without their critics.
Compared with the scholars of national innovatigsteams (see above) who
provide the theoretical and empirical analysisttersythen the approaches
of national systems of innovation, some other satsgbossess critical
perspectives and emphasize the historical probesagh which different
approaches of national innovation systems wereugiddformulated and

used as political rhetoric in the policy-making qess.

The system approaches for national innovationnas/aed by Godin
(2009), was initially set up by OECD and furthetatished by the scholars
of national innovation systems. In the 1960s aedl®/70s, OECD used the
term ‘Research System’ in its early works to ddsethe national systems
of knowledge production and diffusion. From thegperctive of OECD, the
research system'’s ultimate goal was innovation,thagystem was part of a
larger system consisted of components, such agmoeat, university,
industry and environment. OECD’s concept of redeagstem considerably
influenced the authors of national innovation systei.e. Freeman, Nelson
and Lundvall, in the late 1980s. Indeed since 8®&0%, there were two
groups of authors in the literature of nationalawation systems: the ones
centering on the analysis of national instituti¢gsisch as Nelson) and the
ones focusing on the knowledge distribution andnieg process (such as
Lundvall). From the latter group of literature, tt@ncept of
Knowledge-Based Economy which firstly emerged mltite 1960s
re-emerged in the 1990s. During the 1990s, KnovddBlgsed Economy not
only co-existed with national innovation system©IBECD but competed
with the approaches of national innovation systéanghe attendance of

policy makers. Only after the mid 1990s, it wasdperoaches of national
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systems of innovation which caught more attentmin®olicy makers than
Knowledge-Based Economy became the mainstream agipto analyze
national technological and industrial developmelmgact, Sharif (2006)
shares the similar perspective with Godin. Throtighperspective of social
constructivist, he traces the origins of the cohoémational innovation
systems since the 1980s and analyzes how theatiffapproaches of
national innovation were socially constructed bifjedent scholars. By
interviewing the founders of the national innovatgystem approaches,
Sharif speculates that the approaches of nationahiation systems arose
simultaneously in academic community and OECD patiaking and
played the role as a refutation of the neoclasgicahomics. The epistemic
community of innovation system approaches was @giddeveloped since
the 1980s. Yet until recently several disagreemstiltsembeds among the
different approaches of national innovation systamasthe flexible
interpretation of the concept, the over-theorizatbthe concept, and the
presence of national innovation systems in all t@esi. Moreover, while
Miettinen (2002) criticizes that the approachesational innovation
systems were used as a political rhetoric rathaar thscientific concept in
the policy-making process of the Finish governmenthe 1990s, Balzat
and Hanusch (2004) review the three trends fodéwelopment of the
approaches of national innovation systems and rezeghat the national

innovation system approaches themselves do eveketione.

The critical discussions for the national innovatisystems provide a
fundamental reflection towards these approachesoring to the critical
reflections, we understand that the system appré@chational innovation
is socially constructed, and these approaches waadording to Sharif

(2006) and Balzat and Hanusch (2004) have their awaderlying

! According to Sharif (2008), Jakobsson, FreemanMalerba agree that every country

has a system of diffusing technology, while Smititess that only under a certain social and

economic condition, a country could claim to hameérmovation system. Therefore there is

in fact no unified consensus for the presence tdnal innovation systems in all countries.
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disagreements and their own path of evolution atg one of the possible
frameworks to explain national technological andustrial development in
the real world. Furthermore, as described by G@d09) and Miettinen
(2002), the development of national innovation eystapproaches is
entangled with particular political background. Taproaches become the
mainstream because they are adopted by OECD amadtatiore attentions
of policy makers than others. In other words, aomal innovation system,
as a socially constructed concept, does not agtexilst in the objective
world, and there are other alternative conceptsh s1$ the knowledge-base
economy, which may also be used to explain thetyeaoreover, the
approaches of national systems of innovation ar¢ yet perfectly

established and continuously evolve over time.

However, we still adopt the system approaches dfoma innovation
because they provide a relatively comprehensivedrork for the analysis
of RTDI policies and the context of RTDI policy-miag process. A system,
according to the description of Godin (2009), isnposed of a group of
components which serve a common purpose, and theatg goal of an
innovation system is innovation. The system apgrdac innovation which
tends to map the overall blueprint for all the comgnts and their
relationships in the process of innovation in faetp us to map the broad
context in which RTDI policies are made. In anothards, while RTDI
policy-making is a complex process which involvesirg@ actors and
dynamic interactions, the system approach whichhasiges the overall
components and the evolution of their relationstaffsctively supports us
to detect the actors and their relationships wiay influence the RTDI
policy-making process, as well as RTDI policies.wdwer, as we already
noticed in section 2.2.1, the national innovatigstem approaches ignore
the technological and sectoral differences withime tnational border.

Therefore the approaches of national systems aivation are only able to
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catch the general national context in which RTDligees are made, yet
these approaches are limited in precisely analy#iagRTDI policies which
are directed towards a particular technology anhricular sector within
the national border. To balance the limitationsational innovation system
approaches, we tend to link the national innovatsystems with the
technological and the sectoral innovation systemragches which are

reviewed in the following sections.

2.2.3 The approach of technological innovation eyst

The approach of technological innovation systenms usehnology as the
boundary of an innovation system. The dynamics ecthmological
innovation and the economic competence of a sysieanthe cores of

analysis.

Carlsson et al (2002) establishes the theoretesdrgptions of technological
innovation systems. From their perspective, teabhmglin the sense of a
knowledge field, is the most important variabledtaw the boundary of a
technological innovation system. Within the patacknowledge field, the
actors, including the buyers and sellers, of a dynanetwork interact in a
specific economic or industrial arena which is unggecific institutional
infrastructures. The interactions of actors inkévork are both market and
non - market ones. Knowledge flows within the netwolndeed, the
technological system involves the technologicalegation, diffusion and
utilization. In the context of technological inndien system, as described
by Carlsson and Stankiewicz (1991), national botiedaare not necessary
the boundaries of the technological innovation eyst Furthermore,
Carlsson et al (2002) discuss the methods to determactors and
components of a technological innovation systenwelsas the methods to

measure the performance of the system. In additodfering practical

25



guidelines to policy makers, Bergek et al (20083ctibe a step-by-step

manipulative process to analyze a technologicalvation system.

Besides the theoretical contribution, the schaditechnological innovation
systems also apply the concepts of technologicabvation systems for
analyzing empirical cases. Carlsson (1995) appies concepts of the
technological innovation for analyzing the fact@ytomation. Jacobsson
and Bergek (1998) further use the concepts of w@olgical innovation to
compare the energy innovation systems of Germanyed8n and
Netherlands. The impacts of national institutions te technological
innovation system within each nation’s nationaldassrare discussed. For
example, the German energy innovation system hiesr performance than
the Swedish and the Dutch ones due to Germanyaively supportive
national institutions. Moreover, Jaccobson and baur{2004) also discuss
the historical context of German energy policiesnore detail. The policy -
making process of the German government and theemée of the German
government on the energy innovation system are ioreed briefly. For
instance, the coordination problem between the $ttipiof Economics and

the Ministry of Research has been noted.

The scholars of the approach of technological iation system set up a
persuasive framework to analyze an innovation syst€his approach
provides great insights into the dynamics of tedbgioal changes, as well
as the process of technological generation, ddfusand utilization. The
approach observes that the boundary of an innavatistem does not
coincide with the national border. The observatibat the technological
innovation system develops on a global base congiésn the

disadvantages of the approaches of national inf@vaystem which do not

deal with transnational factors.

26



Yet, there are still two insufficiencies which aserth mentioning for the
approach. First, the approach uses technology (oearacular knowledge
field) as a single boundary of an innovation systaithough Jacobsson and
Bergek (1998) introduce empirical cases to explaow a particular
technological innovation system is influenced byffedent national
institutions, they do not explicitly establish theoncept of national
technological innovation systems. Moreover, Bergelal (2008) describe
that a technological system may be a sub - sysfeansectoral innovation
system or may cut across several sectoral innavaystems, but they do
not analyze the dynamics of the configuration o& ttechnological
innovation system and sectoral innovation syst&esond, the influence of
politics on the development of the technologicalowation system is not
deeply discussed. Even though Jaccobson and La2be4d) attempt to
discuss the politics of technological policies thgh discussing the problem
of coordination within the German government, tdeynot discuss how the
problem of coordination influences the developmehthe technological
innovation system within the national border. Wdl Wirther discuss the

issue in the following chapters of the thesis.

2.2.4 The approach of sectoral innovation systems

The approach of sectoral innovation systems adopector as the boundary

of an innovation system. An industry is the uniaoglysis.

Malerba (2002) establishes a theoretical approaciihe study of sectoral
innovation systems. From his point of view a setornovation system is
defined as a set of products, as well as a grogetois carrying out market
and non - market actions for the creation, productand sale of the
products. In other words, a set of products dralwes lhoundary of the

sectoral innovation system. The sectoral innovatigstem should have a
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set of specific knowledge basis, inputs and demaiitle actors of the
system interact through communication, competiti@opperation and
commands. These actors’ networks are shaped bitutiests such as
national institutions. Indeed, the knowledge anal tdchnology, actors and
networks, and the institutions are the three blawka sectoral innovation

system.

In his book Sectoral innovation system#flalerba and his co - authors
(2004) apply the theories of sectoral innovatiostems for empirical case
studies. Six European sectors chosen in the bodkaes pharmaceuticals,
chemicals, fixed internet and mobile communicatisoftware, machine
tools and services. The six sectors were chosemauBectechnological
changes in these sectors are rapid and innovalays @ major role in the
growth of these sectors. In the book, Montobbidd@Mapplies the concepts
of sectoral innovation for transnational comparsdoarge sets of statistic
data are used to compare the sectoral innovatistersy in the United

States with equivalent ones in European Union c@asitand Japan.
Moreover, Coriat and Weinstein (2004) discuss tb&esr of national

institutions in the development of a sectoral irstn system. From their
points of view, national institutions should plagngplementary roles to
support the sectoral innovation system. The mospontant national

institutions related to the sectoral innovationtsysare intellectual property
laws, banks and financial regulations, educatiostesys and labour

regulations.

The scholars of the sectoral innovation system ideova different

perspective to analyze an innovation system. Tipeoggh discovers that an
innovation system is neither fixed to a particulational border, nor fixed
to a particular technology. The particular set abducts, which are

composed of several technologies and innovated ruadglobal context,

28



should be considered as the boundary of an inmmvaiistem.

However, there are two weaknesses of the existpgoach. First, the
approach uses a set of products as the single hoummd an innovation
system. Malerba and the other authors‘®éctoral innovation systems’
(2004) try to link the relationship between a settnnovation system to a
country’s international performance. They alsottlink the sector to the
technological opportunities which can be mobilizedl develop new
products and processes of the sector. Yet, thesgttons between a sector,
a nation and a technology are not fully exploregcdhd, the authors of the
approach, such as Coriat and Weinstein (2004)yaedhe roles of national

institutions from purely economic and technologiqadrspective. The

political factors which shape the national instdos are ignored.

2.2.5 The configuration of the three innovationtsyss

Even though the intersections

. ) Figure 2.1 Potential relationships between natigN&ll)
of the three innovation System and sectoral (SSI) systems of innovation and a

technological innovation systems (TS)
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innovation systems within one picture. As showrFigure 2.1, a national
system is delineated on a spatial basis, while ciosd system usually
crosses a geographical boundary and a technologioalvation system
typically crosses geographical and sectoral boueslaiEven though the two

authors focus on the theoretical comparisons betwbe technological
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innovation system and the multi - level perspectite picture shown is
indeed impressive and contributes extensively touwwerstanding of the
intersections of the three innovation systems. &the two authors provide
only a limited discussion about the configuratidriteese three innovation
systems, we will further define their configuratiand add the empirical

analysis which demonstrates their intersections.

2.2.6 Brief conclusion of the section

The literature on innovation systems contributesoto understanding
towards the dynamics of innovation systems. Funtioee, some authors,
such as Freeman (1987), extensively increased mderstanding towards
the roles of the government in shaping the deve&gnof an innovation
system. Yet, we found two common shortcomings ofegetin all of the

literature reviewed.

First of all, there is not yet an explicit explaoatfor the configuration of
national, sectoral and technological innovationteays. While a nation is
fixed to the geographical border, a sector anctlanelogy are developed on
a global base. Even if Makard and Truffer (2008yeh@roduced a nice

picture to describe the

) . Figure 2.2 Relationship of national, technologizadl sectoral
relationships between th{ innovation systems and NSTIS
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gap, we concretely define the intersection of tited innovation systems as
‘national sectoral and technological innovation &as’ (briefly written as
NSTIS) The system is shown in Figure 2.2. We assume ttietsystem
exists within a particular national border andnfiuenced by international,
political and economic factors. The political fastinclude colonization and
international organizations and the economic factmclude exporting,
international technology transfer, internationab@@mic competition and so
on. Indeed, every factor which influences the gsettand technological
innovation systems on a global level is able ttugrice the development of
NSTIS. The actors within the system use the knogdedf a particular
technological field to produce a set of particydemducts. The actors within
the system carry out market and non - market iotenas in order to
generate, diffuse and utilize the knowledge of aiq@dar technological
field to create, produce and sell a particularo$gtroducts. The interactions
and networks between the actors are shaped bynahitiostitutions. The
national government plays the central role in tisgaldishment of the

national institutions.

Second, until now the political nature of the gaweent and the policy -
making process of RTDI policies are seldom mentiobyg the literature of
innovation systems. All of the three innovation teys approaches have
considered the importance of national institutiovist, the government, as
the most important actor to shape the nationaititigtns, is considered as a
unified entity, and government’s policies, in thejarity of articles, are
analyzed through pure economic or technologicalspestives. The
complex political nature of the government and ploéicy process behind
the national policies are ignored. Solely analyzithg policies from
economic and technological perspectives is indemdtedd. What is the
political nature of the government? How does thgegoment’s policy -

making process influence the development of NSTIZ literature has not
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provided sufficient answers for these questions. yit gain deeper
understanding towards the inner world of the gowemmt the contributions

of political science are discussed in the nextisect

2.3 Theliterature of political science

The government is the core of political scienceeaesh. Among the
multiple sub - disciplines of political science, ngoarative politics and
public administration are the two sub - disciplindssely related to our
research. Both of the sub -- disciplines are deepfluenced by two
underlying theoretical foundations: the theory alifal system, which
considers the government as the core of a politisgstem and
institutionalism in which in its various forms fages on political institutions.
Before we discuss comparative politics and pubtimiaistration we first

introduce the theory of political system in thddaling section.

2.3.1 The theory of political system

In his book A Framework of Political Analysis(1965) David Easton
applies the concept of political system for analgzihe policy process.
According to his model, which is shown in Figur8,2he government is the

integral part of the

political system | Figure 2.3 Easton's model of political system
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(almost equal to the domestic environment) and él&a - societal
environment (almost equal to the international emmnent). The intra -
societal environment is composed of several sulystems including
ecological systems, biological systems and persosgdtems. The
extra-societal environment is composed of inteomati political systems,
international ecological systems and internatiosatial systems. The
environment surrounding the political system githe political system
demands and supports iaputsto the political system. The political system
converts the inputs of the environment intdputs,andthese outputs of the
political system have an impact on the environm&he environment then
responds to the outputs of the political system #mdugh the feedback
loop, the response of the environment becomessmgfuthe political system

again.

Easton offers a very original framework to analggovernment. Unlike
the traditional institutional research, which foesion the constitution and
the history of the government, Easton initiates tha government should
be analyzed from aystematigerspective. He also notices that the political
system is embedded in the surrounding environmatiter than exists alone.
Furthermore, not only the intra - societal (don@séinvironment, but also
the extra - societal (international) environment hen impact on the
operation of the political system. From Easton’sspective, the political
system is a semi - closed system. The environmelytioteracts with the
political system through the inputs and outputshef political system, and
during the policy - making process the environngogs not interact with

the political system at all.

Jenkins (1997) amends Easton’s model with the viotlg two points. First
of all, the environment surrounding the politicgst®m is structured, rather

than without structure. The environment is madeoumdividuals, interest
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groups and organizations with values and interesp®rating alone or
together over time. Second, from Jenkins’ pointiefv, the political system
IS an open system. Both the interactions acrossaateh the system must
be recognized. Therefore, he claims that policyyast&need to explore the
nature of the political system and the relationdhgtween decisions and

outcomes in more detail.

Since Easton has published his framework, the yhebmolitical system
has deeply influenced the development of politeeakences. The concept
that the government needs to be conceptualizeding hAn integral part of a
political system is widely accepted by politicalesttists and is frequently
combined with institutionalism to analyze compamatpolitics and public
administration. For example, Almond et al (1996hsider the government
as the core of the political system, and combire ttheory of political
system with institutionalism for the analysis ofhgmarative politics. Such
an approach, as we are going to discuss in se2tif, has become one of
the most influential streams of comparative pditiMoreover, the scholars
of public administration are also influenced by ttheory of political
systems and parts of the scholars also combineéhéery of the political
system with institutionalism for the analysis ofbpa administration. For
example, Sabatier and Mazmanian (1979) combinghdbery of political
system and institutionalism for analyzing policyplementation. In order to
manage the political system, in the process of emeintation the policy
makers need to identify a number of legal and jgaliimechanisms to affect
and constrain the behaviours of street - level adtmators and target
groups. In addition, Thurber (1991) and Rocci ()9@8ognize the interest
groups and scientists as actors ‘outside the paliBystem’. This literature

will be discussed further in section 2.3.3.

The theory of the political system fundamentallytrioutes to our analysis
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of the policy - making process. We fully adopt #ey points of the theory
of the political system that the policies are pretl through the process
inside the political system, which is embedded ke tsurrounding
environment. We also agree that the governmenn imtegral part of the

political system.

Nevertheless, we also discover that the theoryhefpolitical system has
two significant weaknesses which need further disian. First of all, the
original theory of political system has a somewlmatted understanding of
the interior of the political system. Neither Eassonor Jenkins's model
discussed the political mechanisms inside theipalisystem which shape
the policy - making process. Second, the conceptepolitical system has
not been linked up to the approaches of innovatimtems. When Easton’s
book was published in 1965 the concepts of innomatystems had not
been defined. Yet, even when Jenkins amended thi®rEs model in 1997,

he has not bridged the linkage between the twocaubes.

2.3.2 Comparative politics

Political institutions represent the main reseatopic of comparative
politics. Political institutionalism assumes thawlippcal institutions
decisively shape the behaviours of political actd#®wever, with the
development of the theory of political system, satrands of the literature
of comparative politics are influenced by both itogionalism and the
theory of political system and tend to integratee ttwo theoretical
foundations. Almond et al (1996) and Hague and ¢fai(2008) are two

representative examples in the literature.

Almond et al (1996) and Hague and Harrop (2008)padaery similar

approaches to analyze the comparative politicthénbook‘Comparative
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politics’ (1996), Almond et al combine the theory of the ficdi system
with institutionalism for the analysis of compavati politics. From the
authors’ perspective, a government is the core pbldical system which
has its own legitimacy and is structured by the ponents which have
different functions. The constitution ‘containset sf decision rules which
govern the policy - making process within the pcédik system’ (1996: 129).
The three major kinds of constitutional design @ler the world are:
presidential polity, parliamentary polity and senpresidential polity. The
government, as the core of the political systentommposed of institutions
and actors. The institutions, according to Almondle are referred to be
political organizations such as the cabinet, thgislature and the
bureaucracy. The functions of political institutsom the policy - making
process are determined by the constitution. Moneakie actors are referred
to be the individuals who serve in the politicatitutions, such as the prime
minister in the cabinet. From the perspective oiméhd et al the
interactions between actors inside the governmenteeply shaped by the
institutions. Furthermore, outside the governmeheré are interest
articulations. The interests outside the governnaeatpresented by interest
groups and carried into the government via politpaties. Government’s
policies, which are decided inside the governmard, influenced by and
should response to the interests articulated autsid government. In
addition, Hague and Harrop (2008) also considet tha government is
composed of institutions and actors. The politinatitutions are referred to
be the political organizations, and the actors e individuals in the
institutions. The constitution defines the struetaf the government and the
policy - making process. The two authors especiatijnpare the different
policy processes of presidential polity and parkatary polity and explain

how the two polities shape the policy process tdifferent.

In addition, in the bookThe new institutional politics{2000) Lane and
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Ersson assume that the operation of the politigatesn is shaped by
political institutions. As described by the two laarts, different political
institutionalists have different definitions of gaal institutions, and the
political institution, as defined by the neo - ingionalism is represented by
the political organizations, political rules andlifpcal practice (2000:4-7).
Indeed, on the basis of the literature (Almondle1896; Hague and Harrop,
2008; Lane and Ersson, 2000), we adopt the syntldetiinitions for the
terms constitution and political institutions. Froaur perspective, the
constitution is the legal framework which shapes #tructure of the
government and the policy - making process of thigigal system, and the
political institutions contain the political orgaations, political rules and

political practice.

Besides the general conceptual discussions of c@tiga politics, some
literature provides the perceptions for the constih of presidential polity
or the parliamentary polity. Since our empiricabe€aTaiwan, embedded in
the presidential polity, we only review the litarst which discusses the
presidential polity. Burke (1992) describes thaesmtential polity is
established upon the principle of the separatiopafers. The president,
who is the head of the executive branch, and thgress, which is the head
of the legislative branch, are separately electadl independent from one
another. Under the presidential polity, the dividgyernment is especially
discussed by some scholars. Elgie (2001:6) detimeslivided government
as the situation in which no single party simultarsgdy controls both the
executive and legislative branches. Samuels (281306) describes that once
the president and the congress in the divided gowent cannot achieve
consensus for particular policies, the ‘dead-laehtationship between the
two branches happens and the presidential poldyiges no institutional
solution for the dead - lock between the two braschwhile Cox and

McCubbins (2000) express that the situation of dihaded government
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make the government as a whole unable to decidedisive) and unable to
stick to a decision once made (irresolute), We#bleei(1994) and Pfiffner
(1994) discuss the solutions to manage the deamtk of the divided
government. From the perspective of the two authbes president should
use his / her leadership to persuade and bargé#inting congress in order to

achieve his / her legislative goals.

Moreover, some scholars pay special attention éordes of the executive
branch or the legislative branch under the presidempolity. For the
executive branch, Bennett (1996), Moe (2005) anffinef (2005) focus on
the discussion about the relationships betweemptésident and the cabinet
under the presidential polity. From their perspegtiunder the presidential
polity even if the president is the head of theegament, it is the cabinet
which decides and implements the majority of pebciFor the legislative
branch, many scholars such as Blodel (1973), Alobri§a990), Monsma
(1969), Smith et al (2006), Weingast and Marsha#i88) and Cox and
McCubbins (2005), analyze the operations of the goess in the
presidential polity, such as the voting behaviafrthe congressmen. From
their perspective, the congress under the presalepblity has high

autonomy to make or to influence the decision$efgolicies.

The literature of comparative politics does provigeh analysis of the
political institutions. Based on the discussionscomparative politics we
comprehensively understand that the governmenheasore of the political
system, is composed of institutions and actors. ddrestitution shapes the
structure of the government, the policy procesghefpolitical system and
the function of political institutions in the poyigprocess. Furthermore, the
actors’ relationships inside the government arepstiaby the political
institutions. We will review and exploit the litéuae of comparative politics,

particularly the literature of presidential polityy more detail when we
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establish our research questions and conceptuaéfrark in Chapter 3.

In addition, we have considered three weak poihtheliterature. First, the
scholars of comparative politics seldom link theork to the approaches of
innovation systems. Second, the literature of coatpee politics mainly
focuses on the analysis of constitution and thétit®ns and the actors
within the government, but there are only few déstons to describe ‘how’
the constitution, institutions and actors influenttee policy - making
process and the policy contents. Hague and Ha&0p8) offer the initial
discussions to speculate how presidential and gpa€éintary polities
influence the policy process. Yet, more comprehananalysis are needed.
Third, although some political scientists of congtime politics like
Almond et al (1996) have noticed that there areredt accumulations
outside the government, they have very limited whsons about the
dynamic interactions between the government aretést groups. How do
the interactions between the government and irtgresips influence the
policy - making process and policy contents? Tterdiure of comparative

politics has not focused on this question.

2.3.3 Public administration: network governance jnblic policies

Public administration, as described by Peters ardd(2003), concerns
about governing and managing the public sector &pablic administrators
play essential roles. As a sub - discipline of puditical science, public
administration is also deeply influenced by botle theory of political
system and institutionalism. On one hand, manylach@ccept the concept
that a government is an integral part of a politsystem. On the other hand,
unlike the sub - discipline of comparative politiadich emphasizes the
analysis of the ‘government’, public administratiextensively focuses on

the analysis of ‘governance’, which is defined dyoRes (1997) as the ‘self
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- organizing, inter - organizational networks’. Thierature of this sub -
discipline includes the approach of network govaoea public management,
the research of interest groups and scientiststia@dstagist approach for

public policy analysis.

2.3.3.1 The network governance approach

In Marin and Mayntz’ book,Policy networks’(1991), the authors use the
concept of policy networks to describe the intecast between the
government and the society. From Marin and Mayntwst of view the
policy network refers to the network which is cated of autonomous but
independent actors. Both the government and thelsgmoups are the
actors of the policy network. These actors of tleicg network possess
divergent and mutually contingent interests andy thake collectively
organized actions in the public policy - makinggess. In fact, the concept
of policy network emphasizes the horizontal, infalnand decentralized
relationships between the government and the sagialips. The two
authors also note that the policy networks arargisfrom sector to sector,
from country to country, and from time to time. Wit the book Jansen
(1991) compares the policy network of the Germamestonductor
technology in different periods of times. Laumanrale(1991) compare the
policy network of interest groups in the Unitedt8sain agricultural policies
with the networks of interest groups in the Uni&tdtes’ energy, labour and

health policies.

Moreover, in his bookModern governancg’1993a) Kooiman and his co -
authors use the concept of ‘interactive governante’ explain the

interactions between the government and other sb@takeholders. From
Kooiman'’s point of view, the traditional mode ofvgoning which refers to

the condition that the government is the only goeeto govern the society
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is no longer sufficient to manage the modern sgciet order to fully
govern the dynamic, complex and diverse problemth®fmodern society,
the government interacts and forms new collabagapartnerships with
social groups. The new mode of governing is caleddern governance’.
In the book, the co-authors apply the concept ofdeno interactive
governance for analyzing several social policieslifferent countries. For
instance, Royall (1993) discusses the governancéalmfur policies in
Ireland, and Stenvall (1993) analyzes the govemaheducational policies
in Finland. Duclaud and Williams (1993) make traatgmal comparisons

for the educational governance in Britain and Feanc

Besides Kooiman, Rhodes (1997) comprehensivelcleesi the concept of
governance in her booklUhderstanding governanceBy analyzing the
theoretical background of the governance, Rhodearlgl points out how
neo - institutionalism is applied for the analysfsgovernance. In addition,
by describing the historical evolution of the Bsiti public administration
from 1979 to 1997, Rhodes advocates how the Brgighlic administration

is transformed from government to governance.

In the field of RTDI policies, some scholars disstise governance of RTDI
policies. In the book,New modes of governand2005a) Lyall, Tait and
their co-authors express the new modes of goveendnc science and
technology. As perceived by Lyall and Tait (LyatidaTait, 2005b; Tait and
Lyall, 2005), to deal with the uncertainty and cdexgy of science and
technology, the new modes of governance are nedddded, the new
modes of governance search for the integratedypapproaches taeémove
contradictions, inconsistencies and inefficienot@sised when policies or
regulations emerging from different government depants or different
levels of governmentThe governance not only considers the role of

government but also emphasize the increasing fdleeonon-governmental
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actors and stakeholders in the policy-making predes mitigate public
controversies over new technology development.heanore, Biegelbauer
(2003) points out that RTDI policies are made tlglouhe interactions
between the variety of actors, including multipleistries, interest groups,
and political parties. Through comparing the thieeropean countries
(Austria, Sweden and Netherlands), he concludestti®athree countries
searched for the different positions in the EU BBbause of their different

policy-making process.

Even if different scholars use different phrasesiéscribe the approach of
policy networks and the approach of governancesetti@o approaches are
in fact highly complementary to each other. Whilenks and Schneider
(1991) state in the book of Marin and Mayntz (19818t ‘policy networks
should be seen as the integrated hybrid strucofrg®litical governance’,
Rhodes (1997) also defines governance as ‘selfgamzing, inter -
organizational networks’. Therefore, we combine twe approaches and
refer to the combination of the two approachestlas hetwork governance

approach’.

However, besides the literature on the network ofegnance we have
mentioned above, many scholars also use the tewmrigance to describe
different levels of management in the public sedtr example, Six et al
(2002) use the term governance to refer to intelorganizational

management within the government. Robert and Ne€l08) use the term
governance to refer to the intra - organizationahagement, while in their
book ‘Changing governance of research and technologycyol{2003)

Edler, Kuhlman and Behrens use the term governdaceiscuss the
transnational research and the technology policieshe European Union
level and analyze the multi - level governance urithe framework of

European Union. According to the existing literaturwe agree that
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governance is indeed multi - level and operatedransnational, national,
sub - governmental and intra - organizational lev¥&et, in order to clarify
the utility of the termgovernance’,we only use governance for describing
the interactions between a national governmentpaiidy stakeholders on
the national level. We refer to inter - organizatibmanagement within the
government to be ‘public management’, while the egaing mechanisms
on the international level are described as theerimational factors’. Since
we do not discuss the intra - organizational mamege, we don’t provide

further definition to the intra - organizational nagement.

The network governance approach intensively comied to our
understanding towards the interactions betweergtivernment and policy
stakeholders and how different actors are involvethe policy - making
process. The assumption of the approach that thergment is embedded
in the network and interacts frequently with staidbrs is one of the most
important theoretical assumptions underlying our noveonceptual

framework established in Chapter 3.

However, we have noticed two insufficiencies otthpproach. First of all,
the approach does not systematically bridge thagje between the policy -
making process and policy contents. Even thoughesenholars of the
approach, such as the authorsMbtiern governancg’1993a), discuss the
actors’ interactions during the policy - making g@es of particular policies,
the influence of the dynamic interactions betweetora on the policy
contents is still worth further discussion. Secaawkn if some authors, such
as Jansen (1991), use empirical cases to analgzgavernance of RTDI
policies, the theoretical linkage between the goaece approach and the
approaches of innovation systems is still bluri¢éow does the RTDI policy
- making process in the context of governance anfte the development of

NSTIS? Until now, there is no sufficient insightarthe question.
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2.3.3.2 Public management: coordination, implententaand evaluation of

policies

Public management, as defined by Lynn (2003), amscabout the effective
management of the public sector. The literaturbath influenced by the
theory of political system and neo - institutiosali. The scholars of public
management concentrate their efforts on searchangtife most proper
institutions which effectively increase the effieay and the performance of
the government with minimum public expendituresic8idifferent scholars
frequently use different terms to refer to the saawors within the
government, in order to keep our analysis cleafpreewe open the
discussion of the public management, we think iilddoe useful to provide
the definitions to each of the terms hé@&overnment officialsare the ones
who serve in the government. We use the telected politicians’to refer
to government officials who are elected by votersop the higher level
management of the government, while we use the f@dministrators’ to
refer to government officials who take the respbitises to administrate
the policies. Although some scholars use the tlureaucrats’to refer to
the administrators, we tend to use the teadministrators’ because
compared with bureaucrats, the term administraisrsable to more
accurately refer to the ones who administrate anglément policies.
Moreover, thepolicy makers’'refer to government officials who make the
major decisions of policies. The policy makers asually the elected
politicians or the high level administrators whe asked to decide policies

according to the commands of the elected politgian

The main topics of public management include theradioation of policies,

policy implementation and evaluation. Each of thads is discussed below.
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The coordination of policies is recognized as ohenost important issue
related to increase the efficiency and the perfoiceaof the government.
Six et al (2002) state that the ideal condition &rgovernment is the
‘holistic governmentin which not only the policy objectives, but algwe

policy means of a set of policies are mutually fiicing each other. The
authors of the book have revealed several pringifte improve the
institutions within the government in order to make government holistic,
including managing inter - organizational relatioips within the

government, as well as improving the informatiostsgn, the accountability

and the finance of the government.

However, many scholars point out the difficulti@s policy coordination.
Peters (1998) discusses the political nature ofcpotoordination and
claims that policy coordination may fail when tw@anizations perform the
same tasks (redundancy), when no organization ipesf@ necessary task
(lacunae) and when policies with the same clieatgedifferent goals and
requirements (incoherence). Peters (1995: 211-2%2) notices that the
competition between agencies limits the internaststencies or coherence
of governments. From the perspectives of the Lagemd O'Toole (2003),
ministries or agencies are incentivised to coneetion only under three
conditions: authority, common interests and theharges of interests. The
inter-organizational cooperation may be derivedulgh building common
interests and facilitating exchanges of interelstsaddition, OECD (1998)
applies the concept of policy coordination for gmadg RTDI policies.
From OECD’s perspective, the governments should/ pte roles of
integrating and coordinating the formulation ane timplementation of
innovation and technology policies in order to bestnage’the national
innovation systems. Yet, OECD also points out thetny science and
technology policies of OECD countries remain pieeamrather than

coordinated. Moreover, Braun (2008) expresses ttimtknowledge space
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which is the'centre’ of the innovation system can be distinguished foto
sectors, higher education, vocational traininghmetogy innovation and
basic research. Each of the four sectors of thewladge space needs
different resources to support its development aoticies should be
coordinated in order to integrate the resourcesipport each of the sectors.
Braun further articulates five institutional optsiffor policy coordination:
external coordination, internal coordination, capation at agency level,
leadership at the cabinet level and the strategplligence. However, from
his perspective each institutional option is onyeato be practiced if the

interests of actors are enlarged or secured.

Policy implementation is another important issukatesl to the efficiency
and the performance of the government. Sabatier Jamkins - Smith
(1993a) introduce th&advocacy coalition approachto discuss the policy
change and learning and substantially contributeht analysis of the
implementation of policies. With the acknowledgetnigmat the government
is an integral part of a political system, they umss that various
governmental and private organizations, which shaset of normative and
causal beliefs, form an advocacy coalition andtagéther. Each advocacy
coalition adopts a strategy to envisage instit@ionnovations to further its
members’ policy objectives. The government programesthe end results of
the competition and mediation of different advocamyalitions. Once
implemented, the government program produces poloayputs at
operational level and has an impact on the probidnch the program aims

to resolve.

However, scholars of public management debate whatiplementation is
a ‘top - down’ or a‘bottom - up’ process. From the perspective of top -
down, Sabatier and Mazmanian (1979) start their lyaisa of

implementation with a policy decision made by goweent officials and
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concern the extent for the implementation to adhiéhe policy objectives.
They assume government officials are the main actor decide and
implement policies. The implementation is the pescéom the top level
policy makers to the down level implementing offis. To make sure that
implementation of the policy is able to accomplblicy objectives the

authors advocate five necessary conditions'dffective implementation’

These necessary conditions refer to clear and stems$i objectives, the
adequacy of jurisdiction given to implementatiordies, the compliance of
implementation bodies and interest groups, comdhitend skilful

implementation officials, support of interest greugnd changes in social
and economic conditions. Nevertheless, from thegsstive of bottom - up,
Hjern and Hull (1982) and Hjern and Porter (1997¢ aware of the

weakness of the top - down approach. Unlike the -tajpwn approach
which starts with the analysis of policy decisioti® bottom - up approach
starts its analysis with the network of actors imed in the service delivery
and concerns the actors’ goals rather than poliggabives. According to

scholars of bottom - up, implementation is the pescfrom the street - level
administrators to the top level policy makers. Basa the key points of
both top - down and bottom - up approaches, Sabéit#97) provides a
synthetic approach. While he still recognizes ‘t@nparative advantage’
of top - down approach, because the approadimase useful in making a
preliminary assessment of government prograrfi®97:285), he also
acknowledges that the network analysis used bybtitedm - up approach
contribute to the deeper understanding of advocamslitions. Indeed,

according to the synthetic approaches provided dlyafer, we agree that
implementation is both a top - down and a bottamp process. As the top -
down approach we recognize that the implementatiapolicy decision is

mainly decided and implemented by administratorst, Yas bottom - up
approach, we also recognize that the actors indoimethe network of

service delivery, including both government offlsiaand private actors,

a7



play important roles in implementation. Moreoveuyidg implementation,
the implementation bodies not only implement thécpes decided by the
top level government officials, but also influent®e policies from the
bottom to the top. We will apply the synthetic ceptof implementation in

Chapter 3 when we analyze our own conceptual frasrlew

Besides the discussions of top - down and bottarp approaches, some
scholars attempt to analyze implementation from eothdivergent
perspectives. For example, Elmore (1997) introdutmg models for
analyzing implementation: the model of systems rgameent, the model of
bureaucratic process, the model of organizatiorelebpment and the
model of conflict of the bargaining. Lane (19973aintroduces different
perspectives in analyzing implementation, such akcy management,
evolution, learning and so on. The literature bevedour understanding of
the policy implementation. We will further discud®e details of the two

articles when we establish our research questio@hapter 3.

Furthermore, administrators, who are consideredeéoamong the most
important actors involved in implementation, arsoatliscussed by some
scholars. Lindblom and Woodhouse (1993) describe ddministrators are
active participants in the policy - making procéissough modifying and
implementing policies. They are also infrequentigtiucted by the policy
makers to make policies. Nevertheless, accordirtgedwo authors, during
implementation, administrators tend to self - pcowely cover up errors,
instead of correcting them. Moreover, because patiekers are only able
to devote very limited time and energy to supervisplementation, it is
very difficult for the policy makers to monitor thaplementation. The two
authors then conclude that in practice it is venfficdlt to make
administrators to loyally implement policies. Hogvdoand Gunn (1997) are

also pessimistic regarding the extent that admmatists are able to
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‘perfectly’ implement policies. As described by tiweo authors, théerfect
implementation’ which refers to the conditions that administrédtors
implementation is able to fully achieve the poladyjectives is unattainable,
because the preconditions of tperfect implementationare too difficult to
be fulfiled. The preconditions include perfect coomication and
coordination between administrators, combination resources across

different bureaucratic department, and so on.

The evaluation of public policies, as one of treget of the policy - making
process which is discussed in the next sectiom/ss an important issue
related to the efficiency and the performance efgbvernment. Rossi et al
(2004) introduce the general guidelines for thdweatéon of public policies,
while Fenwick (1995) and Flynn (2002) reveal ti3&’ model as the
principles to evaluate a public policy. TI3&’ refers to economy, efficiency
and effectiveness of a public policy or multiplebpa policies. Among the
‘3E’ the policy effectiveness, which is judged by thercentage of the
targeting groups positively affected by the policg,the most important
index. However, in the bookPblitics of program evaluation’Palumbo
(1987a) is aware of the politics of evaluationtHis book, Palumbo (1987b:
21-23) describes that the appropriate evaluatianafmademics is quite
different from the appropriate evaluation for adistiators. While
academics tend to help administrators understandl iamprove their
implementation, as well as uncover the negativee@sp of the
implementation, administrators usually tend to tumthe negative aspects
of implementation. Therefore, administrators do abtays welcome the
academics to evaluate their implementation. Chéiym(@987:76-80) also
points out that evaluative information serves miy @lected politicians and
administrators in the executive branch, but alsmgoessmen in the

legislative branch.
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Many scholars apply the concept of evaluation falyzing RTDI policies.
Some scholars such as Meyer-Krahmer (1988), Gibljp®88), Hill and
Hansen (1988), deLeon (1988) and Eveland and Hét8&8) suggest the
methods, the principles and the tools for evalgasimgle RTDI policies on
the program level. For example, Meyer-Krahmer ()98&ognizes five
methods of evaluation: comparing the ‘before /rafigpe, controlling group
concept, econometric models, case study approach rannitoring.
Nevertheless, Arnold (2004) advocates that the odsthof traditional
evaluation, which only focus on the performanceao$ingle policy, are
obsolete. The new methods of policy evaluation khogvaluate the
performance of RTDI policies by judging the extetthe RTDI policies to
support the development of a national innovatiosteay, especially when
the national innovation system suffers ‘system ufail. Miles and
Cunningham (2006) share a similar view with Arnaltl describe that the
evaluation of RTDI policies should identify the riovation bottleneck’ of
the system and evaluate the systematic effectseoRT DI policies through
four standards: policy mismatch and policy synexgievel of aggregation,
risk and dynamic effects. According to the literatpresented above we
agree with the perspective of Arnold (2004) andesliand Cunningham
(2006) and recognize that the evaluations of RTd@icpes should consider
the effects of policies on the development of thieovation system. This
concept of evaluating RTDI policies on the systezwel is especially
important for us to define the appropriateness dDRpolicies. We will
further discuss this concept in Chapter 3. Furtloeensome scholars have
carried out empirical research about the evaluatfaspecific RTDI policies.
For example, Becher and Kuhlmann (1995) evaluaésrman technology
policy and programs, while Shapira, Kuhlmann angeptauthors (2003)
evaluate the science and technology policies in Wimged States and

Europe.
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The scholars of public management provide rich yamal for us to
understand the concept and practice of policy doatan, implementation
and evaluation. They especially contribute to tmtaldishment of our
research questions and our conceptual framewoRhapter 3. However,
we also recognize that the literature about pubtidnagement has no
systematic linkage to the approaches of innovatisiems. OECD (1999),
Braun (2008), Arnold (2004) and Miles and Cunningh§006) only
initiate the discussions that RTDI policies shoudd coordinated and
evaluated to support national innovation systenes, tfie scholars have not
answered the question: ‘how’ the coordination, enpéntation and
evaluation of policies influence the developmentimfovation systems.
Furthermore, as we have described in section 2a2r@tion should not be
the only dimension to draw the boundary of an imtmn system. The
configuration of the three innovation systems, N§Tis the most suitable
boundary for an innovation system, because many|Ridlcies in fact
impact on the three dimensions of an innovatiotesgsHow RTDI policies
need to be coordinated, implemented and evaluatdtkicontext of NSTIS?
Until now public management has not yet providefficgent answers to the

guestion.

2.3.3.3 The research of interest groups and sstenti

The political institutionalism and the theory ofetlpolitical system also
influence the research of interest groups and s8stenWhile some scholars,
such as Steinmo and Watts (1995) and May et al5208escribe the
influence of the organizations of the political teygs on the capabilities of
interest groups, some scholars, such as Thurb&l)1&hd Rocci (1993),
consider interest groups and scientists as actgssde the political system.
In the following paragraphs we will first introdudiee literature of interest

groups and later review the research of scientists.
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For the research of interest groups some literagarphasizes the capability
and tactics used by interest groups, while otherdiure focuses on the
interest groups of specific industries and regidddferent literature is

introduced in the following paragraphs.

Many scholars emphasize the capabilities of integesups and the tactics
used by interest groups to influence the decisminthe actors inside the
government. Goldstein (1999), Greenwald (1977),hBuditerg (1991) and
Scott (1997) analyze the factors which influence ¢hpabilities of interest
groups in the policy - making process. From thedinp of view the
capabilities of interest groups are influenced lhg $ize and characters of
memberships of the groups, the financial resourites capabilities of the
groups to make coalitions with others, the lendtthe groups’ history and
the access of the groups to the government. Funtirery, many scholars
describe the tactics used by interest groups tesacthe actors inside the
government. The congressmen of the governmenteoptasidential polity
may be one of the most important targets for lobyyiAs described by
Bennedsen and Feldmann (2002: 922), Steinmo ants \(\l&95) and May
et al (2005), the presidential polity in which hightonomy and powers are
situated within the congress in fact encouragesrést groups to link their
interests to the policies through lobbying congmess. Evans (1991:264),
Zeigler and Baer (1969), Hayes (1981) and Scott @ndhelius (2004)
describe the interactions between congressmenmdeackst groups, as well
as the tactics used by the interest groups to act®s congressmen,
including writing letters, financing congressionglections, testifying in
hearings and negotiating with congressmen. Besltesongressmen, Pika
(1991) describes the possible access of interesipgrto the president.
Chubb (1983: 213) uses the empirical examples efuthited States’ R&D

agencies to explain the interactions between istg®ups and bureaucracy.
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From his perspective the individual companies whsigbcessfully get R&D
subsidies from the government are likely to mogvather members of the
interest groups to take further collective lobbyiagtions. In addition,

Hrebenar and Scott (1982:164-165) also indicateititarest groups intend
to aggressively lobby the administrators of theutapry agencies to
influence their decisions. The tactics for interegbups to contact
administrators include giving advice to the implenta¢ion of policies,

helping administrators to gather information, paptating in administrative

hearings and so on.

Some literature focuses on the interest groupsaitiqular industries or
regions. For particular industries, the groups ledrmaceutical companies
are one of the most influential business interesugs involved in the
lobbying activities. For instance, Landers and $€1tg004), Harvey et al
(2004) and Abraham (2002) portray the political &opof pharmaceutical
business groups in the United States’ health car@ t@ade policies.
Furthermore, Inzelt (2008) has explained the ineoient of private sectors
in the RTDI policy - making process in Hungary. #s particular regions,
the majority of empirical research focuses on thierest groups in the
United States (Schier, 2000; Baumgartner and LeE298; Goldstein, 1999;
Rozell and Wilcox, 1999; Wilcox et al, 1998; Heii®93), European Union
(Greenwood and Aspinwall, 1998; Coen, 2007; Pedef2; Greenwood,
2007) or individual European countries (Stewart,589 Marks and

Steenberge, 2004).

The roles of scientists in the policy - making mss are also discussed by
scholars. In Barker and Peters’s bodiye politics of expert advic€1993),
the authors, such as Tournon (1993) and BarkerPaters (1993), discuss
how scientific advisors involve in the policy - niagg process of nuclear

and radiation policies. From their point of viewhile the interests of
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scientists are influenced by policies, they artact self - interested political
actors who possess their own interests througluentting the policy -
making process. A similar point of view is shargdHove (2007), Guston
(2000) and Gerrie (2006). The authors speculatd #een though
traditionally scientific activities are viewed abket activities which are
neutral and above all social and political frays, reality, science and
politics are mutually intersected and co - evoMereover, Schooler (1971),
Rocci (1993) and Pollitt (2006) have described ititeractions between
academics and actors inside the government. Fomm@ea Schooler
(1971:69,259) describes that scientists are ahbl&lteence the congressmen
through the involvement of public hearings or thengressional
investigations. Scientists are also able to infbgethe decisions of elected
politicians and vest their interests through segtime particular positions in
the cabinet. We will discuss the literature in mdegail when we establish

our research questions and conceptual framewdthapter 3.

The literature about interest groups and scientilgtscribes the political
participation of interest groups and scientists vene policy stakeholders
outside the government. While the network goveraamgproach analyzes
the overall policy network from a relatively magerspective, the literature
about interest groups and scientists emphasizemit® observations for
the characters of the two policy stakeholders &ed interactions with the
government. The literature contributes a lot to establishment of research
guestions of policy stakeholders, as well as oatyas for the interactions

between the policy stakeholders and the governmedhapter 3.

However, there are at least two weak points ofiteeature. First of all, the
linkage between the stakeholders’ involvements ha policy - making
process and policy contents remains unclear. ERengh some scholars,

such as Inzelt (2008) and Politt (2006), try toklithe involvement of
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stakeholders with the policy - making process,riationship between the
stakeholders’ participation and policy contents net yet uncovered.
Furthermore, the literature of interest groups’ asaentists’ political

participations in the RTDI policy - making procassseldom linked to the
approaches of innovation systems. Would the invokmt of policy

stakeholders in the policy - making process makeRMDI policies better
support the development of NSTIS? The questionrnmasbeen answered

yet.

2.3.3.4 The stagist approach for public policy gsial

The stagist approach, as described by Jenkins-@mdltSabatier (1993a), is
deeply influenced by the

Easton’'s model of political Figure 2.4 Parsons’ policy cycle

Problem

system. From the stagists’ poir /J\
H H H Evallation # Problem definition
of view, the policy - making /
process within the politica [ e bl
Implementation K
system could be divided intq \ Evalustion of options
several stages. Since the RTI \\

Selection of policy option

policy - making process is thg
* Source: Parson (1995)

core of the thesis, we reviey

the literature of the stage model below.

Different stagists have divided the policy - makimgpcess into different
stages. IrPublic Policy Parsons (1995) divides the policy - making preces
into seven stages which form the policy cycle, Bsws in Figure 2.4.
According to Figure 2.4 the policy cycle startsnfrahe stage of problem
definition — identifying alternative responses Ausmn — evaluation of
options — selection of policy option — implementati— evaluation —
problem — problem definition.
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From Parsons’ perspective, in different stage$efpolicy - making process
there are different obligations to be fulfilled. Mover, different stages of
the policy - making process could be analyzed fabfferent perspectives
and could be influenced by different factors. Fostance, the stage of
problem - definition and the stage of agenda irggtire both influenced by
the internal triggers (such as natural catastrogres technological and
ecological change) and external triggers (such es & war and

international conflict). In addition, the policymaking process of the two
stages could be analyzed from the perspectivesucélism and / or neo -
Marxism (Parsons, 1995:85-153). NeverthelessPwiicy cycle, May and

Wildasky (1978) only divide the stages of policsnaking process into five
stages. The policy cycle starts from the stagegehda - setting — issue
analysis — service delivery — implementation ustibn of policy

evaluation — termination. From the authors’ poihvew different stages
have different missions and empirical examples giken in order to

describe the missions of each stage.

Besides the discussions of the overall policy cydme scholars focus on
one of the particular stages of the policy - makpngcess only. We will
introduce the literature of the stages of agendsetting, the stages of

implementation and the stages of evaluation irfdhewing paragraphs.

For the stage of agenda - setting, Agendas, alternatives and public
policies’, Kingdon (2003) defines the stage as the proceserav
government officials select a series of subjectsvtoch they pay more
serious attention than others (2003: 196). For Hamy the administration,
including the president, the staff and the politieppointees who are
responsible for the president substantially infkesrthe policy agendas.
However, actors outside the government, includimgerest groups,

academics, the media, the election - related maaits and the public
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opinion also interact with the administration imer to link their interests to
the particular policy agendas. In the field of RTlicies, Flanagan et al
(2010) recognize that the stage of agenda - seitinilge stage for policy
makers to decide the policy rationale of RTDI pielscand design the mixed
policy instruments according to the policy ratiamaHowever, the authors
also describe that the mixed policy instruments sakected through the
interactions of multiple actors on multiple leveldhe selections of mixed
policy instruments in reality is the results ofdea- offs between different

actors.

Besides Kingdon (2003) and Flanagan et al (201@nesother authors
consider different terms and meanings for ‘agensktting’. While Parsons
(1995:245) uses the term ‘decision - making’ teereb the stage in which
the administration in the executive branch decithes agendas of policy
proposals and bills, Cox and McCubbins (2005) imetérm ‘setting the
agenda’ to refer to the stage in which the congnessformally authorize
the agendas of policy proposals and bills. In otdeclarify the terms we
use, we consider the stage of agenda - settinpeastage for the elected
politician to decide policy proposals, and we rdfex stage of deciding as

the stage in which congressmen authorize policpgsals and bills.

The stage of the implementation, as described e [(4997:297-298), is
the stage to execute policies and to accomplishpttiey objectives; the
stage of evaluation, as defined by Meyer-Krahm8&881121), is the stage
that examines and assesses the mode of actionhandffectiveness of
government policies. However, since the literatofethe two stages is
highly overlapping with the literature of public megement, in this section

we will not review this part of the literature agai

The stagist approach introduces a model for thdysisaof the policy -
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making process. Although the approach does notepityf reflect the
complexity of the policy - making process as ciiitl by some scholds
the stagist approach offers a clear and usefulfaralhe empirical analysis
of the policy - making process. Adopting the cdnitions of the stagists, in
Chapter 3, our conceptual framework also divides piolicy - making
process into several stages. Since there is nastensmethod to divide the
stages, we only divide the policy - making procedgs four stages which
are discussed by more scholars. The four stagetharstage of agenda -
setting, the stage of deciding, the stage of impla@ation and the stage of

evaluation.

Yet, we are also aware of the two limitations &f ftage approach. First, the
stagist approach only focuses on the stages gbdhey - making process.
There is no linkage between stages of the poliegaking process and
policy contents. In addition, the stagist approhak seldom been linked to
the approaches of innovation systems. The influerfceach stage of the
policy - making process on the development of theovation systems is

indeed worth of further analysis.

% For example, Cohen et al (1972) have suggesteghneage can model’ and Lindblom
(1959) has established the ‘muddling through’ appho Both of the two approaches don't
consider policy process as the linear process wtocld be clearly cut into several stages.
Instead, the two approaches consider policy proggss‘garbage can’ or ‘mud’ in which
the problems, solutions, participants and oppotigsall pool together immediately.
Nevertheless, as John (1998:22) declaims, justimse the policy process is complex and
apparently chaotic, there is a need to impose smmeeptual order on the policy process in
order to comprehend it.’ The stage approach, aaugtd John (1998), thus serves as the
attempt to simplify decision-making by cutting mgliprocess into distinct stages and by
distinguishing policy goals from policy outputsdrder to enable policy researchers to
analyze how powerful are certain groups, partigsiastitutions able to get their policies
on the agenda. According to the articles abovearseaware that there are alternatives to
analyze policy process, and in the reality, thégggdrocess may not be able to be neatly
cut into different stages. However, we agree withnJ(1998:36) that even though there are
no clear divisions of policy process, the stageaagh still shows the evolution of
changing interests, ideas and problems througleypliocess. Since we are interested in
the changes of actors and their interactions irpthiey process, and the stagist provides a
simplified but clear framework to explain the chas®f governance structure in the policy
process, we still adopt stage approach in our qnaéframework.
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2.3.4 Brief conclusion of the section

Political scientists have done extensive researgiclwtends to understand
the policy process from different perspectives. &ding to the

contributions of political scientists, internal rhanisms of the government,
interactions between the government and policy estaklers and the
different stages of the policy - making processiaréerstood. The policy -
making process is no longer the ‘black - box’, the& mechanisms which

are able to be analyzed from divergent perspectives

Although the political scientists have formed madijferent complex
approaches to analyze the policy — making process, of the common
shortcomings of the political science researcthas political scientists have
not yet provided a relatively integrated approagchthe analysis of RTDI
policies. Indeed, the RTDI policy, according to thescription of
Biegelbauer (2003), is a special kind of policy @his not only complex,
but also needs the interactions between the goverhand stakeholders to
make this complexity manageable. In the real watidyugh the stages of
RTDI policy - making process, all internal institrts and actors of the
government, as well as actors outside the governmenld shape the
decisions of the government. The context of theegmwment's policy -
making process is complex. How do the institutiamsl actors together
shape the RTDI policies? There is no clear ansaand within the political

science literature yet.

Another common shortcoming of the political sciemesearch is that
political scientists seldom link their research tonovation system
approaches. Although there has been a small groymlidical scientists
starting to link political science to the RTDI poli research and to the

approaches of innovation systems, political sc#stshould be able to
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contribute much more to the innovation research tha current status.

According to the common shortcomings of the pditiecience research we
recognize that a new integrated conceptual framewodrRTDI policy -
making process is needed. The conceptual framewbduld not only
integrate different perspectives of the politicalesce for the analysis of
RTDI policies, but should also fully link the resefa of RTDI policies to the

approaches of innovation systems.

Based on the existing literature we get our intiatlerstanding towards the
RTDI policy - making process. A government is tikegral part of the
political system, which is the sub - system of alN&S The governance of
NSTIS can be best described as network governdriee.government is
embedded in the network of governance which govémesNSTIS. The
government is composed of institutions and actdhe actors within the
boundary of the government would interact with extwho are outside the
government but involved in the network of goverranthe policy - making
process of RTDI policies is divided into severag#s, and in each stage of
the policy - making process different modes of iatéons between actors
inside and outside the government would shape th®IlRpolicies.
Furthermore, different RTDI policies have differeimnpacts on the
development of NSTIS, including the knowledge acolation in a
particular technological field, the network of ast@nd the particular set of
products carried out by the actors of the NSTISweler, we will formally
introduce the new conceptual framework of the RTiolicy - making

process in Chapter 3.

2.4 Theempirical literature of biotechnology and Taiwan

2.4.1 The empirical literature of biotechnology
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What is referred to as biotechnology in this thesiglistinguished from
modern biotechnology and traditional biotechnoldggdern biotechnology,
as defined by Laage-Hellman et al (2004), refeithédbiotechnology which
is developed in the post - genetic engineering Miadern biotechnology is
comprised of a broad range of knowledge fieldsjumiog DNA (the

coding), proteins and molecules, cell and tissuéu and engineering,
process biotechnology, and sub - cellular organisis fully agree with

Laage-Hellman et al and adopt their definition addarn biotechnology as
our definition in the thesis. Moreover, we furthéefine the traditional
biotechnology as the biotechnology which is devetbpefore the post -
genetic engineering era. The definition of modernd atraditional

biotechnology is especially important when we déscthe development of

biotechnology in Taiwan, in Chapter 5.

Modern biotechnology, as described by many schakadeveloped through
the networks of actors. McKelvey et al (2004) halescribed that the
development of modern biotechnology is closelytegldo the fundamental
science research. Not only scientists, but alsopeones are involved in the
scientific research. The formulation of cluster important for the

development of modern biotechnology. The networtkvben scientists and
companies and the network between different congsaarie both important
for the knowledge distributions of modern biotediogy. The perspective

of McKelvey et al is widely shared by many othenaars, such as Stuart et
al (2008), Zucker et al (1998), Powell et al (20863 Colyvas (2007). Not
only the technology transfers from universitiesctompanies, but also the
alliances between companies are essential to thevation of modern

biotechnology.

The development of modern biotechnology in facensgcts with several
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sectors and with many countries. For the intergesti of modern
biotechnology and sectors, as described by Brirdd €004) and Senker et
al (2004), modern biotechnology is adopted by ssveectors such as
pharmaceuticals, agriculture, equipments and ingnis and so on. The
entanglement between the development of modernedkiablogy and
pharmaceuticals is frequently discussed by manglach Indeed, through
discussing the origins of modern biotechnology, M€y (1996) analyzes
the tightly inter - linked evolution between modebotechnology and
pharmaceutical sector. From her perspective, thiginorof modern
biotechnology was the development of recombinantAD&hd genetic
engineering techniques in the early 1970s in usities in the United States,
such as the University of California. The Americamarmaceutical
multinational company (MNC), Eli llly, the new Amean bio -
pharmaceutical company, Genetech, and the Eurqaeamaceutical MNC,
Kabi (Swedish), were the companies which commeredlthe techniques
of genetic engineering and applied the techniquars mhanufacturing
pharmaceuticals. Since the appearance of modertechimology its
development was tightly entangled with the develepm of the
pharmaceutical sector. McKelvey et al (2004) furtaealyze the evolution
of the pharmaceutical sector through the approdckectoral innovation
system. From their perspective, before the 19Hesntain knowledge base
of the pharmaceutical sector was chemistry; ontgrahe 1970s, modern
biotechnology gradually became one of the knowledgses of the
pharmaceutical sector. In addition, Chataway €P@04) also identify the
intersection between biotechnology and agricultared describe how
agricultural MNCs re-orient their R&D strategies itorporate the new
biotechnology in their products. For the intersmtsi between
biotechnology and national innovation systems, &aend Prange (2004)
discussed the reconfiguration of the German natimmavation system and

the bio - pharmaceutical innovation within the aatl border of Germany.
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Indeed, many scholars notice that the developménbiaiechnology is
deeply influenced by the governments’ policies. €ids (2000) compares
the contrasting roles of the government of the éthitStates and the
government of Germany in the development of biatetdgy. From her
perspective, the triple helix between academiates&nd industry is
embedded in the innovation of biotechnology. Sihdgtechnology is a
science - based technology and especially depemndetite cooperation and
interactions among actors to transfer knowledgépmnal institutions and
government policies play a critical role to provitlee mechanisms of
knowledge transfers. She further points out that stups are the motor of
the innovation of biotechnology, and the role oé thovernment in the
development of biotechnology is to overcome thelkdges of the national
innovation system which are inappropriate to thevetpment of
biotechnology, and to establish the favourable rneooic ecology’ which
makes the start-ups develop and grow. The favoeragionomic ecology’
includes the entrepreneurships of academics moigliknowledge flows,
the mechanisms facilitating technology transfeuslisas the patent system)
and the financial market supporting the developnoérgtart - ups (such as
the venture capital companies willing to investhie new technologies). As
she describes, the government of the United Sthsss more positive
support to the development of biotechnology than@®erman government,
because the government of the United States establithe favourable
‘economic ecology’ for the development of bioteclugy. Geseisk also
notices that polity and politics of the biotechrgtgpolicies in the United
States and Germany are very different. While thagddrStates doesn’t have
any central agency for coordinating biotechnologyiges, the German
government promotes all the biotechnology politclgsugh the Ministry of
Science and Technology. From her point of view,netreugh there is no

central agency, the American approach is more ffebecause it supports
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the institutional arrangement which is favourabte dpecific needs of
biotechnology. On the contrary, even though then&r government
promotes all biotechnology through only one miryistine policy process of
the government is ‘locked’ by the actors of thenén - circle’, such as a
small group of scientists and experts. The Gern@amemgment then is not
able to pursue a science and technology policy hviftectively establishes
the favourable ‘economic ecology’ and furthers texbgy transfers.
Moreover, Reiss et al (2004) and Senker et al (RO&@mpare the
development of biotechnology in different Europeaountries. As
concluded by Senker et al there are three lessamsved from the
biotechnology policies of European countries: (i¢ ttountries need to
coordinate science and technology policies and gwake view of industry
while promoting public research; (2) different staups demand tailored
mechanism for technology transfers; (3) academiepreneurships can be

stimulated.

The literature of biotechnology indeed provides aisvery important
understanding towards the dynamics of the innowatiobiotechnology and
the proper policies which are able to support thevetbpment of
biotechnology. On the basis of the existing literatwe understand that
biotechnology is a technology which is adopted byrgd sectors and
intersects with the national innovation systemsnwny countries. The
modern biotechnology is developed through the augons of actors in the
network which is composed by companies, scientistd government.
Knowledge flow between actors is essential fordaeelopment of modern
biotechnology, and the most important role of thevegnment in the
development of biotechnology is to facilitate thews of knowledge
between actors and remove the barriers which hartiperinteractions
between actors. The analysis of the existing liteea is indeed very

important for us to assess the appropriateness hef Taiwanese
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biotechnology and related sectoral policies in Gaaf.

However, taking into account the discussions abowe, find two
insufficiencies of the empirical existing literaguof biotechnology. First of
all, the intersections of biotechnology, the diéfier sectoral innovation
systems and national innovation systems are not fyly explored.
McKelvey et al (2004) have analyzed the intersectibetween
biotechnology and the pharmaceutical sector, andtaWay et al (2004)
have discussed the intersection between biotechpodnd agricultural
sector. The authors, such as Geseisk (2000), KaisdrPrange (2004),
Reiss et al (2004) and Senker et al (2000), haseudsed the intersections
between biotechnology and different national inrimrasystems. However,
how biotechnology intersects with different sectarthin one country?
There are no existing answers for this question §etond, the policy and
politics of the biotechnology policies are not yuixplored. Geseisk (2000)
provides a very interesting initial discussion fibre policy process of
biotechnology policies in the United States andn@ry. The ‘lock - in’
policy process of the German government didn’t &ndiie government to
promote the policies which actually support the elepment of
biotechnology in Germany. From the discussion we te initial
understanding that the policy process of bioteabgwlpolicies should not
be locked - in and include the new incentives frouatside the ‘inner -
circle’. However, Geseisk does not fully discuss timportance of policy
coordination in the biotechnology policies. Whileggisk shows that the
government of United States, which has no centgehey to coordinate
policies, promotes more effectively the RTDI paiiand the German
government, which has only one ministry to prommtéechnology policies
promotes policies ineffectively, she in fact doédimik the relationships
between policy coordination with the effectivenest biotechnology

policies. It is Senker et al (2000) who mention timportance of policy
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coordination in the biotechnology policies, as vaslthe importance of the
consideration of the view of the industry. Yet, wiocould government
coordinate biotechnology policies with the consadien of the view of the
industry? A clear answer for this question canmetfdund in the existing

literature.

2.4.2 The empirical literature of Taiwan

The Taiwanese experience in industrialization ambvation has attracted
the attention of some scholars and has been amblyzdghree strands of
literature, i.e. literature on national innovatieystems, literature on East
Asian regional studies and some political scientature. Each sort of

literature is introduced in the following sections.

2.4.2.1 Taiwan and the literature of national iraitn systems

2.4.2.1.1 Taiwan and the approaches of nationaMvation systems

In Nelson’s book,National innovation systemsraiwan has been chosen as
one of the empirical examples among 15 countriexoAding to Nelson,
Hou and Gee (1993) have written a book chaptentdyae the Taiwanese
national innovation system. The book chapter heasded on the Taiwanese
history of industrial evolution from 1945 to 199he Taiwanese companies,
including public enterprises, private SMEs and MN@kRyed important
roles in the acquisition and development of techgiels. Furthermore, the
Taiwanese government also played an essential iroléhe national
innovation. Not only the public policies, such asieation policies, fiscal /
financial policies, but also the public sponsoredearch institutions have
positively supported the development of the Taivganmanufacturing and

ICT related technologies and sectors. Besides, THmanese universities
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extensively contributed to the national technolafionovation through the

collaboration with public sponsored research ingtns.

Moreover, in the Edquist and Hommen’s bodBmall country innovation
systems(2008), Taiwan is also selected to be one of thpigcal examples
among 10 small countries. Edquist and Hommen adaptstem approach
within their volume which is similar to that of Meln’s. In Edquist and
Hommen’s book, Balaquer et al (2008) analyze theva@ese national
innovation system. The history of the Taiwaneseugtdal development
(from 1945 to 2008), the knowledge inputs to nalomnovation, the

industrial structure constituted by SMEs and thel@ion of the innovation
policies promoted by the Taiwanese government dfe dascribed.

Furthermore, the same chapter compares the pemficena the Taiwanese
manufacturing to the Taiwanese service industrg 3pecial OEM / ODM

mode (original equipment manufacturing / originakign manufacturing)

of the Taiwanese manufacturing industry gets spati@ntion.

The discussions of the Taiwanese national innonatystem provided some
empirical characters of the Taiwanese national\mation. On the basis of
the empirical literature we understand that marntufaty industries are the
pillars of the Taiwanese national innovation. Tinelustrial structure of
Taiwan is mainly constituted by SMEs and the Taiegmn government

provides strong guidance in the industrial develepm

Yet, as discussed in section 2.2.1, the approacimatibnal innovation
system has several deficiencies. Such theoretefatiencies influence the
empirical analysis of the Taiwanese case in mapgds. First of all, both
Hou and Gee (1993) and Balaquer et al (2008) hareored the
technological and sectoral differences within thaiwBnese national

innovation system. Hou and Gee (1993) only dis¢hesevolution of the
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overall industry in Taiwan. Even though Balaquerak{2008) distinguish
the Taiwanese manufacturing industry from the serwndustry, the book
chapter doesn’t provide detailed discussion abbatdectoral differences
under the manufacturing industry. Second, even ghothe Taiwanese
government played a significant role in the develept of the Taiwanese
national innovation system, the role of the Taivsngovernment is only
discussed from purely economic and technologicalsgestives. The
Taiwanese government is considered as a unifietlyesntd the policy -

making process within the Taiwanese governmendtsincovered.

2.4.2.1.2 The evolution of the Taiwanese nationabvation system

In ‘The evolving nature of Taiwan's national innovatgystem’ Dogson et
al (2008) discuss the evolving nature of the Tamg@nnational innovation
system. From the authors’ perspective, the nationabvation system
changes over time and the evolution of the natianabvation system
involves changing institutions and relationshipshim the system. By
analyzing the new characters of the Taiwanese mnmv network of
biotechnology which do not exist in the Taiwanesgovation network of
ICT, the authors tend to analyze the dynamics efrhtional innovation

system in Taiwan.

The evolving characters of the Taiwanese innovatioetwork of
biotechnology, according to Dogson et al, refeth#® evolving institutions,
the evolving finance / investment patterns and ¢kelving research -
industry links. The evolving institutions includénet public research
institutions and science parks. The Industrial hedbgy Research Institute
which contribute a lot to the Taiwanese ICT sedog, emphasized. Besides,
the Development Centre of Biotechnology and thedvat Health Research

Institute are also mentioned in the paper. Furtbeemthe Hsinchu Science
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Park which clusters the majority of ICT companiesighly focused in the
paper. The Biotechnology Plaza of Nakang Softwand,Rvhich clusters a
large group of pharmaceutical companies and théh®ou Taiwan Science
Park, which clusters a group of agricultural comearare also discussed.
For the evolving finance / investment patternsséhpatterns include the
firms’ strategies and venture capital systems. @e tand, while the
Taiwanese ICT companies use the downturn entryegfyato enter the
market, the Taiwanese biotechnology related congsame new products to
penetrate the market. On the other hand, whilesémeure capital system of
the Taiwanese ICT sector is operated by private peomes, the venture
capital system of the Taiwanese biotechnology edlaectors is driven by
the government. For the evolving research - ingubibks, the links of
Taiwanese biotechnology are different from the dirdé ICT. While the
Taiwanese ICT companies transfer their technologiesmn MNCs, the
Taiwanese biotechnology related companies usualignsfer their
technologies from universities. In summary, acaogdp the new characters
of the Taiwanese innovation network of biotechngladnich do not exist in
the Taiwanese innovation network of ICT, Dogsoraletonclude that the

Taiwanese national innovation system is under enmolu

Dogson et al provide some interesting observat@mnsut the Taiwanese
innovation network of biotechnology. The authorstice that the

development of the Taiwanese biotechnology is \dfferent from ICT

mode. Plural government institutions are involved the Taiwanese
development of biotechnology, and biotechnology panmies are usually
invested by the government. Since the local congsansually transfer their
technologies from universities, the universitieaypimportant roles in the
innovation of biotechnology. Indeed, the concepttli@ evolving characters
of the innovation system contributes to our un@eding of the dynamics

of the innovation system in Taiwan. However, thpgyaseems to have three
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important weak points.

First, out of the concept that there are technolgand sectoral differences
within a national innovation system, Dogson et akunderstand the
differences between the Taiwanese biotechnologythedlaiwanese ICT
NSTIS as the characters of the evolving naturehef Taiwanese national
innovation system. In fact, as we are going to showChapter 5, the
developments of the Taiwanese biotechnology arade@lsectors have their
own unique history. The Taiwanese biotechnologyratated sectors do not
evolve from the ICT sectors. Dogson et al use te/dnese biotechnology
as an empirical case to explain the evolving natfitee Taiwanese national

innovation system, which is not convincing.

Second, Dogson et al treat the Taiwanese biotecgpas one sector. Yet,
as we are going to show in Chapter 5, biotechnologyiwan is in fact one
technology which is adopted by three sectors inoygharmaceuticals,
agriculture and medical devices. Each sector adoptetechnology in a
very different context. The evolution of biotechogy was different from

sector to sector. Therefore, it is insufficient dscuss the evolution of
biotechnology in Taiwan without recognizing the teeal differences. We
will have detailed discussions about the develogmeh the three

biotechnology related sectors and the evolutiohiofechnology in each of

the three sectors in Taiwan in Chapter 5.

Third, Dogson et al look at the biotechnology inwlan through the lens of
ICT. Some research organizations and science psuks, as the Industrial
Technology Research Institute and the Hsinchu $eidPark, which play
important roles in the development of ICT but plary minor roles in
biotechnology, are heavily emphasized. Yet, the orgmt research

organizations and science parks which never sup@drbut play a key role
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in the development of biotechnology are quite nralized. This is the case
of the Development Centre of Biotechnology, theidiatl Health Research

Institute, and the Biotechnology Plaza of Nakanfivsre Park.

2.4.2.2 Taiwan and the literature of East Asianaeg studies

Taiwan has been considered as one of the ‘EashARBgers’ due to its
outstanding performance in the manufacturing and I@dustries. The
literature of East Asian regional studies frequemibmpare Taiwan with
other East Asian countries in terms of the histrgrogress in the high -
tech industries, the industrial structures and go®ernment’s policies.
Unlike the approach of national innovation systemisch search for the
general principles among countries belonging tdfedght continents,
regional studies usually consider the experientdsast Asian countries to
be unique and only focus on the East Asian redsamce the ICT sector is
still the most outstanding sector of Taiwan andeptBast Asian countries,
regional studies usually emphasize the performafidbe Taiwanese ICT
sector and compare the Taiwanese ICT sector willeroEast Asian

countries.

Mathews and Cho’s booKiger technology(2000) is the typical example
of East Asian regional studies. In this book, théhars describe the
historical progress of the Taiwanese semicondunttustries. Moreover, in
Chu and Hill's book The East Asian high-tech driv€006), Chu displays
the statistical data of the Taiwanese manufactundgstries, the changing
industrial structures of Taiwanese manufacturingustries, the Taiwanese
government’s industrial policies and the roles oivarsities in the national
innovation. The problem of policy coordination withthe Taiwanese
government is discussed briefly and there is nthé&uranalysis for such

policy issues.
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The East Asian regional studies have collected semeirical data of
Taiwan for further analysis, especially the data tbe ICT sector.
Nevertheless, the development of biotechnology esldted sectors in
Taiwan has seldom been mentioned. Why Taiwan h&dively high
performance in the ICT sector, but relatively lowerfprmance in
biotechnology related sectors? Are there any speeasons for such

phenomena? Regional studies have not answeredghesgons yet.

2.4.2.3 Taiwan and the literature of political scie

The literature of political science which discussdse Taiwanese
government belongs to two disciplines: comparagpatitics and public

administration. Both disciplines are introducecdoiel

For the disciplines of comparative politics, thdifyoof Taiwan has been
discussed by many scholars. Many political sciéntisf comparative
politics consider the Taiwanese polity to be sepresidential polity (Wang,
2002; Shih, 2004; Chen, 2005) because accordinghé Taiwanese
Constitution, the President is the head of theestatl the Prime Minister is
the head of the Executive Yuan (the Cabinet). HameWu (2000) has a
very different point of view from other scholarse ldlaims that according to
the Taiwanese Constitution the President is ableemace the Prime
Minister any time without the permission from thedislative Yuan (the
Congress). Therefore, the Prime Minister is in fibg subordinate of the
President and the President is the actual healleoéxecutive branch. Wu
then advocates that the Taiwanese polity is in faesidential polity, rather
than semi - presidential polity. According to tltmdemic debates above, we
adopt the opinion of Wu. From our point of viewya the President could

replace the Prime Minister without the permissibthe congress and treats
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the Prime Minister as his / her subordinate, Taiwhould be considered a
presidential polity rather than a semi - presicenpolity. We will further
analyze the impact of the Taiwanese presidentiktypan the RTDI policy -

making process in Chapter 6.

For the sub - discipline

Figure 2.5 The institutional organizations of Taigabiotech innovation system

of public administration
the issues of policy]
coordination and the
governance of the
Taiwanese

biotechnology related
policies have been

discussed by a few
* Source: Wong (2005)

scholars. Wong (2005
analyzes the governance of the biotechnology inmmvan Taiwan. As
shown in Figure 2.5, Wong recognizes Taiwan'’s lolot@novation system.
From his perspective, the Taiwanese government draxd successfully
directed the resources and the different actorshef state towards the
development of ICT from top - down. However, in tdevelopment of
biotechnology, the roles of the Taiwanese goverrinwere weakened
considerably. The Taiwanese government tried tonpte various policies
to direct the development of biotechnology, such iraseasing R&D
expenditures, enhancing intellectual property mtiaes, establishing the
biotechnology cluster, investing biotechnology tstar ups, refining
regulations and so on. Yet, all the policies wenented in the context of
‘administrative decentralizationin the Executive Yuan, there were four
ministries which claimed to be the key players toe development of
biotechnology, i.e. the National Science CounciS(, the Ministry of

Economic Affairs (MOEA), the Department of Healtb@H) and the
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Council of Agriculture (COA). Although the Sciena@nd Technology
Advisory Group (STAG), was institutionally in chargof the setting
priorities, the ministerial leaderships in the buinology policies were
shared by four ministries. Wong further explairet tthere were in fact three
factors which made the Taiwanese government indaptb coordinate
biotechnology policies: (1) Market ambiguity: Biondustries were multi -
disciplinary by their nature and the market for biadustry was ambiguous.
Therefore, the policy makers were unable to effetyi target the market
winner and coordinate resources around it. (2) 8f@mial contestation: The
four ministries had different priorities for thewvddopment of biotechnology
and competed for scarce resources and policy atth{8) Absence of
institutional leaderships: Even though the Scieanogé Technology Advisory
Group was in charge of coordinating biotechnologligees in Taiwan, its
function of coordination was in fact very limitdd. addition, Liu et al (2005)

analyzed the network of stakeholders of the Natibigalth Insurance.

Political scientists analyze the Taiwanese govenimand government
policies from different perspectives. These stranéiditerature provide

some initial discussions about the Taiwanese hbiotglogy related policies
and help us to identify the institutions and actwtsch may influence the
policy - making process of the Taiwanese governnient example, Wong
(2005) provides a very interesting discussion abingt governance of
biotechnology in Taiwan. The institutional organiaas of the Taiwanese
biotech innovation system are identified. The peablof the coordination
between the four ministries claimed to be respdaditr the development
of biotechnology is also interestingly discussedn@’s paper provides a
very important initial understanding of inter - nsiterial coordination of

biotechnology policies in Taiwan.

Yet, there are at least three limitations of therditure. First, different
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strands of political science literature analyze Thavanese government and
government policies from different perspectivest fyfem our perspective
different perspectives have to be integrated tageth order to deepen the
analysis of biotechnology and related sectoral cpedi in Taiwan. For
example, besides the contestation of ministries,ctngressmen under the
presidential polity in Taiwan may also play impaottaoles in shaping
biotechnology and related sectoral policies. Yettilunow there is no
literature to offer a synthetic discussion for tbées of both ministries and
congressmen. Second, the policy - making processhef Taiwanese
biotechnology and related sectoral policies renidinred and there is no
clear linkage between the policy - making processtae policy contents of
the Taiwanese biotechnology related policies. Ehengh Wong (2006) has
noticed the problems of policy coordination withithe Taiwanese
government, he does not link the ministerial calatesn with the policy
contents of specific policies. Moreover, Liu e{(2005) analyze the network
of governance of the National Health Insurance. &l@v, the authors do
not clarify how the network of governance influesitkee policy contents of
the Taiwanese National Health Insurance. Third, lifeeature of political
science of Taiwan has not been linked with the @ggres of innovation
system. How does the policy - making process offdianese government
influences the development of the Taiwanese biotedyy related NSTIS?
Do the factors, such as the ministerial contegstatiescribed by Wong
(2005), influence the development of biotechnold{TIS in Taiwan? Are
there sectoral differences between different blotetogy NSTIS? A clear

answer for these questions has not yet to be found.

2.4.2.4 Brief conclusion of the Taiwanese literatur

The literature about the Taiwanese research previsieme empirical

analysis of Taiwan which contribute to our underdtag towards our
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empirical example; yet, there are two common incigificies of the
empirical studies. Above all, even though the Taese national innovation
system has been studied, the sectoral and techcalatfferences within
the Taiwanese national innovation system have eenbully discussed.
While the majority of literature focuses on the gness of manufacturing or
ICT related sectors, the development of biotechyknd related sectors in
Taiwan has been marginalized. The deeper and m@esp empirical
analysis of the Taiwanese biotechnology is lackBgcond, the discussions
about the political nature and policy - making mex of the Taiwanese
government remain limited. The available literatigenly able to discuss
the roles of the Taiwanese government from diffepemspectives, but there
is no literature to provide the comprehensive insginto the policy -

making process of Taiwan.

Since both the discussions of the innovation systembiotechnology in
Taiwan and the policy - making process are limitege choose the
innovation systems and policies of the Taiwanes&ebhnology and related
sectors as our empirical examples. In Chapter SwiNaise the Taiwanese
biotechnology and related sectoral innovation systeas the empirical
examples of NSTIS. Moreover, in Chapter 6, we cbhotiee Taiwanese
biotechnology and related sectoral policies aseoopirical cases to observe

the RTDI policy - making process.

2.5 Conclusion

In this chapter we reviewed three categories efdiure which are related to
the whole thesis, i.e. the approaches of innovatimtems, the literature of
political science and the empirical literature adtbchnology and Taiwan.
The review of the existing literature helps us iscdver the conceptual and

empirical contributions of the existing literatur®n the other hand, the
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literature also helps us to establish our own cptuze framework and to

analyze our empirical cases.

Based on the discussions of this chapter we araggtd apply the
conclusions derived from the existing literature fmur analysis in the
following chapters. In Chapter 3, we will establisbhr own conceptual
framework according to the conclusion of the litera of political science.
In Chapter 5, we will apply the concept of NSTISiethis derived from the
literature of innovation systems for the analydighe three biotechnology

related NSTIS in Taiwan.
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Chapter 3 Research questions and the conceptual framework

of RTDI policy - making process

3.1 Introduction

The purpose of this chapter is to establish theareh questions of the
whole thesis and the conceptual framework of th®IRgolicy - making

process which is shown in Figure 3.1. The reseapebstions and the
conceptual framework are developed on the badiseohiterature discussed
in Chapter 2, i.e. the literature on innovationtegss and literature on
political science. However, before opening the iteddadiscussion of this
chapter, we first introduce four closely interrethttheoretical blocks
underlying the research questions and the condepftamework and

provide an overview for our conceptual framework.

The first theoretical block underlying the researghestions and the
conceptual framework is the approaches of innomagsgstems and the
general roles of RTDI policies in the context ohawation systems. As
discussed in section 2.2, Nelson (1993) and Luhndt892) contribute to
the analysis of national innovation systems, whileeman (1987) explains
how governments promote technology and industmdicies to shape the
national innovation systems through comparing theigcal cases of Japan
and Britain; the OECD (1999) also describes howegaments should
positively support the development of the natiomahovation system
through technology and innovation policies. MalefB@04) looks at the
dynamics of sectoral innovation systems and recamisighat national
institutions should match the specific charactessof sectoral innovation
systems and foster their further development. Feuntiore, Carlsson (2004)
and many other authors express the evolution dfnt@ogical innovation

systems, as well as the impact of national insbihg on technological
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innovation systems. Indeed, as described in seét@dnnational institutions
shape the sectoral and technological innovatiohiwithe national border.
Since we tend to look at how the national policgiepact on a technology
impinge upon sectors, we consider that the boundérgn innovation
system which is drawn by a nation, a sector anechnblogy is the most
suitable boundary for an innovation system. Thdigamation of a national,
a sectoral and a technological innovation systedefged as thaational,

sectoral and technological innovation systdiMSTIS). In fact, in the
conceptual framework shown in Figure 3.1 we ass&®TiBI| policies are
made in the context of NSTIS. In addition, we adtbh@ concept of both
Freeman and Malerba and assume that the dynamian dhnovation
system is shaped by the government through the ggromof RTDI policies,
as well as the provision of other framework comdis. From our point of
view the government is responsible for making appate RTDI policies

which not only match the specific dynamics and dtmes of an

Figure 3.1: The conceptual framework of the RTDligyeamaking process
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innovation system, but also further shape and fastedevelopment. The
development of NSTIS includes the knowledge accatrail in a particular
technological field, the network of actors and gagticular set of products
carried out by the NSTIS. RTDI policies that infhiee NSTIS can be
characterized as being appropriate if they mateh davelopment of the
NSTIS through supporting the underlying logic oblwtedge accumulation
and exploitation in a particular technological dietlustering the network of
actors and encouraging the production and innowvatifoa particular set of
products. We assume not only the policy objectaed policy instruments
of RTDI policies, but once being implemented, thB3®I policies should
generate appropriateness to the development of SISAppropriateness in
this thesis refers to the ‘match’ between RTDI @gek and the development
of NSTIS which is able to be observed by some steom effects caused by
the RTDI policied. Indeed, while some RTDI policies attend to thaegel
national science and technology concerns, somesothmet the dynamics

of specific sectors and technologies. We assumt thiea policies which

% In other words, the concept of appropriatenesswasspects with different priorities.
First of all, the concept prioritizes the importaraf ‘match’, or we could also say the
‘fitness’, of RTDI policies towards the developmeftNSTIS. We recognize that a RTDI
policy design should fit the general dynamics dmelexisting characteristics of a sector and
a technology that shall be influenced. The polieydd follow the principle processes that
a sector and a technology demand and should notvbeém the actors that are present in
the given situation. For example, if there is neaptive capacity in firms, the RTDI
policy should consider to increase the absorptamability of companies. Second, the
concept of appropriateness treats the short-tefientef such as the quantitative economic
indicators, caused by policies as a minor issue.sHort-term effects are considered as an
entry point for us to observe and analyze the matdhiness of RTDI policies. In another
words, the short-term effects are considered aatteenpts to assess if RTDI policies are
promoted in a proposed direction.
Indeed, in our conceptual framework, we use theephof appropriateness instead of
effectiveness, because we are aware that theienes-fag’ for every RTDI policy to
generate long-term effectiveness, and all RTDIqgiedi are promoted in an ‘open
environment’ where the attributing effects causgdhe RTDI policies are difficult to judge.
Itis in fact very difficult to link RTDI policy-mking process with policy effectiveness
since all actors in the reality involve in the pglimaking process of RTDI policies without
knowing the long-term effectiveness of these petidn the future. Actors who actually
decide RTDI policies and involve in the policy-magiprocess at best know the historical
evolution of NSTIS in the past and the short-teffeats of these policies. Under the
circumstances, we recognize the concept of apm@tgoess is more applicable than
effectiveness. Only under the condition that théRjolicies could appropriately match
the development of NSTIS in a short-term, these Ridlicies could generate positive
long-term effectiveness. We will further operatibe concept of appropriateness in section
6.3 when we analyze the appropriateness of ourrezapcases, the National Programs and
regulation policies.
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match the general national concern may not nedbssaaitch the specific
requirements and development of a particular NSam8, the policies which
match the development of a particular sector archnelogy do not
necessarily match the development of others. Indidedappropriateness of
policies is a relative term and has different megnn different nations, in
different sectors and in different technologieserBfiore, under the context
of NSTIS, we assume it is the responsibility of government for making
appropriate RTDI policies which specifically mattie requirements and

development of a particular NSTIS.

The second underlying theoretical block of our aesle questions and the
conceptual framework has contributions by promingcttolars of public

management. These scholars, such as Mogee (198&}, & (2002), Peters
(1998) and Braun (2008), agree that in order tox@dgaublic money most
effectively and efficiently and maximize the posttisupport of government
towards national development, the government shotddponsibly

coordinate policies of different subunits and maimtthe policies to be
consistent, rather than fragmented. The improvenoénthe institutions

inside the government is the key for the improvenoénhe coordination of
policies. We fully agree with the scholars mentwrabove. In the real
world, policy objectives of policies are not alwagsgplicit but implicit.

Even though the policy objectives of different pms are in many
occasions fundamentally contradictory to each o#imer very difficult to be

entirely consistent with each other, the governnshduld maximize the
opportunities to integrate different policies ahd€ minimize the wastes of
public expenditures. Therefore, in the conceptuamework shown in
Figure 3.1, we assume that during the RTDI policynaking process, a
government is responsible for coordinating RTDIligges and maintaining
the consistencies of RTDI policies. To improve tlerdination of policies,

the government is responsible for improving thetitusons inside the
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government. The coordination of policies, accordmé@eters (1998:296), is
defined as the process in which RTDI policies draracterized by minimal
redundancy and incoherence. The institutions insige government, as
defined in Chapter 2, refer to political organieas, political rules and
practice. Moreover, consistencies of RTDI policee defined vertically
and horizontally, as shown in Figure 3.2. The waitticonsistencies of
policies are defined from two aspects. First, eatticonsistencies refer to
the conditions that the policy objectives of evemgle RTDI policy are

vertically, not contradictory, even ideally complemtary with the general
policy objectives of the whole government. Secortie vertical

consistencies of policies also refer to the coaddithat the direction for the
implementation of every single RTDI policy is verily complementary
with the general policy objectives of the whole gmwment. Moreover, the
horizontal consistency of RTDI policies means ttie policy objectives

and policy instruments of a set of interrelated RpBlicies are horizontally
not contradictory, even ideally complementary watth other and offer no
contradicting incentive structures which feed tlyaainic development of
the innovation system. In short, we assume it & résponsibility of the

government to improve th

Figure 3.2 Vertical and horizontal consistenciest#rrelated RTDI policies
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politics and governance. As we described in se@i82, some scholars of
comparative politics, such as Almond et al (199&w a government as the
core of a political system and focus on the intemstitutions and actors
which influence the government’s policy - makingpgess. On the other
hand, as we described in section 2.3.3, the sahofagovernance, such as
Rhodes (1997) and Kooiman (1993a), consider theyelmaking process
as the process in which the government constamtéyacts with the policy
stakeholders involved in the network of governarioeeed, both of the
approaches imply the existence of the boundarjhefgovernment which
distinguishes the inside and the outside world e government. Both
approaches also imply the importance of institidi@rhich not only shape
the relationship between actors inside the govemyméut also the
interactions between the government and the aotdssde the government.
Almond et al (1996), influenced by both instituaism and Easton
(1965)’s theory of political system, consider ingions and actors as the
components of the ‘inside world’ of the governmemd considers the
activities of interest groups as the interest aadation ‘outside’ the
government. While Rhodes (1997:53) proposes that mietwork of
governance covers both government and non - gowstahactors and
defines governance as ‘self - organizing netwoskie has unreservedly
implied the existence of the boundary of the gowent which
distinguishes the government from non - governmeattors. In addition,
she has also implicitly implied the structures amstitutions which shape
the interactions of actors in the governance ndtwérccording to the
discussions above, in our conceptual framework showFigure 3.1, we
assume the government itself is the core of théiqall system which is
consisted of institutions and actors and is embeddethe network of
governance formed by both governmental and nonvemgonental actors.
The boundary of the government exists and sepathgemstitutions and

actors inside the government from actors outsideggthvernment. The actors
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inside and the actors outside the government icitdyatween them at all
stages of the RTDI policy - making process. As tamnout by Almond,

polity is a constitutional framework which not ordjpapes the institutions
inside the government, but also the structuresutftrowhich stakeholders
outside the government can enter the policy redhmshort, we assume
RTDI policies are made through the interactionsveen the government
and the stakeholders outside the government whieh shaped by

institutions.

The fourth underlying theoretical block has conitibns from the stagist
approach. Stagists assume that the policy - mabingess can be divided
into several stages, yet different proponents wf &pproach have different
divisions for stages. For example, Parsons (1995dWides the policy -
making process in seven stages, while May and Wskia (1978) only
consider five stages of the policy - making procedswever, as we
discussed in section 2.3.3.4, we only discusstdmges which are considered
to be important by more scholars. Therefore, ourceptual framework, as
shown in Figure 3.1, only divides the RTDI policynaking process into

four stages: agenda - setting, deciding, implentemtand evaluation.

Based on the four theoretical blocks discussed gbwe form the details of
our research questions and the conceptual framewloidh are described in
the following sections. Section 3.2 introduces bgearch questions of the
whole thesis, and section 3.3 contains the detadstussion of the
conceptual framework of RTDI policy - making progeSection 3.4 is the

conclusion of this chapter.

3.2 Theresearch questions of thewholethesis

In this section, we build up our research questmfrite whole thesis. With
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the acknowledgement that the boundary of the gowenmt exists, the
research questions are established upon the vesiaidide and outside the
government, which are supposed to influence the IRIdicy - making
process. The variables inside the government arkty,pdiorizontal
coordination and vertical coordination, while thariable outside the

government is the involvement of external staketisd

3.2.1 The research questions for the variabledern$ie government

Our research questions for the variables insidegiheernment are built
upon the literature of comparative politics and lpulmanagement. The
literature of comparative politics contributes tar aesearch question of
polity. Since our empirical example is situatedhiwita presidential polity,

we focus our discussion of polity on presidentiality only. Furthermore,

the literature of public management contributesuoresearch questions of
horizontal coordination and vertical coordinatiogtvieeen actors inside the

government.

3.2.1.1 The research question for presidentiatyoli

Presidential polity is established upon the prilecipf separation of powers.
As it is described by Almond et al (1996: 134) addgue and Harrop
(2008:309-317, 329), under the presidential pdidyh the executive branch
and the legislative branch are separately eleateldaaithorized by people.
The president directs the government, while thegoess plays the roles to
legislate, authorize the expenditures, scrutinizad aoversee the
government’s policies. The president’s policies tmyst approvals of the
congress before being implemented. However, theopeel of the two
branches are totally separated. Since both thedergsand the congress are

elected for a fixed - term and no one is able tagodown another, the
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presidential polity gives each branch some autontomyake decisions by

each own will.

The divided government under presidential politfrégjuently discussed by
the scholars of comparative politics. As we merg@in section 2.3.2, the
divided government, as defined by Elgie (2001:8fens to the situation
when ‘the president’s party fails to control a nm#join at least one house
of the legislature.” While we refer to the presitiemparty to be the ruling
party, the majority party controlling the congressreferred to be the

opposition party.

In the divided government, as described by Weatherf(1994), the
president is difficult to keep his / her policiesly approved by the congress.
The congress, which is controlled by the opposipanty, usually changes
the contents of policy proposals provided by thespent and breaks the
consistencies of policies. As described by Smithakt(2006:275), the
congress controlled by the opposition party in mosses has different
policy priorities and disagrees with the presidepblicy preferences. Since
the congressmen, according to Monsma'’s investigdto the congress of
the United States (1969:142), only vote for theamoparty, in a divided
government the majority of congressmen in mostscasée for the policies
which are against the president’s policy preferenc&s depicted by
Samuels (2007), the ‘dead - lock’ between the cessyand the president is
possible to emerge in the divided government. lddeace the dead - lock
emerges, as described by Weatherford (1994), CdxMaCubbins (2000)
and Pfiffner (1994), the president should use her own leadership to

persuade and to bargain with the congress.

However, the discussions of the divided governmwnte seldom been

applied for the analysis of RTDI policies. Accorglirto the existing
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literature, such as Weatherford (1994), Cox and thtiins (2000) and
Pfiffner (1994), a divided government is hard tokenaonsistent policies
because the congress is supposed to break thg polsistencies. Yet, the
available literature has not discussed how the ddivi government
influences the consistencies of RTDI policies. Rkennore, once the
contents of RTDI policies, in terms of policy oljees and policy
instruments, are changed by the congressmen, tialale literature does
not express how the changes made by the congresafthesnce the extent
for the RTDI policies to appropriately match thevelepment of NSTIS.
Since the existing literature does not provide amyswer for the
relationships between the divided government ared abnsistencies and

appropriateness of RTDI policies, here we get oat fesearch question:

Research question 1: How does a divided government under
presidential polity influence the consistencies and appropriateness of

RTDI policies?

On the basis of the existing literature we assurmaethe congress controlled
by the opposition party may have different pri@stifor RTDI policies and
have incentives to change the contents of RTDIcgagtiroposals through
legislation, authorization of the expenditures aodersight of the
government’s policies. Once the contents of RTDIlicgoproposals are
changed by the congress, the policy objectivesvefyesingle RTDI policy
may be difficult to be vertically complementary wieven contradictory to
the general policy objectives and policy instrumnserdf the whole
government. The congress may also change the palbjegtives of a set of
interrelated RTDI policies not to be horizontallgneplementary and even
be contradictory to each other and offer contraaicincentive structures to
the innovation system. It is also possible that ¢bagress has different

policy preferences, policy priorities and may alsve different judgment
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for the appropriateness of RTDI policies. If sucltsituation occurs the
president might need to extensively negotiate a&m&cessary compromise
with the congress. Under such circumstances thgmedt of policy
appropriateness and the appropriateness of RTDtig®lmight become
very difficult to be clearly defined, and the died government can find it
very hard to make appropriate RTDI policies whichtch the development
of NSTIS.

3.2.1.2 The research questions for actors’ cootidinainside the

government

In the practice of presidential polity, althougt @blicies are issued in the
name of the president, it is in fact the cabineicWldecides and implements
the majority of policies. As it has been descrilbydMoe (2005: 208) and
Pfiffner (2005: 244), the practice in the Unitect8s is that the president
only gives managerial directions in the broad sengbe cabinet, while it is
the cabinet to implement policies towards the piesi's directions. Since
the existing literature has identified the impodarf the cabinet under the
presidential polity, the coordination between axton the cabinet is

discussed in this section.

There are two levels of actors in the cabinet,teté@oliticians at cabinet
level and the administrators on the agency levedl they have different
impacts on RTDI policies. The coordination betweaetors is discussed in

the following paragraphs.

Elected politicians on the cabinet level play tlodes to decide and to
coordinate the policy objectives and the policytimsients of a set of
interrelated policies. The elected politicians,dasined by Kingdon (2003:

27), include the ministers of the cabinet and tleads of particular
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departments who are directly or indirectly appaintg/ the president and

are responsible for the president.

Among the elected politicians, ministers are esjbciessential in

coordinating policy objectives and policy instrurteeand in maintaining the
consistencies of policies; yet, it is difficult foministers to achieve
consensus for coordinating policies. As it has beéepicted by Laver and
Shepsle (1996: 30-32), the departmental egoismaoh eminister is very

hard to avoid. Institutionally, each minister isetthead of a major
government department which has formal jurisdictomer a particular set
of policy area. It is indeed the mission of eaclnister to lead his / her own
department promoting policies in the particularipplarea. Furthermore,
the heavy workload of each minister makes him / bely able to

concentrate on his / her own ministerial business laave little time and
energy to concern policies which are outside hier/ own departments’
jurisdiction. In addition, since the resources le tmajority of cases are
allocated along the ministerial lines, the departtale egoism of each
minister is even deepened due to resource allocaliothe field of RTDI

policies, as Braun (2008:233) claims, the departaieagoism of ministers
exists. From Braun’s perspective, even though tlaeesfive institutional

options which may be able to improve the coordoratf RTDI policies,

each institutional option is only feasible if thelfs interested ministers are
able to achieve the inter - ministerial coordinatibrough inter - ministerial
bargaining. Coordination only occurs if the bersefite higher than costs,
there is no loser in the game and the identity @aganizational routines of
each ministry are respected. Indeed, even if Sial €2006:30-31) clearly
point out that collaborative organizational relasbip is the precondition
for policies to be consistent with each other, tr@dOECD (1999) describes
that the government is responsible for coordinaRI@| policies in order

to maximize its support to the development of theovation system, the
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establishment of inter - ministerial coordinatienin fact very difficult to be
achieved. Unless each minister is able to secwie thinistries’ benefits in

the coordination, they have no incentives to cowath.

However, the existing literature which discusses thter - ministerial
coordination provides no clear linkage between hwizontal inter -
ministerial coordination and the consistencies ®DRpolicies, as well as
the linkage between horizontal inter - minister@ordination and the
appropriateness of RTDI policies. Since there arstraight linkages found
within the existing literature, we get the init@ery of our second research
question: how does the horizontal inter - ministecoordination influence
the consistencies and appropriateness of RTDI ipsfic We assume if
ministers are difficult to horizontally coordinatgth each other, the general
policy objectives of the whole government may bedha be formulated,
and it may also be difficult for the policy objeas of every single RTDI
policy to be vertically complementary with the geaiepolicy objectives.
Furthermore, if the ministers who decide the pebailo not have sufficient
consensus to coordinate a set of interrelated Rpdicies, the policy
objectives and policy instruments of these RTDIige$ may be difficult to
be horizontally complementary with each other oy maen contradict each
other. In addition, we assume if ministers donirica unified judgment for
the appropriateness of RTDI policies, one ministeay promote some
policies which might be considered to be inappmpriby other ministers.
As a result, it might be difficult for the cabings a whole to make a set of
policies which appropriately match the developmeht specific NSTIS
and maximize the government support to it. Nevéeig according to the
literature discussed below not only ministers, &lsb administrators at the

agency level have difficulties to coordinate witdtchk other.

The administrators at the agency level play the ra implement the

90



contents of policies in order to realize policyaitijves. Nevertheless, even
if the horizontal coordination between administratis essential for policies
to be consistently and appropriately implemented,isi difficult for
administrators to achieve the consensus to hoa#lgrdoordinate with each
other. As it has been described by Elmore (1997:281) when the
institutions of bureaucracies become larger and emoomplex, the
administrators in each agency only concentratespedialize in the tasks of
their agency. Departmental egoism of agencies 1d ba avoid because
departments tend to focus on their own sector oBbch agency with
specific interests frequently competes for relatideantages in the exercise
of power and the allocation of scarce resources.aSal (2002) share the
similar perspective, that within large bureaucraci®ost civil servants seek
to maximize not only their budgets, but also thanspf their control and
influence. Indeed, administrators seek to shape mthede of the
implementation of civil service in order to maximizheir discretion.
According to the analysis of Lindblom and Woodhoy$693: 68), the
effective coordination between agencies is onlg @ablbe achieved through
agencies’ mutual adjustment and bargaining. Commiaindm elected
politicians which ask agencies to coordinate ugu@il. In the context of
RTDI policies, Braun (2008:235) claims that eveautph the improvement
of the coordination at the agency level is onehaf possible institutional
options to improve policy coordination, unless ages gain benefits or at
least secure their benefits in the coordinatioeythave no incentives to

coordinate with each other to implement RTDI peici

However, the existing literature provides neithimac linkage between the
horizontal inter - departmental coordination and tonsistencies of RTDI
policies, nor clear linkage between the horizontder - departmental
coordination and the appropriateness of RTDI pediciSince there are not

sufficient linkages found within the existing litdure, according to the
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discussions about administrators above, we geadvanced query for our
second research question: how does the horizontaf + departmental
coordination influences the consistencies and apm@®ness of RTDI
policies? According to the discussions of the @xistiterature, we assume
that if the administrators have difficulties to cdimate with each other
horizontally, RTDI policies are likely to be implemted towards the
directions which maximize the interests of impleta¢éion bodies. Yet,
these directions for implementation may be neitheertically
complementary with the policy objectives of a send®TDI policy, nor
vertically complementary with even contradictory ttee general policy
objectives of the whole government. Furthermorey tlrections of the
implementation of a set of interrelated RTDI pa&i would not be
horizontally complementary or even contradictorgézh other, because the
administrators who implement the policies do nowehaonsensus to
coordinate with each other for the implementatidntieese policies. In
addition, we assume if the horizontal inter - dépantal coordination
between administrators fails, the administratorsileidoe difficult to form a
consensus which clearly recognizes the appropeatef RTDI policies
and to implement RTDI policies towards the diregtito appropriately
match the development of NSTIS. Once RTDI policées implemented
without administrators’ clear recognition of appriageness, after being
implemented, the RTDI policies may be in fact difli to appropriately

match the development of NSTIS.

On the basis of the initial and advanced querieshef second research

question, we establish our second research queagitme following:

Research question 2: How does the horizontal coordination between
actors influence the consistencies and appropriateness of RTDI policies?

The actorsrefer to both elected politicians and administrators.
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Besides the horizontal coordination, the verticabrdination between
elected politicians and administrators also deephfluences the
consistencies and appropriateness of RTDI policigset, vertical
coordination is difficult to be achieved. When pgliobjectives and policy
instruments, which are decided by elected politisjaare delegated to
administrators for implementation, according to twogd and Gunn (1997)
these policy objectives and policy instruments laaed to be ‘perfectly’

executed by administrators.

There are at least two reasons to explain whyaoadrtoordination between
the top and the down is difficult. First, as analyzby Lindblom and

Woodhouse (1993:69, 70), within the large bureatiesa compared with
the vast scope of administrators’ activities, adcpoliticians have only
limited time which can be devoted to supervise itm@lementation of

policies. While administrators, as observed by Alchet al (1996: 135), do
many adjustments of policies, the majority of adstmative adjustments are
out of the scrutiny of elected politicians. Evenpiblicy objectives and
policy instruments are distorted when implementddcted politicians are
not able to fix the distortion spontaneously. Mat&p administrators have
their own ‘organizational inertia’ which we defires the situation that
administrators get used to the administrative nagtitoo much and avoid to
accept new changes. As described by Elmore (1999), 2ven if elected
politicians intend to bring major changes in p@gi these policies
frequently suffer the implementation failure beaatlse administrators keep
doing what they did before. In the context of RTlicies, we assume if
elected politicians expect to make changes for RPbIicies, elected

politicians must give administrators sufficient emtive to adjust and to
implement these changes, or every new change ofl Rolzies is likely to

be implemented by bureaucratic routines and willsmprobably suffer
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implementation failure.

However, the existing literature which discusses vertical coordination
between elected politicians and administrators ides/ no clear linkage
between the vertical coordination and the constsésof RTDI policies and
no clear linkage between the vertical coordinathmw the appropriateness
of RTDI policies. Since there are no direct linkagl®und within the

existing literature, we get our third research ¢joas

Research question 3: How does vertical coordination between elected
politicians and administrators influence the consistencies and

appropriateness of RTDI policies?

We assume if the vertical coordination between tetegoliticians and
administrators is difficult to achieve, even if thelicy objectives of every
RTDI policy decided by elected politicians are ety consistent with the
general policy objectives of the whole governmdime, administrators may
implement policies towards the directions which amet vertically
complementary or may even be contradictory to tlemegal policy
objectives. Furthermore, even if the elected pmditis have coordinated the
policy objectives and the policy instruments ofed af interrelated RTDI
policies to be horizontally complementary with eaather, administrators
may implement these policies towards the directiovisich are not
horizontally complementary with even contradictéoyother policy goals.
In addition, we assume if vertical coordinationdifficult to be achieved,
even if the policy objectives and policy instrunmgedecided by the elected
politicians are appropriate, after being implemdnby administrators the

policies may be unable to match the developmenNSiFIS.
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3.2.2 Research questions for the variable outsidgbvernment

Our research question for variables outside theegowent is mainly
established upon the research of interest grougpseientists. According to
the analysis of Kingdon (2003:45), actors outsite government refer to
the participants who are without formal governmgasitions but look into
and involve in the policy - making process. Thesatigipants include
interest groups, researchers and academics, mpdiies and so on.
However, not all participants are involved in tretwork of governance. We
assume only the participants who perceive that th&grests are influenced
by policies are policy stakeholders. Moreover, sinthese policy
stakeholders are external to the government, werafer them as external
stakeholders. Since the existing literature disedisen Chapter 2 has
recognized the interest groups and academics aadbeimportant external
stakeholders, in this section we only discuss tharacters of these two

stakeholder groups.

Business interest groups which consist of compaaiesone of the most
active external stakeholders involved in the policpaking process. The
scholars of interest group research have high csosethat the incentives
for interest groups to involve in the policy - magiprocess is out of these
groups’ self - interests. For example, Chubb (1983) describes that
interest groups participate in the policy - makprgcess in order to secure
their benefits from government policies. Bennedsamd Feldmann
(2002:920) share similar opinions and describe ihi&rest groups lobby
the government in order to promote policies whithHeir interests. Scott
and Cornelius (2004: 36) also express that inteyesips participate in the
policy - making process in order to avoid policebich threaten and

infringe their own interests.
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The capabilities of interest groups to influencéigees are different from
one another. As depicted by Hrebenar and Scott2(198), the potential
lobbying strength of an interest group is influethdegy its memberships.
High respect, prestige and the status of membeystap be the key to the
special access to policy makers. Scott (1997: 3B-Bas more detailed
description of the factors which influence the dajitées of interest groups.
Not only the size of memberships, but also otharatters of a group
would increase its influence in the policy - makprgcess. For example, a
group with more financial resources, higher capi@dsl to build coalition
with other groups, with longer history and bettecess to congressmen or
policy makers is more influential to affect the ipglpreferences than others.
Moreover, the ways the government is organized aidtuence the
capabilities of interest groups to affect the pebc May et al (2005)
compare the participation of interest groups infbbcy - making process
of Arctic policies in Canada with those in the WitStates. The authors
conclude that the presidential polity of the Unit8tates in fact gives
interest groups more opportunities to effect on pwdicies than the
parliamentary polity of Canada. Steinmo and Wal&96) share a similar
perspective. Through analyzing the empirical cak¢he national health
insurance in the United States, the two authorslode that the presidential
polity which allows interest groups to influencelipes through lobbying
the congress yields enormous power to interest pgrodn short, the
capabilities of interest groups to influence p@giare different due to the
unequal resources of each interest group and ffexalit organizations of
the government. Because of the divergent interektthe industry, the
stronger voices among interest groups presentedetgovernment do not
always represent the general interests of the whalastry, but partial

interests of particular larger and richer compaoiay.

In the context of RTDI policies, according to Mayak (2005) participations
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of interest groups in the policy - making process able to positively
increase government’s understanding towards therests of the whole
sector and contribute to the coherence of poli@esnegatively affect
policies in adverse. While Inzelt (2008) uses thmpigical case of Hungary
to explain how does the involvement of the privatector positively
contribute to the government’s policy - learningpgass of STI policies,
Mogee (1988: 41) uses the empirical experienceshefUnited States’
regulatory, tax and antitrust policies to arguet tthee diversity and the
power of interest groups make it difficult to acleehe necessary consensus
of establishing consistent innovation policies atidnulating innovations

which are beneficial to all affected parties.

Based on the discussions on interest groups pezsabbve, here we get the
initial query of our fourth research question: hdees the involvement of
interest groups influence the consistencies andopppteness of RTDI
policies? We assume only the ‘suitable involvemeaftbusiness interest
groups should have positive influence on the comsges and
appropriateness of RTDI policies. What we definésagable involvement’
of business interest groups refers to the situatiam the involved interest
groups are able to represent the general inteogédtee whole industry and
help the government to promote consistent and g@pjate RTDI policies
which match the development of the whole indugtyher than particular
companies only. If the interest groups involvedtle policy - making
process are able to present the general interegte avhole industry to all
elected politicians, congressmen and administratitrs involvement of
interest groups would positively help the governtreena whole to promote
vertically and horizontally consistent policies.dddition, we also assume if
interest groups are able to push the governmehbnkahe interests of the
whole industry to RTDI policies, the involvement thiese interest groups

would ensure that the RTDI policies are decided iamulemented with the
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full knowledge about the conditions of the wholeustry. Therefore, the
likelihood of the appropriateness of the RTDI piglscmay increase and the
involvement of these interest groups would increseappropriateness of

RTDI policies which match the development of NSTIS.

Besides interest groups, academics, who are aleaed to be natural or
social scientists, are other active external stalkigns involved in the RTDI
policy - making process. As described by many swisol scientists
participate in RTDI policy - making process out s¥lf - interests. For
example, Tournon (1993: 91) depicts that scienastsheavily laced with
professional self - interests. They are ambitior@mrwters and advisers of
RTDI policies who seek to manipulate the decisionaking process to get
their projects approved and funded. Schooler (1218): and Hove (2007:
813) share similar opinion with Tournon that sasist— just as firms — are

self - interested actors.

The capabilities of scientists to influence the RPpbDlicy - making process
are different from one another. According to Scko¢l971:7-8), there are
several factors to shape the influence of scientrstthe policy - making
process. The scientists who do not face the hostilapetition of other
scientists belong to a particular scientific fieltgve a higher degree of
expertise in this field and therefore have higha&ftuence than others.
Schooler (1971:218) further points out that thesgiic community is not
unified but fragmented, pluralistic and constardlyided. In addition, the
ways the government is organized also influence c¢hpabilities of
scientists to affect the policies. As depicted bghR2005:204-220), in the
presidential polity the influence of scientisthigh because they are able to
affect policies from both sides of policy makersldhe congress. In other
words, as with industry, the capabilities of diffiet scientists to influence

the policies are different because of the unequlence of each scientist
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and the different ways for the government to beaoized. Due to the
fragmentation of the scientific community, the sfyer voices among the
scientific community do not necessarily represaetdeneral interest of the
whole scientific community, but the partial integesf particular scientists

in a particular field only.

The participations of scientists in the policy - kimg process are able to
positively increase or negatively reduce the gowemmt’s understanding
towards the interests of the whole scientific comity Pollitt
(2006:260-261) considers scientists’ positive intpamn policies because
scientists play the roles to provide innovativeuohs to existing problems,
to help policy makers to clarify policy issues aalon. On the other hand,
Tournon (1993:91) and Barker and Peters (1993:09)tput the negative
impact of scientists on RTDI policies. Tournon utes empirical examples
of French and German governments’ policies of fngdiadiation facilities
to explain how scientific advisors lead the state®e ‘blind investors’ in
funding research. Barker and Peters also deschbe it a government
chooses to accept the status quo of advice tooilyeadharms the

government’s policy at an earlier stage of scientiEvelopment.

Based on the analysis about the role of scientistthe policy-making
process as seen in the existing literature, herget@n advanced query of
our fourth research question: how does the invokm@mof scientists
influences the consistencies and appropriatenesRT@I policies? We
assume only the ‘suitable involvement’ of academiosuld positively
influence the consistencies and appropriatenes&®Tddl policies. The
‘suitable involvement’ of academics is defined &e situation that the
involved academics are able to represent the gemeesests of the whole
scientific community and help the government tonpote consistent and

appropriate RTDI policies which match the developmef the whole
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scientific community, rather than particular scistst only. From our point
of view, if the scientists involved in the RTDI pot - making process could
present the general interests of the whole sciemifmmunity to all related
actors inside the government, the involvement @raists would positively
support the government and would promote the RT@icigs which are
vertically and horizontally consistent. In additiowe also assume, if
scientists could push the interests of the wholensiic community to link
to RTDI policies, the involvement of these scietsticould help the
government to decide and implement RTDI policieghviull knowledge of
scientific community and therefore positively cdmite to the

appropriateness of RTDI policies.

According to our initial and advanced queries o€ tfourth research

question, here we establish our fourth researchtopne

Research question 4. How does the involvement of external
stakeholders influence the consistencies and appropriateness of RTDI
policies? The external stakeholders refer to both interest groups and

scientists.

3.2.3 Brief conclusion of the section

In this section we set up four research questionshie variables which are
assumed to influence the consistencies and apptepdss of RTDI policies.
Among the four queried variables, three variablesiaside the government,
i.e. polity, horizontal and vertical coordinatiohaxtors, while one variable
is outside the government, the involvement of exdkestakeholders. While
we refer the four queried variables to be the ietejent variables, we refer
the two variables, consistency and appropriatené$8IDI policies, to be

dependent variables. However, in the next secti@nare going to link the
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four independent variables to different stageshef RTDI policy - making

process.

3.3 The conceptual framework of the RTDI policy - making process

The purpose of this section is to identify differastages of RTDI policy -
making process and to conceptualize the idea tet stage is influenced
by different independent variables established abdVe assume different
stages of RTDI policy - making process are infleshcby different
independent variables because the governance bfstage is different. As
we have described in section 3.1 in the concepraahework shown in
Figure 3.1, we only divided the RTDI policy - maggiprocess into four

stages. Each of the stages is discussed in tluavial) sections.

3.3.1 The stage of agenda - setting

The stage of agenda - setting, according to King@003:196), is the stage
for elected politicians to decide the agendas Gtpproposals and bills. As
we discussed in section 3.2.1.2, among the elquibticians ministers play

key roles for the selection of policy agendas.

However, the different modes of interactions betwelected politicians and
external stakeholders have different impacts on dagendas of RTDI
policies. As described by Smith et al (2006:284) Kimgdon (1993:49), the
interactions between elected politicians and istegeoups deeply influence
the selection of RTDI policy agendas. On the ottend, as described by
Pollitt (2006: 259, 262), Topf (1993:109) and Hoy2007:811), the
interactions between elected politicians and acackeatso deeply influence
the selection of RTDI policy agendas. Moreover, ides the direct

interactions with external stakeholders, electelitip@ns, as described by
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Chelimsky (1987), also indirectly learn the feedsa@nd interests of
external stakeholders through the evaluation ofcgs which have been

previously promoted.

Indeed, we assume the stage of agenda - settitige iprocess of mutual
persuasion between elected politicians and extestaeholders. While
elected politicians persuade external stakeholtermsccept their agendas,
adopt new changes of policies, even sacrifice pHrthe interests of these
external stakeholders, external stakeholders assupde elected politicians
to link their own interests to RTDI policy agendasmaximize their own

interests. The different extent for the interegtexdernal stakeholders to be
suitably involved in the RTDI policy agendas affethe extent for RTDI

policy proposals and bills to be consistent witbheather and appropriately

match the development of NSTIS.

Furthermore, as discussed in section 3.2.1.2 difteelected politicians
belonging to different ministries, especially miers, have different
priorities for the selections of RTDI policy agesdand it is important for
different ministries to form a set of consistentIRTpolicy proposals and
bills through horizontal inter - ministerial coondition. The administrators,
as described by Lindblom and Woodhouse (1993: 389, frequently
instructed by the elected politicians to draft e policy agendas. However,
since the administrators only draft up the agendeter the instructions of
the elected politicians and it is the elected pdihs who play the role to
authorize the selections of the policy agendas,camsider that it is the
elected politicians to play the most important rioleleciding the agendas of
RTDI policy proposals and bills. We assume thatdifierent extent for the
elected politicians of different ministries to rmontally coordinate with
each other affects the extent for the cabinet a$@le to make consistent

RTDI policy proposals and bills to appropriatelytorathe development of
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NSTIS.

In sum, the stage of agenda - setting is influenbgdthe interactions
between elected politicians and the interactions/éen elected politicians
and external stakeholders. Since elected politiciaand external
stakeholders are the most important actors toenfie the stage, among our
four independent variables, the horizontal coortitbmaand the suitable
involvement of external stakeholders are assumedbéo the main
independent variables which influence the consc¢snand appropriateness
of RTDI policies in this stage. How do the horizalninter - ministerial
coordination between elected politicians and theolvement of external
stakeholders influence the consistencies and apptepess of RTDI
policies? We will discuss the question in Chaptevten we review our

empirical cases of Taiwan.

3.3.3 The stage of deciding

The stage of deciding, according to our discussiosection 2.3.3.4, is the
stage for congressmen to authorize RTDI policy psajs to become formal
policies and to legislate bills to become laws.c8iour empirical example
belongs to the divided government, in this secti@nonly discuss the stage
of deciding of RTDI policies in the context of did government. As

described by Cox and McCubbins (2005: 1-16) and tki¢etord (1994),

under the divided government the schedules of dmgress are controlled
by the opposition party which has different polmeferences and in most
cases disagrees with the president’s policy prexitThe more the president
is able to persuade the congressmen of the oppogtrty, the more the
president is able to get his / her policies appdolrg the congress and to
maintain the consistencies of his / her policielse Thore the president is

able to form a consensus with the congress foafipgopriateness of RTDI
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policies, the higher the possibilities for the detl government as a whole

to make appropriate RTDI policies which match tbeelopment of NSTIS.

Furthermore, as we described in section 3.2.2 thésinteraction between
the congressmen of the opposition party and extestakeholders that
influence the judgment of the congressmen towardgiqoular policy
proposals and bills. According to Greenwald (191%4) and Goldstein
(1999:36), the interactions between congressmenrdgeikst groups deeply
influence the judgment of congressmen towards qaati policy proposals
and bills. On the other hand, as described by Seh¢b971: 259-260) and
Ricci (1993:165), the interactions between congnessand academics also
deeply influence the judgment of congressmen tosvararticular policy
proposals and bills. In other words, as in theestaigagenda — setting, both
interest groups and academics have access anéno#uhe consistencies

and appropriateness of RTDI policies.

In sum, the stage of deciding is influenced byittteractions between the
congressmen and the president, as well as theaatitens between the
congressmen and external stakeholders. Since «smgem and external
stakeholders are the most important actors toenfie the stage, among our
four independent variables, divided government #ral involvement of
external stakeholders are assumed to be the maables which influence
the consistencies and appropriateness of RTDlipslia this stage. How do
the divided government and the suitable involvemadt external
stakeholders influence the consistencies and apptepess of RTDI

policies? We will discuss this question in Chafter

3.3.4 The stage of implementation

The stage of implementation, according to Lane 7)9% the stage for
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administrators to implement policies and to reattme policy objectives. As
we discussed in section 3.2.1.2, administratorsddfieult to horizontally
coordinate with each other and tend to implemeriDIR¥olicies towards the
directions which maximize their own interests. Mg directions may be
neither consistent nor appropriate to the developroENSTIS. Moreover,
even if RTDI policies decided by elected politigaare consistent and
appropriate, administrators are difficult to ‘pettg’ implement these
policies because of their difficulties to vertigaltoordinate with elected
politicians. Although the elected politicians mag hble to correct the
distortion of implementation, in fact, as describbg Lindblom and
Woodhouse (1993: 69), compared with the vast safpadministrative
activities, the elected politicians only have lietittime to devote to monitor
the implementation of policies. Therefore, we cdasi that the
administrators play the most important role in ittn@lementation of RTDI
policies. However, we assume not all RTDI poliayes the same degree of
implementation. Besides the vertical and horizootardination, different
modes of interactions between administrators an@real stakeholders

make some RTDI policies better implemented thaersth

Administrators interact with external stakeholdémsquently during the
implementation of policies. As depicted by Sabati#893) and Chubb
(1983: 220), the interactions between administsatamd interest groups
deeply influence the extent for RTDI policies to ipgplemented. On the
other hand, as described by Finegold (1995:30)Ruititt (2006:262), the
interactions between administrators and acadensosdgeply influence the
extent for RTDI policies to be implemented. Thedlwement of external
stakeholders in fact influences the directionshefimplementation of RTDI

policies.

In summary, the stage of implementation is infllegshby the interactions
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between administrators and elected politicians, itlteractions between
administrators, as well as the interactions betwadministrators and
external stakeholders. Since the administratorsthen agency level and
external stakeholders are the most important ad¢toisfluence the stage,
among our four independent variables, horizontadradimation, vertical
coordination and the involvement of external stakeérs are assumed to be
the main variables which influence the consistenaied appropriateness of
RTDI policies in this stage. How do the horizontalhter - departmental
coordination between administrators, the verticabrdination between
elected politicians and administrators and the Ive/ment of external
stakeholders influence the consistencies and apptepess of RTDI

policies? We will discuss the question in Chapter 7

3.3.5 The stage of evaluation

The stage of evaluation, according to Meyer-Krah@®88:121), Arnold

(2004) and Miles and Cunningham (2006: 162), isstiage to examine and
assess the effects of RTDI policies on the devewypnof innovation

systems. As depicted by Palumbo (1983b), the idealuation should be
done by neutral evaluators and as described byRa£4995:569), through
the feedback loop, the results of evaluation bectimaagnew inputs of policy
agendas in the new cycle. We assume if evaluatoesable to be done
properly and truly reflect the responses of extestakeholders towards
policies, they contribute to the consistencies apgropriateness of new

RTDI policies which are made in the new policy eycl

However, in the stage of evaluation, since all led RTDI policies are
already implemented, we assume none of our indegpenariables are able
to change the contents of RTDI policies to be maonsistent or

appropriately match the development of NSTIS. ¥, proper evaluation
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of policies will contribute to the new RTDI poligevhich are expected to

be more consistent and appropriately match theldewent of NSTIS.

3.4 Conclusion

In this chapter, we established the research quessfor the whole thesis
and the conceptual framework of the RTDI policy akimg process. The
research questions and the conceptual frameworkstablished upon four
independent variables and two dependent variables.four independent
variables are divided government, the horizontardmation, the vertical
coordination and the involvement of external stakeérs. The two
dependent variables are consistencies and appiepess of RTDI policies.
In different stages of the RTDI policy - making pess, there are different
independent variables which have different impactsthe two dependent
variables. How do the four independent variableBueémce the two
dependent variables in different stages of the Rid@icy - making process?
In order to answer the question we are going tolyagpe conceptual
framework for analyzing the empirical cases in Enwin Chapter 6.
Nevertheless, before opening the discussions oémmgrical cases we first
introduce our methodology for collecting the enmgati data in the next

chapter, Chapter 4.
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Chapter 4 Methodology

4.1 Introduction

This chapter introduces the research methodologgearh and the research
techniques designed to collect the empirical datarder to answer our
research questions. In Chapter 2 we have estatllisieeconcept of NSTIS
and have explained the reasons why we choose theafese
biotechnology and related sectoral policies aseoopirical cases. Moreover,
in Chapter 3 we have established the researchignesind the conceptual
framework of the whole thesis. Before we start talgze the empirical
cases of Taiwan through the perspectives of NSTA& @ur conceptual
framework in Chapter 5 and Chapter 6, in this obapte firstly introduce

our research design and the methods used to ctiileeimpirical data.

Both the research methodology and research teckmigmtend to
operationalize our definition of the two dependerdriables of the
conceptual framework, the consistencies and theopppteness of RTDI
policies. The consistencies of the RTDI policies,dafined in section 3.1,
refer to both the vertical and horizontal consisies. The vertical
consistencies are defined by two aspects. The ypoligectives of every
RTDI policy are vertically complementary with theergeral policy
objectives of the whole government; every RTDI gplis implemented
towards the directions which are vertically compdertary with these
general policy objectives. The horizontal consisyerefers to the conditions
that the policy objectives and the policy instrutseof a set of interrelated
policies are not horizontally contradictory, eveeally complementary with
each other. According to our definition of policgnsistencies, empirical
data are collected in order to identify the gen@alicy objectives of the

Taiwanese government, as well as the vertical amgdntal consistencies
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between different policies. Moreover, the apprderi&TDI policies are
defined as the policies which foster the developnoém@ specific NSTIS in
terms of supporting the underlying logic of knowdedaccumulation and
exploitation in a particular technological fieldustering actors’ networks,
and encouraging the production and innovation opaaticular set of
products. On the basis of the definition of therappateness, our data are
collected in order to understand the appropriatenals the Taiwanese
biotechnology and related sectoral policies ondéeelopment of the three

biotechnology related NSTIS.

The chapter is structured in the following way. t8et 4.2 discusses the
research design, including the rationale of casdias, the analytical units
and the selection of the cases. Section 4.3 desctite methods for the
collection of data. Section 4.4 introduces the @négtion and analysis of the

data. Section 4.5 is the conclusion of the chapter.

4.2 Research design

4.2.1 The rationale for case studies and multipfestudy design

This thesis adopts the case study as the most iamgomethodology
because we consider that the case study is abpeofmerly address our
research questions. As described by Yin (2009h@)research methodology
should be chosen according to the types of reseguelstions. Although
there are a number of methodologies used in thalsscience research
such as surveys, experiments and case studieshdoresearch questions
which query ‘how’ and ‘why’, the case study is ookethe most suitable
methodologies to use. Since all our four researastipns focus on ‘how’
the four independent variables influence the cdoes@es and

appropriateness of the RTDI policies, we consilerdase study is the most
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suitable methodology to be adopted.

We adopt the research design of multiple case estudhs described by
Herriot and Firestone (1983), the evidence derifiedn multiple case
studies is usually recognized to be more persuasiae the single case
study, and the overall research is thus regardechas robust. We fully
agree with Herriot and Firestone. In order to iaseethe persuasiveness of
our thesis and fully explore the dynamics of thegyo making process, we
adopt the ‘two case design’. The analytical unitnsoduced in the next

section.

4.2.2 The analytical unit and the selection of sase

The analytical unit used in the thesis is the poli&s described by Yin
(2009: 29), the analytical units are selected atingrto the research topic.
The possible analytical units include single indivals, programs, decision
and so on. Among the possible analytical units,dbkcies are frequently
chosen as analytical units for the comparisons eatth other. For example,
Ammons et al (2001) compare the performance of ethpgograms
implemented by the government of the United States, Fernandez and
Fabricant (2000) also compare two programs impleetenby the
government of Florida to support children. Since fmcus is the policy -
making process of RTDI policies, we consider thdéicpes are the most
suitable analytical units. Each policy is an analtunit. In our ‘two case

design’, each of the two cases refers to a spguifiicy.

In our ‘two case design’, the two cases are theoNat Program and the
regulation policies; however, each of the two casa#tains two to three
mini - cases. In the case of the National Progiaenet are three mini-cases,

l.e. two National Programs directed to support tlevelopment of the
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pharmaceutical sector and one National Progranctéitleto support the
development of the agricultural sector. In additithe case of the regulation
policies contains two mini - cases, the Law and kh@nagement Act.
Indeed, as we are going to show in Chapter 6 theeze many
biotechnology and related sectoral policies prochoby the Taiwanese
government between 2000 and 2008. Instead of dismusvery single
policy, we only choose two cases and discuss theeplg. The National
Program and the regulation policies are choseha$wo cases because of
two reasons. First, both of the policies were prdoacross different
sectors. The National Programs were promoted to patip the
pharmaceutical and the agricultural sectors, aaddgulation policies were
directed towards all the three biotechnology amated sectors. Since a part
of the theme of our thesis is the linkage betwéenpblicy - making process
and the contents of RTDI policies, through compatime two cases we are
able to observe how the policy - making processesldéd in the different
context of NSTIS is shaped and how the shaped ypelimaking process
makes the contents of RTDI policies towards difféectors to be different
from each other. Second, both of the two policiagehbeen promoted from
2000 to 2008. The appropriateness of each of tle pelicies has been
continuously accumulated during the eight yearsc&i part of the theme
of our thesis is to analyze the appropriatenesRTDI policies, the two
policies provide us excellent empirical examplesliserve the accumulated

appropriateness of both and to analyze it.

Five kinds of actors involved in the policy - magiprocess of the two
policies were approached and asked to identifyr ttades in the different
stages of the two policies. The five kinds of astoaccording to our
discussion in Chapter 3, are represented by: tkireks of actors inside the
government (elected politicians, congressmen ofdgpgosition party and

administrators) and two kinds of actors external th@ government
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(companies and scientists). The majority of intemees are the five kinds
of actors who have involved in the policy - makprgcess of our two cases.
However, we don't constrain ourselves in interviegvthe actors involved

in the two policies only. In order to explore theeger underlying linkage
between the two policies and other interrelatedcpes, we also interviewed
several actors who were deeply involved in othéernelated policies but
only indirectly involved in the policy - making press of the two policies,
such as the actors involved in the business palikig® which were the

interrelated policies of the National Programs.

4.3 The collection of data

The case studies, as described by Yanow (2007 a#&2Hakim (2000:61),
are based on multiple sources of data, includingligive in-depth
interviews, the analysis of documents and the diagine data. Our case
studies on the two policies are also based on phellsources. Our methods
to collect the first - hand resources and the sgcohand resources are

introduced below.

4.3.1 The methods to collect first - hand resources

4.3.1.1 Interviews

We adopt the qualitative methods to collect thet firhand resources. As
described by Hakim (2000:34), the qualitative reses concern about
actors’ accounts of their attitudes, motivationsd dehaviours. Sadovnik
(2007:433) also describes that qualitative researalseful for describing
complex phenomena in the public policies. Howevlgm Yang's
perspectives (2007: 349), the quantitative methad® used for

demonstrating the relationships between the potlegigns and policy

112



outcomes, for evaluating the magnitude of the &fext policies and for
finding better alternatives. Since the focus o$ tiiesis is about the actors’
interactions, motivations and their behaviourshia policy - making process,
we consider that the qualitative research methadstlze most suitable
methods for us to collect the first - hand resosirde also concern with the
appropriateness of policies which, as we have desdn section 3.1, is
more suitable to be demonstrated by the quantativethods. The
guantitative economic indicators which show the rsberm effects of
policies would help us to judge the extent for guodicies to appropriately
match the development of NSTIS. However, since sdir# - hand
resources, such as the government documents, plpeadide the reliable
guantitative data, we adopt the quantitative datenfthese first - hand

resources rather than gathering the data by owselv

In - depth personal interview is the qualitativetinogl for us to collect data.
As recognized by McNabb (2002:94, 294), the inptdepersonal interview
is used frequently by the researchers of publicciad to probe the detailed
information. We also consider two functional reasaa conduct the in -
depth interviews. First of all, all the intervievgewe tended to interview,
such as the elected politicians, congressmen anoh#magers in companies,
are usually extremely busy. Personal interviews ragge feasible to fit
interviewees’ busy schedules and to arrange aldeitane for interviews.
Second, some information belonging to the intereiesvmay be sensitive,
such as the interactions between the congressménc@ampanies. The
personal interviews are the ideal conditions tousecthe sensitive
information of the interviewees. Under the condiipthe interviewees may
be more willing to uncover their real intentionedause of the two reasons
in our thesis the in - depth personal interviewhs main method to collect

the qualitative data.
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The identification of the interviewees is througtvot processes, the
document based analysis and the snowballing sasupley. As suggested
by Carlsson (2000), there are three methods totifgleinterviewees: (1)
using proxy populations of a well defined sectd) locument based
analysis, and (3) snowballing sample survey. Wepaittee document based
analysis as our main method and adopt the snowbaiample survey as
our minor method. The document based analysis aptad as our main
method to identify the interviewees. In the caséshath the National
Programs and the regulation policies, many actartigpated in the two
policies are clearly listed on the official websitaf these policies or on the
official website of the implementation bodies oésk policies. For example,
each of the three National Programs has cleartgdisthe names of the
elected politicians, the administrators, the acadespresentatives and the
pharmaceutical and agricultural representatives wkee involved in the
policy - making process of the National Programarébver, the meeting
records of the Legislative Yuan also show the cesgimen who have
monitored the policy proposals of the National Pangs and legislated the
bills of the regulation policies. In fact, the afl documents related to the
two policies already help us to identify the majpof actors involved in the
policy - making process of the two policies. Nekieless, there are still
some potential interviewees who are not listedr@endocuments. For these
interviewees we use the snowballing sample surgagidntify them. Since
the network of governance of the two policies iatreely small and many
interviewees know each other, the snowball techeigualso effective. For
example, the pharmaceutical and agricultural congsawhich transferred
biotechnologies funded by the National Programs raoe listed in the
documents. Therefore, we ask the elected politscamd the administrators

of the National Programs to help us identify thesepanies.

We have in sum interviewed 36 interviewees, andelfdd shows the name
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lists of our interviewees and their positions. Aswn in the table there are
five kinds of interviewees, the elected politiciatise congressmen of the
opposition party, the administrators, the compaiaied the academics. In
fact, the elected politicians and the administsatime selected from the ones
who have decided or implemented the two policigaceéthere are four
ministries involved in the policy - making procesfsthe two policies (the
National Science Council, the Ministry of Economiffairs, the
Department of Health, the Council of Agriculture)ye select our
interviewees equally from the four ministries anake sure that the mission
and attitudes of the actors of the four ministrége equally considered.
Moreover, the congressmen of the opposition pafypmintang, are
selected among the ones who have reviewed theyppitmposals of the
National Programs or authorized the bills of regatapolicies from 2000
to 2008. In addition, academics are selected frben dnes who have
participated in the policy - making process of Maional Programs, and
the companies are selected according to the ecoloigythe three
biotechnology related sectors. For the pharmacausector, since both
MNCs and local SMEs were involved in the policy aking process of the
National Programs or the regulation policies anereéhwere more SMEs
playing active roles in the two policies, we iniewed 4 SMEs and 2
MNCs. For the agricultural sector, as long as theta is composed of a
large public company and local private SMEs, wernwviewed 1 large public
company and 5 SMEs. Moreover, for the medical degector, since the
sector is composed of local SMEs and the compasfi€slass || medical
devices are especially active in the policy - mgkmnocess of the regulation

policies, we interviewed 3 local SMEs of Class Bdital device.

All our interviews were semi - structured and gdidey our conceptual
framework. The semi - structured interviews werediuxted because, as

described by Legard et al (2006), they providé@aht flexibility to let
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Table 4.1 Interviewees m Tatwan

Name | Code | Orzanization | Position | Dates of mrerviewing
Elected politicians
Lee, Chong-chou Intex] Scence and Technology Director of 20401/2009
Advisery Group Biotechnology Office
Anonymous Intex? Natonal Science Council Ex-mumisfer 15052008
Anonvmous Intex3 Department of Health Ex-minister 231072008
Anonymous Intexd National Research Program | Leader 19/042010
for Genetic Medicne
Anonymous Intex$ Natomal Setence and Leader 304102008
Technology Program for
Biotechnology and
Phammaceuticals
Anonymous Intex6 National Science and Leader 06/022009
Technology Program for Bio
agriculfure
Congressmen of opposition party
Tsao, Shou-mun Intlegl Legislative Toan Ex-congressmen of 08/032008
Kuormntang
Lai, Shyh-Bao Intleg? Legislative Yoan Congressmen of 03/11/2008
Enormntang
Anonymous Intlegd Legislative Yuan Ex-congressmen of 05/03/2009
Euomintang
Admmstrators
Chen, Jen-pm Intadl Pmhmg Agriculural Director General 19/11/2008
Biotechnology, Counedl of
Ammeulture
Chen, Ches-Hsiang Intad? One-stop-service for Director 13/032008
Biotechnology Industry,
Mintstry of Economue
Affairs
Anonymous Intad3 Incubator Center of Associate specialist 27102008
Genomics, Acadenue Smica
Anonymous Intad4 National Research Program | Project manager 13/042010
for Genetic Medicne
Anonymous Intad National Science and Officer 03/11/2008
Technology Program for
Biotechnology and
Phanuaceuticals
Anonymous Intadd Bureau of Animal and Plant | High level manager 09/0622010
Health Inspection and
Quarantme, Council of
Agriculture
Cheng, Ming-Lang Intad? Agriculture znd Food Project Director, Seed 08/0622010
Agency, Council of and Seedling Section
Agricultur
Anonymous Intadd Food and Drug High level manager 07072010
Administration, Department
of Health (previously Bureau
of Phanmaceutical Affars)
Federation
Anonymous Intfed] Secretary Taiwan Bio Industry 07/032008
Organization
Fims
Anonymous Inteommdl Medical Device SME A Assistant vice president | 22012009
Anonymons Intcomme? Medical Device SME B Director, R&D Division | 200012009
Anomymens Inteomumd3 Medical Device SME C Director of R&D Center | 10022009
Hsu Ming-Chu Intconmphl Taigen Biotechnology Chief Executive Officer 2040472010
Cluen, Du-shieng Intcomph? Sunten Phytotech Ex- Chuef Executive 6042010
Officer
Tseng, Yim-long Intconmph3 Taiwan Liposome Company | Director, R&D 011972009
Anomymens Inteomiphd Pharmaceutical SMEA Fresident, R&D 03/0272009
Anonymous Inteomph’ Baver Healtheare (Bayer Head of general medicine | 11062008
Schering Pharms)
Anonymons Intcomphd Phamaceutical MNC A Head of general medicine | 01092009
Jiang, Peter Inteomagl Hanagua Clief Executive Officer | 20/102008
Anonymous Intcomag? Agncultural public company | Director, RED 08/042010
Anonymous Intcomag3 Agmeultural SME 4 Cluef Executive Officer | 30/042010
Anomymens Inteomiagd Agricultural SME B Chief Executive Officer | 20/04/1020
Tseng, Mmg-Pao Inteomag’ Advanced Green Assistant Manager 1272622008
Biotechnology
Lin, Fisher Inteomagt Taikong Corporation Vice president R&D 104022009
Academics
S, Julie Intact Taiwan Instinute of Chief of Biotechnology | 08/032008
Econonue Research Indusiry Study Center
Anomymens Intac2 National Tarwan University | Professor of Hortieulre | 241102003
W, Vang-Chang Intac3 Kaohsnmg Medical Professor of nafural 231022000
Unmiversity producis
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important issues to emerge while remain within thiéd - range of
parameters of the research boundary. In practiean@luded a number of
structured questions in each of the interviews a&egeral additional
questions which were tailored to the characterthefinterviewees to make
sure that each interview was able to add to thehdepour analysis. The
initial questions asked the interviewees to provadgeneral overview of
their roles in the two policies. The main part bé tquestions asked the
interviewees to describe their interactions withestactors in the different
stages of the policy - making process such as tisasmons, the rationale
and the modes of interactions. The intervieweesewesually asked to
illustrate some concrete examples. In additiomoitadl questions were asked
about each interviewee’s accounts of his / hetuats, motivations and

behaviours in the policy - making process of the palicies.

All the interviews are recorded on MP3 players omputer software and
typed to be transcripts. Each interview lasted betw30 minutes to 2 hours.
The key information given by the interviewees wasonfirmed with the
interviewees and analyzed together with other filsnd resources which

are discussed in the next section.

4.3.1.2 Government documents

The documents published by the Taiwanese governarentery important
for our analysis of the two cases. As describeibiabb (2002: 295), the
study of the documents is undertaken to supplentleat information

acquired from interviews. According to our reseatttbme, there are four
kinds of documents which were published by the Baese government

that are very important for our analysis.

First of all, the official websites of the threetdaal Programs and the ones
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of the implementation bodies of the regulation gieb are very important
sources. Through these official websites we are abfind rich first - hand

resources related to these two policies such asdhee list of the actors
involved in the two policies, the detailed conteotghese two policies and
the detailed clauses of the Law and the Management These official

websites not only support us to identify the propeerviewees, but also
assist us to recognize the details of the two mdia terms of the concrete

policy objectives and policy instruments.

Second, the yearbooks of the biotechnology andeelsectors, which are
edited by different ministries, are essential. TWaistry of Economic
Affairs would publish three important yearbooks reaear from 2000 to
2008, i.e. ‘Year Book of Pharmaceutical Industfy’ear Book of Medical
Device’ and ‘Biotechnology Industry in Taiwan'. Thehree series of
yearbooks have detailed records of the Taiwanesenmteutical and
medical device sectoral development, as well as tdehnological
achievements of the Taiwanese biotechnologies gu#f@00 to 2008.
However, in the yearbooks edited by the Ministryegbnomic Affairs, the
agricultural sector only weighted a minor part lne tyearbooks. Moreover,
the National Science Council has published a seoiesScience and
Technology Yearbook’ from 2001 to 2008. The Yeakbbas recorded the
overall development of science and technologies Teawan. Since
biotechnology is a part of the science and techgwldevelopment in
Taiwan, the development of biotechnology is alsmrded. The Yearbook
edited by the National Science Council also recosdsne of the
biotechnology and related sectoral policies prochobsyy the National
Science Council, such as the progress and achietsnoé the National
Programs. Furthermore, the National Science Coualgb irregularly
publishes documents to discuss the Taiwanese #graupolicies and

technological achievements of agriculture, like tB&ategic planning on
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the development of Taiwan agricultural biotechnglagdustry’ (STRIC,
2006). However, there is not a yearbook especsllted for the agriculture

sector.

Third, the meeting records of Legislative Yuan fr@@00 to 2008 are also
important. They are usually published on the dficivebsite of the
Legislative Yuan. Through the meeting records ofitktive Yuan, the
interactions between the elected politicians anel ¢bngressmen of the
opposition party are able to be clearly underst&mpecially when we tend
to analyze the process of deciding and the authioiz of the two policies,

the meeting records play an important role in qalgsis.

Fourth, the historical archives which were publghey the Taiwanese
government during the 1950s to the 1990s playddportant role for us to
understand the historical evolution of the threew@aese biotechnology
related NSTIS. The historical archives are usudfly pieces of policy
proposals, the documents exchanged between theersiies and the
government, as well as the formally decided pdiici€hese pieces of
archives extensively contribute to our understagdowards the history of
the three biotechnology related NSTIS, especiakyhistorical evolution of
the biotechnology and related sectoral policiesciwis going to be further

discussed in Chapter 5.

4.3.2 The methods to collect second - hand ressurce

The second - hand resources play relatively miokasrin our research. As
we have shown in Chapter 2 the literature relatedthte Taiwanese
biotechnology and sectoral policies is very limit&gsides a few journal
articles which we have discussed in Chapter 2nthst important second -

hand resource is the historical records relatethéothree biotechnology

119



related NSTIS, such as the ‘The history of pharrwapoin Taiwan’, ‘The
history of Medical College in National Taiwan Unrsgy’ and so on. We

will further discuss the literature in Chapter 5.

4.4 Conclusion

The data collected according to the research degigbe further analyzed
in Chapter 5 and Chapter 6. While we use the hestbarchives to analyze
the evolution of the three biotechnology relatedTNSSin Chapter 5, in
Chapter 6 we will intensively use the data collddi@m the interviews to

analyze the policy - making process of the twoges.
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Chapter 5 The history of the three biotechnology NSTI1Sin

Taiwan

5.1 Introduction

In Chapter 2, we reviewed the three approachesrmiviation systems, i.e.
the national, the sectoral and the technologicabwation systems. While
the approaches of the national innovation systeaptathe national border
as the boundary of an innovation system, the apprad technological
innovation system draws the boundary of the inrniomasystem by a
particular knowledge field, and the approach ot@at innovation system
recognises the innovation system boundary as aokgiroducts. The
configuration of the three innovation systems, efneéd in Chapter 2, is the

national sectoral and technological innovation gys{NSTIS).

On the basis of our analysis of NSTIS in Chapten2his chapter we will
apply the concept of NSTIS for the analysis of theee biotechnology
related NSTIS in Taiwan from 1945 to 2000. Biotembgy in Taiwan
indeed co-evolved with different sectors in difftrenodes. Each sector
provided contrasting opportunities for the develepiof biotechnology
and was supported by different types of policies.we are going to show
within this chapter, the governance of each ofttiree sectors was quite
distinctive to each other. Through analyzing thetdry of the three
biotechnology NSTIS, we expect to gain deeper wstdeding towards the
different types of policies required by the differebiotechnology related
NSTIS. The historical background is especially imgot for us to judge the
appropriateness of the biotechnology and relatéidips between 2000 and
2008.

We use the year 1945 and the year 1982 as the tlestames to divide the
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history of each three NSTIS into two periods: fra845 to 1982 and from
1982 to 2000. 1945 was the year for the Japanesermgoent to officially
return Taiwan to the government of the RepublicChina (ROC). After
1945, Taiwan started to have its own independesibhy. The Taiwanese
government announced its biotechnology relateccalifor the first time in
1982. After 1982, Taiwan started to have biotechgplrelated policies.
Since the general history of Taiwan is essentialu® to understand the
evolution of the three NSTIS, we briefly discus® theneral historical

background of Taiwan below.

The formal name of Taiwan internationally is thepRlglic of China. From
1890 to 1945, Taiwan was colonised by Japan. Afterld War Il, in 1945,
as a defeated nation, Japan was forced to retuwaiiao the government
of the Republic of China, led by Kuomintang. Acaagito the international
laws, Taiwan became a part of the Republic of Chifter 1945. However,
soon after Taiwan was returned, Kuomintang lost bi#dtles with the
Chinese Communist Party in mainland China. In 19¢f% Chinese
Communist Party successfully set up the centrabgouwent of the People’s
Republic of China (PRC) in Beijing, and in the sagear, Kuomintang
moved the central government of the Republic oin@ho Taipei, Taiwan.
During 1949 to 1996, Taiwan was ruled by Kuomintanth one-party and
a semi-autocratic system. In 1996, Taiwan had itise gdeneral presidential
election and the first general congressional edactsince Kuomintang won
both of the elections in 1996, Taiwan was contiralpuuled by the

one-party system until 2000.

This chapter discusses the history of the thretetimology related NSTIS
in turn. Section 5.2 portrays the development efgharmaceutical NSTIS,
and section 5.3 focuses on the agricultural NSTIge development of

medical device NSTIS is discussed in section 5dcti6n 5.5 is the
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conclusion of the chapter.

5.2 The evolution of the pharmaceutical sector

5.2.1 From pre-1945 to 1982

5.2.1.1 Ecology of firms

The pharmaceutical technology of Taiwan was origgnantroduced by

Japan. Since 1931, some Japanese pharmaceuticglacie® set up
factories in Taiwan to produce pharmaceutical mestiaries and supply the
demands of the Japanese army. When Taiwan wasedtto the Republic
of China in 1945, there were 312 factories all averisland (Zheng, 2001:
195). The government of the Republic of China themfied the 312

factories to be one national pharmaceutical compaffaiwan

Pharmaceutical Company&(& & s\ =]). Later, because of the
financial deficits, the Taiwan Pharmaceutical Compgradually sold all of
its factories to different private firms (DCB, 200308). The sector, which
was once institutionally unified by the public sEctwas then split by the

private companies.

Local private companies were gradually developed, some small local
private pharmacies used the rough facilities to tlssise simple
pharmaceutical intermediaries in their backyardgesithe colonisation of
Japan (Zheng, 2001: 196). These small local phaewmagere gradually
developed to be small family-operated factories.rédwer, since the
government of the Republic of China moved its @@ngovernment from
China to Taiwan, some Chinese pharmaceutical compaso followed
the government and relocated their factories irw&ai around 1950. Both

the original Taiwanese companies and the newly gratéd Chinese
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companies were limited in employees and capitasmesfirms with higher
capabilities were able to get technology transfeesn the Japanese or
German companies and manufactured the pharmadeutieamediaries
with higher qualities (Ding, 2001: 232). Yet, theajority of local
companies had very limited capital and technoldgiapabilities to develop
complex products but manufactured low-end interauées that had high
similarities. Besides manufacturing intermediariesyme local firms
imported higher end intermediaries from abroad pnocessed them as
generic medicines. However, whether it was the ongs of
pharmaceutical intermediaries or those of geneediaines, their products
overlapped. The knowledge base of all these firmas wchemical
engineering, as biotechnology was not introducedht® pharmaceutical
sector. In addition, because of the small sizéhe$é¢ companies, they were
unable to innovate or to export their products darhpeted with each other
in the domestic market on a price-base. Knowledganster and
collaboration between companies was minimal. Coitipet was the

mainstream for the interactions of these companies.

Only after 1960, multinational pharmaceutical giawho were attracted by
the government’s policies and the low cost of maoufring began to invest
in Taiwan. Most of these MNCs were from Japan drel Wnited States,
such as Takeda Pharmaceuticals (from Japan) amdrRfrom the United

States). The MNCs brought advantageous manufagtudgohnologies to
Taiwan, particularly the technologies of chemicahgieeering for

pharmaceuticals. With the advantages of technadogiad marketing
capabilities, MNCs shared more than 50% of the dimenarket (Zheng,
2001: 203).

A very minor sub-sector of the pharmaceutical seatas Chinese herbal

medicine; the local SMEs that were moved from Chimaie the pillars of
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this sub-sector. In fact, during the colonisatidnJapan, due to political
reasons, the development of Chinese herbal mediciwas strictly
constrained. Only after 1949, when some Chinesdédahepharmacies
followed the government of the Republic of Chinad amoved their
pharmacies from China to Taiwan, Taiwan startedige Chinese herbal
medicines. Later, these Chinese herbal pharmacetuglly set up herbal

factories (DCB, 2003: 21%)

The main business of the herbal factories was & medern machinery
facilities to process the herbs to create custam@&inese herbal medicines.
Herbs were decocted, pounded and kneaded by moderhinery facilities.
Multiple herbs were mixed together by a fixed pmtjom and became one
medicine. Because of lacking the technologies dfaekon, these herbs
were usually used by their whole entities. Biotestbgy was not yet
applied for the manufacturing of Chinese herbal igieds. Furthermore,
the functions of each herb were not surveyed irmidéty the scientific
methods. The knowledge accumulated for the funstioheach herb was
based on the records of traditional Chinese phawpwaias. The products
produced by the herbal factories were the herbalicmees, which were
well recorded in the pharmacopoeias rather thaméwdy innovative ones.
The quality controls in these herbal factories waoe stable. The majority
of these factories targeted the domestic market ranely exported their

products overseas.

4 Chinese have used herbs as medicines and headttidoéve thousand years. The
knowledge accumulation through the history was.ridie knowledge also widely spread
to adjacent countries, including Japan and Koremared with herbal medicine, Chinese
have only used Western pharmacology for a hundeadsy The traditional Chinese herbal
medicines were usually compound prescriptions therowords, the doctor would use
multiple herbs for one disease. The portion of demth depended on the conditions of each
patient. So the traditional Chinese herbal mediwias very personal. Ways to take the
Chinese herbal medicine include decocting medidieabs, pounding the herbs to powder
and kneading the herbal powders to make pills. @nijer the scientific trends from
Westerners, the Chinese herbal medicine factotéeted to produce customised herbal
medicines, including powders and pills.
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5.2.1.2 Knowledge accumulation and the academiamoamnity

The Taiwanese branch of Imperial University, whighs changed to be
National Taiwan University after 1945, was the tfismiversity of Taiwan
and the medical college of the university was i& ficademic institution
doing pharmaceutical research. The university veasup by the Japanese
government, yet, during the colonisation of Japdhere was no
pharmaceutical college in Taiwan. Also there wascademic institution to
train the pharmaceutical experts. Indeed, the §esteration of pharmacists
was the Taiwanese students trained in Japan. Thes@anese pharmacists
introduced the pharmaceutical knowledge from Japaiaiwan (Zheng,

2001).

After 1949, some Chinese universities followed twernment of the
Republic of China to Taiwan and rebuilt their casgaiin the island; some
Taiwanese universities also set up locally. Then€ée universities included
the National Defense Medical Centre. The Taiwangseersities included
the Taipei Medical University, the Kaohsiung Medithiversity and the

China Medical University.

During 1949 to 1966, there were six pharmaceutcdleges built within
these universities (Zheng, 2001: 3). However, duthis period, the main
purpose of pharmaceutical education was to traalifted pharmacists. The
research within the universities was rare. Only sqoarticular universities,
such as the National Taiwan University, did somiainresearch about
pharmaceuticals, including the chemical medicines &hinese herbal
medicines (NTU, 2000: 49). Biotechnology was natfally introduced to
the universities that were doing pharmaceuticatassh. Moreover, while
the universities gradually accumulated fundamektedwledge related to

chemical pharmaceuticals and Chinese herbal medicithe knowledge
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was not transferred to the pharmaceutical compathes emphasised
manufacturing. Indeed, the only occasion for tHeokrs in the universities
to practice their knowledge was to help the governirsett up regulation
policies in order to control the qualities of phawcuuticals (Zheng,

2001:203), especially the qualities of medicines.

5.2.1.3 National institutions and related policies

During this period, the Taiwanese government wdsble Kuomintang and
operated the one-party and semi-autocratic sysiésre was no historical
evidence showing that the government consultedectistakeholders before
making any decisions. The main purpose of polieias to encourage and
to control the manufacturing activities of pharmaaal sector. The main
policies promoted by the government were the regulapolicies and

policies attracting FDI. The minor policies promibtby the government

were the R&D policies. Each policy is discusseabel

The regulation policies were especially promoted d¢ontrol the
manufacturing of medicines. To upgrade the manufaxg technologies of
local SMEs, in 1960, the government committee lgdthe Ministry of
Economic Affairs formally announced the ‘Taiwane&tandard for
Pharmaceutical Manufacturing=(&+& Sl T g R 4E). This standard
classified the pharmaceutical factories into thokesses. The ones that fall
into the lower two classes were told to improveirthmanufacturing
facilities or close down. Such policies forced fhetories to upgrade their
manufacturing facilities (Zheng, 2001: 201). Terangeafter the promotion
of the Standard, in 1970, the Law was legislated ctmtrol the
manufacturing activities of pharmaceutical facteriend the quality of
medicines, especially the ones manufactured bylabal SMEs. Yet, the

regulations for Chinese herbal medicines were quéeginalised. In 1971,
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the Department of Health formed the Committee omé&de Medicine and
Pharmacy under the Department. But the committeg fwanmed only to
answer the queries related to Chinese herbal nmedi¢izheng, 2001: 240).

There was, in fact, no regulation for the prodddCbinese herbs.

The FDI policies were extensively promoted to attrahe foreign
investments in the pharmaceutical sector. To irs&ehe manufacturing
capabilities of the pharmaceutical sector, in 18% government launched
the ‘Statute for Encouraging Foreign Direct Investin‘(@&EYM A\ &5
51, abolished in 1990). In 1961, the government fmthnnounced the
‘Clause for Foreign Investment in Pharmaceuticédrimediaries’ [ Mk
R A 15 s Tl 3 B [ 2 g R iy 5 ' B 4 fth ey S PO 288 D R R TH).
Thus, multinational pharmaceutical companies woukteive a tax
reduction if they manufactured intermediaries inwBam or transferred
technologies to local pharmaceutical firms. Morgpas long as the MNCs
manufactured their products in Taiwan, their pragweould be considered
to be domestic products. Yet, if the MNCs importkd foreign produced
pharmaceuticals to Taiwan, these imported prodweese rigorously

regulated (Zheng, 2001: 202).

The R&D policies at the time were quite marginalissmmpared with the
regulation and FDI policies. In 1973, the NatioBaience Council and the
Department of Health funded some firms to syntleesiseveral
pharmaceutical intermediaries to be new intermesiaBut only a few of

these new intermediaries were produced on a lage €DCB, 2003: 201).

To sum up, during this period, while the productioh pharmaceutical
intermediaries and generic medicines was the maisinbss of the

pharmaceutical sector, the policies also focusedegulating or supporting
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the manufacturing of the pharmaceutical companesgpecially on the
manufacturing of medicines. The main knowledge baske the
pharmaceutical sector was chemical engineering. dileelopment of
Chinese herbal medicines at the time was quite imaiged both by the

pharmaceutical companies and by the governmenkicigm

5.2.2 From 1982 to 2000

The pharmaceutical sector gradually used the kridg@ebase of Chinese
herbal medicines to develop new herbaceous mediangeng this period.
Modern biotechnology was used by the pharmaceuseator to extract

herbal compositions.

5.2.2.1Ecology of firms

From 1982 to 2000, the ecology of the pharmacduseator had radical
change. With the rising cost of manufacturing inwiea and the free trade
of pharmaceuticals, pharmaceutical MNCs graduallpld s their
manufacturing facilities to local companies in #890s (DCB, 2003: 209).
After these sales, MNCs kept only their marketimgsibns in Taiwan to
deal with the issue of importing of medicines andal SMEs gradually

became the main force of manufacturing.

The main business of local firms did not changensch. Most of the local
SMEs manufactured pharmaceutical intermediariegesreric medicines.
To fit the new regulation of ‘Good Manufacturingaktice’ (GMP), the
manufacturing technologies of local SMEs have bepgraded. Yet, the
manufacturing technology used by local SMEs wasnit& engineering
rather than biotechnology. Because of their lackagfability to innovate or

to export, most of the firms still targeted the dmtic market and competed
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with each other on a price base. According to thgssical data in 1995, the
sales of local SMEs shared 31% of the domestic etankhile MNCs

shared 38%, and the imported medicines shared Zh&ng, 2001: 194).

The development of Chinese herbal medicines waatively quick
compared with medicines. With the trend to manufiactChinese herbal
medicines by scientific methods, the companies dfin€se herbal
medicines gradually followed the rules of the Gddanufacturing Practice
to manufacture their products and sold these ptsdut the domestic
market. Moreover, some companies of Chinese hemmdicines have
started to establish the networks with academicet@lop new herbaceous
medicines (DCB, 2003: 226). At the time, the stregulation for clinical
trials was gradually applied for developing newliamedicines. Since the
Taiwanese government had no regulations to revimwlitense of the new
medicines, all the companies of Chinese herbal cez followed the
regulations of the United States’ Food and Drug Audstration (FDA).
Each traditional Chinese herbal medicine was made nultiple
compositions of different herbs. Yet, to fit theguéation of the United
States’ FDA, each new herbaceous medicine was nigde single
composition extracted from a particular herb. Irfjethe companies that
invested in the innovation of Chinese herbal medisionly did detailed
research related to these single herbal extractglekh biotechnology was
applied for extracting the functional ingredientstlte herbs. Furthermore,
modern biochemistry, which was introduced by therdcsts trained in the
United States, was applied for the deeper anabfsise medical functions
of single herbal extracts, such as the chemicaviaes of the herbal
extracts. Yet, there was no new herbaceous medcioeessfully developed

during this period.
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5.2.2.2 Knowledge accumulation and the academiamoamnity

Since the 1980s, the pharmaceutical research withim academic
community was developed more and more. Unlike tloegeneration of
pharmaceutical researchers, who were trained byldipanese system, the
younger generation was trained by the United Stayssem and transferred
pharmaceutical related knowledge (such as moledulatechnology and
biochemistry) from the United States to Taiwan. Séhecholars trained by
the United States gradually became the pillarscaldamic community in
pharmaceutical schools. In 1980s, the main funabibthe pharmaceutical
school was still training qualified pharmacists.tiVihe gradually matured
environment for the pharmaceutical research, somwersities, like
National Taiwan University, started to provide mgpatluate degrees in the
early 1990s and trained local pharmaceutical rekesas (Zheng, 2001: 80,

81).

There has been initial research for small molecoiadicines and Chinese
herbal medicines within the academic community esitiee 1980s. For the
research of small molecular medicines, the NatioBalence Council
usually funded this research and the researchestieof individual scholars
chose the research topics. Collaborations betw#fstasht academics were
rare. Even though the scientists had related relseaterests, they had very
limited cooperation with each other. For the resleanf Chinese herbal
medicines, out of the demand of regulation, the ddpent of Health
funded Kaohsiung Medical University and Taipei MediUniversity to
survey the herbs of Taiwan (Zheng, 2001: 242). wh surveys were just
to serve the policy expectations and were not deamsed to be

commercialized.

During 1980s, universities had limited interactiavigh the industry, and it

131



was public funded research organizations undeimestry of Economic
Affairs who played the roles as intermediary orgations between the
universities and industry. Due to the regulationligyo of the human
resources of academics, the interactions between uthiversities and
pharmaceutical firms were forbidden. The Taiwarggesrnment in fact set
up major institutional constraints in the commedrsaion of university
research. Since universities were not supposedédotly interact with firms,
the Development Centre of Biotechnology of the Mlini of Economic
Affairs was set up in 1984 to apply the small malac research from the
universities for developing new medicines and theansfer such
technologies to local firms. However, because thejonty of
pharmaceutical companies that manufactured phautieakintermediaries
or generic medicines were unable or unwilling teelep new medicines,
the Development Centre of Biotechnology graduakgdme the research
centre for developing pharmaceutical intermediafitiag, 2001: 229). The
condition only changed after the late 1990s whemremitms tried to
develop new herbaceous medicines. Besides, thesthauTechnology
Research Institute under the Ministry of Economftas has helped local
SMEs upgrade their manufacturing facilities in orttefit the regulation of

Good Manufacturing Practice.

5.2.2.3National institutions and related policies

During 1980s and the early 1990s, the Taiwanesergawent still operated
the one-party and semi-autocratic system led bynkotang. But with the
trend of democratisation and the participation tme tWorld Trade
Organisation (WTO), the Taiwanese government grdduaeeded to
involve the interests of external stakeholders dhe game rules of
international institutions within the policies. Wain had the first general

presidential and congressional elections in 1996ceSKuomintang won
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both of the elections, the Taiwanese governmentabésto continue all the
policies promoted before. The legislative brandie tegislative Yuan,
remained stable and the executive branch wastlséillmain body making
decisions. The policies gradually encouraged theovation within the
pharmaceutical sector. The main policies promotednd this period
included the ‘Eight Key Industries’, the R&D poks, regulation policies

and the National Health Insurance. Each of thecpdiis discussed below.

The ‘Eight Key Industries’ announced in 1982 was finst biotechnology
policy promoted by the Taiwanese government. Thedizese government
for the first time recognized biotechnology as ohéhe eight key industries
in which government should invest more resourcesvévVer, according to
the contents of the Eight Key Industries, the depeilent of biotechnology
was almost equal to the development of pharmacdusector whose
knowledge base was chemical engineering rather thiatechnology.

Moreover, besides announcing they would invest nrol@otechnology, the
government in fact didn't promote any concrete @e8 under the

framework of the Eight Key Industries

The R&D policies were also extensively promotedimyithis period. Two
years after the announcement of the Eight Key limdhss the Ministry of
Economic Affairs set up the Development Centre iot&hnology in 1984

The Ministry allocated the majority of its R&D rasges to the Industrial
Technology Research Institute and the Developmergntr€ of

Biotechnology to play the intermediary roles betwegniversities and
pharmaceutical companies. However, the majority tethnologies
transferred were chemical engineering rather thate¢hnology. Moreover,

the National Science Council continued funding fameéntal biological

® See Taiwan'’s Biotechnology Policy and Promotioat8s:

http://www.bpipo.org.tw/en/policy.html

® See the mission of the Development Centre of Batelogy: http://www.dcb.org.tw/
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research in the universities. In practice, the ersiies funded by the
National Science Council did not necessarily hasanections with the
research organizations under the Ministry of EcocoAffairs since the

knowledge base of the two kinds of institutions vdiféerent. Only after

1998, with the initiation of the National Programthe Taiwanese
government started to integrate the pieces of relBadispersed in different
universities and research organizations togethath&rmore, the focus of
R&D policies was also changed. Originally the goweent only

encouraged the production of pharmaceutical intdranes. But after 1998,
the government started to recognise Chinese herbedicine as the pillar of
the pharmaceutical sector and encouraged the geweltt of new

herbaceous medicines. From the perspective ofdlkkergment at the time,
the knowledge accumulation of bio-pharmaceuticalsTaiwvan was too
weak to compete with developed countries. But thevdnese had strong
knowledge base of Chinese herbal medicinas such, Taiwan should fully
use the advantages of Chinese herbs to develophtrenaceutical sector.
We will further discuss the policies related to @&se herbal medicines in

Chapter 6.

The regulation policies were also extensively prtedo In 1982, the
Department of Health and the Ministry of Economidfaiks formally

launched the regulations of Good Manufacturing fracand forced the
local SMEs to upgrade the manufacturing capalslitiehe pharmaceutical
firms originally objected to the policy. Later sen¢he government has
persuaded the representatives of the pharmaceutissbciations, the
associations became the assistant of the governimemge their members
to accept the policy of the government (Zheng, 20093, 229). The

majority of local SMEs finally accepted the regidat of Good

" See the introduction to the background of The dteti Science and Technology Program
for Biotechnology and Pharmaceuticals:
http://npbp.m-w.com.tw/tw/pageContent.php?id=11&btag_id=0
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Manufacturing Practice. In addition, the Patent ets amended in 1985
and 1994 under the pressure of the United Stafeade Act of 1974’ and
the pressures of the pharmaceutical MNCs from tinged States. The
Taiwanese Patent Act, which only offered protedido the patents of
pharmaceutical process, was forced to extend diegtion to the patents of

pharmaceutical products (Ding, 2001: 228).

The National Health Insurance was promoted in 1@8fer the Department
of Health. More than 90% of the medical institusonere covered by the
health insurance systénBecause of the reimbursement of medicines, the
government became the largest buyer of medicinélseirdomestic market.
The policy brought major change in the domestic katarThe National
Health Insurance reimbursed higher prices for theav nor patented
medicines than the generic medicines. The polidaah seriously squeezed

the interests of domestic pharmaceutical companies.

The policies of international trade were also prtedo Tariff was used as
the policy instrument in the early 1980s to develpparmaceutical
intermediaries. In 1981, the Ministry of Economidfalvrs consulted the
Department of Health, the National Science Counpiharmaceutical
companies and academics and announced the ‘Adnaitivet Rules of
Encouraging Production of Pharmaceutical Intermesba ({7 B A [F

i EE). These rules temperately upgraded the tariffrafrmaceutical
intermediaries to 10% and adopted the fast roubestife approvals of
manufacturing. The policy was promoted from 19881U994. After 1994,

because of preparing for the application of WT(@, plolicy was suspended

(Zheng, 2001: 213).

As such, during this period, the development ofgharmaceutical sector in

8 See the National Health Insurance Profile
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1980s and 1990s had dramatic differences. In tt894,9the knowledge
accumulation within the sector was in the manufaoguof pharmaceutical
intermediaries and generic medicines. Even thoubh Taiwanese
government announced to support biotechnology B21ifi the Eight Key

Industries, the government indeed tended to engeumgharmaceutical
sector to adopt more chemical engineering rathem thiotechnology. Only
after late 1990s, the sector gradually startediscoder new herbaceous
medicines and configure the Western-based knowleafgbiology and

biochemistry with the traditional Chinese knowledafeherbs. The policy
focus also turned from pharmaceutical intermedsaigenew medicines. The
government’s policies gradually turned to encourdge development of
new herbal medicines rather than merely the matwiag of

pharmaceutical intermediaries and generic medicines

5.3Theevolution of agricultural sector

The agricultural innovation system in Taiwan cob&lcategorized into four

sorts: seed, food industry, pesticide industry f@ntdlizer industry.

5.3.1 From pre-1945 to 1982

During this period, rice and sugar were the two thirmgortant agricultural
products for exporting. Traditional biotechnology loybridization was
applied for the seed innovation, while the indestrof food, pesticide and

fertilizer remained to use the knowledge base aflnmery processing.

5.3.1.1Agricultural innovation system

The Taiwanese innovation system of seeds was afigiset up by the

Japanese government and further developed by thermment of the
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Republic of China in 1945. The research organimatiovithin the
Agricultural Experiments Station system, includindpe Agriculture
Research Institute and the Agricultural Experimestttions, were the most
important organizations for seed innovation. Thessearch organizations
were fully funded by the Japanese government beif®& and by the
government of the Republic of China after 1945ekwll since the Japanese
colonization, to feed the population of Japan,Xapanese government has
introduced the seeds of the Japanese rice to TaiWaplant the Japanese
rice under the subtropical climate of Taiwan, theearch organizations of
the Agricultural Experiments Station system (typicahortened to be the
Agricultural Stations) used the traditional bioteotogy of hybridization to
improve the genes of Japanese rice by the gendéseoTaiwanese rice.
Japonica which looked and tasted like Japanesdutcgrew well under the
subtropical climate of Taiwan was the represergatf the new rice.
Moreover, not only rice, the experts of Agricultu&ations also did genetic
research of subtropical fruits and vegetables, ssscbugar cane and tea. In
addition, besides doing research, the Agricult@tations also trained some
of the Taiwanese students within these organizatium, 1995:2). After
Taiwan was returned to the Republic of China in5.9te government of
the Republic of China replaced the Japanese gowsrnto fully fund the
Agricultural Stations. After 1949, except the omgi Taiwanese experts,
some Chinese experts who followed the governmentefRepublic of
China and migrated from China to Taiwan also bec#meepillars of the
researchers in the Agricultural Stations. The kmalge of hybridization
which was accumulated by the Japanese scientist$usther developed by

the Taiwanese experts (Su, 2004:18), especiallyamice research.

After the seeds were innovated by the Agricult@tations, the Agricultural
Stations should pass the seeds to the Farmersciasem. The Farmers’

Association was founded by the Japanese governnmentontrol the
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production activities of farmers. One of the maasponsibilities of the
Farmers’ Association was to disseminate the seddthe Agricultural
Stations to individual farmers. After 1945, the gmyment of the Republic
of China substituted the Japanese government tergothe Farmers’
Association (Liu, 1996:188). While every farmerdeal small farm and did
intensive cultivation within the small area, thesemers got the seeds
through the Farmers’ Association for free. Indaadhe innovation system
of seeds, farmers were treated as the pure praslwder had only limited
knowledge accumulation related to cultivation. Experiences of farmers
seldom fed back to the Agricultural Stations. Itswe constraint of the
innovation system of seeds to let the experts @fAbricultural Stations to
understand the experiences of the cultivation amdntprove the next
generation of seeds. Furthermore, most of the cregsecially rice, were
exported to foreign markets. Farmers who cultivatederve the overseas
demands got rewards only from the sales of theivdsis. However, the
rewards for farmers were only sufficient for th&urrvivals but not sufficient

for them to reinvest in the seed innovation.

There were some small local private seed compamibgh played

supplementary roles in the innovation of seeds.s&h@mpanies usually
aimed at innovating the specific kinds of seeds soldl these seeds to
farmers. For example, Known-You Seed Cooperatios e company
which particularly innovated the seeds of watermeldCai, 2007). The
technology used by the private companies to imprineegenes of seeds
was the traditional biotechnology of hybridizatiatnich was also used by
the Agricultural Stations. However, compared withe tpublic funded

Agricultural Stations, the private SMEs were onbfeato play minor roles

in the seed innovation. Moreover, through the Taeg® agricultural history,
multinational companies, such as Monsanto, playedrale in the seed

innovation.
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Besides seeds, the industries of food, pesticidefentilizer also developed
(Chang, 1982:237, 255). The market of each industas different.
Plantation white sugar was central to the food @ssimg industry. Taiwan
Sugar Corporation which was set up by the Japagegernment in 1900
and later fully invested by the government of thep&blic of China was not
only the public but also the first and the largagticultural company in
Taiwan. The company’s original business was to ggecsugar cane by
modern machinery facilities and exported to foremarkets. Later, the
company expanded its business to the producti@merical pesticides and
fertilizers (TSC, 2006), and the majority of itsoducts of chemical
pesticides and fertilizers served with the domedémands. Furthermore,
there were also some local small and medium corepasfi food, pesticide
and fertilizer surrounded Taiwan Sugar Corporatidmey usually target the
domestic markets which were not yet dominated bywdia Sugar
Corporation, and a few of the private companiesrtesfa to use
biotechnology to improve their products. For exaampWei-chuan has used
the technology of fermentation to produce monosodjutamate (Lee and
Hua, 2004:114) and exported to overseas markets. coenpared with
Taiwan Sugar Corporation, these private companidg played auxiliary

roles in the innovation of food, pesticides andilizers.

5.3.1.2Knowledge accumulation and the academic community

The Agricultural College of Imperial University wiii was changed to be
National Taiwan University after 1945 was built lgy the Japanese
government and was the most important academidtutish doing

fundamental agricultural research; and the Agngalt Stations were the
most important research institutions doing appégdcultural research. The

headquarters of the Agricultural Stations was fngilt up next to National
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Taiwan University. The traditional biotechnology bfybridization was
frequently applied for the agricultural researcheTnnovation network was
established between the university and the AgucaltStations. Through
the flow of personnel, knowledge was transferretivben the university
and the Agricultural Stations. In fact, many graedsatrained by National
Taiwan University took important positions in thegricultural Stations.
Moreover, some graduates from National Taiwan Usitae also worked in
Taiwan Sugar Corporation and supported the industrglantation sugar

(Su, 2004:18).

In the early 1970s, the headquarters of the Aguical Stations were moved
from the north to the middle of Taiwan, and the readquarters was next
to the Agricultural College of Chung-hsing UnivéysiThe Agricultural
College of Chung-hsing University which was once agricultural
vocational school became another important academstitution for

agricultural research (Lin, 1995:3; Su, 2004:18).

5.3.1.3 Government and governance during this gerio

The Taiwanese government was the one-party andsémei-autocratic
system during this period. The agricultural pokcigere promoted totally
from top-down, and there was no evidence to shaw tthere were private
organizations involved in the governance of agtigal policies. In fact, all
the main organizations involved in the governanicthe agricultural sector
and the agricultural innovation were the publicamrgations. The public
Agricultural Stations mainly did the agriculturasearch and the Farmers’
Association, who were managed by the governmentpaged the

production of the farmers. Even the industry ofi@dtural processing was

dominated by the publicly-owned company, Taiwana@ugprporation.
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The main purpose of the agricultural policies & time was to produce
agricultural products as much as possible withie timited areas of
cultivation. The majority of the agricultural protta were exported to earn
the foreign exchanges to support the developmenhefmanufacturing
industries, such as electronic engineering. Onlgral970, when the
manufacturing industries were well developed, thkcp objectives of the
agricultural policies were turned to upgrade thvnll standard of farmers
(Chang, 1982: 238-239). Indeed, even though biok&olgy was heavily
used in the agricultural sector, there was no pdbcparticularly encourage
the development of agricultural biotechnology. Thain policies promoted
by the Taiwanese government included R&D and rdiguigpolicies. The

two policies are discussed below.

The R&D policies for the agriculture were promotadmultiple ministries
to increase the production of crops. The agricaltuesearch within the
universities was mainly funded by the National Scee Council, and the
research within the Agricultural Stations was a& time co-funded by the
National Science Council and the Council of Agriatgé. The Farmers’
Association was managed by the Ministry of Domestid the farms were
managed by the Council of Agriculture. In fact, #gricultural sector was
governed by multiple ministries since the very yadtage of its

development.

Multiple ministries also promoted the regulation agfriculture, especially
the regulation of food, chemical pesticides andnubal fertilizers. The
Ministry of Economic Affairs promoted the FactorylBs (legislated in
1969) to control the manufacturing and quality obd, pesticides and
fertilizers. The Council of Agriculture also regtdd the production of
pesticide through the Management Act (legislated9i2). The regulation

for the manufacturing of pesticides and fertilizergact overlapped to each
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other.

In sum, during this period, agricultural sector visghly dominated by the
public sector. The innovation system of seeds akely used the
traditional biotechnology of hybridization to immethe genes of seeds and
produced the seeds to serve the foreign markets.iddustries of food,
pesticide and fertilizer had limited adoption obteichnology and targeted

the domestic demands.

5.3.2 From 1982 to 2000

The modern biotechnology of generic modification swased in the
innovation of seeds during this period. The tradiéil biotechnology of
hybridization continued being applied for the inaten of both seeds and
livestock. The companies of food, pesticide andilifszr have gradually

adopted modern biotechnology for processing theidycts.

5.3.2.1Agricultural innovation system during theripd

The institutions for the innovation system of seéuk’t have much change
during 1980 to 2000; and these institutions wergaeded for the
innovation of new species of livestock, includingrrh animals and
aquaculture. The Agricultural Stations were stiflet most important
organizations doing applied agricultural researaid dransferred the
innovated seeds and younglings to farmers. Besidesy the traditional
biotechnology of hybridization to innovate the né&mds of subtropical
crops and new species of livestock, with the dgualent of molecular
biology after 1980s, the Agricultural Stations alstarted to do the

experiments of genetic modification to improve tgenes of seeds,
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especially the seeds of rice and subtropical fruilhe modern
biotechnology of genetic modification was transedttfrom the United
States to Taiwan through the Taiwanese scientrasiged in the United
States. In 1997, the genetic modified papayas wiiete innovated by the
Taiwanese scientists and were successfully grovinaririal fields were the
milestones of the development of genetic modifaratindeed, all papayas
were cultivated in the south of Taiwan under thietspical climate. Since
the old kinds of papayas were easy to be infectedaasites, their genes
were modified to make the crop parasite-resistdotvever, because of the
regulations of the Taiwanese government, even tidlg genetic modified
papayas were successfully innovated, they werallawed to be cultivated
in the normal farms. Moreover, besides the innovatof seeds and
livestock, the Agricultural Stations have expandbdir research to the
modern biotechnology of fermentation and applied thsearch for the
development of bio-pesticides and bio-fertilizedsnce 1987, bio-fertilizer
has been formally used in the farms (STRIC, 200538). Yet, all the
technologies innovated by the Agricultural Stationwere not
commercialized but transferred to the Farmers’ Asdmn. Through the

Farmers’ Association, these technologies were passiarmers for free.

The small private companies also started to inwesthe innovation of
genetic modification products. Since the 1990s, esofocal SMEs
transferred the modern biotechnology of genetic ifitadion from the
academic institutions and started to produce gemetidification organism
(GMO), especially the non-edible GMO. For examplaikong which was a
trade company selling ornamental fish has coordohatvith National
Taiwan University to develop GM ornamental fishcginl990% However,
there was not yet any new GM product successfoiipvated by the private

companies.

° See the statement of Taikong: http://www.azoo.twfazoo_tw/instruction/004.php.
143



For industries of food, pesticide and fertilizanetmain change was the
market. The sugar industry which traditionally &teyl overseas demand
turned to focus on the domestic market, while ttistries of pesticide and
fertilizer remained to target the domestic demafsone hand, since sugar
was no longer the main products for exporting, Baivugar Corporation
started to transform itself to be a multi-faceteptiaultural company and
adopted biotechnology in its multiple divisions¢as food-processing, the
cultivation of orchids and fermentation productss,(2004:17). Yet, the
company kept manufacturing chemical pesticidesfartdizers rather than
bio-pesticides and bio-fertilizers. On the othendhaafter 1990s, some local
food companies also began to cooperate with acadamtitutions and
adopted biotechnology in food-processing. For exanmprape King set up
its own research center for biotechnology in 1992ited and President has
collaborated with the Academic Sinica to develop thotechnology of
microscopic fermentation (Lee and Hua, 2004:9813®),. However, the
knowledge spill-over from academic community to thdustry was still

limited, and technology transfer was not institnibzed.

5.3.2.2 Knowledge accumulation and academic comtyiuni

During 1980 to 2000, the Taiwanese scientists whawewtrained in the
universities of the United States introduced thecept and technologies of
molecular biotechnology from the United States fwe tTaiwanese
universities. The introduction of molecular bioteology greatly increased
the depth of basic agricultural research in thevensities. The majority of
the research of genetic modification done withia timiversities was funded
by the National Science Council. Once the univiesihad done the basic
research, the results of the basic research wetkeefudeveloped by the

scientists in the Agricultural Stations (Su, 20®4:120). Since the
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universities were not supposed to directly interatth the agricultural

companies during this period, the technology trarssfrom the universities
to the agricultural sector was rare. Moreover, thsearch topics were
chosen according to the research interests of iohai scholars. The
overlapping topics were done by different univégsitspontaneously, and

different scientific teams had very little coordioa with each other.

Besides universities, the personnel and labs oAgrecultural Stations were
expanded since 1980s. As long as agricultural mtsdwere no longer
export-oriented, the mission of the Agriculturabi8ins was changed to
upgrade the quality rather than the quantity ofmary production to fit the
domestic demands. In 1990s, with the preparatiortife participation of
WTO and the free trade of agricultural productg Agricultural Stations
was further pushed to develop the agriculturalnettgies which were able
to increase the competitiveness of the primary dmimeoroducts in the
domestic market (Wong, 1998:96-98). Within this teow, the Agricultural
Stations have set up the Agriculture Gene ResouBmger to create a
microbial gene bank, including the genes of bothritdyand GM seeds. All
the seeds were not commercialized. While the hyls&kds were
disseminated to farmers for free, the GM seeds wkmed in the storage
device of the Agricultural Stations and not allowwede formally planted in
the normal farms. Even if holding the rich databatgene resources, the
services of the Agricultural Stations merely chdrgee cost of handling and

shipping (Su, 2004:18).

5.3.2.3 Government and governance during this gerio

Since 1980s, with the trend of political demociatiian and economic free
trade, the Taiwanese government gradually includednterests of external

stakeholders. Yet, the agriculture sector which higbkly controlled by the
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government was still dominated by the policies, treinterests of external
stakeholders stayed weak during this period. Thie palicies promoted by
the government included R&D and regulation polici&ach policy is

discussed below.

The R&D policies of agriculture were considered be a part of the
agricultural policies rather than a part of the awation policies of
biotechnology during 1982 to 2000. In 1982, evemutjh the government
announced the Eight Key Industries to further supfite development of
biotechnology, the meaning of biotechnology was aéquo the
pharmaceutical sector, and agricultural biotechgwleavas not included.
Indeed, since 1980s, as long as agricultural pitsdueere no longer
export-oriented and served the domestic demandg ¢mk agricultural
sector was gradually recognized as the sector lawthproductivity. While
the government’s resources were intensively alestéd the development of
ICT, resources allocated to the agricultural segtere relatively limited.
Although the government continued supporting R&bio-agriculture, the
main policy purpose was merely to increase theaselbf farmers (Chang,
2004:151). The R&D funding of the Council of Agritue even decreased
in 1990s (Wong, 1998:115), and the same time, #ren€rs’ Insurance was
promoted. Moreover, because the R&D policies ofcafure were treated
as a kind of welfare policy, the agricultural bicheologies innovated by the
public universities and research organizations wrargsferred to farmers on
a non-profit base. Only until late 1990s, the isstithe commercialization
of bio-agricultural technologies was raised. Witie tpromotion of the
National Science and Technology Program for Biaeadjure, the

commercialization of bio-agriculture gradually bewa the core of the

policy.

Another important policy promoted by the governmevds regulation.
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Since 1980, ‘GM Safety Rules’have been implemented in the labs. Yet,
besides field trials, none of the GM seeds wemnat to be traded in the

domestic market.

To sum up, before 2000, the Taiwanese governmelyt emcouraged the
development of bio-agriculture through agricultugdlicies. What was
labeled as the biotechnology policies didn’'t cottlee agricultural sector.
The traditional biotechnology of hybridization whghly developed, and
the modern biotechnology of GM was widely appliedthe agricultural
academic institutions. Yet, even though the teabgiohl level of the
agricultural sector was very high, due to the pedic these technologies
were commercialized to a limited extent. Such ctowls only started to

change after late 1990s.

54 Theevolution of the medical device sector

The technologies used by the medical device sewtoe the same as the
technologies used by the industries of textile,sfida machinery and
electronic engineering. Before late 1990s, medidalice was not
recognized as an independent sector but the supptany sub-sectors of
the industries of textile, plastic, machinery afet&onic engineering. Only
after 1990s, medical device was gradually recoghiae an independent

sector and thus gained more attentions of firmsthedjovernment.

5.4.1 From 1945 to 1982

The main business of the medical device sectonduhis period was the

19 See the Official website of Council of Agriculture
http://www.coa.gov.tw/view.php?catid=7661.
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production of Class | medical device on the badetextile and plastic

technologies.

5.4.1.1Knowledge base and the development of the sector

The initial development of the Taiwanese medicaVice sector was
embedded in the development of textile and plastaustries. Medical
cotton and swab were the most important medicaicdevproduced by the
textile industry. Under the context of the Cold Warback up the Republic
of China (at the time ‘Free China’) as the frordlito defend the expansion
of the People’s Republic of China (at the time ‘Goomists China’), the
government of the United States aided the goverhmkthe Republic of
China lots of American cottons to develop econo8igice swab was one of
the textiles which Taiwan was lacking, local SMEsr@vencouraged by the
government to import textile machines to procesgoos given by the
government to be swabs (Zheng and Xu, 2005:108-X08yinally these
SMEs only aimed at the domestic market. Howeveth Wie improvement
of textile machines, the products of medical cattaand swabs were
gradually exported (CCRA, 1983:1-2). In additiohg tplastic industry
which intensively used the technologies of chemerajineering was also
rapidly developed during this period. The plastiedical devices, like
surgical dressings, plastic catheters and syringegge manufactured by the
local SMEs and exported to the foreign markets SA896:5). However,
all the textile and plastic products were just #pplications of existing
technologies for medical utilities. These produethich were usually
categorized as the Class | medical devices whiate We low value-added
products and competed with similar products inittternational market on
a price-base. Most of the firms only focused on wf@acturing. They only
accumulated some knowledge related to manufactuoing had limited

capabilities for innovation. Competition was theimmode of interaction
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between companies, and there was no record to gtaathese firms started

to form R&D alliance during this period.

Besides the technologies of textile and plastice tiechnologies of
machinery were also used by the medical deviceosethe Taiwanese
machinery industry was established by the Japagesernment before
1945. After Taiwan was returned to the governmenthe Republic of
China in 1945, the government unified all the laigetories of Japan to be
two public companies, Taiwan Machinery Company &/ =]) and
Taiwan Shipping Company. Besides the large facdpgeme small Japanese
factories were sold to the local Taiwanese priv&itEs. In addition, after
1949, some Chinese machinery companies also fotlathwe government of
the Republic of China and moved their factoriesTowan. However,
compared with the private companies, the public games actually held
more resources and had higher technologies. Thevlkdge of the
machinery technologies was spilled over from thdliputo the private
companies through technology transfers (Zheng aond 2005:104-105).
The main products related to medical devices whiele produced by these
companies were metal-processing and machinery coemp®. Although
during this period, the machinery industry didnitoguce any medical
devices, the industry set up the bases of the dpwednt of medical device

sector later.

The development of the electronic engineering itrguslso contributed to
the development of medical devices. Since 1960rac#dd by the
government’s policies, some multinational giantsetgfctronic engineering
started to invest in the manufacturing facilities Taiwan. These MNCs
included Philips (from Netherlands), General Engifi®m the United
States), Motorola (from the United States) and ¢tikgfrom Japan). At the

same time, some local SMEs also set up their f@st@o process electronic
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components or assembled electronic components tentleproducts. The
majority of the electronic products were exporteverseas market. The
main products at the time were the voice recordéesgvision and
calculating machines (MOEA, 1977). Although elentco engineering
should be one of the technological bases of medieaices, especially the
Class 1l electronic medical devices, there was widemce to show that
some firms already applied the technologies oftedae engineering for

medical devices.

5.4.1.2 The role of the universities and publieegsh institute

For the textile and plastic industries, since thewdedge for manufacturing
was accumulated within the industries, the univiesionly played roles to
supply well educated human resources; howevewrthersities and public
research institutes played much more significabésron machinery and
electronic engineering industries. The Metal Indast Research and
Development was set up by the Ministry of Econoifairs in 1977 with
the funding of United Nation. The Center was resiae for upgrading the
technologies of metal machines and for transfertimggtechnologies to the
local firms (Zheng and Xu, 2005:115). Moreover, iNiaal Chiao-tung
University which had strong research capabilite®liectronic engineering
played important roles in understanding the teabgies through ‘reverse
engineering’, in helping local companies develow peoducts, and lending
firms expensive instruments (Lee, 1998:315-318). e Thndustrial
Technology Research Institute which was built up tbg Ministry of
Economic Affairs was responsible for transformihg basic research in the
universities to be applied technologies and transfethese technologies to
the firms. However, during this period, the teclugiés of electronic
engineering were only applied for the electroniauipments, such as

television, rather than electronic medical devices.
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5.4.1.3 Government and policies during this period

Since 1945, the Taiwanese government which was oteparty and
semi-autocratic system applied top-down approactttfie development of
the industries of textile, plastic, machinery amectonic engineering; the
main policies promoted were R&D policies, regulatiand the policies
attracting FDI. For the R&D policies, the Developthé&enter of Metal
Industry and the Industrial Technology Researchtirie were set up by the
Ministry of Economic Affairs to do research relatéal manufacturing
process and to help the firms to upgrade their ri@wring technologies in
order to increase their international competitig=neFor the regulation
policies, the Law which was legislated in 1970 alssgulated the
manufacturing of medical devices. For the policatacting FDI, the
‘Statute for Encouraging Foreign Direct Investmeptomoted by the
Ministry of Economic Affairs were to encourage F@specially FDI in
electronic engineering. Yet, the main target of fholicy was the daily-used

electronic equipments rather than electronic médiegice.

As such, from 1945 to 1980, the products of medimlice sector were
medical cotton, swab, surgical dressings, plastibeters and syringes. The
majority of these products were only belonging t@sS | products. The
market and demand was from overseas. In fact theme no policies
specifically to support the development medicalickes. The technologies
of machinery or electronic engineering were gragudéveloped, but the
applications of these two technologies for meda=lices were at the time

limited.
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5.4.2 From 1982 to 2000

The medical device sector adopted more advancednaémgy from

machinery and electronic engineering industriesnduthis period.

5.4.2.1Knowledge base and the development of the sector

After 1980, the companies of Class | medical desjicgich as medical
cotton, swab, and surgical dressings continued ompg their

manufacturing technologies in such products. Themwledge base was
still textile and plastic technologies. The demaras$ from overseas market.
Since these firms were all small and rarely codeerfor the innovation of
more advanced technologies, their investments iDRé&re just able to do
innovation on the manufacturing process. Untilae bs 1996, the Class |
products still shared a portion of the overall ol production of medical

devices (Shen, 1995:6).

The greater technological achievements in the naédievice sector were
the progress of machinery and electronic engingeflihe local SMEs in the
machinery industry were encouraged by the Minisfrizconomic Affairs to

form the Precision Machinery Research Center viighgovernment in 1993.
The main mission of the Research Center was to im@ghinery firms to

upgrade their technological level in precision maek (Zheng and Xu,
2005:193). Yet, the development of medical preaisiachine was only the
minor part of the mission of the center. Furthemnarn the basis of the
technological progress from 1960 to 1980, the itrgu®f electronic

engineering had great advancement after 1980s. Howie technology of
electronic engineering was strongly encouragedhay government to be
further developed to be semiconductors, persomapaters, and notebooks.

In other words, the knowledge accumulation of etett engineering was
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developed into ICT rather than electronic medialices. Both local firms
and multinational companies heavily invested in tiR&D and
manufacturing facilities of integrated circuit (I&emiconductors and so on.
Even if ICT and electronic medical devices hadteslaechnological base,
compared with the competitive and matured ICT elysthe sector of
electronic medical device was only treated as thggmal sub-sector of ICT.
On the one hand, the large competitive local ICiinganies, such as Acer,
Asus and Taiwan Semiconductor Manufacturing Cojpmma never
invested in electronic medical device between 1886 2008 On the
other hand, the multinational ICT giants which welso the giants of
electronic medical device (such as Philips) didnitest in the electronic
medical device in Taiwan but kept their investmdntshe ICT industries

only.

In fact, from 1980 to 2000, Class Il electronic meat devices Class Il
medical devices were developed peripherally td@lecluster. At the time,
the companies producing electronic medical devigese the local SMEs
which were set up around late 1980s and 1990s (B0D9). After 2000,
these local SMEs became the pillars and most caiweetompanies in the
whole medical device sector. The main businesshe$d local medical
device SMEs was to fabricate developed machinerg/oanelectronic
engineering technologies and applied these techresdor medical devices.
The knowledge accumulation of the firms of elecitanedical devices was
mainly in the technology field of ICT. Biotechnolpwas not used by these
firms. With the trend that multinational large méaxiurers of electronic
medical device gradually concentrated on higheuevaldded products and
outsourced manufacturing of lower profit produdise Taiwanese local

SMEs then cooperated with the multinational manufas to manufacture

2 Only after the financial tsunami in the end of 08ome local ICT companies which
suffered the bottleneck in the sales of personadmders and notebooks started to invest in
electronic medical device.
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the lower profit products. The main products ineldd electronic
wheelchairs and beds, electronic blood pressureersetdentists’
apparatuses, X-ray machines and so on (Shen, )995® majority of such
products were exported to foreign markets. Besidesg outsourced
manufacturing, some local SMEs also started totkellproducts by their
own brands. Moreover, the development of biochgakstb the beginning of
the medical device sector starting to combine 1Gih wiotechnology. The
companies of biochips were all new SMEs set up rato990s. For
example, DR. Chip used molecular biotechnology xtvaet, amplify and
hybrid nucleic acid on a DNA microarray chip. Suttrochip was used for
DNA sequencing to detect food bacteria, agricultpeghogens and human

papillomavirus (HP\A2

5.4.2.2 The roles of universities and public resleamstitutes

Universities didn't play significant roles in thenovation of medical
devices. Since the medical device companies whiclopted the
technologies of textile and plastic mainly accurtedatheir technologies
through the experiences of manufacturing, and daelemics who focused
on the basic research had relatively very limitggp®rts to these companies.
Furthermore, for the companies of electronic mddieaice, as long as the
main business of these companies was only to faericelatively mature
technologies, not all the companies of electronedizal device needed or
expected the technology transfers from universitigs addition, the
universities also concentrated the majority of rthesources on the
technologies of ICT rather than on the medical cevi Therefore, the
innovation network between universities and the io@dlevice companies

was not well established. Only after 1990s, wherremstart-ups in the

12 See the Official website of Dr. Chip:
http://www.bio-drchip.com.tw/HOME2ENG/06index.asp.
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medical device sector tried to promote higher vadded products and
searched for the development of advanced techredpdghe universities

played more important roles in technology transfers

In fact, it was the public research organizatiomat tstarted to play more
significant roles in technology transfers. The Mdtaustries Research and
Development Center which helped machinery firmdittahe standard of

ISO 9000 and to gain CE certification indirectlyigesl the companies of
electronic medical devices to link with the intdronal standard (Zheng
and Xu, 2005:193). Moreover, the Industrial Tecbggl Research Institute
supported by the Ministry of Economic Affairs alswreased its roles in
transferring technologies to medical device comgmnihe Institute even
helped local SMEs to form the R&D consortiums tnamate the advanced
technologies of medical devices. In 1998, the fagiassembled six SMEs
to form the R&D consortium of biochips. The congort which was called

Clinical Biochips Industrialization Consortium wes explore the potential

of microarray technology and was the most successfisortium supported

by the Institut&®.

5.4.2.3 Government and policies during this period

Even though the Taiwanese government was relatiopgn after 1980s,
without influential association and outstanding fpenance, the
participation of the companies of medical devigesthe policy-making was
limited. Indeed, until 1990, there were no clearliges specifically

developed for medical device companies. The mdesrof the government
were to subsidize the R&D expenditures of the camgsaand to regulate
the manufacturing of medical devices. Each roletledf government is

introduced as the following.

13 See the Official website of the Consortium: hftpaw.bel-series.org.tw/cbic/About/
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The main role of the government was to subsidieeREBD expenditures of
the medical device companies. Since the Taiwanegergment recognized
biotechnology as one of the key industries for ieitdevelopment in 1982,
the medical device sector was not considered ta part of biotechnology
industries. The development of the medical devex#as was considered to
be the business which may add value to the prodefcthe ‘traditional
industrial sectors’, including textile, plastic, amnery and low end
electronic engineering. Therefore, the innovatiotiveties of local medical
device SMEs were mainly funded by the Ministry ofoBomic Affairs
through the projects which encouraged the tradiliamdustries to upgrade
their technologies. Only after 1990, medical deviams gradually
considered to be a part of the development of biotelogy in Taiwan. Yet,
besides the R&D subsidies provided by the Ministit\Economic Affairs,
the Taiwanese government as a whole didn’t promuobee sophisticated
policies which particularly encouraged the develeptnof medical device

sector.

The minor role of the government was regulatione Tlaw which was
executed by the Department of Health was amendéalltav the standard
of the United States’ FDA and European Unions’ @H announced that the

medical devices should fit the standard of 1SO.

In sum, while the development of the medical deeetor was mainly
based on the technologies of textile, plastic, nmasly and electronic
engineering, there was no government’s policiesrtcourage the medical
device sector to adopt biotechnology. Indeed, tkdioal device sector was
not seriously considered by the government to partiof the development

of biotechnology. Only after 2000, the productioihtiee medical device
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sector was formally calculated as a part of thetelsionology related
industries. Yet, besides biochips which combine@ tiechnology of
electronic engineering with biotechnology, the mi&oof the Taiwanese

medical devices didn’t apply biotechnology for thaioducts.

55 Conclusion

In this chapter, through analyzing the historicablation of the three

NSTIS, we clearly identify how biotechnology intected with the three
sectors within the national boundary of Taiwan.eled, the three sectors
were very different from one another and possessetrasting modes for
absorbing biotechnology. Furthermore, the develogroéeach of the three
sectors and biotechnology was heavily shaped byT#msanese national

institutions.

For the pharmaceutical sector, local SMEs have biben pillars for
innovation and manufacturing. Multinational compmniwere only once
involved in the manufacturing activities of the ®ec After multinational
companies extensively withdrew their investment®ré were almost no
large firms involved in the manufacturing and inaten of the
pharmaceutical sector. Furthermore, for both IGS®IEs and MNCs in
Taiwan, the main knowledge base was chemical eagmg Modern
biotechnology was only introduced to the pharmdcalsector after 1980s
and used to analyze the extracts and the medioeatiéins of herbs. Yet, the
main knowledge base for the development of the Inenlsaceous medicines
was the traditional knowledge of Chinese herbal inwees. Originally the
Taiwanese government only purposed to encourage tancbntrol the
manufacturing of medicines. Later after 1990s,tbkcies gradually turned
to encourage the innovation of new pharmaceutiesgecially new herbal

medicines.
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For the agricultural sector, the public sector,ludsg public research
institutions and public owned company, has been riwst important
participant in innovation. Local private companady played minor roles
in the agricultural innovations, and MNCs playedrote. In addition, rice
and subtropical species (including fruits, vegetabdnd ornamental fish)
have been chosen as the targets of genetic mdaficaThese targets
reflected the climate and species of Taiwan. Taiwamoduced the
traditional biotechnology of hybridization and thmdern biotechnology of
genetic modification in the early stages of thealewment of these two
technologies. Yet, even if the agricultural sectaccumulated rich
knowledge of modern and traditional biotechnologhe Taiwanese
government mainly supported the agricultural sethwough agricultural
policies. The government only started to encourthgecommercialization

of agricultural biotechnology in the late 1990s.

For the medical device sector, the main pillar;yabvation have been local
SMEs. The most competitive companies belongedd@timpanies of Class
Il electronic medical devices. Knowledge accumolatdf these companies
was based on the Taiwanese ICT industries. Biochwisch integrated

biotechnology and electronic engineering, refledtezl Taiwanese national
strength in ICT. Until the 1990s, the Taiwaneseggoment in fact had no
specific policies to support the development of thedical device sector

and to encourage the sector to absorb biotechnology

In fact, the different evolution of the three bict@ology NSTIS offers us a
very different context for thinking about policieBifferent NSTIS was
developed by different modes and shaped by differegpes of
biotechnology and related sectoral policies. Indesdhe dynamics of each

biotechnology related NSTIS was different, each NSieeded different
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appropriate policies to support its developmentweler, in this chapter,
we have not discussed the different types of pedicequired by each of the
three NSTIS. On the basis of the discussions is thiapter, in the next
chapter, Chapter 6, we will further judge the appiaieness of the
Taiwanese biotechnology and related sectoral malicas well as the
policy-making process which shapes the consistermel appropriateness

of these policies.
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Chapter 6 The policy - making process of the Taiwanese
biotechnology and related sectoral policies (2000 - 2008)

6.1 Introduction

In this chapter we propose to open the ‘black — bbhe policy - making
process of the Taiwanese biotechnology and rekgetbral policies. On the
basis of our discussion about the evolution of theee biotechnology
related NSTIS in Taiwan from 1945 to 2000, thisptka will focus on the
period from 2000 to 2008 and describes the infleesfahe policy - making
process on the consistencies and appropriatenessheof Taiwanese
biotechnology and related sectoral policies. Howews described in
Chapter 4, there were many policies promoted byl#ianese government
between 2000 and 2008. For the reasons describ&thapter 4, we only
selected the National Programs and the regulatidici@s - in terms of the
Law and the Management Act - as our empirical casdsdiscuss these two

cases deeply.

In order to open the black - box of the policy -king process of the two
policies, in this chapter, we will apply the conttegd framework established
in Chapter 3 for our empirical discussions. As e&ehalready described in
Chapter 3, our research questions and conceparakfvork are built upon
four independent variables and two dependent JasabThe four
independent variables are divided government, bota coordination,
vertical coordination and the involvement of extdrstakeholders. The two
dependent variables are the consistencies and @pgiemess of RTDI
policies. As we have assumed in Chapter 3, durieg dolicy - making
process the four independent variables would initeethe two dependent
variables. Moreover, we assume that the policy kingaprocess can be

divided into four stages. Each stage of the pohlcgnaking process is
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influenced by different independent variables amabgs the two dependent
variables in different ways. In this chapter welwiiequently refer to the
definitions of the key concepts defined in Cha@ein addition, since the
data collected through the fieldwork is essent@lthe analysis, in this
chapter we will frequently quote the codes of mieiviewees, which are

shown in Table 4.1.

This chapter is structured as follows: in sectio@ @e will provide an

overview for the contents of the National Prograam&l the regulation
policies and emphasize the vertical and horizaraakistencies of these two
policies. Section 6.3 continues the historical aésion in Chapter 5 and
focuses on the appropriateness of the two poliGestion 6.4 emphasizes
the policy - making process of the two policiesct®m 6.5 is the conclusion

of the chapter.

6.2 Overview of the contents of the National Programs and regulation

policies

The section gives an overview of the policy cordenft the three National
Programs and the regulation policies, in terms lvé Law and the
Management Act, and discusses the consistencigésedivo policies. The
consistencies of policies, as we have defined atige 3.1, refer to both
vertical and horizontal consistencies. Besides,Rh@motion Plan for the
Biotechnology Industry (hereafter referred to as Bmomotion Plan), which
revealed the general policy objectives of the whydeernment and other
policies which were closely interrelated to the twases, such as the
Mid-term R&D Plans (typically shortened to be thedMerm Plans), are
very important for us to judge the consistenciestitd two policies.

Therefore, we also review the Promotion Plan aedrterrelated policies.
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The structure of the Taiwanese biotechnology alada@ sectoral policies,
the contents of the policies and the ministriepoesible for these policies
are displayed in Figure 6.1, Table 6.1 and FiguPe leigure 6.1 shows the
structure of the Taiwanese biotechnology and rélaéetoral policies and
reveals the positions of the two cases in the &traof the biotechnology
polices. As shown in the figure, the Promotion Rias the framework
which was above the four types of policies, i.e.0RBolicies, part of the
regulation policies, part of the business parkgwed and the ‘Statute for the
Development Biotechnology New Drug Industry’. Howevanother four
types of policies (i.e. part of the regulation pas, part of the business park
policies, national health insurance and internalidrade policies) were
outside the framework of the Promotion Plan. Amoungtwo cases, the
three National Programs and the new clauses dfahewere under the
framework of the Promotion Plan, while the majoofythe clauses of the
Law and the Management Act were not. The contefritsectwo policies,

the Promotion Plan and some closely related paliare summarized in
Table 6.1. In addition, the two cases and all othierrelated biotechnology
and related sectoral policies were decided andamehted by four
ministries (i.e. the National Science Council, khi@istry of Economic
Affairs, the Department of Health, and the Coun€igriculture). Since

the institutional structure of the four ministrissvery important for us to
understand the contents and the policy - makingge® of the two cases,
we also show in Figure 6.2 the institutional stmuetof the four ministries
and their positions in the executive branch. Asxshm the figure, the
National Science Council was the coordinator téatarate the other three
ministries for promoting the National Programs, ietihe Department of
Health was the only ministry to execute the Law #greCouncil of
Agriculture was the only ministry to execute therddgement Act. The roles
of each ministry and their subordinate implementabodies in the policy -

making process will be further discussed in seddigh In the following

162




paragraphs we only emphasize the discussion afahtents of the

Promotion Plan and the two cases.

Figure & 1: The structure of the hiotechnology and related sectoral polices in Taiwan
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Figure 6.2 The institutions of the four ministrigisthe executive branch in Taiwan

President

| The Executive Yug |

DOH NSC MOEA COA

[
{ [ i
g gg¢ g 3¢ g g g
N IR
BRI IR R R
) N = s
g [ || iy IRt
E RG] PllE || it
2 grg g2 3
L Lo
[ ]
I
e
? %
L

Abbreviation: NSC= the National Science Council, B¥= the Ministry of Economic Affairs, COA= the Cotihof Agriculture, DOH= the
Department of Health

T OTCy TVarTeS [ TOTTy TyPT ] T UNTy TUTTTIS |

163




The Promotion Plan
for the
Biotechnology
Industry

Overall
Highest
Principal of
biotech
policies

* % *

Ministries: NSC, MOEA, DOH, COA

Year of promotion: 1995 (revised in 2003)

Policy objectives: to establish Taiwan to be tralag Asian center for
biotechnology innovation, manufacturing and operati

Policy instruments: (1) funding biotechnology reséa(2) facilitating technology
transfer and commercialization, (3) developing egfthing regulations and laws,
(4) training talents, (5) attracting domestic aackfgn investments (6) offering
marketing services

National Research
Program for
Genomic Medicine

R&D

* ¥ *

Ministries: NSC (coordinator), MOEA, DOH

Year of promotion: 2002

Policy objectives: to ‘integrate limited resourctscapitalize the knowledge
embodied in the human genome in order to promoticakresearch in Taiwan an
also to act as an initiator for the local biometindustry’

Policy instruments: funding

Targets: the research of genetic therapies foraraninfectious diseases and high
heritable diseases

National Science
and Technology
Program for
Biotechnology and
Pharmaceuticals

R&D

* ¥ *

Ministries: NSC (coordinator), COA, MOEA

Year of promotion: 2000

Policy objectives: to ‘fully utilize all existing & resources to develop
cutting-edge agricultural biotechnology in the AsRacific regions, to develop
value-added agricultural products and to directiangic/industrial interaction and
cooperation’

Policy instruments: funding

Targets: 15 bio-agricultural products, such as iemeodified orchids, animal
vaccines etc.

National Science
and Technology
Program for
Bio-agriculture

R&D

* % *

Ministries: NSC (coordinator), MOEA, DOH

Year of promotion: 2001

Policy objectives: to ‘gather all the allocatedding related to biotechnology and
drug R&D of the National Science Council, the Minysof Economic Affairs and
the Department of Health to integrate the co-op@maimong industry, governmen
academics and the institutes’

Policy instruments: funding

Targets: the research of new chemical medicines,pretein of pharmaceutical
intermediaries, and new Chinese herbal medicineéshwhay be able to heal the
four diseases among Taiwanese citizens, includamger, diabetes, cardiovasculal
and neurological diseases

Mid-term R&D
Plans

R&D

* % *

Ministries: NSC, MOEA, DOH, COA
Year of promotion: 1960
Policy objectives:

% NSC: ‘support advanced fundamental biological reen the academid
community, to develop outstanding resgaychers amtprove the
infrastructure of research in universities’

% MOEA: to ‘encourage domestic SMESs to invest in éinology, to
build up competitive biotechnology clusters andupport advanced
applied biotechnological research’ (National ApgliResearch
Laboratories, 2008: 463,464).

P COA: to ‘enhance the competitiveness of domestialjural products
in the domestic and international markets’ (Natlg¥@aplied Research
Laboratories, 2008: 463,464).

P DOH: ‘to support the bio-pharmaceutical researcthéresearch
organizations and companies which were searchinthéotherapies for
the common diseases of citizens’ (National AppRasearch
Laboratories, 2008: 463,464).

Policy instruments: funding

The Law of
Pharmaceutical
Affairs

Regulation

* K K K K ¥

Ministries: DOH (Bureau of Pharmaceutical Affairs)

Year of promotion: 1970

Policy objectives: to ‘regulate the safeties of piaceutical affairs’

Policy instruments: penalties

Policy purpose of the new clauses: encourage irtimvaf new medicines
Policy instruments of the new clauses: licensem@tection

Agro-pesticides
Management Act

Regulation

* K ¥ *

Ministries: COA (Bureau of Animal and Plant Hedlitlspection and Quarantine)
Year of promotion: 1972

Policy objectives: to ‘strengthen the managememtesticides’

Policy instruments: penalties and license

Factory Rules

Regulation

* K ¥ K

Ministries: MOEA (Bureau of Industrial Development)

Year of promotion: 1969

Policy objectives: to regulate manufacturing atig of factories
Policy instruments: license

Abbreviation: NSC= the National Science Council, B#= the Ministry of Economic Affairs, COA= the Caihof Agriculture,
DOH= the Department of Health

14 See National Science Council Mid-term R&D Plans:
http://210.241.21.133/DOC/2406/PLAN_10_2005110310&2493.htm.
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The Promotion Plaf? defined the general policy objectives of the
Taiwanese government. It was first decided by tkechtive Yuan in 1995
and was further revised in 2003. According to thenfbtion Plan the
Taiwanese government recognized that the ‘globaiebhnology industry
would quickly grow in the future and would essedlhi@ontribute to the
Taiwanese national competitiveness’. Therefore, thpeneral policy
objective of the government was to establish Taiagrithe leading Asian
center for biotechnology innovation, manufacturargl operations’. All the
policies under the framework of the Promotion Rl&are promoted as the
policy instruments to fulfil the general policy ebjives of the Promotion
Plan. However, as already shown in Figure 6.1,Rh@motion Plan was
only over a part of the biotechnology and relatectaral policies in Taiwan.
For the policies outside the Promotion Plan, suchha Management Act
and the majority of the clauses of the Law, thewbBaiese government in
fact had no institution to direct them to be cotesis with the Promotion

Plan.

The National Programs, as shown in Figure 6.1, weeolicy framework
over 15 % of the Mid-term Plans of the four minesdr As shown in Table
6.1 each of the four ministries promoted its owrdN&rm Plan. Since the
Mid-term Plan of each of the four ministries haffetent policy objectives
and had limited connection with the other (see Wwelsection 6.4.), the
National Programs were promoted during 2000 to 200&ake the policy
objectives and policy instruments of the 15 % Midit Plans of the four
ministries to be horizontally complementary to eather. Moreover, the
policy objectives of the National Programs weretigally consistent with
the general policy objectives of the Promotion Pliawleed, two National

Programs were directed towards the pharmaceutcabis(also referred to

!5 See the Promotion Plan for the Biotechnology Itgus
http://www.biopharm.org.tw/promoption_program/pragstion_program.html.
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be the ‘two pharmaceutical National Programs’) amdy one National
Program was directed towards the agricultural sgelso referred to be the
‘agricultural National Program’). As shown in Tab&l the ‘National
Research Program for Genetic Medicine’ and the itwal Science and
Technology Program for Biotechnology and Pharmacaist were the two
National Programs funding bio - pharmaceutical aese and supporting the
growth of local pharmaceutical SMEs. The detaileticy objectives of the
two National Programs are shown in Table*8.4nd the policy instruments
of both of the two National Programs were fundikighile the National
Science Council was responsible for funding thed&mental bio -
pharmaceutical research in the universities, theafiment of Health should
fund clinical trials, and the Ministry of EconomAdfairs should fund local
pharmaceutical companies to transfer the resuta the projects funded by
the National Programs. In addition, the ‘NationaieBce and Technology
Program for Bio agriculture’ was the only Natiof&logram funding bio -
agricultural research and supporting the developroértocal agricultural
SMES"". The policy objectives of the National Program siewn in Table
6.1 and the policy instruments of the National Paog were also funding.
The National Science Council was responsible fadiiag bio - agricultural
research in universities, the Council of Agricuituand the Ministry of
Economic Affairs should fund local agricultural SKIEo transfer the bio -

agricultural research from universities.

Furthermore, the Law and the Management Act weoenpted to regulate
the safety of pharmaceuticals, medical devices toutl. The policy
objective of the Law’ is shown in Table 6.1, and the policy instruments

were penalties. These initial policy objectives dhd policy instruments,

16 See the goal of National Research Program for @enMedicine:
http://nrpgm.sinica.edu.tw/en/content.php?cat=ag¢e the Official website of the
Program: http://npbp.m-w.com.tw/en/index.php.
7 See the Official website of the Program: httptfiab.sinica.edu.tw/english.php.
'8 See the Law of Pharmaceutical Affairs:
http://dohlaw.doh.gov.tw/Chi/FLAW/FLAWDATO01.aspAksiFL013783
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which, as described in section 5.2.1.3, were prechat 1970 before the
announcement of the Promotion Plan, remained aut$id framework of
the Promotion Plan. Only after 2000 in order toiaoh the general policy
objectives of the Promotion Plan and to encourhgeiinovation of new
pharmaceuticals, the Department of Health execu¢edclauses of the Law,
such as the licenses of new medicines and pharricaetata exclusivity.
The policy instruments of the new clauses wereneeand protection. Only
the new clauses of the Law were promoted underfrdm@ework of the
Promotion Plan. In addition, the policy objectivietloe Management Act is
shown in Table 6.1 and the policy instruments ofgtées and license. The
Management Act, which, as described in sectionl3B3was legislated in
1972, remained outside the framework of the Proomoflan after 2000.
According to the Management Act, the pesticidedaes should get the
first manufacturing license through the ‘Factoryld®l executed by the
Ministry of Economic Affairs and should get the ged licenses from the

Council of Agriculture, through the Management Act.

In fact, the National Programs and the two regoiatpolicies under
consideration here (the Law and the Management wetg not consistent
with each other. While the policy objectives of thational Programs
tended to encourage the innovation of pharmacdsitiaad agricultural

products and to realize the general policy objestiof the Promotion Plan,
the policy objectives of the regulation policiesd dnot prioritize the

development of biotechnology and were not vertycatimplementary to the
Promotion Plan. In addition, the policy instrumeatghe two policies also
had potential inconsistencies. While the NationalgPams used the policy
instruments of funding to support the developmdnpltarmaceutical and

agricultural sectors, the policy instruments of tegulation policies, license

19 See the Official website of the Council for Econioflanning and Development:
http://www.cepd.gov.tw/m1.aspx?sNo=0004392
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and penalties may increase the difficulties of watmn and made the
obstacles for the development of biotechnologyteelasectors. Once the
policy instruments of the two policies were pronabtéogether, the

appropriateness of the two policies is the cemtyaic of section 6.3.

6.3 The evolution of the three biotechnology related sectors and the
appropriateness of the National Programs and regulation policies from

2000 to 2008

In this section we will discuss the evolution ofethhree Taiwanese
biotechnology related NSTIS and the appropriatengisgshe National

Programs and the regulation policies. As we haweniged in section 3.1
the appropriateness of the RTDI policies is a naaerm and different from
sectors, technologies and nations. The three Ilnintdogy related NSTIS,
as we have briefly mentioned in the end of Chaptein fact needed
different appropriate policies. In the followingcsens, we will first discuss
the evolution of the pharmaceutical sector andappropriateness of the
two policies, and afterwards discuss that of thecafjural sector and the

medical device sector.

6.3.1 The pharmaceutical sector

6.3.1.1 The ecology of firms

Between 2000 and 2008, local SMEs were the piltdrennovation and
manufacturing activities in the pharmaceutical @ecthe pharmaceutical
MNCs, which had started to sell their manufactufenglities to local SMEs
since the 1990s, sold out their manufacturing itzesl. In the beginning of
the 2000s the MNCs only operated their marketingsains in Taiwan (Cho,
2001).
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The main business of local pharmaceutical companmess still

manufacturing pharmaceutical intermediaries andegermmedicines. The
knowledge base of these firms was chemical engimgerather than
biotechnology. The knowledge accumulation of thesenpanies was in
manufacturing activities. However, the majority &fms still lacked

resources to do innovation. They mainly targetedldbmestic market and
competed with each other on a price - base. Withtdd technological
capabilities, these firms’ pharmaceutical produetese hard to export to

foreign markets (Development Center of Biotechng)@p07: 585-586).

The most significant ecological change of the plesr@utical sector was the
emergence of new bio - pharmaceutical companiesipgaced with the local
companies which focused on manufacturing pharmaatuntermediaries
and genetic medicines, the new bio - pharmaceutimadpanies had much
stronger research capabilities for biotechnologyg aharmaceuticals and
concentrated on the innovation of new bio — phasutcals. Since the
knowledge accumulation of these new bio - pharmaza@USMESs was still
too weak to compete with MNCs, they usually focusedhe innovation of
Me-Too medicines, rather than new medicines. Furibes, due to the
smallness and limited marketing capabilities ofsth@ew companies they

usually targeted the sales of the domestic maket 2004: 28, 63).

The companies of Chinese herbal medicines also mbdmus progress
during this period. While the majority of companies Chinese herbal
medicines still emphasized the manufacturing aatiwiof traditional herbal
medicines (Development Center of Biotechnology,£284), some larger
companies started to invest in the innovation af herbaceous medicines.
In addition, a group of new companies of Chinegbdlenedicines were set

up in the late 1990s and at the beginning of th@020(Ho, 2004: 220).

169



Since these new companies were established, theghasized the
innovation of new herbaceous medicines. In facty ntempanies and also
larger ones, of Chinese herbal medicines, had é&mginteractions with

academics. The main knowledge base of all thesepanies was the
historical records of Chinese herbs. Modern biatetdgy was mainly used
by the companies to test the reliability of thetdvigal records, to analyze
the functional genes of herbs and to discover tfeets of herbal genes on
human cells. The new herbaceous medicines ususdlg a single extract of
a specific herb. Strict clinical trials were widelgopted in the innovation of
new herbal medicines (Department of Biotechnolog@05: 244-246).

However, due to the smallness and limited marketiagabilities of these

companies, they usually targeted the demands oedtbermarket only.

While biotechnology gradually spilled over in thegpmaceutical sector, the
two pharmaceutical related National Programs atswded to facilitate
pharmaceutical companies to absorb biotechnology tandevelop new
medicines; yet, most of the pharmaceutical companere quite indifferent
to the two National Programs (see below, secti@l&). In fact, the two
National Programs which targeted the new bioteatgiodl or chemical
pharmaceuticals didn’t fit the manufacturing busmeof the firms of
intermediaries and generic medicine whose knowletlgee was the
chemical engineering. While the majority of thesmmpanies were not
incentivized by the two National Programs to dorpheceutical innovation,
only few larger companies of intermediaries andegenmedicines, which
were willing to invest in the innovation of new ®&e-too medicines,
transferred biotechnologies from the two NationabgPams (National
Science Council, 2004). For example, Taiwan Tonggyavhich was one of
the largest companies of generic medicine in Tajwamansferred
Thalidomide (a new chemical medicine for anti -eliwcancer) from the

National Science and Technology Program for Biatetbgy and
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Pharmaceuticals and continued doing Phase Il caintrials (National

Science Council, 2004). Besides, it was in factrtée bio - pharmaceutical
companies and the companies of Chinese herbal medito benefit most
from the two National Programs. With stronger reseacapabilities these
companies were more willing to transfer the biotextbgies from the two
National Programs. For instance, PhytoHealth amiT8n Phototech have
cooperated in the innovation of PDC-748 (a new &lenfiedicine of tussis)
and received full funding from the National Scienaad Technology
Program for Biotechnology and Pharmaceuticals taticoe Phase I

clinical trials®.

We have interviewed three pharmaceutical compawieish transferred
biotechnologies funded by the National Science &chnology Program
for Biotechnology and Pharmaceuticals, includinge diarger (SunTen
Phototech) and one new company of Chinese herbatlicmes

(Pharmaceutical SME A), as well as one new bioarplaceutical company
(Taiwan Liposome Company). All of the companies ahhitransferred
biotechnologies supported by the National SciemeeTe@chnology Program
for Biotechnology and Pharmaceuticals consideredt tthe National
Program positively encouraged them to cooperatd \witademics and
positively increased their capabilities of innoeati However, besides
SunTen Phototech which has not expressed its dliffts, the other two
companies expressed that after they transferredbvitttechnologies they
found it very hard to continuously innovate the biopharmaceutical
products due to the regulations. As described leydinector of R&D of

Taiwan Liposome Company (Intcomph3), the compangndferred
biotechnologies from the National Program for theovation of new bio -

pharmaceuticals, yet the regulatory body, the Buref Pharmaceutical

20 gee the Official website of SunTen Phototech:
http://www.stpt.com.tw/eng/rd_pdc748.php.
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Affairs under the Department of Health, which impknted the Law, was
quite conservative to issue the company license dimical trials.
Furthermore, the president of R&D of another newnpany of Chinese
herbal medicines (Intcomph4) expressed almost &éneesexperience. The
company transferred the biotechnologies fundedheyNational Program
for the innovation of new herbaceous medicines, byetause the Bureau of
Pharmaceutical Affairs was conservative to isswe dbmpany license for

clinical trials, the clinical trials of the compamere slowed down.

6.3.1.2 The knowledge accumulation and the acadeomuenunity

The roles of universities dramatically changed ra2800. Before that
universities were not allowed to directly interagth pharmaceutical firms.
Yet, after 2000, universities were encouraged gy dhlicies, such as the
Mid-term Plans of the four ministries and the NatibPrograms, to transfer
biotechnologies to pharmaceutical companies as rasigossible. Since the
majority of local pharmaceutical SMEs were too sriatlo pharmaceutical
related research by themselves, universities int faardened the
responsibilities to do the majority of researchgluding the research of
small molecule medicine, bio - pharmaceuticals ablinese herbal
medicines. The majority of research topics weresehoaccording to the
research interests of individual scientists. Howewgth the promotion of
the two pharmaceutical National Programs, the $sisnwith related
research interests were gradually encouraged tbledt networks with
each other and to join research which emphasizedadtygets of the two

National Programs.

Besides universities, the public research orgaiozatunder the Ministry of
Economic Affairs and the Department of Health walso involved in the

innovation of bio - pharmaceuticals and tended l&y [intermediary roles
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between universities and pharmaceutical compaikf these research
organizations, including the Industrial Technoldggsearch Institute, the
Development Center of Biotechnology and the Nalid#ealth Research
Institute, tended to transform the basic researom fthe universities to
become applied research, and quickly to transkemjiplied research to the
pharmaceutical companies. The roles of these r@s@aganizations will be

further discussed in section 6.4.

Even if the two National Programs have been dicedi® encourage
academics within the universities to transfer hibtelogies to

pharmaceutical companies as much as possible, any mcademics were
incentivized and the results of the majority of tiesearch funded by the
two National Programs remained in universitiesheatthan transferred to
the pharmaceutical sector. As described by a psofesf Chinese herbal
medicines involved in the National Science and metdgy Program for

Biotechnology and Pharmaceuticals (Intac3), the Naiional Programs
incentivized some scientists to collaborate witltcheather and to join
research projects which focused on the pharmaedwisearch of the four
selected diseases. Moreover, from his perspectigeNational Programs
also aroused the entrepreneurships of some acasle@nit increased the
incentives of these academics to transfer theirhnelogies to

pharmaceutical companies. However, as describedhéyleader of the
National Research Program for Genetic Medicineefdd}, besides a small
group of scientists, many scientists funded by Nagional Program were
very reluctant to transfer their results to pharewgical companies. In other
words, many academics were still not incentivizegdtie two National

Programs to transfer the technology.
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6.3.1.3 The roles of the government: the approgmieds of the National

Programs and the Law

In this section we discuss the roles of the Taiwangovernment through
analyzing the appropriateness of the National Rrogrand the Law. In the
following paragraphs we will discuss the appropmass of National
Programs and the Law first, and the appropriateéshe two policies

afterwards.

The policy objectives and the policy instrumentsttad National Research
Program for Genetic Medicine, as we are going towslbelow, were

appropriate; yet, once being implemented, the Matid’rogram did not
generate appropriate support to the pharmaceuN&allS. As we have
described in Table 6.1 the policy objectives of Meional Program were
‘to integrate limited resources’, ‘to capitalize the knowledge embodied in
the human genome’, and ‘to act as an initiator tfoe local biomedical

industry’. The extent for the National Program totégrate the limited

resources’ will be discussed in section 6.4.2.4weieer, the National

Program which tended to ‘capitalize on the knowkdand ‘to act as an
initiator for the local biomedical industry’ in fadended to support the
knowledge accumulation in genetic research andluster the networks
between academics and companies. As discussedtiors2.4.1, modern
biotechnology is science - based and developedughrdanteractions of

actors in the network, i.e. scientists and commaes the universities still
did the majority of research and the local pharmtacal SMEs lacked

resources to fund their own innovations, the ineehdlustering of networks
between the university and industry, in order toeterate the technology
diffusion from the universities to companies andstpport the knowledge
accumulation in the companies, was indeed appiepfa the Taiwanese

pharmaceutical NSTIS. The policy instruments whi@lnded both
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universities and pharmaceutical companies to egpland accumulate

knowledge of genetic therapies were also apprapriat

Yet, the National Program was not effective. Beeanfsthe time-lags of the
National Program, we are unable to observe the-teng effects of the

National Program. However, some economic indicagush as the number
of papers publishes from the results of the prejéehded by the Natioanl
Program, are able to show short-term effects whrehclearly caused by the
National Program. These short- term effects are &blhelp us to observe

the extent for

Table 6.2: The performance Nftional Research Program for Genomic Medicine and
the National | numbers of pharmaceutical companies from 2002 63 20
Prog ram to || Year Papers Patent Patent Technology | Talents Number of

published | applied | obtained | transfer educated | pharmaceutical

appropriately companies

2002 86 3 3 0 299 425
match the 2003 222 21 7 2 376 429

2004 | 354 48 9 5 419 414
pharmace utical 2005 | 531 11 6 1 338 419

2006 | 216 7 10 10 600 328
NSTIS. Table || 2007 | 402 14 11 15 340 321

* Sources: Science and technology Yearbook (2008)eBhnology Industry in Taiwan (from
6.2 shows the| 2001t 2009)
economic index

of the National Program published by the NationaéSce Council in terms
of papers published, patent applied, patent obdaitechnology transfer,
talents educated and number of pharmaceutical coiegpaOn the basis of
the statistical data shown in Table 6.2, in eadclr y@m 2002 to 2007 the
National Program only transferred O to 15 biotedtbgies to the

pharmaceutical sector. The number of companies hwhmansferred

biotechnologies funded by the National Program atigired 0 % to 4.6 %
of the total of pharmaceutical companies. Under dbedition that more
than 95 % of pharmaceutical companies did not teanisiotechnologies
funded by the National Program, it was hard for iegtional Program to
claim that it was successful ‘to act as an initidtr the local biomedical

industry‘. Furthermore, from 2002 to 2007 in eackary the National
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Program only obtained 3 - 11 patents. The extenthfie National Program
to ‘capitalize on the knowledge embodies in the &Gorgenome’ was in fact
very limited. Nevertheless, besides the quantiéa¢i®onomic index, we also
collected some qualitative data through our inma with the leader of the
National Program (Intex4) and the project managethe Office of the

National Program (Intad4). According to the intewees the National
Program did encourage some scientists to do odlisigargenetic research
and encouraged a small group of scientists and all shnumber of

pharmaceutical companies to collaborate with eadhero through

technology transfer. In another words, the Natidralgram, to some extent,
appropriately encouraged the knowledge exploitabbrbiotechnology in

universities and encouraged some academics anthpbautical companies
to cluster networks. Although in the short term #wnomic index didn’t

show the appropriateness of the National Progranthé long term the
National Program may be able to appropriately stpipe@ development of
pharmaceutical NSTIS in the future. In summary, gibéicy objectives and
policy instruments of the National Program wererapgate, yet after being
implemented, at least in the short term, the Nalidirogram had very

limited support to the pharmaceutical NSTIS.

The policy objectives and policy instruments of tHational Science and
Technology Program for Biotechnology and Pharmacaist as shown
below, were also appropriate; yet, the NationalgPham generated very
limited appropriate support for the developmenpbérmaceutical NSTIS.
As we have described in Table 6.1 the policy objest of the National
Program were to ‘gather all the allocated fundiaated to biotechnology
and drug R&D’ of the three ministries and ‘to intefg the co-operation
among industry, government, academics and thetutesti. The extent for
the National Program to ‘gather all the allocatedding’ will be discussed

in section 6.4.2.4. As the modern biotechnology waseloped through
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interactions of actors and both scientists and @mgs are important in the
innovation of biotechnology, the National Programhich sought ‘to
integrate the co-operation among industry, govenmmecademics and the
institutes’, in fact tended to cluster networkswen different actors. The
policy instruments of the National Program whichndad both the
academics and pharmaceutical companies in ordamdourage interactions
and the knowledge accumulation of bio - pharmacalgion both sides
were also appropriate. However, on the basis ofgthentitative economic
index published in the Science and Technology Bzaok (2008:348-362),
from 2005 to 2007 the National Program has totahgnsferred 10
biotechnologies to the pharmaceutical sector. Tureber of pharmaceutical
companies which transferred biotechnologies fundsd the National
Program only weighted 4 % of the total number ofarpiaceutical
companies. Under the condition that more than 9&f ¥he pharmaceutical
companies didn’t transfer technologies funded ke National Program, it
was difficult for the National Program to claim th& successfully
encouraged the cooperation between the academicndustry. Besides,
we have collected the qualitative data throughirtkerviews with the leader
(Intex5), the officer of the National Program (ld%d, the pharmaceutical
companies (Intcomph2, Intcomph3, Intcomph4) andatademic (Intac3)
involved in the National Program. According to teomterviewees, the
National Program did encourage the collaboratiowben some academics
and a small number of pharmaceutical companiesn Eva the short term
the economic index didn’t show the appropriatectffen the long term the
National Program may be able to appropriately supibe development of
pharmaceutical NSTIS. In sum, the policy objectigad policy instruments
of the National Program were appropriate, but thatidvial Program
generated limited appropriate effect on the phaeutcal NSTIS, at least

in the short term.
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The policy objective and the policy instrumentglod Law, as we are going
to show below, were inappropriate and only the gyolpurpose and the
policy instruments of the new clauses of the Lawenagpropriate; once all
clauses of the Law being implemented, the Law digaherate appropriate
support to the pharmaceutical NSTIS. The policyeotiye of the Law, as
described in Table 6.1, which intended to ‘reguldbe safeties of
pharmaceutical affairs’ through penalties, in faatl no intention to support
the knowledge accumulation, to cluster actors or etecourage the
innovation of pharmaceutical products. As we haiseubsed in section
5.2.1.3, the majority of the clauses of the Lawdkged in 1970 in order to
control the manufacturing and the quality of metksi. From 1970 to 2000,
the policy objective and the policy instrumentsha# Law were not changed.
Only after 2000 the new clauses of the Law weréslatpd to follow the
general policy objectives of the Promotion Plan @aadencourage local
pharmaceutical companies to be involved in the wation of new
pharmaceuticals and new bio — pharmaceuticals.pbliey purpose of the
new clauses of the Law was appropriate, becausénttodvement of the
pharmaceutical companies facilitated the knowleddtision of modern
biotechnology in the pharmaceutical sector. Moreovthe policy
instruments of the new clauses which licensed aralegted the data
exclusivity of the new pharmaceuticals and new-batarmaceuticals also
encouraged the involvement of pharmaceutical coiepan the innovation
of modern biotechnology and were appropriate. Yetice being
implemented, according to the descriptions of threctbr of R&D of
Taiwan Liposome Company and the president of R&OPbarmaceutical
SME A (Intcomph3, Intcomph4), the implementatiordpof the Law was
conservative to issue the license for clinicall¢riand to some extent,
discouraged the pharmaceutical companies to ineawatv pharmaceuticals.
In other words, even if the policy purpose and@oinstruments of the new

clauses of the Law were appropriate, once beingeimented, the new
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clauses didn’t appropriately support the develogneérhe pharmaceutical
NSTIS. We will further discuss the implementationtioe Law in section

6.4.3.3.

While the two National Programs and the Law werenmted together,
according to our interviews with the three pharnuéical companies which
transferred the biotechnologies from the projeadfd by the two National
Programs, the limited appropriateness of the twbdNal Programs was, to
some extent, reduced by the promotion of the LafterAhe promotion of
the two policies, the Taiwanese government in faatl no obvious
appropriate support to the development of pharnta@@NSTIS. We will

further discuss this issue in section 6.4.

6.3.2 The agricultural sector

6.3.2.1 The agricultural innovation system durinig period

The innovation system of seeds and livestock wasluglly transformed
during this period. The Agriculture Stations sfilayed significant roles in
the innovation of new seeds and new species oftlwk. Traditional

biotechnology of hybridization was adopted by thgsaglic research
organizations to improve the genes of both seedsliaastock, and the
modern biotechnology of genetic modification wasyarsed to improve the
genes of the seeds. Through the Farmers’ Assogjdi@ majority of the

innovated seeds and the youngling of new livestwbich were improved

by the traditional biotechnology of hybridizatiorexe given to farmers for
free. Nevertheless, the seeds improved by modetedinology of genetic
modification were cultivated in field trials onlyd were not allowed to be

disseminated outside the research organizations.
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Private SMEs still played supplementary roles ia thnovations of seeds
and livestock. Even though the knowledge for theegie modification of
seeds has been plentifully accumulated in pubBeaech organizations and
universities for many years, larger private seednmanies, such as
Knownyolf?, insisted to use the traditional biotechnologyhgbridization
to improve the genes of the seeds. The main refasdhis was the market.
Since these private seed companies tended to ettygartseeds to foreign
markets such as Japan and South East Asian cayninese companies
tended to strictly keep their products as ‘no GMeds (Intex6). In fact, it
was the new agricultural SMEs set up after 2000 taedagricultural trade
companies to invest in the innovation of GMO, egbcin the non - edible
GMO.For example, Taikong, an agricultural trade compaitgrted to sell

its first GM products in 2001

In the industries of food, pesticide and fertilizeoth the public company
and the private companies adopted biotechnolodieair products. Taiwan
Sugar Corporation was still public and the largestnpany of food,
pesticides and fertilizers. Modern biotechnology swased by the
corporation to extract the functional ingredientsni Chinese herbs and
further process these herbal ingredients into theédma®. The knowledge
base of the herbal food was totally the same asktimsvledge base of
Chinese herbal medicines. Without doing strict ichh trials, the
corporation only sold its herbal products as hefbadl, rather than Chinese

herbal medicines and supplied the domestic demd@esdes, the private

2L See the Official website of Knownyou:
http://www.knownyou.com/index.jsp?bodyinclude=ahmlitody6.jsp&knownyounews=kn
ownyounews2.jsp.
2 See the interview with the CEO of Taikong:
http://www.biotaiwan.org.tw/download/structure4/98a8A%89%E7%BF%A0%E7%8E
%B2/%E5%B0%88%E8%A8%AAYEI%82%B0%E6%B8%AFYET7%AT %I B8%BAY
80%E8%82%A1%E4%BB%BD%E6%9C%89%E9%99%90%E5%85%ACYIHERHEB 8(
200809).pdf
% See the information of the products of Taiwan S@grporation:
http://www.taisugar.com.tw/chinese/Productsinfo exaspx?n=10026
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food companies also used biotechnology in the iatiom of herbal footf.

Moreover, the new companies of pesticides andifts which were set up
after 2000 continuously utilized biotechnologiestlir products of bio -
pesticides and bio - fertilizers (STRIC, 2006: 3Ihe majority of these
firms targeted the domestic market. However, somghe firms gradually
started to search for opportunities in the foreigarkets, including Japan,

EU, China and South East Asian countries (Intcohag5

While modern biotechnology, such as the technotog® genetic
modification and extraction, gradually spilled owerthe agricultural sector,
the National Science and Technology Program for &gpiculture also
tended to facilitate agricultural companies to absbiotechnology; yet,
only part of the companies were eager to transfegethnologies from the
National Program. For the companies of seeds amdtbck, the National
Program, which targeted the modern biotechnologiels genetic
modification rather than traditional hybridizatiatid not get much support
from larger companies. As described by the CEO gficultural SME B
(Intcomag4), since the governments of Taiwan andtlfSdzast Asian
countries didn’t allow the trade of GM seeds, tlepany didn't see the
market. Therefore, the company had no incentivestremsfer the
biotechnology of GM and invest in the innovation@f seeds. Indeed, it
was the new agricultural companies or the agricaltirade companies
which were willing to invest in the innovation oM® to benefit most from
the National Program. For example, Taikong was éanly the National
Program to innovate GM ornamental fish (Intcomag®)addition, for the
companies of food, pesticides and fertilizers, pilblic and private
companies which were willing to invest in the inatens of herbal food,
bio - pesticides and bio - fertilizers were bertefltby the National Program.

For example, an Agricultural public company A waaded by the National

24 See the websites of Simpson: http://simpsonbi@tschbuy.com/front/bin/home.phtml.
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Program to cultivate gentians in Taiwan. Gentians vike herb which
originally grew in China and was imported to Taiw&ince gentian was
frequently used by the Taiwanese companies of fmudl Chinese herbal
medicines, the National Program hoped that the emmpvould plant the
herb in Taiwan and reduced the reliance on Chinge¢imag2). Moreover,
Advanced Green Biotechnology was also funded byNhatonal Program
to innovate the manufacturing process of bio -ipes and bio - fertilizers

(Intcomag5).

We have interviewed three companies which transfetsiotechnologies
within the National Program, including one compafythe innovation of

GMO (Taikong), one public company of food, pestwsdand fertilizers
(Agricultural public company A), and one privatengeany of bio -

pesticides and bio - fertilizers (Advanced Greent&hnology). All three
companies expressed that even though they traedfdyiotechnologies
funded by the National Program, they suffered grddtficulties for

commercialization because of the regulation pdidier food safety. As
described by the vice - president of R&D of Taikofigtcomag6), the
Taiwanese government had no regulations for nodiblee GMO, and the
international regulations were not applicable inwEea. The company was
only able to sell its GM ornamental fish in the dmstic market. Yet,
because the company got no licenses in Taiwanag mpossible to get
licenses from the government of EU countries ampédaThe company was
then totally excluded from the main internationahrkets. Moreover, as
described by the Director of R&D of the public ccamy of food, pesticides
and fertilizers (Intcomag2), even though the comypamas funded by the
National Program and successfully cultivated gentia Taiwan, the

company was forbidden by the Council of ChinesebHieMedicine under
the Department of Health to sell its products. Adowg to the perspective

of the Council, the historical records of the harbre based on the ones
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grown in China. The company was unable to demaesiifathe herbs
cultivated in Taiwan had the same functions asahes grown in China.
Therefore, the sale of the gentian cultivated inw&éa was forbidden.
Furthermore, as expressed by the Assistant Manaig&dvanced Green
Biotechnology (Intcomag5), even though the comphay transferred the
biotechnologies of fermentation funded by the Nalo Program to
manufacture bio - pesticides and bio - fertilizéin® company was unable to
get a license from the Bureau of Animal and Plaetlkh Inspection and
Quarantine to manufacture its products in Taiwarccokding to the
Management Act, the company should provide the dftaxicology to the
Bureau. Since the company was unable to providecmuit data, it got no
license. The company finally gave up all the maatufang activities in
Taiwan and turned to manufacture in South EastrAstauntries. In sum, the
agricultural companies which transferred biotecbgyl funded by the
National Program in fact encountered various proBle of
commercialization because of different agriculturegulations. Instead of
discussing the policy - making process of variogscaltural regulation
policies, we will discuss the case of the Managamenin-depth in section

6.4.

6.3.2.2 The knowledge accumulation and the acadeomgnunity

The universities gradually established a networkthwagricultural

companies during 2000 to 2008. Before 2000 unitiesswere not expected
to directly interact with agricultural companies.owever, after 2000
universities were encouraged by policies, such ad-tetm Plan of the
Council of Agriculture and the agricultural Natidrfarogram, to transfer
biotechnologies to private agricultural companies rauch as possible.
While the knowledge of modern biotechnology wasckiyi accumulated

within universities, the research topics of the oty of research were
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decided by the research interests of individuarggts. With the promotion
of the National Program after 2000, the scientistthe universities were
gradually encouraged to establish networks withheaiher and to join

research projects.

The Agriculture Stations continued accumulating khewledge of modern
agricultural biotechnology. However, the Nationatogtam gradually
changed the roles of these public research orgamizain the innovation
system of seeds. Before the promotion of the Nati®nogram all the seeds
and livestock innovated by the public research mimgdions were
transferred to farmers for free. Yet, after thenpotion of the National
Program, as long as the Agriculture Stations joiinetthe projects funded by
the National Program, the biotechnologies innovatedgriculture Stations
should be sold to private companies rather thamsteared to farmers for
free. In addition, farmers were gradually encoudatge buy the seeds and
new species of livestock from private companieshsas the seeds of GM

orchid.

Even though the National Program encouraged acagetmitransfer their

technologies to agricultural companies, many resaflthe research projects
funded by the National Program were kept in thevensities. As described
by a professor of horticulture involved in the Natl Program (Intac2), the
National Program indeed encouraged collaboratigearh projects across
universities. Yet, from his perspective, the NatloRrogram was not very
different from the research projects which puretgairaged academics to
do fundamental bio - agricultural research. As asknowledged by the
leader of the National Program (Intex6), in pragticmany results of the
research projects funded by the National Programe sgll in universities

rather than transferred to agricultural companies.
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6.3.2.3 The roles of the government: the approgmieds of the National

Program and the Management Act

The roles of the Taiwanese government were judgetthd appropriateness
of the National Program and the Management Act.tHa following
paragraphs we discuss the appropriateness of thenldbaPrograms and the

Management Act first, and then discuss the appatgmess of the two

policies.
The Table 6.3: The performance Nftional Science and Technology Program for Bidcadfure from
2003 to 2007
National
Year Papers Patent Technology Academic Number of
Science published obtained | transfer conferences| agricultural
companies
and 2003 246 5 2 10 63
2004 413 4 11 7 57
Technolog
2005 202 9 29 15 73
y Program || 2006 286 9 18 30
. 2007 392 13 22 27
for  Bio
* Sources: Science and technology Yearbook (2008}eBhnology Industry in Taiwan (from 2001 to
H 2009
agriculture, )
as

discussed below, had appropriate objectives andtypahstruments, and
after being implemented, the National Program,dmes extent, generated
appropriate support to the development of agricaltMSTIS. As we have
described in Table 6.1, the policy objectives af National Program were
to ‘fully utilize all the existing R&D resources tdevelop cutting-edge
agricultural biotechnology in the Asian-Pacific i@ts’, ‘to develop
value-added agricultural products’ and ‘to directademic / industrial
interaction and cooperation’. The extent for theidtel Program to ‘fully
utilize all existing R&D resources’ will be discegkin section 6.4. However,
the National Program, which aimed to develop valw&ded agricultural
products and to direct academic / industrial irdoa and cooperation, in

fact intended to encourage the innovation of adiucal products and to
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cluster the networks between actors. The intemastibetween actors,
including scientists and agricultural companiese amportant for the
innovation of modern biotechnology. The agricultulsactor was strongly
guided by the public sector. Yet, the private agtiral companies played
more and more important roles in the innovation eoshmercialization of
agricultural biotechnology. Since the universitiee Taiwan have
accumulated rich knowledge of modern biotechnolaggl the majority of
private agricultural companies were too small td(R&D by themselves, the
policy objectives of the National Program whichded to cluster networks
between universities and companies in order tolaate the knowledge
accumulation within the agricultural SMEs indeegrapriately matched
the development of agricultural NSTIS in TaiwaneTgolicy instruments of
the National Program which funded both the univesiand agricultural
companies were appropriate, because the policgumsints encouraged the
knowledge accumulation of modern biotechnologyathlof the actors. Yet,
after being implemented, the National Program diduolly achieve its
policy objectives. Table 6.3 shows the economicexnaf the National
Program published by the National Science Coundiérms of the numbers
of papers published, patent obtained, technologynster, academics
conferences and the agricultural companies. As shiowthe table from
2003 to 2007, every year, the National Programsfteared 7 to 29
biotechnologies to agricultural companies. The neind§ agricultural firms
which got technology transfers weighted as mucB @s40 % of the overall
agricultural companies. Under the condition thathm particular years there
were 40 % agricultural companies that transferretebhnologies from the
research projects funded by the National ProgramNational Program, to
some extent effective, ‘to direct academic/indastrinteraction and
cooperation’. There was no clear economic indeshimw the extent for the
agricultural companies to ‘develop value - addedcagural products’.

Therefore, we are unable to judge if the NationedgPam achieved its
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policy objective to ‘develop value-added agricudluproducts’ or not.
However, besides the economic index, we also delifequalitative data
through our interviews. According to our interviewgh the leader of the
National Program (Intex6), three agricultural compa (Intcomag2,
Intcomagb, Intcomag6) and one academic (Intac)lvwed in the National
Program, all the interviewees explained that theddal Program positively
encouraged their coordination with each other. @loee, in the long term,
such cooperation between academics and industry coafribute to the
agricultural NSTIS to develop value - added progutit short, after being
implemented, the National Program did not perfectglize its policy
objectives, but to some extent, appropriately nmedcthe development of

agricultural NSTIS.

The Management Act, as we are going to analyzewhalan't process
appropriate policy objectives and policy instrungenand generate
appropriate supports. As we have described in Taldlethe Management
Act was to ‘strengthen the management of pestitidhesugh the policy
instruments of penalties and license. As we hagerdeed in section 5.3.1.3,
the Management Act was legislated in 1972 to coéntne quality of
chemical pesticide. At the time, there was no lestggide. However, the
Management Act was not adjusted for the developroériio-pesticide.
The policy objective and policy instruments in fawd no intention to
support the knowledge accumulation and diffusiomofiern biotechnology
in the agricultural sector. Once being implementadcording to the
descriptions of our interviews with the Assistanamager of Advanced
Green Biotechnology (Intcomag5), the Management iAdiact increased
the barriers of cooperation between actors anddrsged the innovation of

the bio - pesticides.

While the National Program and the Management Aetewpromoted

187



together, on the basis of our interviews, the appateness of the National
Program, which in general was appropriate to theadycs of the
agricultural sector, was to some extent reducedhleypromotion of the
Management Act. After the promotion of the two pi@s the Taiwanese
government in fact had only limited appropriate gup to the development

of agricultural NSTIS.

6.3.3 The medical device sector

6.3.3.1 Knowledge base and the development ofdti®is

Between 2000 and 2008 the local SMEs of Class licakdevices (such as
swabs, surgery dressing and injection) still playeportant roles within the
medical device sector. The main knowledge baséede companies was
still the technologies of textile, plastic, machinand ICT. Biotechnology
was seldom adopted by these companies. The maimesgsof these
companies was manufacturing, and the majority adseéh companies’
products were exported to foreign markets. Thesasfiusually competed
with each other on a price - base. To reduce teeafananufacturing, some
companies of Class | medical devices, such as dngpanies of surgery
gloves, have moved their factories to China (IndaisTechnology Research

Institute, 2007: 1-5).

The companies with the fastest growth within thediced device sector
were the local SMEs of Class Il electronic medidalvices. The main
knowledge base of these firms was machinery anciref@c engineering.
The main business of the firms of Class Il mediclvices was
manufacturing higher value - added equipments whiele outsourced by
MNCs. The main products included electronic bloogspure meters,

electronic sugar meters, electronic wheelchairs smdn. The majority of
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the products were exported to foreign markets. dssmanufacturing, parts
of firms have developed more and more mature chpedito sell the
products by their own brands and do research inr thempanies.
Nevertheless, the collaboration between firms wae.rThe majority of
Class Il medical device companies competed sevevithy each other, not
only in the domestic market, but also in the ovessearkets. Moreover, to
minimize the cost of manufacturing, lots of compeanstarted to move the
lower end manufacturing activities to China (Indiast Technology
Research Institute, 2007: 1-5). Besides the conegamii biochips (like Dr.
Chip and Pharlanx) which integrated ICT and biotedhgy together, the
majority of the companies of Class Il medical devididn't adopt

biotechnology in their products.

While the companies of medical devices had onlyitéich applications of
biotechnology, there was no National Program tadlifate medical device
companies to absorb biotechnology; and only the kea® promoted to
regulate the safety of the medical devices. We hatezviewed three local
SMEs of Class Il medical devices which have beevolued in the
promotion of the Law and its affiliated adminisivat rules. Only the
Assistant vice - president of Medical Device SME®Wcommdl) expressed
that the Law did not increase any obstacles forctmepany’s business. The
Directors of R&D of the other two medical devicargmanies (Intcommd2,
Intcommd3) have both explained that the Law haseesed their obstacles
for commercializing their products. As describedtiy Director of R&D of
Medical Device SME B (Intcommd2), the Bureau of imaceutical Affairs
under the Department of Health checked the quadityevery single
electronic thermometer of the company. The afBliaadministrative rules
of the Law not only seriously delayed the timing éommercialization, but
also heavily increased the costs of the comparsinMar perspective was

shared by the Director of R&D of Medical Device SME (Intcommd3).
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His opinion was that the Bureau of Pharmaceutic&his was quite
conservative to issue licenses to the new prodatt€lass Il medical
devices. Therefore, the company’s sales in the domenarket were

seriously delayed.

6.3.3.2 The roles of universities and public resleanstitutes

The universities which focused on the basic re$edidn’t play significant
roles in the innovation of Class | medical devidast had more and more
collaboration with the companies of Class Il mebidavices (Industrial
Technology Research Institute, 2007: 4-7). Throwggihnology transfer the
knowledge of ICT and machinery accumulated in tmiversities was

gradually spilled over to the medical device sector

Besides, the public research organizations alsele@ated the technology
transfer to Class Il medical device companies. Toles of the Metal
Industrial and Development Center were progresgivtlanged. Before
2001 the companies of Class Il medical devices waly indirectly
supported by the Center through the projects ofpstjmg machinery
companies. However, after 2001, the Center haggnéred the importance
of the development of Class Il medical devices. Tsater then set up a
new branch in the Southern Taiwan Science Parloggehized six SMEs to
form a new R&D consortium to innovate man - madegt In addition,
the Industrial Technology Research Institute undlee Ministry of
Economic Affairs continued supporting the R&D corson of six biochip

companies, the ‘Clinical Biochips IndustrializatiGonsortium?.

% See the Official website of Metal Industrial andviglopment Center:

http://www.mirdc.org.tw/manual/History01.aspx?st§=@nd the news of the Center:

http://www.mirdc.org.tw/news/News01_detail.aspx?8yp&cond=1354&Source=1&sty=

02.

% See the Official website of the Consortium: hitpww.bel-series.org.tw/cbic/About/.
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6.3.3.3 The role of the government and the appatgmess of the Law

In this section the roles of the Taiwanese goveninage analyzed by the
appropriateness the Law and its affiliated adnmaiste rules. As we have
described in section 6.3.1.3, the policy objectwel policy instruments of
the Law in fact had no intention to encourage tm@ovation of modern
biotechnology and to cluster the network of act&gen though the Law
was amended to add new clauses to support the oenenht of the

pharmaceutical sector, the Law was not amendeag@d00 to 2008 to
match the development of the medical device se@&ocording to the

interviews of the Director of R&D of Medical devi@MVE A and SME B

(Intcommd2 and Intcommd3), the Law and its afféddt@administrative rules
in fact discouraged some of the medical device @mgs to innovate new
medical device products and commercialize thesdyats. Therefore, for
the medical device sector, the support of the Lamained inappropriate

and thus did not have appropriate supports toghts

6.4 The policy-making process of National Programs and regulation

policies

6.4.1 Introduction

According to our discussion in section 6.2 and ieac6.3, the policy

objectives and the policy instruments of the NatloRrograms and the
regulation policies were not consistent with eatheg and once being
implemented together, the two policies did not panthe same direction,
and they were very difficult to generate approgriaupports to the
development of the three NSTIS. Since we assuntethirapolicy-making

process is the root which shapes the consisteangsppropriateness of the

two policies, in this section, we will apply the noeptual framework
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established in Chapter 3 for opening the black-bbxhe policy-making
process of the two policies. However, before wethig, we will first
identify the institutions and actors inside andsalg the government which

influence the policy-making process.

Inside the Taiwanese government, from 2000 to 2€88 government was
the divided government, and the actors inside theegnment included the
elected politicians, the congressmen of the opjposiparty, and the
administrators in the four ministries. While thesfiimn of the President was
held by the Democratic Progressive Party, the ntgjof the Legislative

Yuan (the congress) was controlled by the opposiparty, Kuomintang. It

was very difficult to get approvals in the congréssthe policy proposals
issued in the name of the President. Furthermormhirwthe executive

branch, as we are going to show in the followincfises, it was in fact the
cabinet rather than the president to make the fgigni decisions of the
biotechnology and related sectoral policies. Nénedeiss, the horizontal
coordination within the cabinet was difficult, atfte vertical coordination

between the elected politicians and administrat@s also insufficient.

Outside the government, each of the three biotdoggaelated NSTIS had
different external stakeholders. The pharmaceutisattor had eight
pharmaceutical associatidhisand only one had MNCs as members while
the other seven were composed of local SMEs. Tiemtssts embedded in
the pharmaceutical NSTIS included the academicskiwgr in the
universities and doing the research of bio-pharmécas and Chinese
herbal medicines. The agricultural sector, untib0had no influential

association operating on a national base, andcikatssts in the agricultural

%" including the International Research-based Phaentaal Manufacturers Association,

Taipei Pharmaceutical Agents and Distributors’so&gation, Taiwan Pharmaceutical
Manufacturer's Association, Chinese AssociatiorPfloarmaceutical Agents, National
Pharmaceutical Chinese Association, Chinese Phautieal Manufacture and
Development Association, Taiwan Generic Pharmacalufissociation, and Taiwan
Pharmaceutical Marketing and Management Association
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NSTIS included the ones working in the universiti@s in the public
research organizations and doing the researchnaftigemodification and so
on. Finally, the medical device sector had only @ssociation, Taiwan
Medical and Biotech Industry Association which wasmposed of local

SMEs.

In the following sections, we will discuss the pglimaking process of the
National Programs first and discuss which of thgulation policies

afterwards. Since the institutional structure @ thur ministries shown in
Figure 6.2 is useful for us to understand the pefiaking process, we will
frequently refer to the Figure. Moreover, on theibaf our discussions in
section 3.3, we divide the policy-making procesgsha two policies into

four stages, agenda-setting, deciding, implementatind evaluation. The
political institutions of the policy-making proces$ the two policies are
shown in Figure 6.3, and the details of the politgking process are

discussed in the following sections.

Figure 6.3: Policy-making process of the Nationmalglams and regulation policies

National Programs

Agenda-setting Deciding Implementation

COA MOEA COA
NSC DOH DOH

DOH

\ NSC f Ly é MOEA \‘ NSC Z MORA
N b N

ac: Pharm/Agri rep COA Indi Pharm 2 ‘\

rep IAgri com indiaca Indi Pharm/Agri com

Regulation policies

Agenda-setting Deciding Implementation
Pharn Indi Indi
Pharr Agri LY asso DOH pharm Agri
asso com com com
X f Ny
\ Y LY <I>
DOH coA DOH COA
COA

* Abbreviations: NSC=National Science Council , DOtHe Department of Health, MOEA= the Ministry of Bemnic Affairs, COA= the
Council of Agriculture, LY= Legislative Yuan, phaspharmaceutical, agri= agricultural, indi=individueom= company, asso=association

193




6.4.2 The cases of the National Programs

6.4.2.1 The stage of the agenda-setting

6.4.2.1.1 Introduction of the stage

The stage of agenda-setting of the three NatioradrBms was the stage for
the leaders of the National Programs to decideatiendas of the policy
proposals of these National Programs. Accordingotm discussion in
section 3.3.2, the stage of agenda-setting is yeeyluence by two
independent variables, the horizontal inter-mimiatecoordination and the
involvement of external stakeholders. In this setctiwe will focus on the
influence of the two independent variables on tlmststencies and

appropriateness of the three National Programs.

The leaders of the three National Programs indezr@ Whe most important
elected politicians to decide the agendas of theoNal Programs, even
though the agendas of the National Programs wese ifiitiated on the
ministerial level. As described by the Minister thie National Science
Council (Intex?2), it was the Minister of the Courtci initiate the agendas of
the three National Programs. The mpurposes of the National Programs
were to better integrate the R&D resources of th@-fdrm Plans of the four
ministries and to invest these resources in theareb which had the
potential to be transferred to the industries. Adiow to the proposition of
the Minister of the Council, each ministry shoufapeopriate 15% budgets
of its own Mid-term Plan to the National Programbe National Science
Council was responsible for coordinating the ofifieee ministries to form
the inter-ministerial consensus for the policy chbjees and the policy

instruments of the National Programs and to hotealncoordinate with
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each other under the framework of the National Rimg. As the policies
under the Promotion Plan, the policy objectivesha National Programs
should be vertically complementary or at least ¢unitradict to the general
policy objectives of the Promotion Plan. The propos of the Minister of
the National Science Council, as described by theigtér of the Council
(Intex2), got the agreement of other Ministers. &bwer, since
pharmaceuticals and agriculture were considerdmktthe two sectors with
the highest potential for future growth, the intenisterial consensus was
achieved that the resources of the National Progrsimould be invested in
the bio-pharmaceutical and bio-agricultural reseand the results of the
research should be transferred to local pharmadutnd agricultural
SMEs. However, as expressed by the Minister ofGbancil (Intex2), the
Ministers of the four ministries only decided thengral directions for the
National Programs. In practice, it was the leadémsach National Program
to decide the detailed agendas of each Nationagr&mg including the
concrete policy objectives, policy instruments, ahe@ targets of each
National Program. Each leader was nominated anegd&dd by the
Minister of the Council to represent the Council tormulate
inter-ministerial consensus and to select agendas.leaders, according to
the name lists published on the official websitéstie three National
Programé®, were originally the senior scientists in univees, public
research institutes and Academic Sinica. They pldle role as the elected
politicians and served in the National Programsagpart-time base. They
held no formal positions within the governmentiwe pharmaceutical or the

agricultural sector.

Although pharmaceuticals and agriculture were tugtirttt sectors, under
the coordination of the National Science Countie agendas of the three

National Programs were set by almost the same gsodgach of the two

% See the name lists for the leaders of the threh Programs.
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pharmaceutical National Programs established ariSge€ommittee and a
Consulting Committee. The agricultural National dteon established a
Steering Committee and a Project Committee. TheQammittees in each
of the National Programs had similar functions.d&scribed by the leader
of the National Research Program for Genetic Medic{Intex4), the

Steering Committee played the role to give the ganadvice to leaders,
and the leaders should transform these generatedvio concrete policy
objectives and policy instruments. In addition, @ensulting Committee or
the Project Committee played the roles to helpdesatb review the detailed
policy proposals and to give leaders advises ferdétails of these policy
proposals. In principle, the leaders should folltwese advises of the
Consulting Committee or the Project Committee tkendetailed agendas.
The interactions between the leaders and the meamiverthese two

Committees in the stage of agenda-setting are ibesicbelow.

6.4.2.1.2 The agenda-setting of the two pharmazautiational Programs

The Steering Committee and the Consulting Commitk¢he National
Research Program for Genetic Medicine were infiaétd the decisions of
the leaders. The Steering Committee was chairethéyMinister of the
National Science Council and recruited 19 membeargluding 9
government officials, 7 academics and 3 pharmacautiepresentatives.
According to the name list published on the offisiebsite of the National
Program®, the 9 government officials included the two vid@isters of the
National Science Council, the vice-Minister of thnistry of Economic
Affairs and the vice-Minister of the DepartmentHiéalth. The 7 academics
were the principals of the universities particijgbie the National Program,

and the 3 pharmaceutical representatives includedCEOs of three new

29 See the name list for the Steering Committeeb@National Research Program for
Genetic Medicine: http://nrpgm.sinica.edu.tw/menstygnp ?team=3&#t.
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bio-pharmaceutical companies. According to the djgson of the leader of
the National Program (Intex4), the government aifscand academics were
recommended by the ministries and participatingvensities, and the
pharmaceutical representatives were recommendethéoyeaders. The 3
CEOs of the pharmaceutical companies were invitethé leaders because
of the affiliation of their business or because tbeir long-standing
connections with the National Program. For examategexplained by the
leader (Intex4), the CEO of AbGenomics was inviteecause of the
company’s outstanding performance in the developnoémew immune
bio-pharmaceuticals. The CEO of Taigen (Intcompalsp explained that
she was invited because she was the ex-leadeedfighional Science and
Technology Program for Biotechnology and Pharmacaist Moreover, the
Consulting Committee of the National Program rdedlil3 scientists who
served in the universities or the research inghistin the United States. All
the scientists were invited by the leaders. As &xpld by the leader
(Intex4), the Consulting Committee was responsitde reviewing the
detailed agendas of the National Program, suchhasfunding for the
research projects. Since almost all the Taiwanesmntssts doing genetic
research applied for the research funding of théioNal Program, the
leaders invited the American scientists who diégpply for any funding to

neutrally review the research projects.

The Steering Committee and the Consulting Commitk¢he National
Science and Technology Program for Biotechnology Bharmaceuticals
were also influential to the decisions of the lead@&@he Steering Committee
of the National Program was also chaired by theidten of the National
Science Council and was composed of 14 membelsding 7 government
officials, 5 academics and 2 pharmaceutical reptesges. The 7
government officials included the vice-Ministers thie National Science

Council, the Ministry of Economic Affairs, and tlieepartment of Health.
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The 5 academics were recommended by universitied @@search
institutions participated in the National Prograbmly the 2 pharmaceutical
representatives, as described by the CEO of Ta{¢gmeomphl), were
invited by the leaders of the National Program. Tpiearmaceutical
representatives included the CEO of one new bigrpheeutical company,
Taigen, and the CEO of one larger company of geme¢idicines, Genovate.
The main reason for the 2 pharmaceutical repretessato be invited was
their long standing access to the National Progime. CEO of Taigen was
the ex-leader of the National Program. Accordingstatement on the
official website of Genovaf8, the company was very experienced in
applying for the funding from the government. Maren the Consulting
Committee of the National Program recruited 35 membincluding 31
academics and 4 pharmaceutical representatives.3Thacademics were
from the universities and research organizatiomsggaated in the National
Program, and the 4 pharmaceutical representatinetuded a new
bio-pharmaceutical company and 2 larger comparfigeeric medicines.
All the members were invited by the leaders (Intpb2). There was no

company of Chinese herbal medicines involved inweweCommittees.

The Steering Committee and the Consulting Committeeach National
Programs in fact played two key roles: forming timéer-ministerial
consensus and involving the external stakehold&ash of the key roles is

discussed below.

The two Committees played a key role in the formoia of the
inter-ministerial consensus. The Steering Comnstteethe two National
Programs were both chaired by the Minister of tlagidhal Science Council

and involved the vice-Ministers of the Ministry BEonomic Affairs and the

%0 see the statement on the official website of Gatev
www.genovate-bio.com/chinese/index.htm.
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Department of Health. The Steering Committees int faecured the
inter-ministerial consensus that the three mirastgshould make the policy
objectives of the 15 % Mid-term Plans of the thmaeistries to be
horizontally consistent with each other under tia@nework of the National
Programs and be vertically consistent with the ggnaolicy objectives of
the Promotion Plan. The Steering Committees alscured the
inter-ministerial consensus for the appropriateroétbe National Programs
that the inter-ministerial resources should be site@ in the
bio-pharmaceutical research and the results of rdsearch should be
transferred to the pharmaceutical SMEs. Howevesreths no evidence
showing that there was inter-ministerial conserieushe consistencies and
appropriateness between the National Programshentaw. Indeed, while
the general advices were given by the Steering Ctiees to the leaders,
the general advice already contained the interstenal consensus. As
long as the leaders followed general advise, theyewable to make the
concrete policy objectives and policy instrumenitshe National Program
not only consistently coordinate the 15 % Mid-teRtans of the three
ministries but also be appropriate to the develognad pharmaceutical
NSTIS through clustering the network between umsives and local
pharmaceutical companies. However, the membershef Consulting
Committees of the two National Programs were alltéd by the leaders
who represented the National Science Council. hermotords, the detailed
agendas of the National Programs were dominanttiddd by the National
Science Council. No representative from the Migistt Economic Affairs
and the Department of Health were involved, andethgas indeed no
inter-ministerial consensus formed for the detadgendas of the National
Programs, including the targets of the NationalgPams. Once the detailed
agendas were implemented by different ministriéesshowed that the
originally intended effects of the two National Brams were very difficult

to achieve. We will further discuss the issue ictisa 6.4.2.3.
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The two Committees also played a key role in thelvement of external
stakeholders, including academics and pharmacéuticenpanies. The
interactions of the external stakeholders withioheaf the two Committees

are introduced in the following paragraphs.

In the Steering Committees of the two National Paags, the academic
representatives were recommended by the academiituiions which
participated in the National Programs, but the plameutical
representatives were recommended by the leadefserrathan the
pharmaceutical associations. Since all particigatimiversities had their
own representatives, the academic representatiges able to represent the
general interests of universities in the NationabgPams. Yet, the
pharmaceutical representatives, as individual comnesa were unable to
speak for the general interests of the pharmaadudiector. Moreover, the
Committee included much more academics than phautiaal
representatives. As described by the CEO of Taiatcomphl), the
pharmaceutical representatives had no influenctheragendas of the two
National Programs at all, and the decisions of3tez=ring Committees were
entirely guided by the academics. The leader of Nfagional Research
Program for Genetic Medicine (Intex4) shared thenesaopinion. For
example, he once decided to listen to the suggestdthe pharmaceutical
representatives and announced that the mice us#aelyational Program
should be purchased from pharmaceutical companes. because the
universities insisted to produce mice by themselnesrder to save their
research funding, the leaders finally agreed witd tiniversities and no
longer purchased mice from pharmaceutical compaksle the Steering
Committees were set up to give general advicedaddaders, these advises
only revealed the general interests of acadenwictadt, the interests of the

pharmaceutical sector, no matter the interestadividual companies or the
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general interests of the pharmaceutical sectore wasily diminished in the
Steering Committees. The National Program intendedcluster the
networks between the universities and pharmacéuticenpanies which
were important for the development of modern biotetogy. Yet, the way
for the National Programs to involve the interesitpharmaceutical sector
was unable to help the elected politicians to ustded the dynamics of
pharmaceutical sector and to formulate the agemdash were able to
appropriately encourage the majority of pharmacauticompanies to
cluster the network with the universities and imelin the innovation of
bio-pharmaceuticals. Although both academics andarrphceutical
representatives were able to present their interést all the elected
politicians and positively contributed to the catencies of National
Programs, the involvement of these external stdkeh® was incapable of
positively increasing the appropriateness of thendgs of the National

Programs.

Moreover, all the external stakeholders involvedmnsulting Committees
of the two National Programs were recommended &y l[daders. The
Consulting Committee of the National Research Ruwgrfor Genetic
Medicine included all American scientists. With tied understanding to
the scientific community and pharmaceutical ecolagyTaiwan, these
scientists were difficult to help leaders to make detailed policy proposals
of the National Program to be appropriate to tharpiaceutical NSTIS in
Taiwan. Furthermore, the Consulting Committee o Nhational Science
and Technology Program for Biotechnology and Phaesutcals included
both local scientists and pharmaceutical repreteata However, just as
the Steering Committee, the number of the locargi€ts was much more
than pharmaceutical representatives. As the exdterstakeholders
recommended by the leaders, both the academicghangharmaceutical

companies were unable to represent the generalest$e of the local
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scientific community or the pharmaceutical sectwd helped the leaders to
understand the dynamics of the pharmaceutical seSiace there were
much more academics than pharmaceutical compatiiese academics
easily guided the detailed agendas, including #rgets of the National
Program, to incline to the partial interests withime local scientific
community. Indeed, as described by the leaderhi@fNational Research
Program for Genetic Medicine (Intex4), the NatioRabgram decided to
fund the generic research of cancers, infectiossadies and highly heritable
diseases, because some Taiwanese scholars hanvehgladutstanding
research in these diseases. The leaders of theondhtiScience and
Technology Program for Biotechnology and Pharmacaist (Intex5) also
decided to fund the research of new herbaceousmatauticals, new
chemical pharmaceuticals and new pharmaceuticdkiprontermediaries
which aimed at the four selected diseases, becthes® diseases were
common among Taiwanese citizens or because someri@se scholars
had more strength in doing related research fodibeases. In other words,
the detailed targets were strongly guided accordimghe strength of
particular groups of academics rather than pharotmed companies.
Besides, the common diseases of the Taiwaneserstithe targets selected
by the strengths of the small group of scientistiact were very difficult to
incentivize pharmaceutical companies to cooperaith wcademics and
involve in the innovation of bio-pharmaceutical$1d® the detailed agendas
were implemented, the National Programs would eeithppropriately
match the general interests of the scientific comigu nor the
pharmaceutical sector, but particular group ofrsgsés only. We will further

discuss the issue in section 6.4.2.3.

Even though the general interests of the pharmme¢ugector were not
suitably involved in the agendas of the Nationa@dPams, none of the eight

pharmaceutical associations motivated their menmtoelsbby the Ministers
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or the leaders. As described by the CEO of Sunt@eomph2), from the

perspectives of pharmaceutical companies, the tatmNal Programs were
just one of the possible channels for the pharnta@ucompanies to be
funded to transfer biotechnology. As long as tharptaceutical companies
were able to get R&D funding through other policigsch as the Mid-term
Plan of the Ministry of Economic Affairs, the phaaoeutical companies did
not have incentives to lobby the elected politisiaof the two National

Programs.

The leaders of each National Programs, as deschietie leader of the
National Research Program for Genetic Medicineefdd}, decided the
concrete policy objectives, the policy instrumeaitsl the details of targets
of the National Programs according to the advisésthe Steering
Committee and the Consulting Committee of eachddati Program. With
the inter-ministerial consensus and the mechantsmsvolve the interests
of the external stakeholders, the policy objectiaésthe two National
Programs were vertically consistent with the gelnesicy objectives of the
Promotion Plan. This meant that the policy objextivand the policy
instruments of the 15% Mid-term Plans of the thraeistries were
horizontally consistent under the general framewdtkreover, the policy
objectives to encourage the bio-pharmaceuticalarekein the universities
and the technology transfers from the universiteepharmaceutical local
SMEs were also appropriate. However, because ofshwtage of the
inter-ministerial consensus and the absence ofdtable involvement of
pharmaceutical companies in the detailed agendas, loeing implemented,
the two National Programs were not consistentlylemented by different
ministries and were very difficult to generate ajgrate supports to the

pharmaceutical NSTIS. We will further discuss ts&uie in Chapter 7.

6.4.1.1.3 The agenda-setting of the agriculturaldwal Program
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The decisions of the leaders of the National Progneere deeply influenced
by the Steering Committee and the Project CommitiEHee Steering
Committee was chaired by the Minister of the Natlddcience Council and
recruited 9 government officials, including vice+Mters of the National
Science Council, the Ministry of Economic Affairand the Council of
Agriculture. The Project Committee which reviewbd tletailed agendas of
the National Program was co-chaired by the viceidten of the National
Science Council and the vice-Minister of the ColatAgriculture and was
composed of 9 government officials, 3 academics &ndgricultural
representatives. The 9 government officials inotudee heads of the
implementation bodies under the three ministriashsas the Director of the
Bureau of Industrial Development under the MinistfyEconomic Affairs.
The 3 academics were recommended by the Nationah&c Council and
included the heads of universities and the reseancganizations
participating in the National Program. Moreovere tf8 agricultural
representatives included the CEOs of one larged seenpany and one
company of aguaculture, and one ex-CEO of largedifeg company. The
agricultural representatives were recommended bg @ouncil of
Agriculture because of the affiliation of their Immsss with the National
Program. As described by one of the agriculturapresentatives
(Intcomag4), he was invited because of the compgamutstanding
performance in the innovation of seeds. The otbgrasentative (Intcomag3)
explained that he was invited because of his |lengt international
experiences in the agricultural sector. No companiefood, pesticide and

fertilizers were recruited.

The Steering Committee and the Project Committegygal the roles to
formulate horizontal inter-ministerial coordinati@md to involve external

stakeholders. Since the structure and the purpbskeotwo Committees
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were very similar to and only the composition o tiwvo Committees was
different from the ones of the two pharmaceuticatibhal Programs, in the
following paragraphs, we only focus on the differen of the two

Committees.

The two Committees played the significant roleamfing inter-ministerial
consensus. The Steering Committee was chaired éyMinister of the
National Science Council and involved the vice-Miars of the three
participating ministries, i.e. the National Scier@euncil, the Ministry of
Economic Affairs and the Council of Agriculture. &15teering Committee
not only secured the inter-ministerial consensughe consistencies of the
National Program but also secured the inter-minateonsensus for the
appropriateness of the National Programs. The -miaisterial resources
should be invested in the bio-agricultural reseavbich had the potential to
be developed to be the high value-added agricllfpraducts. Through
technology transfer, the universities and agrigaltucompanies were
encouraged to establish the network which was itapbr of the
development of modern biotechnology. Moreover, sitiee vice-Ministers
of the National Science Council and the CouncilAgficulture were also
involved in the Project Committee, the inter-miarsl consensus formed in
the Steering Committee was able to be further secuin the detailed
agendas of the National Program, including the et@d) products. As
described by the leader of the National Progranex®), many targeted
products selected by the National Program weredéddhrough the mutual
agreements between different ministries. The aljual products which
were export-oriented, such as orchids and groupeng especially selected.
However, besides the coordination of the Mid-tertanB, there was no
sufficient inter-ministerial consensus formed fdre tregulation policies
related to the National Program. As described by ofithe agricultural

representatives (Intcomag3), although the vice-tMers of the National
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Science Council and the Council of Agriculture hanee tried to set up the
regulations of GMO in the meetings of the Projectrnittee, there was no
actual inter-ministerial consensus formed for tbgutation of GMO. The

vice-Ministers at best agreed to fund the reseafamon-edible GMO and

allowed the trade of non-edible GMO in the domestirket without any

regulation. Also there was no inter-ministerial sensus formed for the
amendments of the Management Act. In other worlleret was no

inter-ministerial consensus for the consistenciesl appropriateness
between the National Program and other interrelaggttultural regulations.
While the general advice and the advice for theaitbet agendas of the
National Programs were given by the Steering Cotemiand the Project
Committee to the leaders, the advice was instruaherior the

inter-ministerial consensus. As long as the leafidlewved this advise, they
were able to make the concrete policy objectives @olicy instruments of

the National Program not only consistently coortidathe 15 % Mid-term

Plans of the three ministries but also appropratehtch the development
of agricultural NSTIS. In addition, once the detdibigendas of the National
Program, such as the targets of the National Pnogngere implemented by
different ministries, these details were able tocbasistently implemented
by each ministry. Yet, because there was no iniarsterial consensus for
the consistencies and appropriateness between dbiendl Program and
interrelated regulation policies, the implementatd the National Program
was not consistent with other regulation policiemyd once being
implemented together, the appropriateness of th&oid Program and
regulation policies were limited and did not supgpadequately the

development of agricultural NSTIS.

The two Committees also played a significant raieinvolving external
stakeholders. Since the Steering Committee involveal external

stakeholders, the external stakeholders were unahl#luence the policy
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objectives and policy instruments. However, it wias Project Committee
which played the most important roles in involvihg external stakeholders.
The numbers of academics and agricultural reprasees in the Project
Committee were almost the same, and the two kinfisexdernal
stakeholders were usually able to achieve the csusefor the development
of agricultural NSTIS. As described by one agrigtdt representative
(Intcomag3), he usually achieved the consensus watiddemics easily.
Since the consensus of both kinds of representatwere able to be
presented to all elected politicians of the NatioReogram, such as the
leaders and the vice-Ministers of the three mimsirthe involvement of
these external stakeholders positively contribiitethe consistencies of the
agendas of the National Program. Nevertheless, thettacademic and the
agricultural representatives were recommended &ygtvernment officials
as individual scientists and individual companieas individuals
recommended by the government, they were in faablento represent the
general interests of the scientific community ag tieneral interests of the
agricultural sector. They were also unable toHetelected politicians fully
understand the dynamics of the agricultural NSTI#l ancreased the
appropriateness of the National Program. They edt lpresented the
partial interests within the scientific communitydathe agricultural sector
to the elected politicians. For example, one of thgricultural
representatives (Intcomag4) explained that he omscggested the
vice-Ministers that the National Program should@ase the funding for the
research of seeds of fruits and vegetables. Sugtestion was involved in

the detailed agendas of the policy proposal oiNtagonal Program.

The leaders of the National Program, as describedne of the leaders
(Intex6), followed the advice of the Steering Cortted and the Project
Committee and decided the concrete policy objestiy®licy instruments

and the details of policy proposals. Since the dgsnof the National
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Program were designed through the inter-ministerasensus, the policy
objectives of the National Program were verticatignsistent with the

general policy objectives of the Promotion Pland #me National Program
was able to make the policy objectives and thecpahstruments of the
15% Mid-term Plans of the three ministries horizdlgt consistent with

each other. Moreover, the policy objectives whichcaraged the

bio-agricultural research within the universitiesida encouraged the
technological diffusion from the universities toriagltural companies were
also appropriate. In addition, since the inter-stigial consensus for the
detailed agendas of the National Program was aetljethe National

Program was expected to be consistently and agptelyrimplemented by
different ministries. Yet, because of the abserfdde suitable involvement
of external stakeholders, the representatives ef ekternal stakeholders
were unable to increase the appropriateness diigienal Program. Once
the details of the National Program were implem@éntven though the
general direction of the National Program was s#fpropriate, the
appropriateness was unavoidably limited as theests of particular groups

of scientists and agricultural companies captuned\ational Program.

6.4.2.1.4 Brief conclusion of the section 6.4.2.1.1

The agendas of the two pharmaceutical National iamg and the
agricultural National Program were set up by simpaocess. However,
because of the different extents of the inter-nbémial consensus and the
involvement of external stakeholders, the consésnand appropriateness
of the three National Programs were also differ€he agricultural National
Program which were made under higher inter-mineteonsensus for the
policy objectives and detailed agendas was expettechave more
appropriateness to the development of the agri@lINSTIS than the two

pharmaceutical National Programs towards the phegatacal NSTIS.
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6.4.2.2 The stage of deciding

The stage of deciding of the National Programs wes stage for the
congressmen of the opposition party, Kuomintangauthorize the policy
proposals of the National Programs to be formaicpesd. According to our
discussion in section 3.2.1.1, the decision maldtage in the Taiwanese
polity is deeply influenced by two independent ahtes, the divided
government and the involvement of external staladrsl In this section,
we would especially focus on the influence of tlve tndependent variables

on the consistencies and appropriateness of tee tliational Programs.

The congressmen of the opposition party, accortiing congressman of
Kuomintang (Intlegl), had different policy prefeces and priorities from
the ruling party and had high incentives to chatige contents of the
National Programs; yet, there were three reasonghwheduced the
oversight of the congressmen. First, biotechnolag@s too technical to
congressmen. Once the policy proposals of the NaltiBrograms were full
of professional terms, congressmen were unablenderstand, to monitor
the policy proposals and to judge the consisteraigsthe appropriateness
of these policy proposals. Second, the congresdf igidn’t provide
sufficient resources, including financial and humesources, to support the
congressmen to understand the National Progranescdhgressmen of the
opposition party in fact needed to rely on the iinfation given by the four
ministries to review the policy proposals. Accoglto our interviewee, the
Ministers of the four ministries then used to gilee congressmen
insufficient information and easily escaped frone thversight of the
congress. Third, the congressmen should face thespres from their
districts. The majority of voters of the oppositiparty supported economic

development, and the development of biotechnologg wonsidered to be
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an important part of the economic development. Whth pressure from the
voters, the congressmen of the opposition partytdied to change the
policy contents and cut the budgets of the Natidtralgrams which aimed
to support the growth of biotechnology and relasedtors. One further
congressman of Kuomintang (Intleg2) shared the sapigion that since
his voters had limited opposition to the developimanbiotechnology, he
had no incentives to cut but authorized the majasit the budgets of the

National Programs.

The external stakeholders, especially the pharm@eduand agricultural
companies, interacted with the congressmen of pipegition party through
the participation of congressional public hearings.described by the CEO
of R&D of Taiwan Liposome Company (Intcomph3), tbempany once
participated in the public hearings to explain tpeoblems of the
implementation of the Law of Pharmaceutical AffairsOne of the
agricultural representatives in the National Sagenand Technology
Program for Bio agriculture also once participatethe public hearings to
express the general interests of the agricultuaahpanies (Intcomaga3).
According to his experiences, the public hearings wan effective
mechanism to express the interests of the agrialilitompanies to the
congressmen. However, both the individual compaarekinterests groups
were involved in the public hearings. From our pedive, these
companies and interest groups did not necessarigept the general
interests of the pharmaceutical or the agricultaeaitor to the congressmen
but in many cases the interests of particular congsaand small groups of
companies only. Therefore, the external stakehsldewolved in the
congressional public hearings were in most of th&es unable to help the
congressmen to understand the dynamics of the mokietechnology,
pharmaceutical and the agricultural sectors in daivand authorized the

National Programs towards the direction which waprapriate to the
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development of the two NSTIS.

However, according to the experiences of the casgnan of the opposition
party (Intlegl), the involvement of the companiéploarmaceuticals or the
agriculture was not influential to the judgmenttioé congressmen towards
the National Programs. Therefore, the involvemdnthe companies had
limited impacts on the deciding process of the dal Programs. Since the
policy proposals of the three National Programsawkacided separately, we

introduce the deciding process of each Nationajjfara below.

The policy proposals of the National Research Rmogrfor Genetic

Medicine were smoothly authorized by the congrafispolicy objectives,

the policy instruments and the details of the polproposals remained
while transformed to be formal policies. As desedlby the leader of the
National Research Program for Genomic Medicine e{d), the

congressmen of the opposition party only monitahedexpenditure and the
outputs of the National Program, such as the nurabtchnology transfer.
As long as the leaders successfully persuaded dhgressmen that the
development of the genetic research took long tene, it was normal that
the National Program would not be able to produceiaus outputs in a
short-term, the congressmen authorized all the détsdgf the National
Program. The congressman of Kuomintang (Intleg$d atated that the
National Program was too specialized for the cosgreen. Since the
congressmen of the opposition party had difficsltimm judging the

consistencies and appropriateness of the Natiomgr&m, all the budgets

of the National Program were approved.

However, the policy proposals of the National Sceerand Technology
Program for Biotechnology and Pharmaceuticals virgglly criticized by

the congressmen; even though the policy objectreesained the same,
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details of the policy instruments were changed evhiing transformed into
be formal policies. As described by the leader hed National Program
(Intex5), the policy proposals of the National Reog were seriously
criticized by the congressmen because it was hardet the National
Program’s substantial contribution to the pharm#calsector in a short
time. As shown in the Committee Record of the Liagjige Yuari*, 20% of
the budgets derived from the Mid-term Plan of thep&tment of Health
were suspended, while the budgets derived fromvtiteterm Plan of the
National Science Council were all approved. Eveougih the policy
objectives remained consistent and appropriateptiiey instruments were
changed. Once the policy instruments of differeninistries were
implemented, it was expected that the National ®@&eCouncil would still
fund the basic bio-pharmaceutical research in tiieeusities according to
the original plan, but the Department of Health {doave difficulties to
fund the research of clinical trials because ofatised budgets. Indeed,
the congressmen broke the consistencies of theypoistruments of the
National Program. It was then very difficult forffdrent ministries to
consistently implement the National Program. Mos¥pvsince the
ministries did not achieve a consensus for thedWati Program with the
congressmen, the policy instruments were changedhout the
consideration of the appropriateness. The budgktthe Department of
Health cut by the congressmen in fact reduce tfartefof the National

Program which tended to establish the network betvekfferent actors.

In contrast, the policy proposals of the NationaleBce and Technology
Program for Bio-Agriculture were smoothly authodzey the congressmen
of the opposition party; neither the policy objees and policy instruments

nor the details of the policy proposals were chdngehile being

31 See the Committee Record of Legislative Yuan:
http://Ici.ly.gov.tw/doc/communique%5Cfinal%5Cwor8%98%5C37%5CLCIDP_983701
_00047.doc..

212



transformed into formal policies. As described bg teader of the National
Program (Intex6), since many congressmen of theosippn party were
elected by agricultural counties, these congresseasily understood the
importance of bio-agriculture. Some congressmethefopposition party
even suggested the leaders of the National Progoado more research

related to their counties.

While the three National Programs were decidedhkeycongressmen of the
opposition party, only the policy contents of onatiNnal Program, the
National Science and Technology Program for Biatetbgy and
Pharmaceuticals, was changed by the congressmeénharcontents of the
other two National Programs remained the same. ®rogg changed, the
formal policies of the National Science and Techggl Program for
Biotechnology and Pharmaceuticals became diffitaltbe consistently
implemented and appropriate to match the developmiepharmaceutical
NSTIS. It was the divided government which shapedimconsistencies and

inappropriateness of the National Program.

6.4.2.3 The stage of the Implementation

6.4.2.3.1 Introduction

The stage of implementation of the three NatiormalgfRams was the stage
for the administrators to implement the policy @n$ and to realize the
policy objectives of the National Programs. In aorde coordinate the
implementation of different implementation bodieader the National
Programs, the National Science Council newly el and supervised
the Office of each National Program. The administisa of each Office,

according to the official websites of the threeiblaal Program¥, were led

32 See the Office of the three National Programs.
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by the leaders of each National Program. Thesec&ffiwere especially
established by the National Science Council to em@nt the National
Programs and should represent the National Sci€ocmcil to coordinate
the implementation of the implementation bodies atfier ministries.
However, these Offices were horizontal to other lemgntation bodies
without higher authority or more resources. As \agendescribed in section
3.3.3, the stage of implementation is deeply infezl by three independent
variables: the vertical coordination, the horizdniater-departmental
coordination and the involvement of external staltéérs. All of these three
variables would influence the consistencies and@pateness of RTDI
policies. In this section, we especially focus be tnfluence of the three
independent variables on the consistencies andppateness of the three

National Programs.

6.4.2.3.2 The implementation of the two pharmacealtlational Programs

The Office of each pharmaceutical National Progayed essential roles
to coordinate the implementation bodies under theidity of Economic
Affairs and the Department of Health. The Officetloé National Research
Program for Genetic Medicine was under the Nati@waénce Council and
was responsible for coordinating the implementatadnthe Bureau of
Industrial Development under the Ministry of Economffairs and the
National Health Research Institute under the Depamt of Health (see
Figure 6.2). As also shown in Figure 6.2, the @ffa¢ the National Science
and Technology Program for Biotechnology and Phasuticals was
responsible for coordinating the implementation tbé Department of
Industrial Technology under the Ministry of Economiffairs and the
National Health Research Institute under the Depamt of Health.
However, both the two Offices encountered three bleras of

implementation that impinged upon inter-departmientaordination,
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vertical coordination and the involvement of exsdrstakeholders in the

technology transfer.

The two Offices encountered the problem for the iZootal
inter-departmental coordination. Since the stagagehda-setting, there was
no inter-ministerial consensus formed for the dethbgendas of the two
National Programs, such as the targets of the Natid®®rograms. As
described by the leader of the National ResearadgrBm for Genetic
Medicine (Intex4), it was very difficult to coordite the implementation
bodies of different ministries. For instance, therdau of Industrial
Development under the Ministry of Economic Affawas very reluctant to
be involved in the National Program. From the pecsipe of the Bureau,
the National Program which targeted the genetieaeh was very difficult
to generate local pharmaceutical SMEs profits ishart term. Since the
mission of the Bureau was to support local pharmidca SMEs to
generate short-term profits, after several yearsoofrdination, the Bureau
decided to withdraw the majority of its funding finche National Program.
The Office which had no higher authority than therdau in fact was
unable to forbid the Bureau to withdraw the resesrdvoreover, the Office
of the National Science and Technology ProgramBmtechnology and
Pharmaceuticals also encountered very similar probffor horizontal
inter-ministerial coordination. As described by tleader of the National
Program (Intex5), the Department of Industrial Tedbgy under the
Ministry of Economic Affairs was very reluctant tmplement the National
Program. The National Program which targeted theeldpment of new
pharmaceuticals took long time to generate profjet, the Department
explained that its mission was to help the locahrptaceutical SMEs to
create values in a short-term. Therefore, the Depnt tended to fund the
innovation of Me-Too pharmaceuticals rather thanribw pharmaceuticals.

After four years collaboration, the Department alsew back the majority
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of its resources from the National Program.

In addition, the problem of vertical coordinatiori the two National
Programs even increased the difficulties of impletagon. As described by
the officer of the Office of the National Sciencaedalechnology Program
for Biotechnology and Pharmaceuticals (Intad5),eotiee Ministers of the
three ministries delegated power to the implemeantabodies, they no
longer monitored the implementation of the two Na#ll Programs. In other
words, the Ministers and the vice-Ministers invalven the Steering
Committees of the two National Programs didn't nbani the
implementation of the National Programs. Even tlodige leaders, as
elected politicians, were delegated by the Ministiethe National Science
Council to coordinate and to monitor the implemgataof the National
Programs from top-down, in practice, it was almwmspossible for the
leaders to improve the vertical coordination of t&tional Programs. As
described by the leader of the National ResearadyrBm for Genetic
Medicine (Intex4), the budgets of the National Pamg were contributed by
different ministries, and the head of each impletaigon body was in fact
the Minister of the ministry to which it belongedhe leaders who only
represented the National Science Council were déficult to supervise
the implementation of the implementation bodie®hbging to the other two
ministries. The same opinion was shared by theeleatiNational Science
and Technology Program for Biotechnology and Phaeuticals (Intex5).
He once asked the two research organizations uth@eDepartment of
Industrial Technology, the Ministry of Economic Aifs, to help
universities to do fundamental biotechnologicakeesh, because their help
would accelerate the development of new pharmazdsti Yet, the
suggestion was rejected by the Department of Inidilistechnology, the
boss of the two research organizations. In otherdsyoeven though the

leaders of the two National Programs discoveretlttt@implementation of
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the National Programs was distorted and was harceatize the policy
objectives of the National Programs, the leadengweable to improve the

vertical coordination and amend the distortion.

Moreover, the two National Programs also encoudtgreat difficulties in
involving external stakeholders in the technologgnsfer. As we have
described in section 6.4.2.1.2, the detailed ageradathe two National
Programs, such as the targeted diseases and mwpdece strongly guided
by the partial interests among the scientific comityl and the general
interests of the pharmaceutical sector were largaigiuded from these
detailed agendas which were later authorized asdbpolicies. When these
formal policies were implemented, as describedrba@demic involved in
the National Program (Intac3), he was eager tostesirhis innovation to
pharmaceutical companies. Yet, as described byotheer of National
Science and Technology Program for Biotechnology Bharmaceuticals
(Intadb), the majority of pharmaceutical compamiese quite indifferent to
the transfer of the biotechnologies from the ursitess funded by the
National Program. The larger pharmaceutical congsawihich have not yet
intended to invest in the innovation of new pharewdicals were not
incentivized to transfer biotechnologies from umsites funded by the
National Programs. Only a small number of new bpftarmaceutical
companies and the companies of Chinese herbal mesdiavere more
willing to transfer biotechnologies funded by thatidnal Programs. As
described by one new bio-pharmaceutical compantedqinph3) and two
companies of Chinese herbal medicines (Intcomph&omph4), they
expected to discover the new components of newnpd@guticals in an
early stage. They transferred biotechnologies ftbhenuniversities funded
by the National Program because the targets ofNatonal Programs
coincidentally fit their business. However, in margses, as described by

the officer of the National Program (Intad5), mdmgtechnologies could
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not be licensed out.

After the implementation bodies implemented theiqoed of the two
National Programs, the two National Programs, ashase described in
section 6.3.1.3, didn’t achieve their policy objees. At least in the short
term, the two National Programs have very limitpgrapriate supports to
the development of pharmaceutical NSTIS. The haotao
inter-departmental coordination, the vertical caoation, and the
involvement of external stakeholders are the maamsons to explain the

implementation failure of the two pharmaceuticatidi@al Programs.

6.4.2.3.3 The implementation of the agriculturatidi@al Program

The Office of the National Science and TechnologpgPam for Bio
agriculture played essential roles to coordinate ithplementation bodies
under the Ministry of Economic Affairs (the Bureaof Industrial
Development) and the Council of Agriculture (Teclugy Department) (see
Figure 6.2). Nevertheless, the Office encounteigdlas problems as for
coordination and involvement of external stakehad8&ince the context of
the implementation of the National Programs wag/ \&@milar to the two
pharmaceutical National Programs, this section ofdguses on the

differences of the agricultural National Program.

First, the Office encountered the problem of hamtab inter-departmental
coordination. As described by the leader of theidwal Program (Intex6),
the implementation bodies under different ministneere very difficult to
coordinate with each other. In the stage of agemdng, the three
ministries have achieved the inter-ministerial @nsus for the detailed
agendas of the National Program and decided todowde the R&D

funding derived from the 15% Mid-term Plans of ttheee ministries to
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fund the targeted bio-agricultural research andicafjural products.
Therefore, in the stage of implementation, the engntation bodies under
different ministries had no problem to horizontattgoperate with each
other in funding the innovation of bio-agricultugoducts. However, since
there was no inter-ministerial consensus formed tioe agricultural
regulation in the stage of agenda-setting, the #&wref Industrial
Development and the Technology Department alwayspeted for the
leadership of regulations of the agricultural sedt@r example, the Bureau
of Industrial Development executed the ‘FactoryeRuto regulate pesticide
factories, and the Bureau of Animal and Plant Heedhspection and
Quarantine of the Technology Department also exectAgro-pesticides
Management Act’ to regulate the same factories. |§Vithe Bureau of
Industrial Development considered some of the feedonot to be the
pesticide factories and should only get one liceingen the Bureau, the
Technology Department insisted that all factorigated to pesticide should
get the second license from the Department. Eveougth the
inter-departmental competition already delayed tbehnology transfer,
especially the technology transfer to the compapiebio-pesticides, the

two bodies were still very difficult to coordinateth each other.

The Office also encountered the problem of theicaricoordination. As
described by the leader of the National Progrartex®), the Minister and
the vice-Ministers of the three ministries had sevadlifficulties in

monitoring the details for the implementation o tNational Program. As
long as the implementation bodies were able to uaels that the
implementation was proper, the Minister and theeaMinisters simply
believed the agencies and no longer supervisednpimentation. Even
when the leaders discovered the direction of impletation was distorted
and far from the policy objectives, the leaders vambdy represented the

National Science Council was unable to fixed thetadtion of the
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implementation of the implementation bodies of tiieer two ministries

from top-down.

The Office also encountered problems to involve @ékternal stakeholders
in the technology transfer. As described by thedéeaof the National
Program (Intex6), the larger agricultural companiese very indifferent to
transfer biotechnologies from the National Programd it was the new
small companies which were more willing to transher biotechnologies. In
fact, none of the agricultural representatives df@amed biotechnologies
funded by the National Program. As described by ohthe agricultural
representatives (Intcomag4), as he already knetwthigagovernment was
unable to solve the regulation problem of GMO, esitated to transfer
biotechnologies of GM. The new agricultural compahyio-pesticide and
agricultural trade company (Intcomag5, Intcomag6yandferred
biotechnologies from the universities funded by tKational Program
because the targets of the National Program, aesgd by the Assistant
Manager and the Vice president R&D of the two conigs coincidently
fitted to their business of bio-pesticide and GM@amental fish. However,
as described by the leader of the National Progflatex6), the National

Program finally transferred the majority of techogiks to small companies.

After being implemented, as we described in secfiéh2.3, the National
Program did not fully achieve its objectives. Theer—ministerial resources
have been consistently invested in the targetediccultural research and
products and have encouraged some academics andtl agniaultural
companies to establish networks through technotoayysfer. Yet, because
of the three problems of implementation, the polltgd only limited

participation and mobilization.
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6.4.2.3.4 A brief conclusion of the section

After being implemented, the agricultural Natiorfadtogram was more
effective than the two pharmaceutical National Paots. The agricultural
National Program which had higher extent of hortabimter-departmental
coordination in the stage of implementation offerewre appropriate
supports to the agricultural NSTIS than the tworptaceutical NSTIS to

the pharmaceutical NSTIS.

6.4.2.4 The stage of the evaluation

The stage of evaluation, according to our discussicsection 3.3.5, is the
stage to examine and to access the effect of tiee thational Programs on
the pharmaceutical or agricultural NSTIS. As weéhagsumed in section
3.3.5, if the evaluation of the three National Pamgs has been done
properly and truly reflected the response of thtemmal stakeholders, the
National Program would contribute to the consisienhand appropriateness
of new agendas of the National Programs in the mgwle of the

policy-making process. However, the National Proggavere not evaluated

under the ideal conditions.

The evaluations of the National Programs which vaenee by the Office of
each National Program only showed the quantitad&ta of the economic
index of each National Program without further asseents. The evaluation
only displayed the numbers of papers publishedtgpaduate students
trained, patents produced, technology transferssaridg-off$°. There was
no external evaluation mechanism. Furthermore,piblecy effect of the
three National Programs on the development of NSUAS totally ignored.

As we have described in section 6.2., one of thénrparposes of the

3 See the rules of evaluation of National SciencarCo
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National Programs was to better integrate the R&Bources of the four
ministries. However, as discussed in section @42and section 6.4.2.3.3,
only the agricultural National Program has integgathe resources of
different ministries in the stage of implementatioand the two
pharmaceutical National Programs didn’'t because ithplementation
bodies of the Ministry of Economic Affairs withdretlve majority of their
resources from the two National Programs. Moreoagsrshown in section
6.3.1.3 and section 6.3.2.3, the two pharmaceulagibnal Programs were
not effective, and only the agricultural Nationalb§am better achieved
their goals on the agricultural NSTIS. However, ttiferent levels of
effects of the three National Programs on differsattors were never

discussed by the evaluation reports of the NatiBnagjrams.

Because of the un-proper mechanism of the evaluatiee Taiwanese
government as a whole in fact learned very littterf the experiences of the
National Programs. Thus, the same problems thataapg in the first cycle
of policy-making process may be repeated. Moreotle, policy of the
National Programs may never really achieve thecpobbjectives to a

meaningful extent.

6.4.3 Regulation policies

6.4.2.1 The stage of agenda-setting

The stage of the agenda-setting of the Law andifdnr@agement Act was the
stage for the Ministers and the high level managenoé the regulatory
bodies to decide the agendas of these two polidigsve have described in
section 3.3.1, the stage of agenda-setting is gemluenced by two
independent variables: the horizontal inter-mimiatecoordination and the

involvement of external stakeholders. In this settiwe will discuss the
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nature of the two independent variables and thefluence on the

consistencies and the appropriateness of two regulpolicies.

6.4.3.1.1 The agenda-setting of the Law of Pharotaxz Affairs

The Director-General and the high level managersthef Bureau of
Pharmaceutical Affairs under the Department of the@ee Figure 6.2)
were the most essential elected politicians tod#ethe agendas of the Law.
As described by one of the high level managershef Food and Drug
Administration (the new name of the Bureau of Plemeutical Affairs)
(Intad8). Although the Minister of the Department blealth was
institutionally the highest level of elected pdali&ins to set up the agendas of
the bills of the Law and the affiliated adminisivatrules, in the majority of
cases, the Minister only gave the general mandgérection to the Bureau
and fully delegated the Director-General and ottigh level management
of the Bureau to decide the detailed agendas of Hile and the
administrative rules. While the bills should be reged by the Minister
before sending to the Legislative Yuan for furthimgislation, the
administrative rules should only be decided by Biector-General of the

Bureau.

All the agendas of the Law were set up withoutriménisterial consensus.
As described by the Minister of the Department aath (Intex3), the
Minister of the Department set up the Platform@@mmunication between
the Department and the Ministry of Economic Affaimsorder to form the
inter-ministerial consensus for the agendas ofpibiecy objectives and the
policy instruments of the Law and its affiliatednadistrative rules. Yet,
according to the description of a high level mamageghe Food and Drug
Administration (Intad8), there was in fact no geherconcrete

inter-ministerial consensus formed through the f&Mat. Besides the
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Platform, as we have described in section 6.4.2.th@ agenda-setting
process of the National Programs did neither leadufficient consistency
between the Law and the National Programs nor pipeopriateness of the
Law. Indeed, while the Minister of the Departmerit Health gave the
general directions for the agendas of the Law,elggEneral directions were
given without inter-ministerial consensus. As diémmd by the Minister
(Intex3), he has once requested the Bureau topstiteuagendas of the Law
and its affiliated administrative rules not only ¢ontrol the safeties of
medicines but also to appropriately match the dgmakent of
pharmaceutical NSTIS, such as using the regulatbbnthe Law to
encourage the pharmaceutical companies to invaivéhe innovation of
new pharmaceuticals and new bio-pharmaceuticalkaster network with
academics through technology transfer. This gerdiraction was in fact
vertically consistent with the general policy olijees of the Promotion
Plan and horizontally consistent with other intkated policies which aimed
to support the growth of the pharmaceutical sectmipding the National
Programs. However, because of the shortage ofinitgisterial consensus,
the Bureau was not informed to consider the pdi@é other ministries
while it set up the agendas of the Law and thdia#id administrative rules.

We will further discuss the issue in section 63L.3.

It was indeed the involvement of external stakebddwhich deeply
influenced the Bureau in the selection of the agendf the Law and its
affiliated administrative rules. Since the involvemh of the pharmaceutical
associations and which of the medical device conesanere very different,
in the following paragraphs, we introduce the iwveohent of
pharmaceutical associations first and introduce ithelvement of the

medical device companies afterwards.

The pharmaceutical associations were heavily ireslvin the
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agenda-setting process of the bills of the Law.imu2000 to 2008, the
Law was extensively amended in order to add newusels for
pharmaceutical data exclusivity to encourage theovation of new
medicines through the policy instruments of protect To initiate the
agendas for the amendments of the Law, the Burewaited the
representatives recommended by 6 pharmaceuticaciassens, i.e. 5
pharmaceutical associations composed of local SMtEsl pharmaceutical
association composed of MNCs (Bureau, 2005). Flemperspective of the
MNCs, the protection for the pharmaceutical datawestvity should be as
long as possible. Since the government of the drittates allowed 5 years
protection and the governments of EU countriesnadtb 7 years protection,
the representative of MNCs asked the Taiwanese rgment to give
pharmaceutical data 7 years protection. Howevem fthe perspective of
local SMEs, the protection for pharmaceutical dgttauld be as short as
possible. The representatives of local SMEs styoogiposed the 7 years
protection because the high protection would sehoudelay their
manufacturing activities of genetic medicines a thnovation of Me-too
medicines. In fact, it was very difficult for thepresentative of MNCs and
the representatives of SMEs to achieve a consembesefore, the Bureau
decided to compromise the interests of both MNGESMES and set up the
agendas that the Taiwanese government would giger@teutical data 5
years protection. Yet, MNCs were quite unsatisfesbut such agendas.
They turned to lobby the government of the Unitddte€s to stress the
Minister of the Department of Health. The governimgiithe United States
informed the Minister, if the Taiwanese governmerpected to sign the
FTA with the United States, the Taiwanese goverrimaumst accept the 7
years protection. After several years of negotmgtithe Minister finally
released the bill that the Taiwanese governmentldvaive 5 years
protection to the pharmaceutical data of new madgias the balance

between the local SMEs and MNCs. Besides, the Tees@a government
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also gave 3 years protection to the data of Mermalicines in order to
response to the government of the United Statedlanthterests of MNCs
(Yang, 2004). In other words, while the bill wasessed by the Minister,
the policy purpose which intended to encourage NCs and SMEs to
innovate new pharmaceuticals was appropriate. Tdleypinstrument of

protection which was decided with the full knowledgf the pharmaceutical
ecology and balanced the different interests of MN@d SMEs in order o
support the general interests of the pharmaceutsagdtor was also
appropriate but relatively inclined to the intesest MNCs. We will further

discuss the bill in the next section.

The pharmaceutical associations were also heawiyolved in the

agenda-setting process of the affiliated admirtisgarules of the Law

which decided the details of the policy instrumenitthe Law, such as the
detailed process of license. As described by thya level manager of the
Food and Drug Administration (Intad8), in orderstnoothly implement the
administrative rules, the Bureau tended to invollie interests of the
pharmaceutical associations since the stage ofdagseiting. For example,
as pointed out by the manager of Bayer Taiwan @mh5), through the
association of the MNCs, the company suggestedtheau to reduce the
administrative procedures for importing new paténfgharmaceuticals.
Such suggestion was adopted by the Bureau. To dxpammarket in EU, in
2007, Taiwan Pharmaceutical Manufactures’ Assamiatsuggested the
Bureau to adopt EU standard, the ‘Pharmaceuticgdction Cooperation
Scheme’ (PIC/S), as part of the administrativeswk'Good Manufacturing
Practice’. The Bureau also adopted the suggestidheoAssociation and
involved PIC/S in the agendas for the amendmentS@bd Manufacturing

Practice’ (MOEA News, 2007).

However, compared with the intensive involvement pbfarmaceutical
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association, the medical device companies weree guailifferent to the
agenda-setting of the Law. No clause of the LawcWhias related to
medical devices has been significantly amendedd®d00 to 2008. While
the policy purpose and the policy instruments ddrptaceutical clauses of
the Law were extensively amended to positively supihe development of
the pharmaceutical sector, the policy purpose ef ¢lauses relating to
medical devices remained to merely control thetssfeof medical devices
and did not intend to positively support the depeatent of medical device
sector through all kinds of policy instruments. Hwer, the only
association of the medical device sector hardlyaied its members to
lobby the high level management of the Bureau @ Mhinister of the
Department of Health. As described by the Direofahe R&D Division of
Medical Device SME B (Intcommd2), the companiesnwdical devices
competed with each other severely not only in theeistic but also in the
foreign markets. It was very difficult for the compes of medical devices

to consolidate with each other and lobby the eteptditicians.

While the agendas of the Law and affiliated adntrats/e rules were set up,
the purpose and instruments of these new agenda&srding to the
discussions above, was appropriate to the developofepharmaceutical
NSTIS but inconsistent with other interrelated pe. In fact, these
agendas were set up without inter-ministerial coege and extensive
involvement of pharmaceutical associations. Withowgufficient
inter-ministerial consensus, only the policy pugpad the new clauses
loosely followed the general policy objectives lbé tPromotion Plan, while
the policy instruments of the bills of the Law wenm®t horizontally
complementary to other interrelated policies. Megpbecause of lacking
inter-ministerial consensus for the appropriatersdsthe Law, once being
implemented, the effect of the Law may not be camantary with other

interrelated policies, such as the National Progtam addition, since both
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the interests of the pharmaceutical MNCs and SMEgevinvolved in the
agenda-setting process, they were able to représergeneral interests of
the pharmaceutical sector to the Bureau. Throughirliolvement of the
pharmaceutical associations the policy goals asttuments of the Law
became more appropriate, as all the agendas tetmlexhcourage the
innovation of new pharmaceuticals were decided vutly knowledge of
the general interests of the pharmaceutical sedtberefore, the new
agendas were able to match the knowledge dynarhittee gharmaceutical
sector, and the policy purpose was expected tacbewed. However, since
the pharmaceutical associations were only able dointvolved in the
agenda-setting of the Law rather than the NatioRabgrams, the
involvement of the pharmaceutical associations mgdsable to contribute to
the consistencies between the Law and the NatPrograms. Furthermore,
the medical device companies which were not inwblven the
agenda-setting of the Law were unable to contribmtbe consistencies and

appropriateness of the Law.

6.4.3.1.2 The agenda-setting of the Agro-pesticMasagement Act

The Director-General and other high level managdrdhe Bureau of
Animal and Plant Health Inspection under the CduotiAgriculture (see
Figure 6.2) were the most important elected pdaditis to decide the
agendas for the bills of the Management Act. Ascdieed by one of the
high level managers of the Bureau of Animal anchPHealth Inspection
and Quarantine and the Agriculture (Intad6), thaister of the Council of
Agriculture only gave the general directions to Biereau, and it was the
high level managers of the Bureau to decide all #gendas of the
Management Act. As we have described in sectior2@4there was no
inter-ministerial consensus formed as to what shobk the most

appropriate objectives and instruments of the Manmamnt Act and as to the
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consistencies of the policy objectives and thegyolhstruments between
the Management Act and the National Program. Ratheras indeed the
involvement of external stakeholders that mainfuenced the selection of

the agendas of the Act.

The Bureau held regular public hearings to invole interests of
agricultural companies, especially the pesticidenganies. However, the
companies participated in these public hearingeewet recommended by
the agricultural associations but were involvednasvidual companies. As
individual companies, they were in fact unable épresent the general
interests of agricultural sector. As describedHh®yhigh level manager of the
Bureau (Intad6), since some companies suggesteththdlanagement Act
which adopted the policy instruments to regulate tmanufacturing
machines of bio-pesticides in detail seriously catlthe flexibility of these
companies, the Bureau accepted the suggestionhandet up the agendas
for the amendments of the policy instruments of Menagement Act to

delete the detailed regulations for the manufaatumachines.

Next to the pesticide companies, the congressmeheobpposition party
also played significant roles in the agenda-settimgpcess of the

Management Act. Yet, the congressmen merely putteeBureau to amend
policy instruments of the Management Act to strictentrol the safeties of
the pesticides rather than to appropriately engmurthe innovation of

bio-pesticide. As described by the high level manaj the Bureau (Intad6),
since the poisonous pesticide was frequently mésémecommit suicide, in

2007, under the suggestion of the congressmemBuleau initiated the new
agendas for the amendments of the Management Alctemealed the new
policy instruments that only the farmers were dieito buy the poisonous

pesticides.
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While the new agendas of the policy instrumentshef Management Act
were selected by the Bureau, these new agendagytstemed the policy
objective of the Management Act which tended totidrthe food safeties.
These agendas were selected without inter-mingdtednsensus and with
unsuitable involvement of external stakeholders.cadBse of lacking
inter-ministerial consensus, the policy objectiviettte Management Act
which was solely decided by the Council of Agricuét was not vertically
consistent with the general policy objectives o tAromotion Plan, the
policy objective and the policy instruments of fMdanagement Act which
didn't tend to encourage the innovation of bio-medeé was in fact

inappropriate to the development of agriculturattee and horizontally
inconsistent with other interrelated policies, sashthe National Program
which tended to encourage the innovation of bideadfural products.

Furthermore, without the suitable involvement, tharticipation of the

pesticide companies in the public hearing was \bffjcult to positively

increase to the consistencies between the Managekoeand the National

Program, as well as the appropriateness of the §gamant Act.

6.4.3.2 The stage of deciding

The stage of deciding of regulation policies wa® titage for the
congressmen of the opposition party to legislageliis to be laws and to
monitor the decisions of administrative rules. 8irvee have assumed in
section 3.3.1 that the stage of deciding is deapRuence by two

independent variables, the divided government drel ihvolvement of

external stakeholders, in this section, we empbk#sizinfluence of the two
independent variables on the consistencies andppateness of the Law

and the Management Act.

The congressmen of the opposition party played mapb roles in the
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legislation of Law and monitoring the decisionsaffiliated administrative
rules of the Law. For the bills of pharmaceuticatad exclusivity, the
congressmen changed the bills before legislatianwa have described in
section 6.4.3.1, while the Minister of the Depanttnef Health decided the
policy instrument of data exclusivity, the bill ¢ie policy instrument of
protection relatively inclined to the interests dfie MNCs. The
pharmaceutical associations of local SMEs whichewsrsatisfied about the
bill turned to lobby the congressmen of the oppasiparty, and the MNCs
also lobbied the congressmen in order to secureititerests. According to
the meeting record of the Legislative Yd4rthe congressmen tended to
further balance the interests of MNCs and local SM®hile the new
formally legislated clauses still gave 5 years @cton to the data of new
medicines, the 3 years protection for the data eftbd medicines was
deleted. Moreover, for the administrative rules,dascribed by the high
level manager of the Food and Drug Administrationtad8), the
administrative rules should only be authorized hg Bureau, and the
congressmen hardly reviewed the details of thesairastrative rules. For
instance, the pharmaceutical PIC/S standards shanlidbe approved by

the Bureau.

The congressmen of the opposition party also playguabrtant roles in the
legislation of the Management Act. As describedHh®yhigh level manager
of the Bureau of Animal and Plant Health Inspectamd Quarantine
(Intad6), since it was the congressmen who suggidstamend the policy
instrument of the Management Act and to strictintcol the status of the
buyers of the poisonous pesticide, the congressshéime opposition party

smoothly legislated the bill to be law.

3 See the meeting record of the Legislative Yuan:
http://lis.ly.gov.tw/ttscgi/lgimg? @940604;0271;0292
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While the congressmen of the opposition party latgs the bills of the

Law and the Management Act to be laws, accordingh® discussions
above, the policy purpose and the policy instrumertthe new clauses of
the Law remained appropriate and consistent with general policy

objectives of the Promotion Plan and with policyjealives of other

interrelated policies, such as the National Progtatie policy objectives
and the policy instruments of the Management Antai@ed inappropriate
and inconsistent with the National Program. In thse of the Law, even
though the congressmen of the opposition party weble to form the
consensus with the Minister of the Department oéltte it was the same
blocks of interest groups which lobbied both theeative and the
legislative branches bridged the policy preferenckthe two branches.
Because the bills of the Law was legislated with filll knowledge of the

dynamics of the pharmaceutical sector, once the Witre legislated to be
laws, the new clauses of the Law were able to éurtppropriately match
the pharmaceutical NSTIS. In the case of the Mamagé Act, since the
policy preference of the congressmen of the opieosfiarty was involved

in the agendas of the Management Act, the congessaonsistently

authorized the bills to be laws. Yet, even if thee@itive branch and the
legislative branch have established high consensus, consensus was
established upon without the suitable involvemerit tbe external

stakeholders (especially the agricultural compaofgeesticide) and without
the clear understanding on the dynamics of modatedhnology and the
agricultural sector. The consensus was in fact lentbpositively increase
the appropriateness of the agricultural sector. Wik further discuss the

roles of the congressmen in the divided governrme@hapter 7.

6.4.3.3 The stage of implementation

The stage of implementation of the Law and the Man@nt Act was the
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stage for the administrators of the regulatory bsdio implement the
clauses of the laws and administrative rules. Thplementation body of
the Law was the Bureau of Pharmaceutical Affaing] the implementation
body of the Management Act was the Bureau of Aniaral Plant Health
Inspection and Quarantine. Since we assume inoge8tB.3 that the stage
of implementation is deeply influenced by threeeipendent variables, the
vertical coordination, the horizontal inter-depagtital coordination and the
involvement of external stakeholders, in this settiwe will focus on the
influence of these three variables on the consisterand appropriateness
of the Law and the Management Act. In the followipgragraphs, we
introduce the implementation of the Law and itdliated administrative
rules first and introduce the implementation of thEnagement Act

afterwards.

The Bureau of the Pharmaceutical Affairs had no izootal
inter-departmental coordination in the implemewiatdf policy instruments
of the Law and the administrative rules. Accordinghe description of the
high level manager of the Bureau (Intad8), the Burenderstood that many
pharmaceutical companies which got R&D funding tiglo the two
pharmaceutical National Programs or the Mid-teranRidf the Ministry of
Economic Affairs to transfer biotechnologies freqihe failed to get
licenses from the Bureau for further clinical tsia¥et, besides dealing with
such issues case by case, the Bureau had notrfyithe to establish new
institutions to coordinate with other interreladepartments or to revise its

regulations.

The problem of the vertical coordination even deegethe difficulties of
the implementation of the Law and the affiliatednamistrative rules. Once
the Minister of the Department of Health gave tleaagal direction to the

Bureau, according to the description of the higielenanager of the Bureau,
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the Minister of the Department of Health seldom esuged the

implementation of the Law and administrative rul€se general direction
given by the Minister was to coordinate the Lawemithe framework of the
Promotion Plan and make policy purpose and thepatistruments of the
new clauses not only consistent with the generli¢ypobjectives and other
interrelated policies but also positively suppdre tdevelopment of the
pharmaceutical sector. However, the implementadioected by the Bureau
was towards the direction which was neither coastshor appropriate. For
example, according to the experiences of Taiwamdgme Company and
Pharmaceutical SME A (Intcomph3 and Intcomph4)naféhe new clauses
of reviewing the licenses of new medicines weréslatpd, the Bureau were
very conservative to license the companies to duocel trials. Yet, even

though the implementation was distorted, the Maristas unable to fix the

distortion from top-down immediately.

The companies of pharmaceuticals and medical deweare involved in
the stage of implementation as individual companidsor the
pharmaceutical companies, according to the desmgpt of the
pharmaceutical companies we have interviewed (mpt@8, Intcomph4,
Intcomphb5), even though some of them have partiegan the stage of
agenda-setting through the pharmaceutical assocgtthey were involved
in the stage of implementation as individual com@an Unless these
individual companies were able to persuade therpaeeutical associations
to take actions, they were difficult to get postiresponse from the Bureau.
Moreover, for the medical device companies, themames were only able
to involve in the stage of implementation throughggesting the
administrators of the Bureau individually. Yet, yifeequently got rejections.
For example, Medical Device SME C (Intcommd3) haseosuggested the
Bureau to increase the staffs to review the liceredfethe medical devices.

Such suggestion was rejected by the Bureau.
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The Bureau of Animal and Plant Health Inspectiod uarantine which
implemented the policy instruments of the Managemenh also established
no horizontal inter-departmental coordination witither interrelated
implementation bodies. According to the descriptioin the high level
manager of the Bureau (Intad6), the high level mgarm@ent of the Bureau
has discovered that lots of the agricultural congmarof bio-pesticides
which were funded by the National Program to transingle ingredients
for fermentation were not able to get the licensenanufacturing bio-
pesticides. The reason was that these companidsogiesticides were
unable to provide the Bureau sufficient documeifitoxicology. From the
Bureau's perspective, if the research organizationsthe universities
provided the documents of toxicology to the comeanwhile they
transferred biotechnologies, the companies sho@deaésier to get the
licenses. Yet, besides communicating with the mesearganizations under
the Council of Agriculture., the Bureau had no plarcoordinate with the
implementation bodies of other ministries, suchtlas implementation

bodies of the National Science Council or the Miyi®f Economic Affairs.

The problem for vertical coordination increased thi#ficulties for the
implementation of the Management Act. As we havecdbed in section
6.4.3.1.2, the vertical coordination between theister of the Council of
Agriculture and the Bureau was in fact very limit@the policy objective of
the Management Act was not coordinated under thendwork of the
Promotion Plan, and there was no inter-ministea@aisensus to coordinate
the policy objectives and the policy instrumentshed Management Act to
be horizontally consistent with other policies,elikhe National Program.
Once being implemented, the implementation of trendyement Act was
towards the direction which was neither verticatlgnsistent with the

general policy objectives of the Promotion Plan horizontally consistent
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with the National Program. Furthermore, there wasimter-ministerial
consensus for the appropriateness of the Manage/entAfter being
implemented, the Management Act was difficult tprapriately match the

development of agricultural sector.

Moreover, the agricultural companies were only dblée involved in the
implementation of the Management Act as individewampanies. As
described by the Assistant Manager of Advanced iG®®technology
(Intcomag5), there was no association formed by ¢oenpanies of
bio-pesticides. As individual companies, the inteseof these companies
were difficult to be accepted by the Bureau. The pf view was shared by
the high level management (Intad6). For examplejesecompanies once
suggested the Bureau to set up the agendas tatéen&tinew law especially
to regulate the bio-pesticide. Such suggestionrejgested by the Bureau. In
short, as individual companies, the companies sfigdes were unable to
represent the general interests of the agricultseator to the Bureau and
increase the Bureau’s understanding to the dynawifickie agricultural
sector. Therefore, these companies were unable nicredse the
appropriateness of the Management Act. In addismtce these companies
only explained their situations to the Bureau, thegre not able to
contribute to the consistencies between the Managemct and the

National Program.

To sum up, the policy objectives of the Law and Memnagement Act were
inconsistent and inappropriate, because they hadpgbe establishment of
the network between different actors; and only plepose of the new
clauses of the Law was vertically consistent with Promotion Plan and
horizontally consistent with other interrelatedipi@ls. However, once being
implemented, as we have discussed in section 8.3sid section 6.3.2.3,

both policies were not complementary with the NaioProgram. The two
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policies were in fact difficult to appropriately toh the development of the
three biotechnology related NSTIS. The vertical rdowtion, horizontal
coordination and involvement of external stakehdewvere the key

variables which shaped the stage.

6.4.4 Brief conclusion of section 6.4

As we have already shown in Figure 6.3, the padlitinstitutions of the two
policies changed from stage to stage. The changeegdolitical institutions
will be further discussed in Chapter 7 while we pame the political
institutions with our conceptual framework showrigure 3.1. In addition,
on the basis of our analysis above, the consisteramd appropriateness of
the two policies also change through the stagesedd, the two policies
were decided by totally different processes. Stheeactors involved in the
National Programs had very limited connectionshose involved in the
regulation policies, it is not only that the poliopjectives of the two
policies were not consistent with each other, lmteobeing implemented,
the policies also were not entirely complementdny.addition the two

policies towards the three biotechnology NSTISedétl.

Through analyzing the policy-making process of hta¢ional Programs and
the regulation policies, we clearly recognize tleasons why the policy
objectives and the policy instruments of the twbgies were not consistent
with each other, as well as the reasons why thepwlizies together were
unable to generate appropriate supports. As we thigeassed in section 6.3,
the two policies generated limited appropriate supto the biotechnology
related NSTIS in Taiwan. Since the stage of agemdng, the elected
politicians didn’t coordinate the agendas of theo tpolicies, and the
involvement of external stakeholders was not ablgasitively contribute to

the appropriateness and consistencies of the twiciggw While the
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congressmen decided the two policies, the congesswh the opposition
party were unable to positively coordinate the fvadicies to be consistent
and appropriate. Moreover, in the stage of implaaten, even though
some of the administrators of implementation bodiesticed the

inconsistencies and inappropriateness of the twicies, they were unable
to implement the two policies towards the directishich was consistent
and appropriate. As long as there was no mechamsmvaluate the
appropriateness of the two policies, the Taiwarggseernment as a whole
was very difficult to improve the variables whicfluenced the

consistencies and appropriateness of the two psliciWe will further

discuss the dynamics of policy-making process iapiér 7.

6.5 Conclusion

In this Chapter, using the empirical cases of Taiwee not only discuss the
consistencies and the appropriateness of the N#tiBrograms but also
explore the dynamics of the policy-making procéssChapter 3, we only
set up a single conceptual framework all RTDI peBc Yet, through

analyzing the empirical cases, we discover thakeddthere are many
processes of policy-making within one political teys; furthermore, one
political system produces different policies towsardifferent NSTIS

because of the different interactions between mdiffe actors. The
conceptual framework and the empirical discoveas the main topic of

Chapter 7.
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Chapter 7 Analysis of the research questions, the conceptual

framework and the empirical cases

7.1 Introduction

The purpose of this chapter is to provide in-degthlysis for our research
guestions and the conceptual framework throughudsng the empirical
cases of Taiwan. As we have described in ChapteyuB,four research
guestions and the conceptual framework are estaolisupon four
independent variables and two dependent variabiesconsistencies and
the appropriateness of RTDI policies. In addition,Chapter 6 we have
described in detail the policy - making procesthefNational Programs and
the regulation policies (focusing on the Law and tlanagement Act),
through the lens of our conceptual framework. Hosvevas we have
mentioned in the conclusion of Chapter 6, we setoae conceptual
framework for the policy - making process of all[RTpolicies within one
political system, but as shown by the empiricalesaghere were indeed
many policy - making processes within one politisgstem. The analysis
for the variety and the multiplicity of the casesldhe stages are the core of
this chapter and we will not only answer the redeajuestions, but also
further develop the conceptual framework on theisba$ the empirical

cases.

The chapter is structured as follows. Section @éflects the four research
guestions. On the basis of the empirical cases Weamalyze the influence
of the four independent variables on the consigtsnand appropriateness
of the RTDI policies. Section 7.3 re-explores tloaaeptual framework by
the empirical cases. In Chapter 3, as we have slwigure 3.1, we have
divided the RTDI policy - making process into fatages and we assume

each stage is influenced by different independantbles. Nevertheless, on
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the basis of the empirical cases, in this sectienw¥i add the new analysis
in our conceptual framework and deepen the undelstg towards the
RTDI policy - making process. The contribution ahe limitation of the

conceptual framework will be also discussed in ghetion. Section 7.4 is

the conclusion of the chapter.

7.2 Theanalysis of theresearch questions and the empirical cases

7.2.1 The influence of the divided government oa tonsistencies and

appropriateness of RTDI policies

Our first research question established in se@i@nl.1 askshow does a
divided government under the presidential polity influence the
consistencies and appropriateness of the RTDI policies? The divided
government, according to the definition of Elgied@2:3), refers to the
situation that ‘the president’s party fails to qohia majority in at least one
house of the legislature. As we describe in secBdhl, the literature of
comparative politics extensively contributes to @itst research question.
As described by Smith et al (2006), the congressiwis controlled by the
opposition party most often has different policyogties and preferences
from the president’s ones. Samuels (2007) alsoutpes that under the
divided government the president’s policies areyveifficult to get
approvals of the congress and once the dead -Hetkeen the president
and the congress happens, the presidential palityiges no institutional
solution to solve the problems of the dead - Iddkreover, according to the
descriptions of Weatherford (1994), Cox and McCuobbi(2000) and
Pfiffner (1994), under the situation of the dividegbvernment the
consistencies of policies are very difficult to b®intained because the
congressmen of the opposition party are likelyreak the consistencies of

these policies through the legislative process. drilg way for the president
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to maintain the consistencies of the policies, fiiti perspectives of these
scholars, is to employ his / her leadership to yste the congressmen to
authorize the policy proposals released in the narhdhe president.
However, since no existing literature providesisight linkage between the
divided government and the consistencies and apptepess of RTDI
policies, on the basis of the existing literaturesection 3.2.1.1, we have
assumed that a divided government is very diffitoltnake consistent and
appropriate RTDI policies. The congressmen of tpposition party who
possess different policy priorities and prefererfces the president’s ones
may break the consistencies of the RTDI policiesrédver, as long as the
congressmen of the opposition party are likelyawehdifficulties to form a
consensus for the appropriateness of the RTDI ipsliwith the president,
the divided government as a whole is very difficildt make appropriate
RTDI policies to support the development of the MSTNevertheless, our
assumptions made in section 3.2.1.1 are not fudyne@hstrated by the
empirical cases of the National Programs and trgulagion policies

discussed in section 6.4.

Both cases, the National Programs and regulatidicig®, show that the
divided government is capable to make consistedt appropriate RTDI
policies. In fact, in the case of the National Pamgs, the congressmen of
the opposition party only changed a part of theteais of the National
Science and Technology Program for Biotechnology Bharmaceuticals
and broke the consistencies and the appropriatefi¢lss National Program.
For the other two National Programs, as we haveritesl in section
6.4.2.2, once the elected politicians have decitlegolicy proposals of the
two National Programs to be consistent and appatsgrthe congressmen of
the opposition party approved the policy proposald didn’t change the
consistencies and appropriateness of the two NatPrmgrams. In addition,

in the case of the regulation policies the congness of the opposition

241



party authorized the bills of the new clauses & tlaw with only one
change, and indeed the change, as we have desanibszttion 6.4.3.2,
made the new clauses of the Law to be more ap@ateo the development
of the pharmaceutical NSTIS. The congressmen ewtroazed the bills of
the new clauses of the Management Act without changt, the new
clauses of the Management Act authorized by thegremsmen, as we
describe in section 6.4.3.2, were inappropriatethe development of
agricultural NSTIS. In fact, according to the engal cases of the National
Programs and the regulation policies, we considat the congressmen of
the opposition party under the divided governmeitt ohfluence the
consistencies and appropriateness of RTDI policies,. the congressmen,
in the majority of cases, only had slight influen@ch as one of the
National Program and the Law) or no influence (tafothe National
Programs and the Management Act). In addition, ef/¢éime congressmen
made some changes to the RTDI policies, the chamgede by the
congressmen are either positive (such as the Law)egative (such as
National Science and Technology Program for Biatetbgy and
Pharmaceuticals) to the consistencies and apptepess of the RTDI
policies. The influence of the congressmen on tbesistencies and
appropriateness of RTDI policies is actually veoynplex. On the basis of
the discussions about the two empirical cases wegreze that there are
three factors which effect on the influence of tt@ngressmen of the
opposition party on the consistencies and apprgmess of the RTDI

policies. Each of the factors is introduced below.

First of all, the congressmen have limited knowkeddpout the contents of
RTDI policies, and their oversight to the proposafsRTDI policies is
reduced because of the shortage of knowledge. Aviave described in
section 6.4.2.2, in the case of the National Prograhe congressmen of the

opposition party had different policy priorities capreferences from the
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president’s ones and had incentives to change tmewts of policy

proposals of the National Programs. This is coestsivith the literature on
divided government. However, as it is shown inisec6.4.2.2, it was the
limitation of knowledge which reduced the insiglaisd leverage of the
congressmen. As long as the policy proposals ofNh8onal Programs
were full of professional terms of biotechnolodgywvas very difficult for the

congressmen to monitor and criticize the policyposals. Besides, the
congress itself didn't provide sufficient suppoot the knowledge of the
congressmen. Even as the congressmen of the dppoparty had high

incentive to change the policy proposals providedthe name of the
president, they were unable to change the contnpelicy proposals as
much as they tended to. In other words, as we vbdeosm the case of the
National Programs, even though the congressmdmeabpposition party do
have incentives to change the policy proposalsT@IRolicies, because of
the shortage of knowledge, the congressmen are ainly to make few

changes before they approve the RTDI policy prolsosa

Second, the extent to which the elected politicieaus persuade and form
the consensus with the congressmen deeply inflgetheejudgments of the
congressmen towards the consistencies and appepEss of the RTDI
policy proposals. While the existing literaturecsias Weatherford (1994),
Cox and McCubbins (2000) and Pfiffner (1994), diggcrthat it is the
president who needs to employ his/her leadershippéosuade the
congressmen of the opposition party in order toaggrovals of policies, we
find that it is in fact the elected politiciansthrar than the president, who
need to form the consensus with the congress. Asave shown in section
6.4.2.2, there were two National Programs directenvards the
pharmaceutical sector, but the congressmen had quilifferent judgment
from the policy proposals of the two National Pags. The congressmen

smoothly authorized the policy proposals of theidvatl Research Program
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for Genetic Medicine and maintained the consisenaind appropriateness
of the National Program, because the leaders ssfotlgspersuaded the
congressmen that the development of generic rdséao& long time. Yet,
the congressmen suspended a part of the budgete dfiational Science
and Technology Program for Biotechnology and Phaeuticals and broke
the consistencies and appropriateness of the N#tRrogram, because the
leaders of the National Program were unable toessfally persuade the
congress. Moreover, in the case of the Managemen; @ we have
described in section 6.4.3.1.2, it was also thén h&yel managers of the
Bureau of Animal and Plant Health Inspection ancai@utine, as elected
politicians, to form the consensus with the congmesn. As long as the
policy priorities and preference of the congressmeme included in the
bills in the stage of agenda - setting, in the etad deciding, the
congressmen authorized the bills to be laws witleh#nges. Yet, as we
have described in section 6.4.3.1.2, even if thev rebauses of the
Management Act were legislated, these new clauseslynstrengthened the
policy objective of the Management Act which wa#her consistent with
other interrelated policies, such as the Natiomagfam, nor appropriate to
the development of agricultural NSTIS. Indeed,¢begressmen didn’t play
the role to check for the consistencies and ap@atgmess across policies.
The two pharmaceutical National Programs and theagament Act show
three different processes for the divided goverrimen shape the
consistencies and appropriateness of RTDI policiesthe case of the
National Research Program for Genetic Medicine, dlezted politicians
achieved the consensus with the congressmen whas based on the
understanding towards the consistencies and apatepess of the National
Program, and the divided government made the Nati®nogram to be
consistent and appropriate; on the contrary, ete¢hei elected politicians
formed the consensus with the congressmen in the aathe Management

Act, since the consensus was not established upenuhderstanding
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towards the consistencies and appropriatenessdithnded government
didn't make the Management Act to be consistent apgropriate. In
addition, in the case of the National Science aechimology Program for
Biotechnology and Pharmaceuticals, even thougheiketed politicians
made the National Program to be consistent ancbappte, since there was
no consensus formed for the National Program, tmgressmen broke the
consistencies and appropriateness of the Natiawgk&m. In sum, from the
empirical cases we find that it is the interactidmetween the elected
politicians and the congressmen which influence jigments of the
congressmen towards the RTDI policies. Furthermamdy under the
condition that the consensus between the electddiciams and the
congressmen is established upon the understanélithg @consistencies and
appropriateness of RTDI policies, the divided gomeent is able to make

consistent and appropriate RTDI policies.

Third, the pressures from the voters and the iremolent of external
stakeholders facilitate the formation of the comsssn between the
congressmen and the elected politicians. In thes aafs the National
Programs, as we have shown in section 6.4.2.2rs/pteferred to support
the development of biotechnology. The preferencthefvoters was similar
to the policy preference of the president and tleeted politicians who
tended to promote policies, such as the Nationagfams, to support the
development of biotechnology and related sectorsier@fore, the
congressmen of the opposition party tended to aepttoe policy proposals
of the National Programs. In addition, the congress formed different
levels of consensus with the elected politicianss&bisfy their voter’s
preferences. The congressmen had much strongezrearswith the elected
politicians towards the agricultural National Pragr than the two
pharmaceutical National Programs, because manyressigen of the

opposition party were elected by agricultural cemt Therefore, all the
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budgets of the agricultural National Program wem®athly authorized and
parts of the budgets of one of the two pharmacalutiational Programs
were suspended. Moreover, in the case of the Lawyeahave described in
section 6.4.3.2, even though the congressmen dfppesition party didn’t
achieve the consensus with the Minister of the Blepent of Health for the
consistencies and the appropriateness of the ltamas the involvement of
the same groups of pharmaceutical associationshapesthe consensus
between the congressmen and the ministers. Sineeptiarmaceutical
associations presented their policy preferenceotb the Minister and the
congressmen, the policy preference of the Ministed the one of the
congressmen of the opposition party were shapéd gimilar to each other.
While the congressmen of the opposition party augbhd the bills of the
new clauses of the Law to be laws, they only shigbhanged the details of
the bills, such as deleting the 3 year protectibthe data exclusivity of
Me-Too medicines. Since the policy purpose andptbley instruments of
the new clauses were not changed, the congressmiacti didn’t change
the vertical and horizontal consistencies of thev.Lim addition, since the
congressmen further balanced the interests ofaba& ISMEs and MNCs,
they in fact changed the new clauses of the Lawetonore appropriate to
the development of pharmaceutical NSTIS. In shdwsed on our
discussion about the National Programs and the Waev,find that the
pressure from the voters and the involvement oére stakeholders are
able to shape policy preferences of the congressihdre opposition party
and the elected politicians to be similar to eatieio and facilitate the
executive and legislative branches to form a cosnserfor the policy

objectives and the policy instruments of RTDI pielsc

On the basis of our empirical cases of the thretioNal Programs and the
regulation policies, we identify that the dividedvgrnment is able to make

RTDI policies to be consistent and appropriate.adfee with some existing
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literature of comparative politics, such as Samuy@B07), Weatherford

(1994), Cox and McCubbins (2000) and Pfiffner (19%hd extend the
contributions of the literature to the field of RIPolicies. Under the

divided government the congressmen of the opposparty have different
policy priorities and preferences of RTDI policikich are different from

the ones of the president. In some cases, the essigen do have
incentives to change the contents of RTDI polic¥, as we have found in
the empirical case of the National Programs, bexafighe specialties of
these policies the oversight of the congressmenradisced by the shortage
of knowledge. In addition, we don't agree with sorfieerature of

comparative politics, such as Weatherford (1994hictv considers the
employment of the president’s leadership to beottilg method to persuade
the congressmen to authorize the policy propogats.the basis of our
empirical findings we recognize that in the fieldRIDI policies, the two

branches of the divided government are able toeaehconsensus through
the interactions between the elected politiciand #re congressmen and
through the involvement of the policy preferencésthe voters and the

external stakeholders.

In sum, we recognize that our assumption that tkelel government is

very difficult to make consistent and appropriat€DR policies is too

simplified. The oversight of the congressmen urnbterdivided government
is able to be reduced by the shortage of knowledgd,the persuasion of
elected politicians and the involvement of voteesid the external
stakeholders’ preferences are able to facilitate #wstablishment of
consensus between the two branches. Thereforepmatucle that as long as
the elected politicians and the congressmen ofditided government are
able to establish a consensus upon the understanttiwards the

consistencies and appropriateness of RTDI polithesdivided government

is able to make consistent and appropriate RTDicigsl. The consensus
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between the two branches is different from seatosdctor because of the

different preferences of voters and the involvenoérexternal stakeholders.

7.2.2 The influence of the horizontal coordinatmmthe consistencies and

appropriateness of RTDI policies

In section 3.2.1.2 we have established our seceséarch questiorow
does the horizontal coordination between actors influence the
consistencies and appropriateness of RTDI policies? The actors refer to
both the elected politicians on the ministeriakleand the administrators on
the agency level. Our second research questiordeasribed in section
3.2.1.2, is established upon the literature of pubtanagement. On the
ministerial level, according to the descriptionLaiver and Shepsle (1996),
the departmental egoism of elected politiciansgeeisfly the ministers, is
very difficult to avoid. Even though Six et al (B)thave described that the
collaborative organizational relationships are thecondition to make
policies consistent with each other, from the pectipe of Braun (2008), in
the field of RTDI policies, unless the benefit @oedination is higher than
costs, the self - interested ministers have nonimee to achieve the inter -
ministerial consensus for coordination. Moreovar,tbe agency level, as
described by Elmore (1997), Six et al (2002) amtiblom and Woodhouse
(1993), it is very hard for administrators to acleiethe consensus to
horizontally coordinate with each other. In theldi®f RTDI policies, as
described by Biegelbauer (2003), RTDI policies emenplex and usually
decided and implemented by multiple ministries. rEfme, the
coordination is important. Yet, unless the admraisirs gain benefits or at
least secure their benefits through coordinatisrgepicted by Braun (2008),
they have no incentives for horizontal coordinatiomeed, on the basis of
the existing literature we assume that if ministaesdifficult to horizontally

coordinate with each other, it is very difficultrféthe cabinet to make

248



vertically and horizontally consistent RTDI polisiavhich appropriately
match the development of NSTIS. We assume if nersshave difficulties
to form inter - ministerial consensus, the gengralicy objectives are
difficult to be formed and the RTDI policies proradt by different
ministries would be difficult to be horizontally mplementary to each other.
Moreover, since the cabinet as a whole would haffeewdties to form a
unified judgment for the appropriateness of RTDIliges, the cabinet
would have difficulties to promote a set of RTDllip@s to match the
development of a particular NSTIS. In addition, agsume if administrators
have difficulties to horizontally coordinate witlaah other, RTDI policies
will be implemented towards the directions whicle areither vertically
consistent with the general policy objectives & thhole government, nor
horizontally consistent with the implementationotifier interrelated policies.
Once being implemented, the RTDI policies are \difficult to generate
appropriate support to the development of a pdaiddSTIS. In fact, what
we have assumed in section 3.2.1.2 is confirmethbycases of National

Programs and regulation policies.

The cases of the National Programs and regulatimicigs show that
horizontal coordination deeply influences the csiesicies and
appropriateness of RTDI policies. In the case ofidwal Programs, as we
have described in section 6.4.2.1, the policy dhjes and the policy
instruments of the three National Programs werédddcthrough the inter -
ministerial consensus between ministers and werasisient and
appropriate. Yet, all the three National Programfesed the problem of
poor horizontal inter - departmental coordinatiard avere implemented
towards the direction which was not consistent wad difficult to generate
sufficient appropriate support to the pharmaceltod agricultural NSTIS.
Furthermore, in the case of regulation policieswas have described in

section 6.4.3.1, the policy objectives and theqyoinstruments of the Law
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and the Management Act were set up without horedanter - ministerial
consensus and were neither consistent with theoh&dtiPrograms, nor
appropriate. Even though the policy purpose andypahstruments of the
new clauses of the Law loosely followed the genpddicy objectives of the
Promotion Plan and tended to generate appropriafgost to the
pharmaceutical NSTIS, without inter - ministeriabnsensus, the new
clauses of the Law were not horizontally compleragntwith other
interrelated policies, such as the National Progtam addition, because
there was no horizontal inter - departmental cowtion, both the Law and
the Management Act were implemented towards thection which was
not vertically consistent with the general polidyjextives of the Promotion
Plan and not horizontally consistent with other lenpentation bodies. After
being implemented, the regulation policies werefialift to generate
appropriateness on the development of pharmacéuita agricultural

NSTIS.

In summary, based on the two empirical cases wealaleeto confirm that
the horizontal coordination does influence the ianscies and the
appropriateness of RTDI policies. However, we ferthecognize that the
horizontal coordination on the ministerial level darthe horizontal
coordination on the agency level have differentugrices on the RTDI
policies. The influences of the horizontal coordima on each of the two

levels are discussed below.

The horizontal inter - ministerial coordination htee influence on the
consistencies and the appropriateness of the pobgctives and the policy
instruments of RTDI policies. In the case of thetiblzal Programs, the
policy objectives and the policy instruments of Neional Programs were
decided through inter - ministerial consensus. As lave described in

section 6.4.2.1, the resources of the National rarag were contributed by
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different ministries. Although the National Scien€euncil played the role
to coordinate other ministries to form the intemmisterial consensus for
the policy objectives and the policy instrumentghe National Programs,
in fact, none of the Ministers of the four minissilost interests or lost their
authorities because of the participation of theidwal Programs. The
Steering Committees of the three National Progratnish gave the general
advices for the policy objectives and the policgtinments to the leaders
were chaired by the Minister of the National Scee@ouncil but involved
the vice - ministers of other ministries. Therefoaft the ministries
participating in the National Programs shared ththarity to decide the
policy objectives and policy instruments of the iNahl Programs.
Moreover, in the agricultural National Program, Brx@ject Committee was
co - chaired by the vice-Minister of the Nationaliehice Council and the
vice-Minister of the Council of Agriculture. In a&h words, not only the
policy objectives and the policy instruments, the tetailed agendas of the
National Program were decided through inter - nbémial consensus.
Indeed, inter - ministerial consensus of the Natidfrograms was achieved
under the institution in which no minister lostaasces or lost the authority.
Because the ministers achieved inter - ministeraisensus, as we have
described in section 6.4.2.1, the policy objectiged policy instruments of
the National Programs were consistent and appteprtdowever, in the
case of the regulation policies, the policy objpeti and policy instruments
of the Law and the Management Act were not decitieaugh the inter -
ministerial consensus. As we have described inseét2, the Department
of Health was the single ministry to execute thevland the affiliated
administrative rules, and the Council of Agricuiiwas the single ministry
to execute the Management Act. If the Ministerhef Department of Health
or the Minister of the Council of Agriculture coamdted with other
ministers for the promotion of the Law or the Maaagnt Act, they may

lose their authority to be the single ministry teeeute the Law or the
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Management Act. Under the condition that there wasbenefit, such as
increasing resources and authority for the horaloabordination, we are
not surprised that the two Ministers had no inaca#ito form inter -
ministerial consensus for the Law and the Manageémenh As we have
shown in section 6.4.3.1, because of lacking interinisterial consensus,
even if the policy purpose of the new clauses efltaw loosely followed
the general policy objectives of the Promotion Pl policy objectives
remained vertically inconsistent with the generaliqy objectives of the
Promotion Plan and the policy objective and thacgahnstruments of the
Law were not horizontally consistent with the twimapmaceutical National
Programs. In addition, since the agendas of theageament Act were
decided without inter - ministerial consensus, pwicy objective and
policy instruments of the Management Act were neitigally consistent
with the general policy objectives of the Promoti®tan, were not
horizontally complementary with the agricultural tdaal Program and
were unable to generate appropriate support to déeelopment of

agricultural NSTIS.

On the basis of the empirical cases of the Nati®nagrams and regulation
policies, we agree and further extend the persgectiof the existing
literature of public management. In the field ofIRTpolicies, as described
by Laver and Shepsle (1996), the departmental egofsministers exists
and is the most important underlying factor whichkes the horizontal inter
- ministerial coordination difficult. Even thougteé inter - ministerial
coordination deeply influences the consistencias appropriateness of the
policy objectives and policy instruments of RTDIlipes, just as described
by Braun (2008), unless the ministers are ableei@give the benefits of
coordination they have no incentive to decide tloéicp objectives and
policy instruments of RTDI policies to be consisteand appropriate

through inter - ministerial coordination.
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Furthermore, the administrators’ horizontal intelepartmental coordination
influences the consistencies and the appropriateoiethe implementation
of RTDI policies. In fact, the National Programsrev@mplemented without
horizontal inter - departmental coordination. As as/e shown in section
6.4.2.3, all three National Programs encounteredptioblem of horizontal
inter - departmental coordination. In the caseshef two pharmaceutical
National Programs, since the implementation bodieghe Ministry of

Economic Affairs didn’t consider their mission wdtdly respected by the
National Programs and they were unable to gainaasvbenefits through
the participation of the National Programs, front perspective, it is not
surprising that the two implementation bodies wetactant to be involved
in the National Programs. Moreover, in the agrioat National Program,
the implementation body of the Council of Agricudu and the

implementation body of the Ministry of Economic aiffs had no problem
to horizontally coordinate with each other in fumglithe bio - agricultural
research because the missions of the two implet@mtdodies were
similar to each other. Yet, the implementation lesdivere very difficult to

horizontally coordinate with each other to executee agricultural

regulations under the framework of the NationalgPam. The Bureau of
the Industrial Development was the single body xecate the ‘Factory
Rules’, and the Bureau of Animal and Plant Healiispkction and
Quarantine under the Technology Department wasnhebody to execute
the Management Act. There was in fact no percebestefit to incentivize

the two implementation bodies to coordinate witbheather. As a result, the
direction of implementation of the National Progeawas neither vertically
consistent with the general policy objectives o fAromotion Plan, nor
horizontally consistent with the implementation ather implementation
bodies. After being implemented, the National Paogg were difficult to

generate appropriate support to the developmephafmaceutical and the

253



agricultural NSTIS. Moreover, in the case of thgulation policies, the
Law and the Management Act were also implementationt horizontal
inter - departmental coordination. As we have dbedrin section 6.4.3.3,
the Bureau of Pharmaceutical Affairs was the omplementation body of
the Law and the affiliated administrative rulesdahe Bureau of Animal
and Plant Health Inspection and Quarantine wasotilg implementation
body of the Management Act. According to our disonss above these two
Bureaus indeed had no incentives to implement tlav Land the
Management Act through inter - departmental coatiom, which may
reduce their authority in the implementation ofsita@egulation policies. As
a result, the implementation of the Law and the &mment Act was
towards the direction which was not vertically astent with the general
policy objectives of the Promotion Plan, not honiadly consistent with the
National Programs, and not to generate approprg&atpport to the

pharmaceutical and the agricultural NSTIS.

On the basis of the empirical cases of the Nati®magrams and regulation
policies we agree and extend several points ofethisting literature of
public management. We assent to Elmore (1997) amdiblom and
Woodhouse (1993) that the administrators have tbein departmental
egoism, and further explain that in the field of RTpolicies the
departmental egoism of the administrators is onghef most important
reasons which make the horizontal inter - departatenoordination
difficult. We also agree with Braun (2008) that es¥ the departmental
routines of administrators are fully respected adthinistrators are able to
at least secure their benefits in the coordinatibay have no incentives to

horizontally coordinate with each other to impleti@mDI policies.

In sum, according to empirical analysis of the biadl Programs and the

regulation policies, we recognize that the horiabobordination, including
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the horizontal coordination between the electeditipeins and the
coordination between the administrators, deeplyarfces the consistencies
and appropriateness of RTDI policies — in bothaioms. Our conclusion
not only confirms the opinions of Six et al (20@6xat the collaborative
organizational relationship is the preconditionntake consistent policies,
but also extends the perspectives of the existitgrature of public
management, such as Laver and Shepsle (1996), El(h897), that in the
field of RTDI policies the departmental egoism &xisn both the ministerial
level and the agency level and is one of the furetdal factors which make
the horizontal coordination difficult. Moreover,etlihorizontal coordination
on the ministerial level and on the agency levelaofors has different
influence on the consistencies and appropriateoeBI DI policies. While
the horizontal inter - ministerial coordination lidnces the consistencies
and appropriateness of the policy objectives andymstruments of RTDI
policies, the horizontal inter - departmental camation influences the
consistencies of implementation and the extenttlier RTDI policies to

generate appropriate support to the developmeN&ailS.

7.2.3 The influence of the vertical coordination thhe consistencies and

appropriateness of RTDI policies.

As we have described in section 3.2.1.2 our thesearch question:iiow
does the vertical coordination between the elected politicians and the
administrators influence the consistencies and appropriateness of RTDI
policies? The scholars of public management have rich anslyse the
vertical coordination within the government. As clédsed by the Hogwood
and Gunn (1997), administrators are very difficqoltperfectly’ implement
the policies decided by the elected politicians. &so described by
Lindblom and Woodhouse (1993), because of the ddhitime elected

politicians have they are not able to superviseitmglementation of the
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majority of policies. EImore (1997) also descrilibat even if the elected
politicians have major changes in the policiesgaslthe elected politicians
give sufficient incentives for the administratoesadjust and to implement
these changes, the new policies would be implerddoyeold routines and
suffer implementation failure. On the basis of #hasting literature of

public management, we assume that if the verticatdination between the
elected politicians and administrators is veryidifit to achieve, even if the
elected politicians have decided the policy obyagiand policy instruments
of every RTDI policy to be vertically consistenttiwvithe general policy
objectives of the whole government and horizontatipsistent with other
interrelated policies. In addition, even though thected politicians have
decided that policy objectives and policy instrutsemappropriate, the
implementation may be difficult to generate appiater support to the
development of NSTIS. Our empirical descriptions thie National

Programs and regulation policies in section 6.4ficonour assumptions of

the vertical coordination established in sectich132.

Both the National Programs and the regulation pedicencountered the
difficulties of vertical coordination which deeplyfluence the consistencies
and appropriateness of the two policies. In theecaf the National
Programs, as we have described in section 6.4,2t&lelected politicians,
including the ministers and the leaders, have dopatdd the policy
objectives and the policy instruments of the NatloRrograms to be
consistent and appropriate. Yet, because of theblgmo of vertical
coordination, even though the implementation bodiegdifferent ministries
didn't consistently implement the National Programene of the elected
politicians were able to amend the distortion. Bgrimplementation, the
National Programs didn’'t generate sufficient appedp support for the
development of pharmaceutical and agricultural NSSTMoreover, in the

case of the regulation policies, both the Law dr@lNManagement Act were
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implemented without vertical coordination. Evenubb the implementation
of policies was far from the general directionsegivby the Minister of the
Department of Health and the Minister of the ColintiAgriculture, none
of the Ministers fixed the distorted implementatmmfrthe two policies. After
being implemented, the regulation policies did generate the intended
appropriateness on the development of the pharrtiegeand agricultural
NSTIS. Indeed, according to the two empirical casesecognize that the
vertical coordination actually influences the caetmncies and
appropriateness of RTDI policies. Furthermore, &s have described in
section 3.2.1.2, there are two possible factorhvieixplain the difficulties
of vertical coordination: the limitation of the eted politicians and the
organizational inertia of the administrators. Sileh factors are further
demonstrated by the two empirical cases, we diseast of the factors

below.

First, the limitation of elected politicians to nitmm the implementation is
one of the factors which make the vertical coortioma difficult. As
described by Lindblom and Hoodhouse (1993), contpavéh the vast
scope of the administrative activities, electedtpons only have limited
time and energy to supervise the implementatiopadicies. In fact, both
cases of the National Programs and the regulatitinigs demonstrated this.
In the cases of the two pharmaceutical Nationalgfms, as we have
described in section 6.4.2.3, once the Ministerthedvice - Ministers of the
three ministries delegated power to the implementabodies, they no
longer monitored the implementation. The agricatuxational Program
was also implemented in the context that the meniahd the vice-ministers
simply believed the implementation bodies evernd implementation was
distorted. Moreover, in the cases of the Law amdMlanagement Act, once
the Ministers delegated the regulatory bodies toupethe agendas and to

implement these regulation policies, they no longenitor the agendas and

257



the implementation. From our perspective, bothNlational Programs and
the regulation policies were just a small part lnd policies which were
promoted by Ministers and vice - Ministers. In piee, each of the
Ministers and vice - Ministers had too many pokcte monitor and it was
almost impossible for them to monitor the implenagion of every single
policy promoted under the ministry. Therefore, ba basis of the empirical
cases of the National Programs and regulation ipslicwe agree with
Lindblom and Hoodhouse (1993) that the limitatioos the elected
politicians, especially the ministers, to supentise implementation is one
of the fundamental problems which derives the dlifties of vertical
coordination. However, according to the empiricake of the National
Programs, we also find that the improvement ofitusbns is one of the
possible ways to overcome the limitation of Ministeand therefore to
improve the vertical coordination. As we have showsection 6.4.2.3, in
the case of all the three National Programs, tlaeldes of the National
Programs, as elected politicians, have discovdratthe implementation of
the National Programs was distorted. Yet, since ldagers were only
nominated by the Minister of the National Scienceuxil and only
represented the Council, they were unable to sigeetiie implementation
of the implementation bodies of other ministriesnirtop - down and had
difficulties to fix the distortion of the implemeaiton of the National
Programs. From our perspective, it was the insbibal design which
hampered the improvement of vertical coordinatiinthe leaders were
nominated by the Ministers of the three ministriggher than the Minister
of the National Science Council, the leaders shdeadable to improve the
vertical coordination and maintain the consistemeird the appropriateness
of the implementation of the National Programs. réfee, we recognize
that the limitation of the ministers to supervisglementation is one of the
possible reasons which make the vertical coordnadifficult, but we also

consider that the improvement of institutions i€ af the possible ways to
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improve the vertical coordination.

Second, organizational inertia is another factoictviderives the problem of
vertical coordination. As we have defined in seatti®.2.1.2 the
organizational inertia refers to the situation thdiministrators get used to
the administrative routines too much and avoiddoept new changes. As
described by Elmore (1997), the elected politiciari® introduce major
changes in policies should give sufficient inceasivor the administrators to
implement these changes or the new policies woubdjuently suffer
implementation failure. The perspective of EImasefurther demonstrated
by the empirical cases of the National Programsleda, the National
Programs, as we have described in section 6.2, thhereew policies which
were on the top of the 15 % Mid-term Plans of tloeirf ministries
considered to be the old policies. The NationalghRams, as the new
policies, were initiated in order to integrate e % of the Mid-term Plans.
Yet, the elected politicians, especially the Mieistand vice-Ministers,
didn’t give the administrators sufficient incentsvi® adopt the new changes.
The National Programs were then implemented byoldeadministrative
routines of the Mid-term Plans which were implemeeinaiccording to the
priorities of each ministry, rather than the irteninisterial consensus. The
National Programs suffered implementation failured adidn’t generate
sufficient appropriate support to the developmehfploarmaceutical and

agricultural NSTIS.

In sum, according to the empirical cases of thaddat Programs and the
regulation policies, we consider that the verticabrdination between the
elected politicians and the administrators has dedjuence on the
consistencies and appropriateness of RTDI policl& agree with
Hogwood and Gunn (1997) and extend their pointsiththe field of RTDI

policies, ‘perfectly’ implementation of policies imdeed very difficult.
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Moreover, we further recognize two factors whicliuence the vertical
coordination of RTDI policies. Firstly, we agree thviLindblom and
Woodhouse (1993) and extend their perspectivesithtite field of RTDI
policies, the limitation of the elected politiciansespecially the elected
politicians at ministerial level, is one of the seas for the difficulties of
vertical coordination. However, we also recognizat the improvement of
institutions may be one of the possible methodsnjarove the limitations
of the ministers and improve the vertical coordimatin addition, we agree
with Elmore (1997) and further stretch his perspestthat in the field of
RTDI policies organizational inertia is another g@a of the problems of
vertical coordination and implementation failure.dum, we conclude that
the vertical coordination does influence the cdesisies and
appropriateness of RTDI policies, especially theeeifor the RTDI policies
to be consistently and appropriately implementdte improvements of the
institutions for the supervision of the elected igwans and the
organizational inertia of administrators are thg kEements to improve the

vertical coordination.

7.2.4 The influence of the involvement of exterséhkeholders on the

consistencies and appropriateness of RTDI policies

As we have asked in section 3.2.2 our fourth rebequestion ishow does
the involvement of external stakeholdersinfluence the consistencies and
appropriateness of RTDI policies? The external stakeholders include
interest groups and academics. As we have describsection 3.2.2, our
fourth research question is established upon theareh of interest groups
and scientists. The interest groups, as descrip&thinbb (1983), Feldmann
(2002) and Scott and Cornelius (2004), participatéhe policy - making
process out of self - interests. According to tesatiptions of Hrebenar and

Scott (1982) and Scott (1997), the capabilitiemtdrest groups to influence
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policies are different because of the unequal nressuthey hold. May et al
(2005) and Steinmo and Watts (1995) also explaat the presidential
polity yields interest groups enormous power beeatisallows them to
effect on policies through lobbying the congress.afso described by Inzelt
(2008) and Mogee (1988), the involvement of interg®ups has both
positive and negative impacts on the RTDI policidédoreover, the
academics, according to the descriptions of Toud993), also participate
in the policy - making process out of self - ins#se and as described by
Schooler (1971), the capabilities of academicanflueénce the policies are
different because of their scientific field, theliegree of specialization and
so on. Rich (2005) also depicts that the presidemility gives experts
higher influences because the experts are ablaflicence policies from
both sides, the president and the congress. Acupitdi the descriptions of
Pollitt (2006) and Barker and Peters (1993), thame both positive and
negative impacts of academics on the policies.ddden the basis of the
existing literature, in section 3.2.2, we assumat tbnly the suitable
involvements of external stakeholders, includingeliest groups and
academics, have positive impacts on the consigeramd appropriateness
of RTDI policies. The suitable involvement of extar stakeholders,
according to our definition in section 3.2.2, reféo the situation that the
involved external stakeholders are able to preengeneral interests of the
whole industry or the whole scientific community ttte government and
help the government to promote consistent and g@pjate RTDI policies. If
the interest groups or the academics are ableesept the general interests
of the whole industry or the whole scientific commity to all actors inside
the government, they would ensure that the RTDicpes are decided with
full knowledge of the conditions of the industrydascientific community
and the likelihood of the RTDI policies may increaslherefore, the
involvement of external stakeholders would positiveontribute to the

consistencies and appropriateness of the RTDI ipslicwhat we have
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assumed in section 3.2.2 is in general further detnated by the empirical

cases of the National Programs and the regulabtai@s.

Both the National Programs and the regulation pedicshow that only a
suitable involvement of external stakeholders ie &b positively contribute

to the consistencies and appropriateness of RTdies. In the case of the
National Programs, as we have described in thdoseét4.2, only the

general interests of the academics were suitablgived in the agendas of
the two pharmaceutical National Programs, whilegéeeral interests of the
pharmaceutical sector were not. Once being implésderihe majority of

pharmaceutical companies were quite indiffererthto National Programs,
and the two National Programs indeed generated lared appropriate

support to the pharmaceutical NSTIS. In the casagatulture, the general
interests of the agricultural academics and thécalgural companies were
not suitably involved in the agricultural Nation@togram, and thus they
were unable to positively contribute to the comsistes and the
appropriateness of the National Program. After dpeimplemented, the
agricultural National Program didn’t generate sudint appropriate support

to the development of agricultural NSTIS.

Moreover, in the case of the Law, as long as theege interests of the
pharmaceutical sector were suitably involved in #gendas of the Law,
they positively contribute to the appropriatenesshe new clauses of the
Law. Nevertheless, since the agricultural companiespecially the
companies of pesticides, were unable to suitabBsemt their general
interests to the actors inside the government, Wee very difficult to help
the government to make the Management Act consistgh the National
Program and appropriate to match the developmeago€ultural NSTIS.
Indeed, according to the empirical cases, we censftht the extent for the

general interests of external stakeholders to belwed in the policy -
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making process of RTDI policies influences the dsteacies and
appropriateness of RTDI policies. However, we filéht there are four
points that are able to extensively deepen theyaisabf the influence of the
involvement of external stakeholders on the coes@es and

appropriateness of RTDI policies.

First of all, the organization of political systedeeply influences the
capabilities of external stakeholders to effecttio@ consistencies and the
appropriateness of the RTDI policies. Various arghm the existing
literature, such as Steinmo and Watts (1995), Magl €2005) and Rich
(2005), have noticed that the organization of thétipal system is one of
the factors which determine the capabilities ofeiest groups and the
academics to influence policies. From their perSpec the presidential
polity shapes the organization of the politicaltegs and gives the external
stakeholders opportunity to influence policies tlgo lobbying the
congressmen. Such perspective is demonstratedebyae of the Law. As
we have shown in section 6.4.3.1.2 and sectiorB&4the pharmaceutical
associations influenced the contents of the Lawugin lobbying both the
elected politicians and the congressmen of the sippo party. However,
the case of the National Programs shows that tbgigential polity is not
the only factor which shapes the organization ef political system. The
political institution also shapes the organizatadrihe political system and
gives some external stakeholders more access ttheaiso As we have
shown in section 6.4.2.1, the influence of the aocad representatives and
the pharmaceutical or the agricultural represergaton the agendas of the
National Programs was much higher than any othtsreal stakeholders.
The institutions of Steering Committees and the Sbdmg or the Project
Committees gave these external stakeholders spstatals to influence the
agendas of the National Programs. In other wordsyas the political

institution which shaped the capabilities of thes¢ernal stakeholders to
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influence the National Programs. According to tinepiical cases of the
National Programs and the Law, we recognize thai inot only the

presidential polity, but the political institutionsvhich shape the
organizations of the political system and the ieflce of the external
stakeholders on the contents of RTDI policies, ai as the consistencies

and appropriateness of RTDI policies.

Second, the external stakeholders of the same rsdwoee different

participation in the different stages of the RTilipy - making process,

and in each stage, they have different influencehenconsistencies and
appropriateness of RTDI policies. While the exigtiliterature, such as
Inzelt (2008), Mogee (1988), Pollitt (2006), Tounn@993) and Barker and
Peters (1993), discuss the positive and negatifheeimces of the external
stakeholders on the RTDI policies, these authovemadiscussed that the
positive and negative influence of the externakedtalders is continuously
changing through the policy - making process. lddes we have noticed in
the empirical cases, not only the external staldsgvslin the same sector
had different modes of participation in the differestages of the RTDI

policy - making process, but the impact of exters@keholders, either
positive or negative, changes during the policy akimg process. As we
have shown in the cases of the two pharmaceutiasibhal Programs in

section 6.4.2.1.2, in the stage of agenda-settittge academic

representatives, as external stakeholders, haveemexl the general
interests of the whole scientific community to alected politicians and
positively contributed to the consistencies and reyppateness of the
National Programs. Yet, these academic represeesaiad no involvement
in the stages of deciding and implementation ardir@positive influence

on the contents of the National Programs in thedtages. Moreover, in the
case of the Law, the pharmaceutical associatioms mgolved in the stages

of agenda-setting and deciding, positively represgthe general interests
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of the pharmaceutical sector to both the electetitipans and the
congressmen, and positively contributed to the @mmteness of the policy
objectives and instruments of the new clauses efliiw. However, the
pharmaceutical associations had no involvement lwe tstage of
implementation. While the new clauses of the Lawrewvenplemented
towards the direction which was not appropriatéh development of the
pharmaceutical NSTIS, the pharmaceutical assoomtaidn’t present the
general interests of the pharmaceutical sectoh¢oadministrators. After
being implemented, the new clauses of the Law weng difficult to
generate appropriate support to the pharmaceuseator. In short,
according to the cases of the National Programstlaad.aw we recognize
that the influence of the external stakeholdershngba from stage to stage
because of their different modes of involvementha different stages of
RTDI policies. The more the external stakeholdems able to suitably
involve in the different stages of the RTDI polieymaking process, the
more the involvement of the external stakeholdsrahle to have positive

influence on the consistencies and appropriatesieRI DI policies.

Third, the external stakeholders of the same sédwiwve different modes of
participation in the different policies. While tleisting literature, such as
Chubb (1983), Feldmann (2002) and Scott and CarsdR004), depicts
that the interest groups participate in the polioyaking process out of self
- interests, they don't discuss the reasons whys#me sector has different
participation in different policies. In fact, as vmave shown through the
cases of the two pharmaceutical National Program$ the Law, the
pharmaceutical associations were quite indiffeterthe National Programs
but were very active in the policy - making procedsthe Law and its
affiliated administrative rules. Moreover, the agitural representatives
who were active in the policy - making process e National Program

didn't participate in the policy - making of the Negement Act. From our
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point of view it is the different levels of awarasewhich influence the
different participation of the same sector. Therpteceutical associations
didn't participate in the policy - making procedstloe National Programs
because they didn’'t consider the importance ofNh&onal Programs; the
agricultural representatives didn't participatehe policy - making process
of the Management Act because they didn’t recogtfieeinterests of the
Management Act. Yet, what are the underlying fectwwhich influence the
different levels of awareness of the companiehefsame sector? We need

more research in the future to fulfil the gap.

Fourth, the same policy has different involvemesftexternal stakeholders
from different sectors. While the existing litenspy such as Goldstein
(1999), Schooler (1971), Ricci (1993), Sabatiero@)9and Chubb (1983),
discusses the involvement of external stakeholderthe policies, they
usually focus on the interactions between the @aer groups and the
actors inside the government. Yet, the existingrditure seldom discusses
that the same policy which is promoted to differeeictors may have
different involvement of external stakeholders.sh®wn in the case of the
Law, although the Law was promoted to both the pla@eutical and the
medical device sectors, the pharmaceutical asgmusatvere quite active in
the policy - making process of the Law, while thedical device sector was
quite indifferent to the Law. As a result, the Laxas shaped to be more and
more appropriate to the development of pharmacawexctor, but remained
un - appropriate to the medical device sector. Foumnpoint of view the
same policy may have different appropriateness han different sectors

because of the different involvement of externaksholders.

On the basis of the empirical cases we considértiigainvolvement of the
external stakeholders does influence the consigtencand the

appropriateness of RTDI policies, and only a sugtaimvolvement of
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external stakeholders has positive influence on ¢besistencies and
appropriateness of RTDI policies. We agree with aextend the
perspectives of the existing literature of intergiups and academics by
four points. We find that in the field of RTDI poies, the capabilities of
external stakeholders are deeply influenced byotgganizations of political
system which is shaped by both the polity and jgalitinstitutions. We also
find that the impacts of external stakeholders gekan the different stages
of policy - making process, and the external staldgdrs who have positive
influence on one stage do not necessarily havdiyp®anfluence in another.
In addition, the external stakeholders of the saseetor have different
participation in the different RTDI policies, anthet same policy has
different involvements of external stakeholdersnfrdifferent sectors. In
sum, we consider that the suitable involvemenixtérmal stakeholders does
influence the consistencies and appropriatened®Tafl policies, and the
suitable involvement of external stakeholders idluenced by the
organization of the political system, the modestludé participations of
external stakeholders which are different becadste different sectors,

different policies, different stages.

7.3 The analysis of the conceptual framework and the empirical cases

In this section, we reconfirm and sharpen the cptuz framework by the
analysis of our empirical cases. As we have shawRigure 3.1 we have
divided the RTDI policy - making process into faiages: agenda - setting,
deciding, implementation and evaluation. In eacgestwe assume there are
particular key actors who play the key roles in stege, and each stage is
influenced by particular independent variables. &ample, we assume the
key actors in the stage of agenda-setting areeslgmbliticians and external
stakeholders, and the stage is influenced by twlepandent variables, the

horizontal inter - ministerial coordination and tim¥olvement of external
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stakeholders. However, as we have displayed inr€igLB, the dynamics of
the policy - making process extend the analysistle# conceptual

framework.

As shown in Figure 6.3 the policy - making proceéshe two policies is
different, and the political institutions of thedwpolicies change during the
policy - making process. In the case of the Nalidtragrams, in the stage
of agenda-setting, the National Science Council thasoordinator of other
ministries, the academic representatives and thernpdceutical or the
agricultural representatives. In the stage of degidthe Legislative Yuan
played the central roles to authorize the policpppsals of the four
ministries, and the academics and pharmaceuticafjacultural companies
had limited influence on the congressmen. In tlagestof implementation,
the National Science Council was the coordinatoptbier ministries and
interacted only with individual academics and phaceutical and
agricultural companies. Moreover, in the case @& tbgulation policies,
since the stage of agenda-setting, there was nalicator of the Law and
the Management Act. The Department of Health ontgracted with the
pharmaceutical associations; and the Council ofchgiure only interacted
with individual agricultural companies. In the stagf deciding, it was the
Legislative Yuan to play the central role to int#revith the Department of
Health, the Council of Agriculture and the pharmdimal associations, and
the agricultural companies played no roles in tteges In the stage of
implementation, the Department of Health only iatéed with individual
pharmaceutical companies, and the Council of Agitucel only interacted

with individual agricultural companies.

The policy - making process of the two policies whoin Figure 6.3
sharpens our conceptual framework by two pointsstFef all, the actors

involved in the different stages are not clearlgtidguished. As shown in
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Figure 3.1 we assume the congressmen of the oppop#rty only involve

in the stage of deciding. Yet, Figure 6.3 showg ihathe case of the
Management Act the congressmen not only involvetienstage of deciding
but also in the stage of agenda-setting. Secomrd¢cdinceptual framework
only assumes that the interactions between thesaictside the government
and the external stakeholders would influence tlasistencies and
appropriateness of RTDI policies; yet, in Figur&,6at is shown in the

empirical cases that not only the networks betwienactors inside and
outside the government, but the networks betweenaittors inside the
government deeply influence the consistencies apdoariateness of RTDI
policies. In short, what is happening in the rgai# much more complex

than the conceptual framework.

However, the empirical cases also demonstrate ahes\of the conceptual
framework by two points. Firstly, as we have ddsaxliin section 3.1, one
of the theoretical blocks of the conceptual framéwis the literature of
comparative politics and the governance. The cdoeépframework

assumes that the government is the core of theigablisystem and is
embedded in the network of governance. The two ecapicases further
confirm the assumptions of the conceptual framewasgshown in Figure
6.3, both the two cases show that the Taiwanesergment is embedded in
the network of governance which is composed of gowent and non -
governmental actors, such as academics, compamniesissociations. The
two policies were made through the interactionsvbeh the actors inside
the government and actors outside the governmesitdd the government,
the political institutions change in the differattges of the policy - making
process of the two policies, because the governitezif is the core of a
dynamic political system. Outside the governmdm, ihteractions between
the government and non - governmental actors shapdrTDI policy -

making process Second, the conceptual framewonkress that the RTDI
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policy - making process is under the context of NES&@nd the policy -
making process influences the development of NSTI® assumption is
reconfirmed by the empirical cases of the two pedicAs shown in Figure
6.3, the Taiwanese government interacted with tktereal stakeholders
outside the government and embedded in the netefagkvernance in three
biotechnology related NSTIS. The interactions, &s have mentioned in
section 7.2.4, deeply influenced the consisteramnesappropriateness of the

two policies which further influenced the developrmef the three NSTIS.

In summary, the conceptual framework establishedhapter 3 outlines the
framework for the analysis of the RTDI policy - nvak process and its
impact on the content of policies. Although the aeptual framework itself,
as a literature driven simplification to understauiplex realities, does
not — indeed cannot — perfectly reveal the dynamaicd complexity of
policy - making process, it helped us to identifg key actors, the different
stages of the RTDI policy - making process, as aslthe variables inside
and outside the government which are able to inflteethe RTDI policy -

making process.

7.4 Conclusion

This chapter linked the conceptual framework and #mpirical cases
together. It not only analyzed the influence ofteat the four independent
variables on the consistencies and appropriatesfd®$DI policies but also
discussed the contributions of the conceptual fraonke to the empirical

literature. Through opening the black - box of REDI policy — making

process, we understand the influence of the fourabks on the
consistencies and appropriateness of the contéiR3 @I policies and the
influence of the contents of RTDI policies on thevelopment of NSTIS.

The key findings of this thesis, the main contribas of the thesis, and the
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suggestions for the future research are discusstekinext chapter, Chapter

8.
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Chapter 8 Conclusion

8.1 Introduction

The chapter concludes with a summary of the keglirigs and the main
contributions of the thesis, as well as suggestfonguture research. The
theme of the thesis, as we have described in Chdptes to link three
variables together: the RTDI policy - making pracedhe contents of RTDI
policies—the appropriateness of RTDI policies om tthevelopment of
configuration of the three innovation systems. Theme of the thesis is

shown again in the dialogic box below.

RTDI policy-making Contents of RTDI policies Appropriateness of
process RTDI policies on the
p— P configuration of the
three innovation
systems

The configuration of the three innovation systeas,we have defined in
Chapter 2, is conceptualized as th&tional, sectoral and technological
innovation systenfNSTIS). Moreover, in order to open the black - lodx
the RTDI policy - making process, in Chapter 3 wtablish the conceptual
framework and set up the four research questiomsnar the four
independent variables which are likely to influerttbe RTDI policy -
making process, as well as the contents and theoppgteness of RTDI
policies. In Chapter 5 and Chapter 6, we then iseetnpirical experiences
of the Taiwanese biotechnology and the three mtls¢etors to demonstrate
the concept of the NSTIS and on that basis, mopsitantly, to explore the
conceptual framework of the RTDI policy - makingopess and its
importance for the policy content. While we disctlss value and detect the
gaps of the conceptual framework in Chapter 7hia thapter we review
the key findings and describe the main contribwionthe thesis, as well as

the limitations of the thesis, which need to beHer overcome by future
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research.

The chapter is structured as shown below. Secti@s8mmarizes the
answers of the four research questions and thefikdings of the whole
thesis. Section 8.3 describes the main contribstioh the thesis to the
existing literature, i.e. the conceptual contribns and the empirical
contributions. Section 8.4 detects the gaps of thesis and gives

suggestions for future research.

8.2 Key findings of the thesis

In this section we review the key findings of tiedis and the answers to
the four research questions and identify the imidgeof each of the four
independent variables on the consistencies andoppateness of RTDI
policies, the two dependent variables. In additiome also identify the
findings from our conceptual framework which aréeato contribute to our
understanding towards the RTDI policy - making s In the following
paragraphs we will discuss the influence of eachheffour independent
variables first, and discuss the contribution cé tonceptual framework

afterwards.

The divided government under the presidential podis we have discussed
in section 7.2.1, influences the consistencies auopriateness of RTDI
policies. In the field of RTDI policies the congsesen of the opposition
party, under the divided government, have in fauitéd oversight to the
policy proposals of RTDI policies because of thertdge of knowledge. It
is the persuasion of the elected politicians aednkiolvement of voters and
external stakeholders to facilitate the establighimef the consensus
between the elected politicians and the congressreity under the

condition that the consensus between the electddiclams and the

273



congressmen is achieved upon the understandingdeviae consistencies
and appropriateness, the divided government as aewh able to make
consistent and appropriate RTDI policies which rate development of
NSTIS. However, since the level of consensus betwtde elected
politicians and the congressmen differs across osgctthe divided

government has different RTDI policies towardsetiint sectors.

The horizontal coordination also influences the sistencies and the
appropriateness of RTDI policies. As we have dbsdrin section 7.2.2 it is
the departmental egoism which makes the horizaygatdination on both
the ministerial level and the agency level difficlVhile the horizontal
coordination on the ministerial level influence tlw®nsistencies and
appropriateness of the policy objectives and politgtruments of RTDI

policies, the horizontal coordination on the agemheyel influences the
consistencies and appropriateness of the implerti@mtaf RTDI policies.

The government as a whole is able to make consiatehappropriate RTDI
policies under the condition that the departmemigbism on both the
ministerial level and the agency level is overcoara the horizontal

coordination on both levels is achieved.

Moreover, as discussed in section 7.2.3 the vérticardination between
the elected politicians and the administrators aisdfluences the
consistencies and appropriateness of RTDI policié= limitation of the
elected politicians to supervise the implementatibthe administrators and
the organizational inertia of the administratore #re two main reasons
which make the vertical coordination difficult. Tigevernment, as a whole,
is able to promote consistent and appropriate Rpblicies under the
condition that consistent and appropriate policyedives and the policy
instruments of RTDI policies decided by the elegbetiticians are able to

be fully implemented by the administrators.
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In addition, the involvement of external stakehadgencluding academics
and interest groups, is another variable whichuerites the consistencies
and appropriateness of RTDI policies. As we hawdgaized in section
7.2.4 the involvement of external stakeholdershimn RTDI policy - making
process is dynamic. On one hand the external stédkexts of the same
sector have different involvement in different RTpalicies, and on the
other hand, same RTDI policy has different involesm of external
stakeholders. Furthermore, the impact of the eatestakeholders changes
in the different stages of the RTDI policy - makipigpcess because of their
different modes of involvement in the differentgda. The stakeholders
who have positive influence in the stage of agesetting do not necessarily
have positive influence in the stage of implemeotat Besides, the
capabilities of external stakeholders to influertbe RTDI policies are
deeply influenced by the organizations of the pmaltsystem. Indeed, it is
the dynamic involvement of external stakeholdersctvishapes the RTDI
policies of the same government different from setd sector. We consider
that only the suitable involvement of external stadders has positive
contributions to the consistencies and appropresef RTDI policies. The
government which is able to properly design thenization of the political
system under the particular polity and to suitabllve the general interest
of different external stakeholders through all steges of the RTDI policy -
making process is able to make consistent and pppte RTDI policies to

match the development of NSTIS.

Our conceptual framework provides the concept talyae the policy -
making process of RTDI policies which is influendagd multiple variables
and involves multiple actors. Although, as we hdescribed in section 7.3,
the conceptual framework does not fully revealdiigamics of the policy -

making process, it makes one of the first attertgptgpen the black - box of
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the RTDI policy - making process and provides ttzenework to discover
the network of governance which shapes the RTOtpelmaking process,
formulates the contents of RTDI policies, and ieflaes the appropriateness
of RTDI policies and their appropriateness on teeetbpment of NSTIS. In
other words, the conceptual framework enables Uishkahe three variable
of the thesis together: RTDI policy - making prazedhe contents of RTDI
policies---the appropriateness of RTDI policies the development of

NSTIS.

8.3 Themain contributions of thethesis

We set up two original and fundamental conceptstha thesis, the
conceptual framework of the RTDI policy - makingppess and the concept
of NSTIS. Moreover, we not only linked the two cepts together, but also
applied the two concepts for the analysis of thevdaese biotechnology
and related sectoral policies. The conceptual dmritons and the empirical

contributions of the thesis are discussed in db&ldw.

8.3.1 The conceptual contributions

We set up the conceptual framework of the RTDIqyol making process
which opens the black-box of RTDI policy - makingdathe concept of
NSTIS which defines the configuration of the thieaovation systems.
Through linking the two fundamental concepts togethie actually initiate
a new approach to understand and analyze the R©®ldigs. There are

three conceptual contributions of the two conceptablished.

Above all, we build up the fundamental bridge betweolitical science and
the approaches of innovation systems. On one lee have described in

section 2.3, the literature of comparative politissch as Almond et al
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(1996) and Hague and Harrop (2008), never linksr thesearch to the
research of RTDI policies and the approaches obvation systems.
Although some political scientists in the sub-ditice of public
administration, such as the scholars of network egmance approach
(Jansen, 1991), the scholars of the public manage(®eaun, 2008), and
the scholars of interest group and scientists rekeg@nzelt, 2008; Landers
and Schgal, 2004; Tournon, 1993), apply the diffeegproaches of public
administration to the analysis of RTDI policieseyhdo not systematically
link their research to the approaches of innovatgstems. On the other
hand the scholars of innovation systems do noesyatically involve the
research of political science in the research oowation systems. Yet,
through the conceptual framework of the RTDI poliapaking process and
the concept of NSTIS, we explore the linkage betwte different sub -
disciplines of political science and the approacbefsmnovation systems.
We demonstrate that the research of political seida able to deepen the

research of innovation systems.

Second, we link the different strands of the pcditiscience together for the
analysis of RTDI policies. The conceptual framewofkkthe RTDI policy -
making process reveals that the government is notifeed entity, but the
core of the political system, which is composednstitutions and actors.
The government is embedded in the network of garere. RTDI policies
are produced and shaped through the dynamic itikenadoetween different
actors inside and outside the government. Througicovering the
black-box of the policy - making process we cleadgntify the polity and
politics underlying the RTDI policies. A RTDI policmay be promoted
because of the political incentives, such as departal egoism of elected
politicians, the pressures from voters or the labyactivities of interest
groups. Our conclusion echoes Flanagan et al (20Q)the rationale of

RTDI policies in reality is decided through theerdctions of multiple
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actors at multiple levels. However, we have furtbeplained the different
modes of interaction between different actors iffecent stages of RTDI

policies.

Furthermore, the new concept of NSTIS integrateskiy concepts of the
approaches of the three innovation systems andr@ssine new perspective
of the analysis of RTDI policies. We extend theengicture of Makard and
Truffer (2008) and further define the configuratiohthe three innovation
systems as the national, sectoral and technologicadvation systems
(NSTIS). The concept of NSTIS inspires the new aede for the dynamics
of the knowledge base, the networks of actors, thedproducts of the
configuration of the three innovation systems. Mg, the concept of
NSTIS also initiates the new perspective to undecstthe role of the
governments and RTDI policies in the national depeient. As we have
detected in section 2.2.1, the existing literatofe¢he national innovation
systems, such as Freeman (1987) and Nelson (1888)mes that the role
of the government in the national development iprtumote RTDI policies

to foster the development of the overall natiomalovation system. Yet,
through the concept of the NSTIS, we understand tthexe are different
NSTIS within the national border and the RTDI piggcwhich concern the
overall national development or fit one particUNSTIS do not necessarily
fit the development of another. The new roles & government are to
sophisticatedly promote different RTDI policies wtiappropriately match
the development of the different NSTIS. Insteadoadmoting one set of
policies which fit the overall national innovati@ystem, the new RTDI
policies should be customized to deliberately mattte different

intersections of a particular sector and a pawiciuechnology within a
particular national border. After being implementeéde RTDI policies

should be evaluated by their appropriateness ofN&EIS rather than on

the overall national innovation system. The goveenthunder the context
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of NSTIS, should thoroughly understand the unigssrend the dynamics
of a particular NSTIS before making policies. Thstablishment of
consensus between the actors inside the governamhtbetween the
government and external stakeholders is importantgain sufficient

understanding towards the development of NSTIS. Ri®I policies

copied from foreign countries or copied from anothational sector and
technology are very difficult to be effective anengrate appropriate

support.

In summary, through the conceptual framework ofRA®I policy - making
process and the concept of NSTIS, we tend to peomiv perspectives to
understand the RTDI policies. We judge the roleshef government and
RTDI policies from the perspective of NSTIS and\pde the conceptual
framework which shows the process to make congisied appropriate
RTDI policies to foster the development of the jatar NSTIS. The
understanding of the four variables which influendbe RTDI
policy-making process and the development of NS¥d8Id indeed help us
to improve the consistencies and appropriatenesatofe RTDI policies.
For example, while making policies, both electedlitipgtans and
administrators should pay attention to the posdilifeculties of horizontal
coordination and avoid the problems of horizontardination beforehand.
In order words, our new perspective may contriiatthe analysis of RTDI

policies in the future.

8.3.2 The empirical contributions

The thesis also has two contributions to the emgdititerature, which are
the empirical contributions to the research of dxbnology and to the
empirical research of Taiwan. Each of the empiricahtributions is

introduced below.
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First, we analyze the development of biotechnolthggugh the concept of
NSTIS. On one hand, we explore the dynamic intéisecbetween
biotechnology and different sectors and echo tieealiure, such as Brink et
al (2004) and Senker et al (2004), that moderreblutology is adopted by
several sectors and developed with plural sectorsthe other hand, we
echo the existing literature, such as Senker €G0) and Geseisk (2000),
which supports the view that governments’ poligasy important roles in
shaping the development of biotechnology of theonatHowever, we
extend the analysis of existing literature. From plerspective of NSTIS, we
consider that biotechnology policies need to besitga to the distinctive
dynamics of different sectors. The biotechnologlygpes should be tailored
from sector to sector because the policies thatimtite dynamics of one
sector may not match another. Before the govermsnanbke the
biotechnology policies, they should fully understaihe dynamics of the
different biotechnology related NSTIS of the coyn@nd coordinate
policies to be consistent and appropriate through policy - making
process in order to match the development of aiquéat biotechnology

related NSTIS.

In addition, we explore the case of Taiwan throtigh lens of NSTIS and
RTDI policy - making process. As we have descriliedsection 2.4.2,
although the existing literature, such as Dogsorale2008) and Wong
(2005), provides some initial discussion about ttievelopment of
biotechnology and the biotechnology policies inwlm, it considers the
biotechnology in Taiwan as one sector. Throughpiespective of NSTIS,
we explore the dynamics of biotechnology and relattors in the country.
Taiwan in fact develops biotechnology and relatect@'s in very unique
ways. Moreover, through the conceptual frameworkRIDI policy -

making process, we open the black-box of policy akimg process and
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further analyze the influence of the policy - makiprocess on the
consistencies and appropriateness of biotechnolgy related sectoral
policies in Taiwan. The insights into the case aiwkn may inspire the
research of the biotechnology development in thenty and other East

Asian countries in the future.

8.4 Suggestionsfor futureresearch

This thesis has both the conceptual and empiricalributions of the
existing literature. However, through the reseaceanried out we also
recognize some limitations of this thesis which chée be addressed by

future research.

First of all, we only apply the conceptual framekof the RTDI policy -

making process and the concept of NSTIS for théyaisaof the Taiwanese
biotechnology and related sectors and policies,vem@dopt the qualitative
method. In order to generalize the conceptual fraonke and the concept of
NSTIS, we need more internationally comparativedistsl with broader

methodologies to further explore the two closelgtel concepts.

Second, we are only able to analyze the influerfceh® RTDI policy -
making process on the appropriateness of RTDI igsliEmpirically we are
only able to observe the appropriateness of thectwses in the period from
2000 to 2008. However, we are unable to analyzéistmoment how the
policy - making process of the two policies inflaen their effects and the
effectiveness in the long-term. The influence @& RITDI policy - making

process in the long-term needs research in thegfitufurther explore it.
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