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Abstract

In university—industry collaboration (UIC), the liénce of key actor characteristics on
mode of collaboration and the influence of modeafaboration on outcome have
attracted researcher attention and influenced yatiakers’ practices. Nonetheless,
those two issues have not been well researchedemsively discussed. In that light,
the present study aimed to investigate the inflaerfdkey actor characteristics on

collaboration mode and the influence of collabaminode on collaboration outcome.

The salient findings are summarized as followsldpan and Thailand, university type,
firm size and industrial sector are determinands itfluence collaboration mode. With
regard to collaboration mode, university—industoilaboration in Japan is based on
R&D activities, whereas university—industry collahtion in Thailand is based on
cooperative education and consultation. Consuttatiode seems to be important in the
Thai case. More importantly, when consultation misdesed to complement to R&D
mode, it seems to enhance collaboration outcomgxe ®f collaboration mode is a
determinant influencing collaboration outcome. listgtual property is an important
collaboration outcome in the Japanese case, whpredsct and process innovation
and product and process improvement seem to berfam@ollaboration outcomes in

the Thai case.



Table of Contents

ACKNOWIEAGEMENTS ...ttt e e ettt e e e e e e ee bt e e e e e eeeenen [
F Y 0] 1= ox PP PPT TR iii
LISt Of TaDIES ...t et e e e e e et e e e e e e e e e eenaea viii
IS o o U =P X
(O{aF=T o) (=1 g I [ o1 (o To [1 Tox i To o [PPSR 1
11 BaCKGIOUNG ... oot 1
1.2 Objective and Scope oOf the STUY ..........ueeiiiiiiiiii e 4
1.3 Structure Of the STUAY .......covii e e e 6
Chapter 2: Literature REVIEW ..........iciiiiiiiee et et e e e e e e e e e e e e e e e et e e e eaaan s 9
2.1 [ 0o (8o i o] o PP PPPPTPTT 9
2.2 Literature on the Concept of University—Indysiollaboration ................ccccvvninnnn. 10
2.2.1 National Innovation System CONCEPL...........ccoiiviiiiiiiiiii e e 11
2.2.2 Triple NEIIX CONCEPL..... .ottt 14
2.3 Emergence of UNIVErSity TYPE .....ouuuiiiiieeeiiiiiii e 18
2.3.1 Historical evolution of the UNIVErSIty..........ccccooviiieiiiiecece e 18
2.3.2 Emergence of different university types..........cccecoeeiiiece e 20
2.3.3Current university classifications in Japan andif@inl.....................ccoccoiiiieinnne 22
2.3.4Relationship between university type and univergiigustry collaboration............. 24
2.4 Relationship Between Firm Characteristics and/&fsity—Industry
(070]1F=T o o1 7= 1110 o DR TP UPPPPPPPPTN 25
2.5 Mode of University—Industry Collaboration...............ccccoooiiiiiiiiii e 29
2.6 Results of University—Industry Collaboratians.................cccooiiiiiiiiiiiiiiie e 35
2.7  ConCluding REMATIKS .......cooiiiiiiii et e e e e e eeneees 40
Chapter 3: Research Methodology...........ccuiiiuiiuiiiieieeie et 43
3.1 Research Question and HYpOtheSIS ......cceueeeiiiiii e 43
3.2 Research FrameWOrK ..........ouuuuii e e 46
3.3 RESEAICH DESIGN ..ttt ettt e e e e e e e e e e e e eeeneees 48
B.3.L COUNLIY LBVEL.. ..ot et 49



3.3.2 University and firm [8VeL............oooui it 49

3.4 Research Method. ... 56
3.4.1 Qualitative appPrOaCh.........cccooiiiiiiiiie ettt 6.5
3.4.2 Quantitative approach.............ccoooiioiiciii e 58
3.5  Concluding REMATIKS .......cooiiiiiiiiiieee et e e e e e eeees 60
Chapter 4: University-Industry Collaboration in Japan and Thailand................................ 61
4.1 University-Industry Collaboration in Japan. ... e 61
4.1.1 The development of the Japanese higher educatituion...................c.c....... 61
4.1.2 Japanese firms’ technological capabilities.............cccoiiiiiiiiiiiiiee e, 63
4.1.3 Japanese government policy on university and imgestlaboration................ 66
4.1.4 Situation of university—industry collaboration i@apan................ccccccevvveeeeennnnne. 73
4.2 University—Industry Collaboration in Thailand..................oooooiii 74
4.2.1 Development of the Thai higher education instituitio.................ccccceveiiennene 74
4.2.2 Thai firms’ technological capabilities. .............cooieiiiiiiiiii e 76
4.2.3 Thai government policy on university and industojflaboration........................ 79
4.2.4 Situation of university—industry collaboration im&iland................ccccoonie 81
4.3  Comparison Between Japan and Thailand .ceeeee..ooooeeiiiiiiiiiie e, 86
4.3.1 Development of the higher education institution................ccccceeeveeiecenene. 86
4.3.2 Firms’ technological capability............ccoooiiiiiiiii i 87
4.3.3 Government policy on university-industry collabaoat...................ccccoerrennne. 87
4.3.4 Situation of university—industry collaboratian.................cccccooeveiiiiiieiiiieeee. 89
4.4  ConCludiNg REMAIKS ......cciiiiiie et ieee e e e et e e e e e e e e e e e eae e e e raaaaaaeaens 90
Chapter 5: Results and Discussion (Influence of Unersity TYPe).........ccovvvuvviiiireeeiierinnnnnn. 91
5.1 Historical Backgrounds Of UNIVEISITIES. . uum . ooeeeiiiiiiiiiiie e 92
5.2 Universities’ Organizational Structures fop$arting Industry ............ccccoeeeiieeild 97
5.3 Key FiNdiNgs and DISCUSSION............uceieeeeiee et ee e et e e e e e e saae e e e e eeeans 98

5.3.1 Research Question (a): Do university typkgado modes of



5.3.3 Research Question (c): In a certain local,aie different types of
universities play different roles in supporting uistty? If so, why? If not,

5.3.4 Research Question (d): Do the country contetter? Specifically, do
universities of the same type collaborate with rdifferently in different

COUNTIIES ..ttt ettt bbbt e e bbbt 113
5.4 Concluding REMATIKS ......coiiiieiii e eeeeeaeees 115
Chapter 6: Results and Discussion (Influence of Fin Characteristics and Modes)......... 119
6.1  Target Group for Data ANalYSIS........cccuieeiiiiiiiiiiiee e 119
6.2 Data ANalysiS and DISCUSSION...........coummmueeeeieeeeinuiiaaeeeeeeensin e e eeernsn e aeeees 120
6.2.1 Hypothesis (a): Large firms tend to engage&D collaboration...................... 120
6.2.2 Hypothesis (b): Food sector (specialized kepas source of technology)
does not relate to R&D collaboration...............cccooeviieiiiiieieees e 122
6.2.3 Hypothesis (c): Electrical apparatus se@wtefnal collaboration as
source of technology) significantly relates to R&8llaboration................c.c........ 123
6.2.4 Hypothesis (d): Chemical sector (externdbbaration as source of
technology) significantly relates to R&D collabaat.................cccoiiiiiiiiiiennnne. 124
6.2.5 Hypothesis (e): The automobile sector (irtekmowledge as source of
technology) does not significantly relate to R&Dlaboration...................cc.cc........ 125
6.2.6 Hypothesis (f): Rather than country contefits) size and industrial
sector influence modes of collaboration..............cccoveiiiienenescee 126
6.2.7 Hypothesis (g): Complementary modes havdipeselationships with
outcomes that are higher than those of single mades..............cccoceinieninnnne 126
6.2.8 Hypothesis (h): Country contexts do not hafleence on the
relationship between modes and OUICOMES..........ccceiiiieriiiieieerec e 126
6.3 Concluding REMATIKS ..o e ee e e e e eeaneees 129
Chapter 7: CONCIUSION.........iiiiii e e e e e e e e e e e e e eenen 133
4% S [ 01 10T [ Tox 1 o] o H P TR T PP PP PP PPPPPPPPPPPPIN 133
7.2 Y= 1T IO 0 g o] 1§ £ (0] o S 136
7.2.1 Influence of UNIVEISILY TYPE.......coiiiiiiiii et 136
7.2.2 Influence of firm characteristics and collaboratiande................ccccooviiinnene. 140
7.3 Implications for Theory, Policy and Further B&Th ...............cooviiiiiiiiiieeeei e 144
7.3.1 University—industry collaboration model.............ccccocoeiviiiiiiiiciiiceeeeee. 144
7.3.2 Implications of the innovation system (IS) approach.............cccccevevieiieeneee, 148

vi



7.3.3 Implications of the triple helix (TH) CONCEPL..........ccoeiiiiiiiiiiiiiie e 150

7.3.4 Implications for governmMent POlICY..........ccooieiiiriiiiiiee e 151

7.3.5 Implications for future research............ccccccoovieiii i 157
Appendix 1: AppendixX to Chapter 3.......coouiiiiiii e 161
APPENAIX TaDIE: .. et e e e e 161
0 U= 1o o PPN 167
LISt Of INTEIVIEWEES: ...t ee et ettt e e e e e e e e e et e e et e e e e e 169
Appendix 2: APPendixX t0 Chapter 5. 177
University-Background INfOrmation:........... oo 177
Incentive for Promoting University-Industry Collalion: ...............cooieiiiiiiiiciiis e, 225
Statistical Data on University- Industry Collab@oat..................cccooeeviiiiiiiiiiiii i ceeeee e 229
Appendix 3: APPendixX t0 ChaPLEr B.........uuuuiiiieeiiiieii e 231
APPENAIX TaDIE: .. ettt e e e e e 231
Appendix 4: Development Path of University-Industry Collaboration Activities.............. 235
RETEIENCE ... e e e et 255

Vii



Table 2-1:
Table 2-2:

Table 2-3:
Table 2-4:
Table 2-5:
Table 2-6:
Table 4-1:

Table 7-1: Summary of Influence of University Tyme Collaboration Mode

Table 7-2: Summary of the Influence of Local Contax a University’s Role

List of Tables

Evolution of the Universities

Relationship Between University Type amiversity—Industry
Collaboration

Characteristics of the Industrial Sector

Modes of University and Industry Colleditmn

Modes of Collaborations (Three Most Imi@ot Modes)
Possible Results for University and BtduCollaboration
University and Industry CollaborationTinailand

Across University Types

and Collaborating Firm

in Supporting Industry

19
24

27
34
35
40
82

139

139

Table 7-3: Summary of the Influence of Country @omin a University’s Role 140

Table 7-4:

Table 7-5:

Table 7-6:
Table 7-7:

in Supporting Industry

Summary of the Influence of Firm Chagastics
on R&D Collaboration

Summary of Influence of Collaborationdémn
Collaboration Outcome

Specific Policy Recommendations for @nsities

Specific Policy Recommendations for Birm

Table Al-1: Operationalized Definition of Univessitypes

Table A1-2: Criteria for University Selection

Table A1-3: Operationalized Definition of Collabticas Modes

Table Al1-4: Level of Variables for Research Quesfo

Table A1-5: Level of Variables: Research Question 3

viii

142

143

154
156

161
162

164
165
166



Table A2-1: Collaborative Programs offered by Gifaf Industrial Liaison 183
Table A3-1: Influence of Firm Characteristics orll&moration With Universities: 231

Japanese Case

Table A3-2: Influence of Firm Characteristics orl&wmoration With Universities: 232

Thai Case
Table A3-3: Relationships Between Modes: Japanese C 233
Table A3-4: Relationships Between Modes: Thai Case 233
Table A3-5: Relationships Between Modes and Outsoidepanese Case 233
Table A3-6: Relationships Between Modes and Outsorfikai Case 234



List of Figures

Figure 3-1: Conceptual Framework
Figure 3-2: Qualitative Method
Figure 4-1: Technology Importation and Creatiotnafigenous Knowledge
Figure 4-2: Thai Firms’ Capabilities
Figure 4-3: Patent Granted by Universities in Jaguaoh Thailand
Figure 4-4: Number of Start-Ups From Universitiesdapan and Thailand
(Accumulated Number)
Figure 7-1: Integrated University—Industry Colladkbon Model:
Developed Countries versus datglip Countries
Figure A2-1: Todai’s Organizational Structure farpporting Industry
Figure A2-2: Tokodai’s Organizational Structure Supporting Industry
Figure A2-3: Tohoku’s Organizational Structure Srpporting Industry
Figure A2-4: MYU's Organizational Structure for uguting Industry
Figure A2-5: Keio’s Organizational Structure forpPorting Industry
Figure A2-6: TTI's Organizational Structure for $upting Industry
Figure A2-7: CU’s Organizational Structure for Sagmg Industry
Figure A2-8: MU’s Organizational Structure for Sopiing Industry
Figure A2-9: CMU’s Organizational Structure for $opting Industry
Figure A2-10: KMUTT’s Organizational Structure f8upporting Industry
Figure A2-11: PKRU'’s Organizational Structure farpporting Industry
Figure A2-12: RMUTT’s Organizational Structure fBupporting Industry
Figure A2-13: RMUTL’s Organizational Structure f8upporting Industry
Figure A2-14: RSU’s Organizational Structure fopfarting Industry
Figure A2-15: DPU’s Organizational Structure fop@arting Industry
Figure A2-16: Siam’s Organizational Structure fapgorting Industry

48
58
65
78
89
90

147

179
181
184
188
192
196
200
201
205
207
210
212
214
215
218
220



Figure A2-17: NCMU'’s Organizational Structure fargporting Industry 221
Figure A2-18: PIM’s Organizational Structure forg@orting Industry 224

Xi



Chapter 1
Introduction
1.1 Background
In University—Industry collaboration (UIC), two isss—the influence of key
actors’ characteristics on collaboration mode &ednfluence of mode of collaboration
on outcomes—have attracted research attentionndlineémced policy makers’ practice.
To investigate these two issues, the existingditee is summarized to provide

background for this study.

A system of innovation is defined as all importacbnomic, social, political,
organizational, institutional, and other factorattimfluence the development, diffusion,
and use of innovations (Edquist, 1997). It cong$tsomponents and activities.
Components are key actors (including firms, unites and government agencies) and
institutions (e.g., laws, values, and regulationg)ereas activities affect the
development and diffusion of innovation (Edqui€9T). With regard to activities such
as knowledge creation and diffusion, universitieslay actors because they can create
and disseminate knowledge in the forms of workeicaton and research and
development (Etzkowitz & Leydesdorff, 2000; Van lycet al., 2006). In that light,
scholars from three schools of thought—nationabumtion system (NIS), triple helix,
and technology management—have conducted extesisigi@s of the nature and

effectiveness of university—industry collaboration.

The most specialized and well-known group is saisdlathe so-called “triple

helix” school of thought. The triple helix conceptbased on the fact that bilateral



relations between government and university, usiteeand industry, and government
and industry have expanded into triadic relatiopslimong the spheres. However,
regarding collaboration between university and stdy Etzkowitz (1998), a triple
helix scholar, concluded that each institutiondiesp takes on the role of the other
spheres to perform new roles beyond their tradafiéumnctions. While NIS researchers
basically claim that sources of knowledge and iratiow are generated by various
actors in a system of innovation, triple helix @sé defines the university as the
primary collaboration source of human resourceswkedge, and technology that

embraces a mission of economic and social developme

Similarly, Wissema (2009) also stated that the ersity plays a crucial societal
role as a source of fundamental knowledge. In kadgé-based economies, the needs
of society pressure the university to gear itsvit@s to be relevant to industry.
Wissema also claimed, for example, that governrpelities or programs (science
parks, business incubators, public seed capitals§iuBayh-Dole Act, etc.) have been
initiated to pressure the university, which hastted shift from the university’s
traditional mission (teaching and research) to censmlization. Due to both societal
needs and government pressures, Wissema (200Ryadd1997) found that
entrepreneurship emerges and promotes change imiversity toward knowledge-
based economies. In contrast, Martin and Etzko{&i#01) concluded that interaction
among institutional spheres influences the strestand functions of universities.
Consequently, different “species” of universitiessé emerged over time, such as the
national university, technical university, regionaiversity, private university, and

corporate university. Kondo (2008a, 2009) found thalapan, university types are



related to R&D collaboration due to government calnfNational universities were
found to be dominant in joint R&D activity, wherea@mmissioned R&D was a
frequent mode for the private universities. Likesyisational universities had the
highest share of technology licensing fees, as agethe highest number of spin-offs
and start-ups. Reflecting those findings, this gtiatlows the Japanese university
classification presented in Kondo’s studies to examvhy certain universities are
dominant in some specific modes (not only R&D axhnhology licensing mode),
whether types of universities are related to tke ef collaborating firms, and whether

local or national contexts have impacts on collabon.

However, the flow of collaboration does not dependnly the university. The
firms’ specific nature, such as firm size, indwdtgector, and technological capability,
is also a main factor. Nonetheless, the influerddém characteristics (e.g., firm size,
industrial sector, and technological capability)tbe collaboration has been debated
among scholars. For example, some scholars agretather firms tend to collaborate
more than small firms (Arundel & Geuna, 2004; Cobeal., 2002; Laursen & Salter,
2003; Mohnen & Hoareau, 2003), but Best (2001) adgihat this conclusion may not
be true because of the emergence of small highfilenh in the United States and
Taiwan. In term of the industrial sector, Rasial &mandran (2009) mentioned that the
intensity of R&D collaboration varies by industSchartinger et al. (2002) identified
similar results in the case of Austria, in thatthtgchnology sectors have high levels of
interactions whereas low-technology sectors hawakwmteractions. However, scholars

have debated these issues.



Various modes are used to transfer knowledge, asdollaborative R&D,
consultancy, technology licensing, and human migbibespite providing a
comprehensive framework, triple helix scholars haetpaid much attention to this
issue, unlike those of innovation studies (Agras&vdlenderson, 2002; Cohen et al.,
1998; Cohen et al., 2002; Shane, 2002). They atesirtp analyze the importance of
the modes through which knowledge flows from ursigrto industry. Nonetheless,
these studies did not clearly identify the moseetive mode that may be evaluated by
assessing outcomes (Bekkers & Freitas, 2008).dsti@gly, several studies have
reported the importance of a combination of varicolg&aboration modes (D’Este &
Patel, 2007; Meyer-Krahmer & Schmoch, 1998), batstudies did not clearly explain

how a combination of various modes or complementaoge is important.

In that light, this study is an investigation ofeh issues: the influence of
university type on collaboration mode, the influem¢ firm characteristic on
collaboration mode, and the influence of collabioratnode on collaboration outcome.
To understand the differences among national syst#ra influence of national system

on those three issues is also examined.

1.2  Objective and Scope of the Study

The main purpose of this study is to investigate key actors’ characteristics
affect the collaboration modes, the extent to wiicdlombination of various modes
affect outcomes, how the national systems influgheaelationship between key actor
characteristics and collaboration modes, and tteeince of a combination of various

collaboration modes on outcomes.



A combination of quantitative and qualitative resbaapproaches was used in
this study. First, econometric analysis was usdti@sjuantitative approach. Second,
the qualitative approach was used to modify exgstireory. In-depth and semi-
structured interviews of universities’ executivesponsible for university and industry
collaboration, such as technology licensing officgesubators, academic service
centers, and others, were conducted. This is congaieed with interviews of policy

makers and existing documents.

This study was guided by the following key reseayohstions:

Research question 1: Influence of university typegialitative approach:

modification of theory)

e Do university types relate to modes of collaborakid¢f so, why? If not, why
not?

e Do university types relate to firm size? If so, WHy not, why not?

e In a certain local area, do different types of ensities play different roles
in supporting industry? If so, why? If not, why Aot

e Do country contexts matter? Specifically, do theeadypes of universities

in different countries use same distinctive collabon modes?

Research question 2: Influence of firm characterists (quantitative
approach: hypothesis testing)
¢ Do firm characteristics (firm size and industriat®or) affect modes of

collaboration?



Research question 3: Influence of mode of collabotian on outcome
(quantitative approach: hypothesis testing)
¢ Do the modes relate to each other? And how do tleégigonships between

modes affect outcomes?

In this study, the units of analysis consist of texels (macro and micro level).
At the macro level (country), Japan and Thailaredsmiected for a comparative analysis
because Japan is the top foreign investor in Tinditand foreign direct investment
(FDI) is important for technology transfer. At thecro level (university), three types of
universities—namelyational universitylocal public universityandprivate
university—are analyzed. Finally, at the micro level (firk)is study uses two large
sources of data: the National Survey of R&D andiration Activity and the National

Graduate Institute for Policy Studies (GRIPS) F8arvey.

1.3  Structure of the Study

Chapter 1 is an introduction to the backgroundhisf study. Chapter 2 is a
review of the existing literature on university andustry collaboration. It starts from
the national innovation system, which consisthoéé key actors: the government,
university, and firm. Then, it describes the tripldix concept, which stresses the
leading role of the university in the system ofauation; however, the university’s role
can be changed due to government policies andtgscieeeds. In this study, the
literature on the influence of university typesamtiaboration modes in Japan is
reviewed. Different types of universities are suggabto have different functions, which

affect the selection of collaboration modes. Besidee influence of firm characteristics



on collaboration modes, types of collaboration nsp@ad possible collaboration

outcomes are reviewed in this chapter.

Chapter 3 presents two research methodologiesingkd study: (1) the use of
quantitative method for firm-level analysis and g2plitative method to modify theory

for university-level analysis.

Chapter 4 is a summary of the historical backgroomdnniversity and industry
collaboration in Japan and Thailand. It summarthegurning point and evolution of
university and industry collaboration policies.dddition, the university systems and

firm’s technological capabilities are also reviewed

Chapter 5 is a discussion of the results from itkerviews with Japanese and
Thai universities’ executives who are responsibteuhiversity and industry
collaboration, complemented by the interviews dfgyomakers and experts. The
influence of university type on collaboration mogdas examined. Japan and Thailand
were comparatively analyzed to understand theenite of country context on

university and industry collaboration.

Chapter 6 is a survey data analysis. In the cadepn, this study applied data
from the Teikoku Databank Survey of Business Trehdthe case of Thailand, the
National Survey of R&D and Innovation was usednalgze the influence of firm

characteristics on collaboration modes and thaanfte of collaboration modes on



collaboration outcomes. These issues were also aatipely analyzed between two

countries.

Chapter 7 is a conclusion of the main findings,alirare on the influence of key
actors’ characteristics on collaboration mode,iiflesence of collaboration mode on
collaboration outcome, and the impact of nationabvation systems on those findings.
Finally, theoretical contributions are suggestepadially fill the gap of knowledge, as

are policy recommendations to foster university emistry collaboration.



Chapter 2
Literature Review:

University Types, Firm Characteristics, Modes, andResults of Collaboration

2.1  Introduction

There are several schools of thought in studyingeusity and industry
collaborations, including the national innovatiystem, triple helix, and technology
management schools, because collaboration hascbesitered as one of the main
factors contributing to successful innovation ia gast two decades (Leydesdorff &
Fritsch, 2006; Majid & Ismail, 2009; Igbal et &2011). The evidence to confirm the
aforementioned statements is that some of the prestigious universities in the
United States (e.g., the Massachusetts Instituteecinology or MIT) were established
more than one century ago and one of their maisions was to support close research

relationships between the university and induditgKowitz, 1997; Santoro, 2000).

University and industry collaboration has been igd@xtensively due to its
importance. Nonetheless, scholars have been dglssireral issues. First, universities
historically developed into various types with di#nt specialties (Martin & Etzkowitz,
2001; Wissema, 2009). Based on the studies of K¢2ad@3a, 2009), national
universities were dominant in joint R&D activityhareas commissioned R&D was a
frequent mode for private universities. He conctlitteat government control affects the
relationship between university type and R&D callediion. This dissertation covers
various kinds of collaboration and identifies otfetors (excluding government

control and source of revenue) to examine why usities are dominant in some



specific modes and whether local contexts and cpuantexts have impacts on the
collaboration. Second, the existing literature ¢adies the influence of firm
characteristics (firm size and industrial sectar}twe intensity of collaboration, but
these issues have been debated extensively. Tinirst, existing studies have
investigated the importance of modes of collaboratbut they do not particularly

examine the extent to which the use of various maedects the results.

The structure of this chapter comprises six sestamifollows. Section 2.2
reviews the existing concepts of university andistdy collaboration. Section 2.3
discusses how the roles of universities in natiomabvation systems have evolved over
time and which university types have emerged froas¢ evolutions. Section 2.4
summarizes how firm characteristics affect uniwgrand industry collaboration.

Section 2.5 explores which modes the universitsta collaborate with industry and
how those modes are classified. Section 2.6 stukéspossible results of university and
industry collaboration. Section 2.7 draws conclagiom the literature review and

identifies the direction and the theoretical cdnition of this study.

2.2 Literature on the Concept of University—Industry Collaboration

As mentioned earlier, the ideas and concepts adsdowith university and
industry collaborations are not new. Several sakdiave attempted to study university
and industry collaborations. This section compiVes main concepts that contribute to

university and industry collaboration.

10



2.2.1 National Innovation System ConcepfThe contribution of the national
innovation system (NIS) is immense. Indeed, théckdea of the NIS constructed by
several scholars is to show how institutional spieincluding university, industry, and
government, interconnect to create, develop, affidséi knowledge, technology, and
information. This section describes the works gfssiholars that have had a formative

influence on the concept of NIS.

The starting point of the NIS concept can be trduaek to Friedrich List's
concept of the national system of political econdiB41). This idea is related to the
broad policies involved with learning about newhtealogy and applying it. In order to
generate new discoveries and inventions, indusioylsl be connected to the formal

institutions of science and of education.

Chris Freeman was also a pioneer in the concepnovation. To him,
innovation is an interactive process and is natear process in which innovation
automatically comes out of R&D efforts (Freemar4) This idea led to the NIS
concept, in which the initiation, importation, mbction, and diffusion of new
technologies are generated by interaction betweepublic and private sectors
(Freeman, 1987).The concept is similar to Listeaidwhich assumes that firms need
the relationships among institutional spheres atefmational factors to innovate.
Formal and semi-formal, flexible networks of inntwa were required to facilitate

access to various sources of external knowledgee(fan, 1991).
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Bengt-Ake Lundvall’s (1992) idea is similar to Fresn’s idea, in stating that
innovation is an interactive process. Lundvallesahat a system of innovation is
constituted by elements and relationships thataestan the production, diffusion, and
use of new and economically useful knowledge. Aomal innovation system
encompasses elements and relationships, eithéetbeathin or rooted inside the
borders of a nation state. In 1995, Lundvall prdeekto establish a more detailed
definition that included all aspects of the ecoroatructure, institutional set-up,
marketing system, and system of finance. In terth@frelationship between the
university and both innovation and economic dewvelept, Lundvall (2007) concluded
that the university needs to give long-term contiitns to knowledge creation. The
important role of the university is not to be inatdrs for start-ups or for patents. To
establish a closer interaction with the rest ofetyc educational reforms—including
the introduction of problem-based learning as ahiegy method (i.e., a closer

interaction between theory and practice)—is needed.

Richard Nelson and Nathan Rosenberg (1993) treatedation broadly.
Innovation is a concept that covers the processtbgh firms master and practice
product and manufacturing processes that are néweto, if not to the world or to the
nation. The NIS, in their idea, is a set of ingidns whose interactions determine the
innovative performance of firms. The institutiomators involved work together
smoothly and coherently; however, the public aralamia can support—but may not
substitute for—the technological efforts of firmée{son & Rosenberg, 1993, p. 20).

The development of human capital via educationteaiding is essential for fostering
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absorptive capacity. In addition, they argued thatconcept of NIS is too broad and

proposed a sectoral approach to the concept aragsof innovation.

Charles Edquist (1997) provided a different pointiew from those of other
scholars on the impact of innovation. He argueditivovation is the most important
source of productivity growth as well as a majausmof the destruction of old jobs and
the creation of new employment. However, his idesimilar to the concept of Freeman
and Lundvall (1995). He stated that innovation peses occur over time and are
influenced by a variety of interdependent and atéve factors. Firms rarely innovate
in isolation; rather, they interact with other angaations to exchange, develop, and gain
knowledge, information, and other resources. Tleganizations can be firms,
universities, research laboratories, financialifngons, and government institutions.
Organizations are likely to differ across natiosydtems. These organizations also
shape the behavior of firms. In contrast to thecepih of Nelson and Rosenberg,
Edquist (1997) defined and extended the boundafidgse innovation system from
national to supranational (integrated Europe),arai within country (Silicon Valley in
California), and local at the same time. A systénmioovation, in his sense, is all
important factors (economic, social, political, @ngzational, and other factors) that
influence the development, diffusion, and use obirations. In addition, Edquist
(1997) concluded that we can identify the boundamiesystem of innovation in three
ways: geographically, sectorally, and in termsativities. With regard to activities, he
lists ten activities: (a) R&D, (b) building compate (education and training), (c)
forming new product markets, (d) articulating gtyatequirements emanating from the

demand side with regard to new products, (e) argatnd changing organizations (e.g.,

13



enhancing entrepreneurship), (f) networking throogirkets and other mechanisms,
(g) creating and changing institutions (e.g., pal@n, tax), (h) incubation, (i) financing
innovation processes that can facilitate commaeeeitibn, and (j) providing
consultancy services. As research gaps for fudtuely, he asked “which activities of
which actors are important for the developmennabvation” and if it is “possible to
distinguish between important activities and lesgartant ones” (Edquist, 1997,
p.123). However, some scholars stated that thisiésy be useful for managers and
policy makers (Liu & White, 2001) but it is not dbus how it leads to more rigorous

theory (Lundvall, 2007).

2.2.2 Triple helix concept.The triple helix concept originated from Sabato’s
triangle, in Jorge Sabato’s (1960) study of Latmekica called. His intention was to
construct a vigorous science and technology irrinagire linked to the productive
structure of society through the coordination @ thain actors of society: the
government, industry, and the university. This @pi@ssumes that the government
should have an active role in stimulating and fetihg the creation of innovation

(Mello, 2011).

In contrast to Sabato’s triangle, the triple hefigdel posits multiple sources of
initiative that arise from each sphere individualhyd in collaboration with one or two
others (Ranga & Etzkowitz, 2013). The relationsinipong three spheres (government,
university, and industry) has emerged from diffeiarting points in various parts of
the world, but for the common purpose of stimulgtkmowledge-based economic

development. The university is primarily seen asarce of human resources,
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knowledge, and technology. Furthermore, advocdtésed'triple helix” concept claim
that universities have embraced economic and sdeialopment as a new mission,
apart from their traditional missions of teachimgl aesearch (Etzkowitz, 1998). To this
point, the interaction between the university amlistry is likely to shift to becoming
entrepreneurial in order to get closer to and nedpo industry needs. However, Eun
(2009) discovered that firms do not always rank m@rcializing science and
technology knowledge as an important function a¥ersities like education and
training. He stressed that maximizing the stremgtthe university and industry
collaboration at the expense of the traditionatfioms of universities (education and

training) may not be the right policy to implement.

Recently, the key features of triple helix interacs have been introduced into
an “innovation system” format, defined accordinghe systems theory as a set of
components, relationships and functions (RangaEdrkbwitz, 2013). First, among the

components or actors of a system, the triple lie&ory distinguishes between actors.

R&D and non-R&D innovators. R&D innovators in triple helix system are
academic research groups and research centers/@rsities, company R&D divisions
andpublic research organizations. In contrast-R&D innovators do not engage in

R&D activities such as marketing, sales, and persbinaining.

Single-sphere and multi-sphere (hybrid) institutiors. A single institutional sphere
is described as a rigid institutional boundary the a low level of interaction with

another sphere. It has a high degree of specializahd centralization, and limited
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staff mobilization. On the contrary, hybrid institns have smaller-scale hierarchies,
with fewer layers and less centralized decisioningkin order to increase flexibility
and responsiveness to changing market demandsasuebhnology transfer offices,
industrial liaison offices, business support ingittns (science parks, incubators, start-

ups), and financial support institutions (ventungited firms, seed capital funds).

Second, the relationships among those actors calassified into five main
types.

Technology transfer.In university structures, several organizationsekiding
technology transfer offices, science parks, busii@subators, start-ups, and venture
capital capacities—have been created as intermeeli@aments to facilitate the

capitalization of knowledge and ensure interfacitly the external partners.

Collaboration and conflict moderation. Task conflicts can sometimes occur
within the university, when third-mission activii@re against long-established
academic norms, procedures, and reward systenmetidtehip conflicts are sometimes
found in collaboration between universities andistdy because of cultural differences

and diverging interests, which perhaps hamper kedgé exchange and transfer.

Collaborative leadership.Innovation organizers at both the individual and
institutional levels play a key role in collaboxairelationship. They can gather people
associated with different points of views to discigeas, compromise conflicts, and

generate consensus.
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Substitution. When another sphere is weak, substitution arsé&8 emerging
gaps. Substitution between spheres is describgdweessnment agencies taking up other

functions that are beyond their traditional funoso

Networking. Informal and formal networking at the regional,ioaal, and
international levels is not a unique activity;stwidely found in many cases, such as

R&D collaboration.

Third, the triple helix system emphasizes its fiorcbn effective flow of
knowledge and technology through interconnectionsray key actors. As a result, the
recent perspective on the triple helix conceptdqubvide an explicit framework for
the systemic interaction between actors and clarifiew of knowledge flows and

resources within and among the spaces.

The NIS and triple helix concepts are both assediatith the same ideas on
flow of knowledge and technology through interactéomong institutional spheres. The
NIS approach basically believes that sources oikedge and innovation are generated
by various actors in a system of innovation, whetea triple helix concept states that
the university plays a leading role (Etzkowitz &desdorff, 2000). Triple helix
scholars also believe that the institution can thkeroles of the others to perform new
roles as well as to fulfill their traditional funehs. However, Nelson and Rosenberg
(1993) explicitly stated that the public and acaidesmould support firms in developing

technology rather than substituting for the tecbgual efforts of firms.
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2.3 Emergence of University Type

2.3.1 Historical evolution of the university.Similar to the triple helix
scholars’ ideas, Wissema (2009) also agreed tkairiversity plays a crucial role as a
source of fundamental knowledge. In knowledge-b@&setomies, the needs of society
propel the university to gear its activity to bé&exant to industry. Besides, the role of
government influences the university’s behaviorstibecause of limited resources, the
government may not be able to allocate funds fttir@+edge or frontier scientific
research. Second, the government can pressuraitrersity, leading to a shift from
traditional mission (teaching and research) toetkoitation of their knowledge for
society. The establishment of several initiativeevidence to indicate the influence of
the government’s role on the university. Publicdseapital funds and bridging
institutions have been initiated since the 197@si@es, government efforts can be
indicated from the Bayh—Dole Act of 1980 in the tdudi States and the Bayh—Dole Act
of 1990 in Japan, which are widely credited witlpmoving university and industry

collaboration and technology transfer in the Uni&dtes and Japan.

Due to both societal needs and government presadiesema (2009) as well
as Kyro (1997) found that the university has trtioised. Table 2-1 shows Wissema'’s
university generation. The medieval universitiese-inst generation of university—
had as their main functions to provide educatiahtancomply with the doctrines of the
church. These universities were based on the usatof language and academic
freedom. The second-generation university enhatietheaning of research based on
the modern scientific method, including objectisgstematic, and reproducible

experimentation and transparent argumentationdigeneration universities were
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experimenting with models for commercializatioreaploitation of know-how, as well
as with new organizational structures, marketing/dies, and ways of financing. In
this transitional stage, entrepreneurship agairrgateas a means of facilitating and
carrying out the change as well as driving econaymievth (Wissema, 2009). Notably,
the definition of entrepreneurship has been vaiRadsio et al., 2006, p. 22, in Kyrd &
Mattila, 2012). In the concept of Wissema, entrapreship is a tool to enhance
technology transfer and to raise the competitivermésiniversities, whereas in the
entrepreneurial university concept, it has a piwaceble in advancing the economy,
welfare, and equality in societies.

Table 2-1: Evolution of the Universities

Characteristic 1*' generation 2" generation 3™ generation
Objective Education Education + Reseanch Educatioesearch
+ know-how
exploitation
Role Defending the truth Discovering nature Crenptialue
Method Scholastic Modern science, Modern science,
monodisciplinary interdisciplinary
Creating Professionals Professionals + Professionals +
scientists scientists +
entrepreneurs
Orientatior Universa Nationa Globa
Language Latin National languages English
Organization Nations, faculties, | Faculties University institutes
colleges
Management Chancellor Part-time academigs Profeasio
management

Source: Wissema (2009)

In contrast to Wissema’s concept, Kyr6 (1997) fotimat entrepreneurship
emerges and promotes change, but for Wissema’gsitly generations,
entrepreneurship was only employed to enhance ehiarte latest transition (the third
generation of universities). The main differenceMaen Wissema’s (2009) third-

generation university (which harnessed entrepresmgpy and Kyrg’s entrepreneurial
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university (1997) is that the entrepreneurial ursitg concept has the culture, mindset,
and spirit of entrepreneurship stemming from edanaOn the other hand, the third-
generation university has built-in entrepreneulaments. Kyré and Mattila (2012)
stated that these characteristics of the third-geio& university bring about technology
transfer the as main channel of entrepreneurstipreas entrepreneurial university
takes entrepreneurship through an educational paty also provide an example to
compare between the third generation of univessdied the entrepreneurial university.
Whereas the third-generation university concepivdrids premises from technological
transfer, the entrepreneurial university focusetherentrepreneurial process, which
needs to change society and economy; therefotbefunniversity practices relate to
cultural change within institutions, as well agtoriculum development and

instruction.

This comparison implies that the third-generatioiversity concept neglects
education as a crucial channel for the foundatioentrepreneurial spirit. Teachers can
mentor students to start firms for only a shorigegrbut if the entrepreneurship is not
embedded in the ways of thinking among studengs; dannot sustain their startup

firms without mentors.

2.3.2 Emergence of different university typedn contrast to Wissema'’s
(2009) concept, Martin and Etzkowitz (2001) fouhdttinteractions among key actors
affect universities’ structures and functions. Gangently, different species of
universities have emerged. Examples of universitiesach type were provided in their

study. First, the national university or classigaiversity gradually transformed over
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time, depending on the national environment, suctina lvy League universities in the
United States and the imperial universities (whiabsequently become the national
universities) in Japan. Second, the technical gell@r university) appeared in Europe
and was then transferred to elsewhere, such asolty® Institute of Technology in
Japan. Third, regional universities were explice#t up to meet local or regional needs,
initially agricultural needs but more general inufias needs later on, such as the land
grant universities in the United States. Fourtrid/universities were created in
several forms, such as combinations of lvy Leagukland grant universities (Cornell
University in the United States) and hybrids ofitti@nal universities with open
universities (distance learning). Fifth, a netwatkmiversity either involved the
vertical integration of further education collegéth a university to form an integrated
supply chain or the horizontal integration of sanitiepartments across several
institutions working together, such as the Frauahbistitutes in Germany. Sixth,
company universities established by companies @neamtrants that provide skills and
training to their employees. Seventh, the entregargal university species predicted by

Etzkowitz (1997) emphasizes commercialization al agteaching and research.

Although several scholars have made efforts toosscemerging types of
universities and to reclassify the types of uniies (perhaps reflecting the explicit
roles and specializations of universities), the@as have never been put into practice.
Apart from Martin and Etzkowitz (2001), the Cent@duncil for Education (CCE;
Chukyoshin) in Japan proposed a classificationndfarsities by type in 1971, but it
met with strong hostility from universities (OsakB99, cited in Kitagawa & Oba,

2010). More than 30 years later, the CCE suggehtetbllowing seven functions as
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exemplars that individual universities might prime according to their policies: a
world-class research and education center, thel@@went of highly qualified
professionals, the development of a wide spectriprajessionals, comprehensive
liberal arts education, education and researcpegific disciplinary areas (art, sport,
etc.), a community-based lifelong learning cerded service to society (service to the
local community, industry—academic collaboratiorieinational exchanges, etc.).
Similarly, for Thailand, Areekul (2000) and Suwérak (2003) proposed a university
classification that consists of three types of arsities. First, theesearch university

has as its main missions to provide teaching fasters- and doctor’s-level programs,
as well as bachelor’s-level programs in neededdieind to focus on basic and applied
research in order to gain frontier knowledge antéohnology for economic and social
development. Secondt@achinguniversityhas the missions of providing teaching for
bachelor’'s- and master’s-level programs in respémsearket and societal needs, and
to provide academic service to society. Thirdpenmunity collegbas the mission of
providing people with educational opportunitiesoltuses on teaching and learning for
lower-bachelor’s-level programs, in order to depehmman resources in response to the

local community.

2.3.3 Current university classifications in Japan ad Thailand. In order to
select appropriate cases for comparative analgigden Japan and Thailand, this
section is a review of the current university disations in both countries. When
comparing the Japanese and Thai university claasifins, Japanese national
universities are similar to Thai public autonomaunsrersities, in that both focus on

research activities and largely receive their btelgem the central government
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(National Education Act, 1999; National Univers@iprporation Law, 2004). In
addition, Thai autonomous universities receive ificantly more financial support
from the private sector than Thai public univeesit{Rungratsamee, 2004). This
phenomenon is similar to Japanese national untiessas seen from the studies of
Kondo (2008a and 2009). National universities ammiciant in R&D collaboration.
According to the MEXT document, Japanese publivensities in Japan were
established and managed by local public entitiggublic university corporations to
provide higher education opportunities to localgle@nd to serve as intellectual and
cultural centers within the local community. In trast, Thai local governments do not
directly provide financial support to higher edugatinstitutes. Even with different
budgetary sources, however, the missions of Japgnésic universities are similar to
those of Rajabhat University and Rajamangala Usityeof Technology. They put
great emphasis on local development (MEXT onlineudioent; Rajabhat University
Act of 2004; Rajamangala University of Technologst Af 2005). Also local
community has a substantial role in governing thigersities. In case of Rajabhat
University, local community participation is reqeatin the selection process of a
president and university council members must cbimsian expert in the area of local
administration. Similarly, council members of Raggala University of Technology
consist of experts, local companies’ executivegyipcial public prosecutors, and local
government officials. Private universities in Japan Thailand, which are established
by private individuals, also have high degreesubbmomy. Each private university can
design academic curricula and has the autonomyotogte its own unique education
and research activities, based on the spiritualdegf its foundation (MEXT and

Office of Higher Education Commission). To sum tips study focuses on examining

23



the differences and similarities in university andustry collaboration across three

main types of universities: national universitiesal public universities, and private

universities.

2.3.4 Relationship between university type and unersity—industry

collaboration. Kondo (2008a) concluded that the Japanese natimmearsities were

dominant in joint R&D activities. They conducted 74 joint R&D projects with

companies, followed by private universities (748j@cts) and public universities (347

projects). On the contrary, private universitieseMeey actors in commissioned R&D.

They carried out 4,175 projects, whereas the nationiversities conducted 1,563

commissioned R&D projects. Additionally, the natbnniversities applied for a higher

number of patents than the other two types of usities, and the amount of

technology licensing revenues generated by thematuniversities is the highest.

Likewise, the national universities emphasize angatew entrepreneurs, as seen from

number of start-up consultation offices (Table 2-2)

Table 2-2: Relationship between University Type and University-Industry

Collaboration

University R&D Collaboration Domestic | Licensing Start-up

Type Joint Collaborating | Commissioned| Collaborating Patent Income Consultation
R&D firm R&D firm Application | (thousand | Office (%)
(project) | (% of SMES) (contract) (% of SMESs) (item) yen)

National 7,774 354 1,563 27.6 3,756 415,997 70.1

University

Local 347 41.2 621 23.3 115 1,619 35.8

Public

University

Private 743 28.8 4,175 27.0 1,214 124,893 20.6

University

Total 8,864 35.1 6,359 26.8 5,085 542,504

Source: Kondo (2008a).
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2.4  Relationship Between Firm Characteristics and biversity—Industry
Collaboration

Diversity among firms stems from factors suchiasohical development, the
size of the firm, its structure of ownership, teglugical capabilities, culture, and
values. Firms therefore embed their own speciftamga which affects their behavior,

practices, and decision making.

Firm size. The existing literature indicates that size infloes university and
industry collaboration (Cohen et al., 2002; Laur&eBalter, 2003; Arundel & Geuna,
2004). A large number of empirical studies concltrds the intensity of collaboration
among larger firms is higher than that of smaithft due to their resources for carrying
out R&D activities. Large firms cooperate to aajex extent (e.g. Cassiman and
Veugelers, 2002; Becker and Dietz, 2004; Miotti &athwald, 2003; Negassi, 2004),
benefit more from cooperation (Veugelers, 1998i@slén Badillo et al., 2014) and
innovate more openly than SMEs (De Backer, 2008ted in Badillo et al., 2014).
Universities prefer to work with large firms, agythave higher financial resources for
R&D and higher technological capabilities, givifgm more prestige and greater
opportunities for new research initiatives (Shapiral., 1995; Beise and Stahl, 1999 as
cited in Badillo et al., 2014). Small firms hardlg basic research because research
findings are difficult to patent and hence the flofapayoffs cannot be capitalized, then
these payoffs must be appropriated through incatpuay the knowledge in the form of
improved goods or processes (Rosenberg, 1989). Hoyweebate on this issue has

spread because of the emergence of small highfitech in the United States and

25



Taiwan (Best, 2001). The arguments on this issag & ambiguous relationship

between size and collaboration.

Industrial sector. Freeman (1995) stated that the specific natusmohdustry
affects the intensity, patterns, and drivers obiration activity. Rasiah and Chandran
(2009) mentioned that the intensity of R&D colladiion varies by industry.
Schartinger et al. (2002) identified similar result the case of Austria. High-
technology sectors have high levels of interactiarigereas low-technology sectors
have weak interactions. Firms in high-technologst@es must keep up with cutting-
edge research in high-technology industries; tleeethose firms exploit scientific
knowledge that originated from public research nfogquently (Cohen et al., 2003).
Likewise, because universities are the main sowtssientific knowledge, firms in
high-technology sectors utilize external scientifimwledge and intend to access
university research, whereas firms in the low-tetbgy industries may not have the

need to access higher technologies (Suzuki 2Gil2).

Regarding technology classifications for the maaifiang sector, the
Organisation for Economic Co-Operation and Develepi{OECD; 2011) categorizes
industries into four groups—Ilow-technology industow-medium-technology
industry, medium-high-technology industry, and kigbhnology industry—while
Pavitt (1984) proposed four categories of industsypplier-dominated industries,
specialized supplier industries, scale-intensidrigtries, and science-based industries.
Supplier-dominated industries such as the textitbfaod industries acquire new

technologies from suppliers of machinery and chpiads; therefore, their in-house
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R&D is rather small. Specialized supplier industiieclude the machinery and
instrument industries. Scale-intensive industriehsas the automotive sector are likely
to learn from improvements in their designs anaesses. Technology seems to change
incrementally. Science-based industries includgti@maceutical, electronics, and
chemical industries, for which in-house R&D andeemal collaboration are major
sources of technological change (Table 2-3). Mal€é&®02) further developed the
concept of the sectoral innovation system, whiats@is of three building blocks;

e Knowledge and technological domafny sector may be characterized by a
specific knowledge base, as well as specific teldymes and inputs.

e Actors and networkdA sector is composed of heterogeneous agentsahnabe
organizations or individuals (e.g., consumers,egrgneurs, scientists).
Organizations may be firms or non-firms (e.g., ensities, financial
institutions, government agencies, trade uniongedunical associations),
subunits of larger organizations (e.g., R&D or prctibn departments), and
groups of organizations (e.g., industry associadion

e Institutions Institutions may range from more binding to lesxling and from

formal to informal. Institutions can be nationalspecific to sectors.

Table 2-3: Characteristic of Industrial Sector

Sector Technology Accumulation Source of Technology
Characteristics

Supplier dominated  Import technology/Little R&D Supplier
Specialized suppliers Design & development Client
Scale intensive Design, Operation and learning by doing Internal knowledge

(process innovation)
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Sector Technology Accumulation Source of Technology
Characteristics

Science based Academic research; search for new In-house R&D,
technologies External collaboration

Source: Pavitt (1984), Abinoraseth (2007) cite¥ishuphong (2007)

Technological capability. Technological capability may be regarded as
comprising the indigenous accumulated knowledgeiaed through firms’ accustomed
learning processes and absorptive capacity (Ad20@i2), which is defined as a firm’s
ability to identify, assimilate, and exploit knowlge from the environment (Cohen &
Levinthal, 1990). It plays a key role in determmifirms’ capability to access and make
use of external knowledge (Muscio, 2009). The fgnmnovation success also depends
on the extent to which it can use technologicaloopmities from outside for its own
purposes (Cohen & Levinthal, 1990). Particularlyiines of competitive pressure,
firms are forced to open their innovation process ase external knowledge sources to
increase their innovative potential. A key factmenhancing a firm’s ability to benefit
from externally acquired knowledge is its absompiapacity (Cohen & Levinthal,

1990; Ducheck, 2013; Muscio, 2009).

The process of absorbing technological capabilitidgsrerunner and latecomer
countries is different. Based on the Utterback madtle sequence of technology
development starts from creating knowledge thrar@id activities, until finally
reaching own-brand products. Unlike the Utterbaddet, Linsu Kim’'s (1997)

imitation to innovatiormodel is built on Korean case studies indicatirag tatecomer
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countries develop technology through a catchingmagess. This process explains that

latecomer countries learn by imitating and doing.

To measure absorptive capacity, some scholarsuséslof R&D investment
and R&D personnel as proxies. They assume thasfihat continuously engage in
internal R&D efficiently can establish internal edgilities for adapting external
knowledge (Becker & Peters, 2000). Likewise, Mateand Torrisi (1992) concluded
that firms that do not permanently invest in R&Drédar less access to the

technological opportunities that stem from scienti€search.

2.5 Mode of University—Industry Collaboration
Triple helix scholars have not specifically paiteation to the mode of

university and industry collaboration, despite tlieimprehensive framework. Rather,
this issue has been investigated by innovationestuekperts (Agrawal & Henderson,
2002; Cohen et al., 1998; Cohen et al., 2002; SH@?). They attempted to analyze
the modes through which knowledge flows from ursuees to industry. Nonetheless,
there is no universally accepted classificationmfersity and industry collaborations
(Reed, 2000). Also, little consensus regardingtiost effective mode of university—

industry collaboration has been achieved (BekkeFsditas, 2008; Eun, 2009).

The collaboration modes include, but are not lichit® the use of scientific
publications, technology licensing, human mobi(jigrsonnel exchange, etc.), joint or
collaborative R&D, contracted out or commission&IR consultancy or technical

guidance, incubation of start-ups, and informalatmration. The interaction can take
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place between individual researchers in both aarsity and a company or between a
company and a university (Agrawal & Henderson, 2@¥kkers & Freitas, 2008;
D’Este et al., 2007; Eun, 2009; Igbal et al., 201dseph, 2009; Landry et al., 2005;
Meyer-Krahmer & Schmoch, 1998; Rast et al., 20I8g list of modes is shown in

Table 2-4, and their definitions are described wéeio

Use of scientific publications.Scientific publications diffuse codified
knowledge generated from universities. Howeverpablication written by two

partners is different, since knowledge is generatetivo parties.

Technology licensing.Technologies are developed independently by
universities and are transferred to firms througérises. Similar to scientific
publications, patents are a kind of mechanism tjinomhich to diffuse codified
knowledge. Nonetheless, licensing technology ccetiged by two parties is
considered to be a result of collaborative R&D, afhiequires a closer relationship than

technology developed independently by universities.

Human mobility. Human mobility can be both formal and informalgdamclude
both researchers and students. Cooperative edndsatime approach to human
mobility. The difference between cooperative edocaand student internships is that
in a cooperative program, students are requireebttx in a workplace as full-time

employees from 4 months to 12 months, and alsowet&ining and supervision from

! Based on Bohringer (2006)erkmann and Walsh (2007), Ponomariov and Boardman
(2012), and Merchan-Hernandez and Valmaseda-A20ia3)
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both workplace mentors and from academic supemigorcontrast, internship
programs are more flexible. They can be paid oaith@nd are shorter and done in the
summer when students are out of school as partjtibse Sometimes, the relationship
between partners is connected with human mobilltgmfirms provide scholarships. In
many cases, graduates can be hired for collaberptivjects such as joint R&D and

cooperative education.

R&D collaboration. Joint or collaborative R&D is different from coatt or
commissioned research. Joint R&D activity requives partners to contribute
substantial resources, whereas contract or cononisgiresearch is requested by a firm

to solve a problem of interest to the firm.

Academic consultancy or technical guidanceéAcademic consulting may be an
institutionalized activity in which academics andustry engage or individual
academic researchers provide advisory servicexltgstiry clients. In particular,
academic consultancy or technical guidance, asiorestt in this study, focuses on
research activities and product innovation-drivensulting. These activities assist

firms in implementing downstream reseaattivities.

Incubation and start-ups. Incubation is a unit that accelerates the sucakssf
development of a start-up by providing resourcessarvices. It is usually within the
same building or in proximity to it. Usually, arciubator provides meeting
opportunities, such as a cafeteria and joint lestuwvhich are interesting for all young

firms in the incubator. These incubator charadiesduild the basis for the
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development of frequent and social interaction, fandhe exchange of both explicit

and tacit knowledge (Cavusgil et al., 2003).

Informal interaction. Informal interaction is the forming of social retaships
and networks at meeting or conferences. Thoseaittiens involve informal and

frequent face-to-face contacts.

Also, Table 2-5 shows that the most important made®llaboration vary
across countries. Cohen et@002) found that the modes of open science, eslbeci
publications, public meetings and conferences,iaftdmal information exchange, are
the most important in the United Stat€soperative ventures do not seem to have been
as important as other channels for industrial R&Bese results correspond to the cases
of India and Netherlands, but they are controvémieelation to European and some
Asian contributions. For instance, based on a suovéirms and universities, D’Este
and Patel (2007, Eom (2009), Eun (2009), and M&ahmer and Schmoch (1998)
found that both formal and informal collaboratiae anportant channels of
communication in Europe (the U.K. and Germany) Asid (China and South Korea).
Similarly, collaborations between universities amdustry in Austria are established
through a formal approach. Remarkably, educati@hteaining are not ranked as an
important channel in several countries aside froenld.K. and China. According to
several studies, as mentioned above, the diffexteoni of channels for collaboration

across countries is interesting for researcheesamine.
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Interestingly, several studies have found the smmeglous use of various modes.
Meyer-Krahmer and Schmoch (1998) reported the tesfila survey among German
academics on the importance of various types &§limith industry, finding that
collaborative research and informal contacts wateed most highly. Similarly, D’Este
and Patel (2007) concluded that science and engigeesearchers in the U.K. used a
wide variety of channels, such as consultancy amtract research, joint research,
training, meetings and conferences, and the creafioew physical facilities (e.g. spin-

offs).
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Table 2-4: Modes of University and Industry Collabwation

Rast Eun Joseph Eom Cohen | Landry, Bekkers D'Este Meyer- Schartinge
etal. (2009) | (2009) (2009) etal. etal. and and Krahmer r,
Mode of Collaboration (2012) (2002) (2005) Freitas Patel and et al. (2001)
(2008) (2007) | Schmoch
(1998)

Malaysia | China India Korea us Canada | Netherlands UK Germany Austria
Joint or collaborative R&D X X X X X X X X
Contract or commissioned X X X X X X X X X X
R&D
Incubators X X X
Consultancy or technical X X X
guidance
Technology licensin X X X X X X X
Scientific publication X X X X X X X X
Human mobility
(hire of graduates, personnel X X X X X X X X X
exchange, cooperative
education)
Informal collaboration X X X X X X X X
(informal contact, conferences
and meetings)
Sharing of facilities X X X
Spin-off companies X X X X X X

Source: Compiled by author.

34




Table 2-5: Modes of Collaborations (Three Most Impdant Modes)

Country Three Most Important Mode
Chine Cooperative R&I
(Eun, 2009) Education and Training
Informal contact
Koree Informal contact (consultin
(Eom, 2009) Joint R&D
Contract R&D
India Publication and repc

(Joseph, 2009)

Public conference
Informal contact

us
(Cohenet al.,2002)

Publication and repc
Informal contact
Public conference

Netherland
(Bekkers and Freitas, 2008)

Publication and repc
Informal contacts
Conference

UK
(D'Este and Patel, 2007)

Publicconferenc
Contract R&D
Cooperative R&D/Education

German
(Meyer-Krahmer and Schmoch, 1998)

Cooperative R&I
Informal contact
Public conference

Austrie
(Schartingeet al.,2001)

WhRPWNhNRPWONRPRWONDNREONDREONDEREOD WD P

Cooperative R&I
Cooperative education
Contract R&D

Source: Compiled by author

2.6

Results of University—Industry Collaborations

In the system of innovation and triple helix cepts, two entities (a university and
industry) are supposed to jointly deliver some ltssgenerated by collaboration. These
results are used to monitor progress or to indisktggish interaction. This indication is a
guideline for two entities to build, further devel@nd improve their relational

involvement as well as basic information for plarghand decision making. Nonetheless,
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few studies have attempted to assess resultslabooation (Igbal et al., 2011; Majid &

Ismail, 2009).

The possible results of collaborations are baseskegunences of effects. Similar to
Galbraith’s idea, performance measurement indisatan be divided into inputs, outputs,
outcomes, and impacts (Table 2-6). The input indrsaare foremost suitable for
evaluating the intent of a desired output, but dbguarantee it (Langford et al., 2006).
Although output, outcome, and impact indicatord eeth the results of cooperation, they
are different. Outputs are the direct results ef¢dboperation. The outcome is not
immediately seen at the end of project and is abthfrom the output. The impact is a kind
of long-term outcome (Seppo & Lilles, 2012) thatikcbrefer to the direct or indirect
effects of cooperation on the different partiesn@&enarking and Foresight for Regions of

Europe, 2008).

Input. Seppo and Lilles (2012) compiled related studiemfseveral scholars on
the results of collaboration. Resources—espediglnces given to universities and
researchers— are very important indicators. Thet ghosct indicator of university—
industry cooperation is the level of industry sposkip and financing of university
research (Langford et al., 2006). The financialpgupand benefits are important for
universities and make it possible to establishasad maintain relationships with industry

(Davey et al., 2011).
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The capability and motivation of both universitasd industry were identified as
proxies for the input of collaboration. Publicatscswre a common indicator of researchers’
capabilities, but some scholars debate that ibigeliable way to assess a researcher’s
quality; rather, citation counts provide a betteasure (Moed, 2005). However, a different
standpoint between university and industry need®toonsidered; for example,
publications may not be an expected result of usityeand industry collaboration because
universities are interested in basic science whdestry is not. The absorptive capacity
and technological competence of a firm dependspribr related knowledge and
experience (Cohen & Levinthal, 1990), and therefdrew the capabilities of the company
as an input in the university and industry collaion. Additionally, indicators of firm
capability can include quality certificates (ISQtdecates), numbers of previous projects
with universities, membership in some researchgancollaborative network, education

of employees, and the involvement of staff in ursity activities (Seppo & Lilles, 2012).

With regard to motivation, researchers generalyfoon their own interests and
career paths; therefore, researchers’ motivatiomslifficult to measure (Lee et al., 2010).
The stimulation system and career model within ersities and also in academia, more
generally, are also important for encouraging s@ento cooperate with enterprises (Seppo
& Lilles, 2012). Based on Bercovitz and Feldman0@0and Perkmann et al. (2011),
previous research has indicated that the deparaéingimhate is one predictor of
involvement in industry activity. Davey et al. (Z0ecommended the existence of

documented strategies embracing university andstnglgollaboration as well as the
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implementation of these strategies (e.g., dedigatsources to support collaboration,
providing incentives for academics, considerindatmrations with enterprises in the
assessment of one’s work performance) as measuf@goo and the attitude of a university

or department.

Output. Several indicators are available to operationalizgputs from university—
industry alliances (Perkmann et al., 2011), sugbadsnt applications or granted patents,

publications, joint publications, staff skills atrdining, and the intensity of collaboration.

Patent is used as an indicator of output of unityeasd industry collaboration;
however, it might not be the best indicator becaadiaboration between these two entities
needs the flow of knowledge without restrictionsr#nann et al., 2011). Those scholars
claimed that publications are a good indicatothay are subject to a peer-review process.
The number of joint publications by university andustry scientists is a very explicit
indicator of university—industry collaboration tHatuses on longer-term perspectives.
Nonetheless, this indicator should not be usedealondefining university—industry
cooperation, as there are many cases in which fauttwred papers are published

(Lundberg et al.2006).

The development of human resources is also an batmutcome indicator for
university and industry collaboration. Various icatiors are available for assessment,

including the number of doctoral and postdoctoraifions offered within the alliance, the
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number of co-supervision arrangements between indasd the university, and the
number of secondments of research scientists tograsrganizations (Seppo & Lilles,
2012). Additionally, the number of master and doalttheses derived from the

collaborative work or supervision is the resultobperation (Igbal et al., 2011).

Intensity, as estimated by frequent interactionvieen the partners, is also a crucial
measure. It facilitates the transfer of know-how #acit knowledge, as opposed to the
formal exchange of codified research results. Ighal. (2011) found that there are
different meetings for educational versus contaakimg purposes. Workshops, seminars,
and meetings, in which the participants are froii lmiversities and industry, can be
defined as the outputs of university—industry dmla@ation. Having a high number of
personal contacts also represents a higher inyesistiollaboration and knowledge transfer

between the partners.

Outcome/impact. To measure the impact of university and industifaboration
outputs, the indicators should show if the coll@hon achieved its aim and what the
consequences of the collaboration have been fquaheers (Pertuzé et al., 2010). There
are different indicators, such as GDP per capitaglyctivity, export growth or employment

growth, and the success of spin-off companies (fadget al., 2006).
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Table 2-6: Possible Result for University and Indusy Collaboration

Categon Example of Indicatc

Input Resources:R&D expenditure; university’s governmental inconmey-
government donations, grants and contracts; ingusponsorship o
university research; scholarships; number of reseas.

Researchers’ capabilities:number of publications, citations, projects,
reports or patents done in the past.
Researchers’ motivation:number of previous industry contracts in the
university; number of strategies concerning univgr&nd industry,
collaboration; amount of resources dedicated tgaupcollaboration
perception of researcher about the benefits froenctbilaboration with
industry.
Firms’ capabilities: quality certificates or standard; previous
collaboration with academia; membership of someoaason or
research group; number of scientists; structure eaiployees by
occupation and education.
Firms’ motivation: number of previous contracts with universities;
involvement with university (e.g. alumni, lectureperception of the
firm about the benefits from the collaboration withiversity.

=

Outpu Patent applications; patents; license revenues;ligatibns; joint
publications; postdoctoral or doctoral positionfemdd within alliance
joint supervision; master and/or doctoral thesesgosdment of
researchers; spin-offs; non-licensed product andgss

Outcome Outcome product innovation; process innovation; increassgaies
Impact Impact: GDP per capita; total factor productivity; numizerd share of
high growth enterprises; success of spin-off cormgsanproductivity
growth; the increase in exports created by newnheas; employmenr
growth;

Source: Compiled by Seppo and Lilles (2012)
Barneset al (2002); Bercovitz and Feldman (2008); Perkmaatnal. (2011);
Langfordet al. (2006); Igbalet al. (2011) Tijssenet al. (2009); Luomeet al. (2011)
2.7  Concluding Remarks
This chapter has reviewed the roles of differepesyof universities in a system of

innovation. The review has covered the related eptscon university and industry

collaboration, the evolution of universities’ rolesnergence of different university species,
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influence of firm characteristics, modes of colledmn, and results of collaboration.

According to literature review, three research gajgsidentified as follows.

Research gap 1: Influence of university typePrevious studies (Kondo, 2008a, 2009)
that mainly focused on R&D activities found thatuansity type relates to R&D mode due
to the influence of Japanese government policyoBdyR&D mode, this study aims to
examine how various types of collaboration influencodes and size of collaborating

firms, and how local and country contexts impactl@roles of universities.

Research gap 2: Influence of firm characteristicBased on the literature review,
debated issues were found about the influencerafdharacteristics on R&D
collaboration. Regarding firm sizéhe intensity of collaboration among larger firmas i
higher than that of small firms, due to their reses for carrying out R&D activities
(Arundel & Geuna, 2004; Cohen et al., 2002; Lau&esalter, 2003; Mohnen & Hoareau,
2003; Mothhashi, 2004). In addition, small firmsdig do basic research because research
findings are difficult to patent and hence the flofappayoffs cannot be capitalized, then
these payoffs must be appropriated through incatpay the knowledge in the form of
improved goods or processes (Rosenberg, 1989).tNeless, debate on this issue has
spread because of the emergence of small hightiteah in the United States and Taiwan
(Best, 2001). In term of industrial sector, firmshigh-technology sectors must keep up
with cutting-edge research in high-technology irides; therefore, those firms exploit

scientific knowledge that originated from publisearch more frequently (Cohen et al.,
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2003). However, firms in different countries mayaee differently according to the study
of Edquist (1997). This study examine whether faize and industrial sector influence
R&D collaboration with university and whether cogntontext influence the influence of

firm characteristic on R&D collaboration.

Research gap 3: Influence of mode of collaboratioan outcome.Little
consensus has been achieved regarding the mostiveffenode (Bekkers & Freitas, 2008;
Eun, 2009)which may be evaluated by assessing outcqimbsl et al., 2011; Majid &
Ismail, 2009). Previous studies (Meyer-Krahmer &®och, 1998) reported the results of
a survey among German academics on the importdn@ious types of links with
industry but those studies did not clearly deschibe the simultaneous use of various
modes was important. This study, therefore, ingastis these neglected issues on whether

simultaneous use of various modes influence outsome

The next chapter details the research questionsymatheses drawn from the

research gaps and describes the research methgdsled in this study.
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Chapter 3

Research Methodology

Chapter 3 is the explanation on how the resegagls identified in Chapter 2 were
transformed into the research questions and hypethén this chapter, two research

methodologies used in the study will be presented.

Section 3.1 presents the research questions amdh®ges. In Section 3.2 identifies
the conceptual issues, shows how the researchepngbivere explored, and describes the
relationship between the variables identified i@ study. The major entities that are units
of analysis in this study are illustrated in Sett83. The explanation of statistical data
used to analyze, and the procedure used in degigmierview issues and collecting data is

described in Section 3.4.

3.1 Research Question and Hypothesis
After identifying the research gaps in Chapteh2ytwere transformed into

research questions and hypotheses.

Research gap 1: Influence of university typeResearch question (a) and (b) were
set to examine the influence of university typeboth collaboration mode and firm size.
Research question (c) and (d), on the other hamdtcainvestigate the influence of local

and country context on collaboration mode.
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Research questions
a) Do university types relate to modes of collabora®id¢f so, why? If not, why not?
b) Do university types relate to firm size? If so, WH{ not, why not?
c) In a certain local area, do different types of emsities play different roles in
supporting industry? If so, why? If not, why not?
d) Do the country contexts matter? Specifically, do$hme types of universities in

different countries have the same distinctive m@ades

Research gap 2: Influence of firm characteristicsThe following six hypotheses
aim to examine two main issues: (1) relationshipvben firm size and R&D collaboration,
and (2) the relationship between the industrialageand R&D collaboration. The first issue
was set based on the results of empirical stuthesg studies have identified that large
firms tend to engage in collaborative R&D acti\stisecause small firms hardly do basic
research because research findings are difficydatent and hence the flow of payoffs
cannot be capitalized, then these payoffs musppeoariated through incorporating the
knowledge in the form of improved goods or procegsosenberg, 1989). For the second
issue, four industrial sectors were selected basddequency of collaboration: food,
electrical apparatus, chemical, and automobile.t€bkenology classification for the
manufacturing sector proposed by Pavitt (1984) uszsl to set the hypotheses. This study
examine whether firm size and industrial sectdugrice R&D collaboration with
university and whether country context influence ithfluence of firm characteristic on

R&D collaboration.
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b)

d)

f)

Hypotheses

Large firms tend to engage in collaborative R&Dhaties because they have plenty
of resources to do R&D activities.

The food sector uses a supplier as a source afodmdy; therefore, the food sector
does not significantly relate to R&D collaboration.

The electrical apparatus sector has both in-hogde &d external collaboration as
sources of technology; therefore, this sector &igantly relates to collaborative
R&D activities.

The chemical sector uses both in-house R&D andmatteollaboration as sources
of technology; therefore, it significantly relatscollaborative R&D activities.

The automotive sector uses internal knowledge & Rctivities; therefore, it does
not significantly relate to collaborative R&D adties.

To understand differences between two nationaksyst the following hypotheses
were set. Rather than country contexts, firm simkiadustrial sector influence

modes of collaboration.

Research gap 3: Influence of mode of collaboratioan outcome.According to

the previous studies, the evidence related to & effective mode of collaboration and
the influence of complementary modes (a combinatforarious modes) is inconclusive.
These two hypotheses investigate whether the congliary mode positively influences

outcome.
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Hypotheses

g) The complementary mode positively influences oute@mnd the degree of
influence of the complementary mode is higher thamgle mode.

h) In both Japan and Thailand, the degree of influeficke complementary mode is

positive and relatively high.

3.2 Research Framework

The concept of the system of innovation was usedudy the three research gaps
identified in Section 3.1. In the system of innawaf there are three key actors:
government, industry, and university. This studyuiges on bilateral relations between
university and industry, which are (a) universibhdandustry collaboration supported by

government, and (b) collaboration built by univgrsind industry themselves.

The frameworks for developed countries and catechimgountries are created
separately (see Figure 3-1) because based on Edatigly (1997), the actors are likely to
differ across national systems (see Chapter 2)oNatnovation system in developing
countries is different from the model proposeddeveloped nations: (a) the vast majority
of firms in developing countries lack the minimuapabilities to engage in interactive
learning and innovation (Chaminade and Vang, 20@3)n developing countries, the state
plays a significant role in building successfulomation systems (Yusuf and Stiglitz,
2001), for example, basic investments in the intiomanfrastructure have to be made by

the public sector, and (c) universities in devatgpiountries solely contribute to education,
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rather than national economic upgrading and tedgicdl progress (Altbach & Salmi,

2011; Leifner & Schiller, 2008). With regard to wersity and industry collaboration, in
developed countries, collaborative relationshipgehaeen considered at the best peripheral
to the main higher education missions and formléboration such as joint R&D

activities often occurs whereas developing cous® only beginning to explore these
relationships and consultancies on informal basia/éen companies and university

researchers are perhaps the most common approsathablogy transfer (Parker, 1992).

To investigate the research questions, five vagghble included in research
framework. Three variables, namely university tyigey size, and industrial sector, are
likely to influence collaboration mode while colt@ation outcome seems to be influenced
by collaboration mode. To investigate the relatiopdetween those variables, two
research approaches — (@) hypothesis testingrfiodével analysis and (b) qualitative
approach to modify theory for university-level arsag— were used to analyze university

data.
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Figure 3-1: Conceptual framework
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3.3  Research Design
The unit of analysis used in this study consistElptountry level and

(2) university and firm level.
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3.3.1 Country level.Japan and Thailand were selected as case stustiagde
Japan is the top foreign investor in Thailand, puu$5,273 million into local projects.
The inflow of Japan’s foreign direct investment (FDto Thailand accounts for 60.6%%.
Previous studies have concluded that FDI is impoffar disseminating advanced
knowledge into both local firms and local univaest For example, Kramer et £009)
conducted 40 in-depth interviews to senior manafjand technical staff of flagship MNEs
in the automotive, life science, and informatiomeounication technology sectors in both
Germany and the United Kingdom. They found thattmational enterprises (MNES)
contribute to the regional human capital by pgrting in local skills transfer programs
and engaging in educational partnership with usitiess. On the other hand, MNEs benefit
from inter-firm mobility in highly innovative regits and from the spatial and relational
proximity to local universities, which gives themrrcass to graduates and more senior

personnel and to know-how (e.g., through contras¢arch).

3.3.2 University and firm level.

University. This study modifies the existing theory proposedydo (2008a,
2009). He concluded that three types of univessita) national universities, b) local
public universities, and c) private universities-fience R&D collaboration because
institutional settings affect the mode and cont#niniversity—industry R&D collaboration
through resource endowment, relations with ceatndl local government, and financial

incentives, etc. In order to create a comparisdh dapanese universities, similar types of

2 Board of Investment promoted projects
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Thai universities were selected to investigateaAsunterpart to Japanese national
universities, Thai public autonomous universitiegevselected because both of them
largely receive budgets from the central governnaantare influenced by the central
government. In addition, both of them engage momilaborative R&D projects with
industry than local public universities (Kondo, 3@0and 2009; Rungratsamee, 2004).
Local public universities in Japan, on the otherdhare under the control of the local
government. They aim to provide higher educatiopoofunities to local people and to
serve as intellectual and cultural centers withmlbcal community. In the case of
Thailand, Rajabhat University and Rajamangala Usitieof Technology were selected to
compare with Japanese local public universitiegenrBEhough Thai local governments do
not directly provide financial support to highewesdtion institutes, the missions of
Japanese public universities are similar to thd$Raegabhat University and Rajamangala
University of Technology. They put great emphasidazal development (MEXT online
document; Rajabhat University Act of 2004; RajanaadJniversity of Technology Act of
2005). Also, local community plays a substantidé rin governing them (Rajabhat
University Act of 2004; Rajamangala University agchnology). According to Rajabhat
University Act, the local community must participah selecting the president, and
university council members must consist of expierthe area of local administration. In
case of Rajamangala University of Technology, thigersity council members consist of
local company executives, provincial public progecs) local government officials, and
experts in various fields. In addition, centralgmment agencies, for example, Ministry

of Industry, Thailand Research Fund, Ministry ofeéBce and Technology, Office of SMEs

50



Promotion, provides grants or funds for Rajabhawéhsity and Rajamangala University
of Technology to provide technical assistance tallbusinesses and local communities.
Private universities, on the other hand, are estadd by private individuals and supported
by private funds. Each private university can desigademic curricula and has the
autonomy to promote its own unique education asdarch activities, based on the
spiritual legacy of its foundation (MEXT and Offioé Higher Education Commission).
However, they may be influenced by central govemmrpelicy due to funding and other

incentives (see Appendix Table A1-1).

For each type of university, universities in Japad Thailand were selected based
on course offering and data accessibilities (sgeefdix Table A1-2). However, this study
greatly emphasized the influence of university gygberefore, other aspects of each type

of university, such as size, are disregarded.

Firm.

Japan.

The National Graduate Institute for Policy Stud@fIPS) and the Office of
Economic and Industrial Research in the House pf&sntatives cooperated with the
research company Teikoku Databank (TDB) to contheGRIPS firm survey. The

GRIPS Firm Survey was attached to a regular TDBesucalled the TDB Survey of
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Business Trend$The TDB survey, begun in May 2002, is a monthliywsy conducted

with over 20,000 nationwide corporations.

The target group was firms in all types of indiestin Japan. The researchers sent
questionnaires to 20,455 firms by e-mail. The nundbeeturned questionnaires was about
10,731, which is a 52.5% response rate. The regmasdvere asked to give some basic

information, for example, prefecture, size or numifeemployees, capital, and industry.

Apart from that, the researchers designed theviatlg seven questions to examine
university and industry collaboration. All firms veeallowed to answer question 1, whereas
only those firms that either currently or once aaetdd R&D activities (2,644 firms) were
required to answer question 2 to question 7.

e Question 1: Whether firms currently or had oncedtmted R&D or did/had not

conduct R&D.

e Question 2: Research result from collaborationsiliesl by fields.

e Question 3: Utilization of research result.

e Question 4: Modes of collaboration.

¢ Question 5: Impact of collaboration on product wakmon.

e Question 6: Difficulty in generating product inntiea (without result of

collaboration).

% The TDB survey aims t@port on businesses’ overall activities, includinhgir
performance and business climate, and to make jadtgmegarding the current condition
and future outlook of their respective industries.
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e Question 7: Impact of collaboration on sales.

The researchers selected four questions to anafyzersity and industry
collaboration, as follows:

¢ Question 1: Conducting/used to conduct or not conB&D activities.

e Question 4: Mode of collaboration (joint R&D, cogisment of R&D, funding for
university research, exchange of research sam@tsppnel exchange, technology
licensing, and venture business).

e Question 5: Impact of collaboration on product ivgiton.

e Question 7: Impact of collaboration on sales.

Thailand.Thailand’s Innovation Survey has been commissidnethe Ministry of
Science and Technology since 1998is intended to offer a better understandinghef t
nature of R&D and innovation activities in Thai usdry and to find ways to enhance and
support them. The survey has been regularly coeduor more than 15 years. It follows
two international guidelines (the Frascati manual he Oslo manual) and adapts the
Innovation Community Survey, which is a serieswigys executed by the National

Statistical Offices throughout the European Union.

* From 1999 to 2006, the survey was carried outlyNational Science and Technology
Development Agency. Since 2008, it has been caoigdby the National Science
Technology and Innovation Policy Office.
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The results from the latest survey in 2011 indidahat 744 firms out of the 4,246
returned questionnaires were engaged in R&D anaviaiiion activities. Both R&D and
non-R&D firms were allowed to answer questions almollaboration with universities.
Nonetheless, in order to compare this data withl#p@anese data, collaborating firms that
either conducted R&D activities or had once condR&D activities (452 firms) were

selected as the target group for data analysis.

In the case of Thailand, the questions about R&®Dianovation activities were put
in the same questionnaire. The questionnaire caeghthe following parts:

e Section 1: General information on companies, indggear of establishment,
number of employees, etc. (all firms were allonadnswer this section).

e Section 2: R&D activities, including definition &&D, types of R&D activities,
R&D expenditure and personnel, etc. (R&D firms werguired to answer this
section).

e Section 3: Innovation-related activities (innovatifirms were required to answer
this section).

e Section 4: External linkages for R&D and innovatiehated activities
(R&D/innovating firms were allowed to answer thecgon except for the question

about modes of collaboration. All firms were regdito answer this question).
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The analysis of this study was based on the foligvguestions:

e Section 1: Characteristics of firms (number of emgpks or firm size, industrial
sector, total sales).

e Section 4: Modes of collaboration (joint R&D, caatt out R&D, academic
consultant, technology licensing, use of testingise, share of technical
infrastructure, temporary personnel exchange, studernship, training for
employees, co-publication, meeting or confereneesgnnel contact).

e Section 3: R&D and innovation results developedtgh collaboration with

university (product innovation and process innawaki

The sampling frame of this survey was divided imto sets. The first set
(repetitive) was gathered from a previous surveyR&D organizations such as the
National Science and Technology Development AgetieyNational Innovation Agency,
the National Research Council of Thailand, andTihailand Research Fund. A&D
firms are included in an annual survey in ordesliserve the behavior of these firms across
time. The second set (non-repetitive) was obtafread the Business On-Line database,
which holds comprehensive information on more t8a®,000 establishments registered
with the Commercial Registration Department inMiaistry of Commerce. Two
techniques (stratified and systematic random sangpivere applied to this survey. All
firms in this set were divided into three groupso@ 1: firms with the highest revenue

(1% of total firms; all firms are samples); Groupecluding group 1, firms with the
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highest revenue (10% of total firms; all firms asmples); and Group 3: the remainders

(systematic random sampling technique based omuoeye

3.4  Research Method

In this study, the elements of qualitative and quative research approaches were
combined. A mixed approach that includes a qudamgand a qualitative method provides
greater breadth and depth of understanding and eosapes for the weaknesses of one

method with the strengths of another.

3.4.1 Qualitative approach Qualitative approach was used to modify the
existing theory about the relationship between ersity type and R&D collaboration
proposed by Kondo (2008a and 2009). In line witle§et al. (2013), qualitative method
to this study due to the ability of this methodatsswer why and how questions. This
method could provide a more detailed explanatiomndfersity and industry collaboration
modes. To answer the research questions, a quaitgiproach that modifies the theory

was adopted.

The following interview issues were getexamine identified key explanatory
variablesas shown in the research framewadrke following interview issues were

structured in accordance with the literature amdidentified key variables.
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1) Background information about university.
e Historical background and perception on collabogaéctivities
¢ Influence of government policies/initiatives onwamsity’s policies
e University policies related to supporting univeest
— Incentives for promoting collaboration with indystr
— Organizational structure/administrative systemsigpporting industry
(any central organization? Or faculty organizatjon?

2) University and industry collaboration.
e Characteristics of collaborating firm
e Collaboration mode (Frequent mode)

e Collaboration outcome developed through the mesfuent mode

Two groups of people at the universities were ingved; (1) executives of
universities and/or central organizations oversgeoilaborative activities, and (2) faculty
members or researchers directly interacting witlugtry. The interviews with university
and industry collaboration experts and policy makerboth countries were conducted. In
total, the data was collected from 74 interviewa@ssisting of 22 Japanese interviewees
and 52 Thai interviewees (see Appendix 1). Inforamagathered from the interviewees at
the universities was cross-checked by against ethah. Interviews of policy makers and
secondary data consisting of government reporisgetsity reports, and existing studies

were also used to verify the data collected froenuhiversities (Figure 3-2).
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Figure 3-2: Qualitative Method

Draft interview issu¢ Revise interview Pilot interview
(1% version) issue (2 version)
Conduct ¥ pilot » Conduct 2° pilot
interview in Thailand interview in Japan
*
16 university
Japan executives/ | .
—— - researche nterview
Revise interview
issue (%' version) 6 experts and Triangulation
policy makers
Conduct interview
(Dec. 1, 2014- Review existing
July.27, 2015) documents
Thailand 44 university
_ : executives/
Revise interview researchers
issue (4 version) : .
8 experts and Triangulation
Conduct interview policy makers
(Feb. 10- August. 20
2015) Review existing
documents

3.4.2 Quantitative approach.Two issues—the influence of a firm’s
characteristics and the influence of the mode d&boration—using a quantitative

approach were analyzed (see Appendix equation)détasls of the research method are

described below.

Influence of firm characteristicsTo examine the relationship between modes and

firm characteristics, all the variables were clfisgias follows.
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Mode.The coverage of sub-modes in both Japanese ancta$es differed. Since
there is no universally accepted classificationd@®®2000), the classification and

explanation of the modes were adapted from prestudies (see Appendix Table A1-3).

Firm size.This was classified into two groups: (a) large fi{{r200 employees),

and (b) small and medium firng 00 employees).

Industrial sectorThe following four industrial sectors were selecaedording to
technology classification for manufacturing (Pavi®84), frequency of collaboration
(based on Thai data), and the comparability of dapaindustrial classification and Thai
industrial classification: (a) the food sector, {iln¢ chemical sector, (c) the electrical

apparatus sector, and (d) the automotive sector.

Influence of mode of collaboration on outcom@&o investigate the relationships
between modes, the correlation coefficients weleutated. Then, three pairs of the
strongest correlation coefficients were multiplaed included them as independent
variables. These variables, which were obtainech finaultiplying the correlation
coefficients, are complementary modes. Apart froemxdomplementary modes, single

modes (see Appendix Table Al-4) were also inclutetshdependent variables.

® It is based on the classification of Office of Snaad Medium Enterprises Promotion,
Thailand (small and mediurs=200 employees, large: > 200 employees).
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Characteristics of firms, such as size and selanthdastrial sectors, were included as

control variables.

In the case of Japan, the dependent variablesgveuped into four levels
according to the percentage of product innovatievetbped through collaboration and the
percentage of the contribution of results develdpeough collaboration and translated
into sales. Ordered probit regression was usece@msure the results of dependent variables
on an ordinal scale. In the case of Thailand, Paissgression and linear regression were
used to analyze the counting-number-dependentblasiaUnlike Japan, all the results
(product innovation, process innovation, and amafinbtal sales) are continuous numbers

(see Appendix Table Al1-5).

3.5 Concluding Remarks

This chapter presents the conceptual frameworkwhatused to describe the
relationship between the variables identified & $tudy. In Chapter 5, the influence of
university type on the collaboration mode will besdribed. Chapter 6 is the data analysis
on both the influence of a firm’s characteristicstbe collaboration mode and the influence
of the collaboration mode on the collaboration oate. The next chapter will include

background information that will complement theadahalysis of Chapters 5 and 6.
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Chapter 4

University—Industry Collaboration in Japan and Thailand

In This chapter is a review of university and inttlygollaboration in Japan and
Thailand. In order to understand the turning pamd evolution of government policies, the
historical background of policies related to unsigrand industry collaboration was
examined. This information was collected from tkis#éng studies and the interviews with
policy makers. This chapter consists of three eastiin Section 4.1 is a review of the
situation in Japan as it relates to these issneSection 4.2 is an explanation of what has
happened in Thailand; and Section 4.3 is a compan$ the situations in Japan and

Thailand.

4.1 University-Industry Collaboration in Japan

4.1.1 The development of the Japanese higher eduiceat institution. Between
the 1870s and the 1880s, the University of Tokye feanded after the Westernized higher
education institutions merged. At first, the unsigr established four faculties: the Faculty
of Law, the Faculty of Letters, the Faculty of $aie, and the Faculty of Medicine. In the
1890s, the Faculty of Engineering and the Facul#griculture were merged. After that,
seven imperial universities were established imourparts of Japan. Meanwhile, a variety
of universities, including public universities, yate universities, non-degree granting
technical and professional colleges, and separateen’s colleges, were set up. In 1945,

when the Allied Forces occupied Japan after Worktt W the education system was
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reformed based on the American model. All highercadion institutions were classified as
new universities while most of the non-degree gngntechnical and professional colleges
were upgraded to universities or were merged iet@ aniversities. Importantly, in order to
provide the opportunities for higher educationhe younger generation, at least one
national university was established in every priefiec(National Institute for Educational

Research, n.d.).

Due to a special procurement arising from the Koré/ar (1950-1953), Japan
wanted to train a highly qualified workforce fodumstrial development. The Japanese
government focused on human resource developmetitddieavy chemical industry
because this industry needed highly talented pdopl@dministration and management,
middle-level technical specialists, and techniciagssa result, the government deregulated
the procedure for establishing private universiteeseet the growing demand for the
initiative of the private sector, which did not edce financial support from the
government. Also, colleges of technology were @@ais a new type of institution. In
1975, the government began supporting a publicidylbs cover some parts of the
operational costs of private universities. At taeng time, specialized training colleges of
law were created to elevate the status of non-eéggost-secondary education institutions,
which meant that various kinds of vocational arahiegcal training appeared in this period.
In 1981, a law to establish the University of thie (dr Open University today) was enacted
to provide lifelong learning opportunities to Japs@ people through television and radio

(National Institute for Educational Research, nBgcently, there is a tendency for
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Japanese universities to try to gain comprehersates, which means establishing, and
maintaining a full-set of courses rather than pgtean emphasis on a particular specialty

(Okamoto, 1997).

In total, there are 1,188 higher education institis in Japan, which are officially
classified into five groups: (1) national univeiesit (86 universities), (2) local public
universities (85 universities), (3) private univaes (607 universities), (4) junior colleges
(353 colleges), and (5) colleges of technologyddifeges; UNESCO; MEXT). Japanese
universities (national, public, and private) andiqu colleges aim to provide a high level of
education and expertise and to contribute to spbigdiscovering and cultivating new
theories and technologies. They offer and awardexro& degrees to students who
successfully complete programs specified in Artilddd of the School Education Law. In
contrast, colleges of technology and professiaa@hing colleges aim to provide a
vocational education and work skills. These higidircation institutions award degrees

that are equivalent to a university undergraduaggraduate degree.

4.1.2 Japanese firms’ technological capabiliti€sln Japan, industry R&D
investment accounted for between 70% and 80% dbtiaénational R&D expenditure in
Japan over the last 20 years. The historical dpwedmt of Japanese firms’ technological

capability is described below.

® Summarized from a study by Goto and Odigari (1996)
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After World War |, Japanese firms were still inearly stage of development and
struggled to compete with the more advanced Europed American firms. When the
unprecedented economic boom ended in 1920, soraa@dsgfirms began to create their
own indigenous knowledge and technologies throu§b vestment. At this point, 162
private R&D laboratories, consisting of 71 chenyisiboratories, 27 metal and machinery

laboratories, and 24 food laboratories, were eistadxd.

During World War Il, even though technological fléem abroad stopped, Japan
continued to invest heavily in R&D activities torapensate for the lack of technology
importation. This can be seen very clearly in teialelishment of approximately 1,000
R&D laboratories in both the public and privatetsecWhile investing in R&D activities,
Japan developed advanced technologies by locatasgnilating, and adapting the
advanced technologies imported from Europe andUtiieed States. After World War I,
the Japanese government encouraged firms to @iddwn technological capabilities
through the enactment of the Foreign Exchange,igioferade Control Law (1949) and the
Foreign Investment Law (1950). Except for smallmpants, applications for technology
importation had to be approved by the Foreign Itnaegt Council. In 1968, technology
importation that amounted to less than $50,000auésmatically approved; however,
some items were excluded, including cross-licenagrg@ements, contracts with foreign
parent firms and their subsidiaries in Japan, amdracts in some technological areas. As a
result, R&D investment increased from 0.84% of gnoeational product (GNP) in 1955 to

1.73% of GNP in 1961 and 2.00% of GNP in 1973. Thed 980, all technology
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importations were liberalized except for some tetbgy areas (in the case of less than 100
million yen, technology could be freely importetf). 1983, Japan’s R&D expenditure
increased to 2.8% of GNP and reached 3.0% of GNP%1. As mentioned earlier,
technology importation was considered an imponta@thanism for upgrading Japan’s
technological capabilities. At that time, Japanduseveral channels for technology
importation, including machinery and equipment imgaton, technological agreement,
consultation, purchasing of blueprints, personiehange, and foreign direct investment
(Goto & Odigari, 1996; Figure 4-1).

Figure 4-1: Technology Importation and Creation ofindigenous Knowledge

Technology Importation — absorb technological capalbties

After WW | During WW I Postwar Postwar Postwar
1910s 1939-1945 1949-1950 1960-1965 1980s
Eager to import Stoppage of Restriction Actively import Liberalization of
technologies technological flow of technology technology (esp. all technology
from abroad importation 1960-1965) importation
(by law) (except some
R&D Activity — build own technological capabilities areas)
After WW | During WW I Postwar Postwar
1920s 1930s-1940s 1950s-1980s 1990s
162 private R&D - 349 public and R&D expenditure R&D expenditure —
laboratories university R&D * 1950s: 0.84% of GNP 3% of GNP (US,
laboratories * 1960s: 1.73% of GNP 2.63%
. 711 private R&D e 1970s: 2.00% of GNP
laboratories e 1980s: 2.8% of GNP

Source: Summarized by author. Data from Goto andddd(1996).
The case of the canned tomato sector clearly showsJapan adapted foreign
technologies and created indigenous technologiersf US technologies such as

canning and plant breeding were imported. The Jsg®uased a trial-and-error method to
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improve and adapt US technologies to conform talitmms in Japan. While imitating US
technologies, the Japanese put effort into devetpfEchnology to achieve self-reliance.
Over time, knowledge was accumulated through aniegprocess and was fully exploited
in local areas. Consequently, skilled leaderscéhrielogy appeared throughout the nation,
even in small research facilities. At this poirgpdn’s food industry had high technological
capabilities. It has since applied gene technolodiie food-processing industry (United

University, 1994).

4.1.3 Japanese government policy on university anddustry collaboration.
In the 1960s, Japan aimed to introduce advancedlkdge from overseas, and
collaboration between universities and industrydoee a normal procedure. In several
cases, university academicians played an actieeimadtarting businesses, and technology

transfers often involved the licensing of patergkltby university faculty.

These cases include the establishment of Hakwségs(currently known as
Toshiba) by Ichisuke Fujioka, an assistant profeas&ogakuryo, and the development of
Ajinomoto by the entrepreneur Saburosuke Suzukg adguired exclusive rights to a
patent on glutamic acid, the umami compound ofratko seaweed broth, which Tokyo
University professor Kikunae Ikeda had applied(féoto & Baba, 2007, cited in
Motohashi & Muramatsu, 2012). In addition, in ttese of the petro-chemistry industry (H.
Niiyama, personal communication, December 1, 20datplysis was an emerging

technology in the 1960s. Pioneering Japanese parfesccepted many research students
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from various industries. They did not bring anyafie research subjects of their own but
joined the professors’ research teams. As a rabely,learned how catalysis research was
conducted and returned to their companies to shareexperiences with their fellow
engineers. Also, their personal relations withghafessors helped to develop further
research collaboration projects when specific needse. In 1970, leading petro-chemistry
companies; each quite small on a global scale,ddraengroup to collaborate with each
other. Global competition was not very severe ig field. They were satisfied with the
reasonably big domestic market where the competitias limited. In the 1980s, when
bioengineering became attractive to many compathessame story was repeated. This
was commonly found in the new, emerging field ajieeering. The university
collaborated with industry through human resoureestbpment. At that time, it seemed

that there was no systematic approach to collaioorat

The story told by Niiyama supports Branscomb &t §1999) study. Although the
law regarding R&D cooperation for national univées was enacted in the 1970s,
university and industry collaboration arose fromiwdual faculty members applying for
scholarship funding and from companies sponsotingesnt employment. However,
informal collaboration soon became formal collaltiora For example, one remarkable
characteristic of Japanese universities in the fatlengineering was the emphasis they
placed on a graduate’s thesis work. The first tlyesgs of a graduate degree represented
the student’s moratorium period. In the fourth yséwmdents enrolled at a research

laboratory where they were trained as researcimetsvare able to partake in face-to-face
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discussions with seniors (senior students, advisord a supervising professor). As a result
of this intimate supervision, students’ graduatioeses reached a level at which they were
worth presenting to academic societies. These expaas became the backbone of the
students’ engineering careers. Also, the studemishate relations with supervisors
represented their entry into university—industrifadmoration. When they faced some
difficulty in their careers as engineers, they douikit their old supervisors at their
universities and ask for advice. This personati@iahip could sometimes lead to an
official framework of cooperative research, incluglfinancial aid provided by the

company (H. Niiyama, personal communication, Decemil 2014).

Furthermore, a joint research system was estaolish1983 with the intention of
creating joint research centers at national unitiessby 1987. These centers would act as a
bridge between universities and industry throught jaesearch, technology consultation,
and information exchange, etc. (Watanabe, 2009% ddiicy increased the amount of joint
research funding by six times during the period3td®91, and the number of projects and
joint patent applications also increased (Yamamt®9,7). However, the number of
university and industry collaboration activitiesrithg this period was limited due to the fact
that university professors were not very willingwork with industry. Firms, on the other
hand, wanted to collaborate with universities beeatiallowed them to recruit excellent
students (H. Nei, personal communication, Noven2iei2014). Therefore, the Japanese
government and academic societies had to playtamiediary role in stimulating

university and industry collaboration. METI coordiad collaboration between university
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and industry. Quite a large number of engineersgyaate in academic societies in Japan
and play an important role in a variety of soci@iaties. It may be just my impression,
because | don’t have any statistics of this kindldwide. It will, however, be useful to
consider how academic society works in terms ostrocting university—industry links.
Academic societies undoubtedly facilitate commutiacabetween university and industry

(H. Niiyama, personal communication, December 1,420

“During the late 1990s, industry was also awarthefimportance of doing R&D
with universities due to its experience of the exurt crisis in 1993(H. Nei, personal
communication, November 27, 2014). At the same tuméversity and industry
collaboration became a policy focus in Japan. Hpadese government primarily focused
on creating new knowledge and then focused onfeamsy technology, commercializing
research outputs, and creating business ventureXv2014). At first, the Japanese
government started promoting cooperative R&D atiigithrough the contract research
system and the system of joint research in the 498@lowing this, the issue of
intellectual property rights was promoted due ®itifluence of U.S. government policy;
for example, the government encouraged univerdiestablish technology-licensing
offices (TLO) and enacted the Japanese Bayh—Ddl¢oAcansfer ownership of
intellectual property rights to universities. Hoveeyvnational universities at that time were
public organizations and could not own intellectoiperty rights. Due to this problem,
the National University Corporation Law (2004) weamacted to make national universities

autonomous and to allow them to own intellectuapprty rights. From 2000-2001, the
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Japanese government encouraged universities tpdmisiness ventures through the
Industrial Technology Enhancement Act and the Hinaa Plan (which targeted 1,000
university-originated ventures over three years2002, the university-originated ventures
were allowed to use national universities’ techhiaailities (H. Nei, personal
communication, November 27, 2014; M. Nagura, peasoommunication, April 4, 2014).
Recently, the Japanese government enacted thetlial@mpetitiveness Enhancement
Act. This act allowed national universities to gptventure funds to invest in spin-off firms

(Kagami, 2014).

In 2011, the Ministry of Education, Culture, SgoiBcience, and Technology
(MEXT) introduced a program at the regional lewsestipport regional innovation
strategies with inter-ministerial collaborationft@nother two ministries (METI and the
Ministry of Agriculture, Forestry, and Fisheries fifdF]). MEXT facilitates the formation
of knowledge networks for universities and otheseagch institutes, supports the research
facilities and equipment of local universities aitder research institutes, and develops
human resources. MET]I, on the other hand, focusesarketing-stage R&D
(commercialization and sales), while MAFF supp&®&D applications for agriculture,
forestry, and fisheries. Recently, the governmeastdiso introduced tax incentives
covering 30% of the gross special R&D cost (afism 12%) for joint R&D with

university or public research institutions.
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Apart from universities, Japan’s public industtethnology research institutes or
Kohsetsushi Centers also play an important rolenproving the technological capabilities
of local firms. These centers were established®®Rland are operated by prefectural or
local governments under the guidance of the MEDhgétsushi Centers hire more than
6,000 staff in 262 offices (or 182 Kohsetsushi @esjtand work with local SMEs (Stephen
& Robert, 2011). The types of services providedetepon the regional center in question;
for example, the Tokyo center provides technicaiséance, support for product
development, joint R&D, industrial human resouregalopment, collaboration for
industry, and support for technology managemewtutdin collaboration with local
government agencies and local universities. TheskKtsushi Centers support both general
and specific technologies; for example, the Tokgoter targetsatware, mechatronics,
nanotechnology, and biotechnolog¥ith regard to R&D activities, staffs at Kohsetbu
Centers spend half their time on R&D. Furthermereall manufacturers often send one or
two of their staff members to work on projectshe Kohsetsushi Centers, which provides
opportunities for firms’ research personnel to gaisearch experience, develop new
technical skills, and transfer technology backhirtfirms. In addition, prefectural
governments are actively making efforts to pronsmience and technology by, for
example, establishing councils to design policagdtie promotion of science and
technology and adopting outlines and guidelineséoence and technology policies

individually.? For example, members of the administration inSbrdai area (including the

7 http://www.iri-tokyo.jp/english/index.html
8 http://www.mext.qgo.jp/english/whitepaper/130274mmh
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president of Tohoku University, the governor of Bljy prefecture, the mayor of Sendai
city, and the chairman of Tohoku Economic Fedemtitave exchanged opinions about the
direction of collaboration between industry, aca@dermand government. This attempt has
achieved positive results, such as personnel eggsanetween Tohoku University and
Miyagi prefecture/Sendai city, the establishmenindiistry-academia-government
collaboration funds, and the establishment of tH&M®& Park ConsortiumInterestingly,
private universities also play an active role ieatmg innovation through collaboration
with local government.
“Professor Masaru Tomita, a 42-year-old professvi&io University, was
assigned to be the head of this new research umstib Tsuruoka, Yamagata
prefecture. All R&D facilities were provided by &dl@overnment. This institute
pioneered the new life science field of systemsdpausing both experimental and
computational biology. At that time, no universitgs carrying out research in this
area. To build up the institute, he hired youngtalfrom around the world to be
his researchers. As a result, it took him only gear to get one patent. However,
this technology was very new so it was very difficufind a firm to acquire a
technology license. Therefore, Keio University dskgournalist in the
biotechnology field for assistance and then, tbigjalist asked a venture capitalist
firm established by a professor to acquire the tedbgy. This venture capitalist
firm agreed to acquire the technology and investettie start-up firm. He also

asked food-processing companies such as Ajinoragimvide R&D funds and do

% http://www.city.sendai.jp/keizai/sangaku/englisillistry/
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collaborative research. After that, this start-ugkad Hiden to create a new device
and opened analytical services at a cell level. $aguently, pharmaceutical firms
and universities used their service. Ten yearg #fiefirm’s establishment, this
start-up could receive an initial public offerindPQ)” (A. Nishizawa, personal

communication, December 11, 2014).

4.1.4 Situation of university—industry collaboratian in Japan. The reform of
national universities has changed their behavigotae extent in relation to R&D
collaboration with industry and has dramaticallnieged their management of intellectual
property. They intended to increase their revemunesgain a better external evaluation
(Kondo, 2009). With regard to joint R&D, nationaliversities share the highest
proportions of joint research, whereas two othpesyof universities (local public
universities and private universities) tend to datcact research projects with firms.
Kondo (2008a) has studied not only the relationdieippveen the type of university and the
mode of collaboration but also the relationshipuaen the type of university and the
characteristics of the collaborating firm. He camtdd that local public universities tend to
collaborate with SMEs. In terms of the results @faboration, the number of patent
applications from Japanese universities in 2011 atasit 9,124 items, consisting of 6,507
domestic patents and 2,617 foreign patents. Ndtiomgersities were the majority of

applicants (74% of total domestic patent applicat)dollowed by private universities
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(24%; Kondo, 2008a). Of the total patents, 5,64®mdicenses10 were granted in 2011.
These patent licenses generated $8.7 million iamegs,11 which mainly came from
national universities (81%), whereas 15% of theltevenues belonged to private
universities. With regard to start-ups, there w&fiel3 start-ups from Japanese universities
in total; 70% of the total start-up consultatioficds for researchers and students were
located in national universities rather than otlgpes of universities (Kondo 2008a; Table

2-2).

4.2 University—Industry Collaboration in Thailand

4.2.1 Development of the Thai higher education ingtition. This section
reviews the historical development of the higharaadion system in Thailand. The reign of
King Rama V was the starting point in the developthw# higher education, as can be seen
in the establishment of specialized higher edunahstitutes such as a medical school, a
teacher training school, and a law school. Theseiafized higher education institutes
were made into faculties of Chulalongkorn Universit 1917 with a special charter
providing a certain degree of autonomy from theegoment’s civil services. In 1934, after
the revolution, Thammasat University was foundet$ide the civil service system with a
special charter. Academicians and university adstiaiors then had the idea of

transforming these universities into autonomousdsdfter 1969.

19 As of 2013, MEXT and METI have approved 39 tecbngtlicensing offices (TLOs). In
2011, the number of patent licenses by TLOs wa233,1

1 The exchange rate on June 8, 2015, was 1 yen08 8 dollar.
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Between the 1970s and 2000s, the Thai governnmated the following laws to
serve specific purposes and to establish higherathin institutes. In 1971, three technical
institutes? were founded based on the Technology Act. Thedmteal institutes were
intended to provide the training of technicianshtacal instructors, and technologists. In
1986, these three institutes became autonomouwardupgraded to university status.
Three years later, the Private Higher Educatiomstitution Act was enacted to allow for
the establishing of private universities and calegrhese universities are autonomous in
terms of financial and personnel management, weexeademic programs are regulated by
the Office of the Higher Education Commission (OHERQuring the 1990s, Suranaree
University of Technology was established as th& Aiutonomous university. Autonomous
universities receive financial support from the gaament’s budget for basic works but
have freedom in terms of financial, academic, asrdgnnel management. Since then, 18
public universities have been transformed into mommaous universities. In order to support
the development of the regions of Thailand, arr@leted to Rajabhat University was
enforced in 2004. In addition, the Institute of irology and Vocational Education or
Rajamangala Institute of Technology was upgradddedrajamangala University of
Technology in 2005. Its purpose is to offer edwoal programs, undertake research, and
provide academic services to the community. A spéand of private university, mainly
funded by one corporate, has also emerged tolfiiélspecific needs of business

corporations. In 1993, Dusit Thani College wasfifgt college in Thailand established by

12 King Mongkut University of Technology, Thonburi KKUTT), King Mongkut
University of Technology, Ladkrabang (KMUTL), andng§ Mongkut University of
Technology, North Bangkok (KMUTNB).
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a private company, namely Dusit Thani Group, whiaims and operates hotels and resorts.
The college is located adjacent to one of the gsdumtels. In 2007, Panyapiwat Institute

of Management was founded based on funding fromAIC®o., Ltd.

Currently, the Ministry of Defense and the MinistrfyPublic Health have their own
educational institutes that specialize in fieldatex to their own specific needs. The Office
of Higher Education Commission (OHEC), on the otiemd, oversees altogether 171
higher education institutions. This includes 31lmubigher education institutions, 71
private higher education institutions, 49 regiamailversities (40 Rajabhat Universities and
9 Rajamangala Universities of Technology; OfficdHajher Education Commission,

2013).

4.2.2 Thai firms’ technological capabilities-Thai firms’ technological
capabilities are relatively low compared to theipdnese counterparts. Only a small
minority of large subsidiaries of TNCs, large dotieeBrms, and SMEs have strong R&D
capabilities while the majority is still strugglirig increase their design and engineering
capability (Intarakumnerd & Leclerr, 2010). Theuks of the National Survey of R&D
and Innovation Activities provide data at the mdencel. The findings were similar to the
conclusions of Intarakumnerd and Leclerr (2010ma&jority of firms (90%) receive their
largest share of company revenue from products faaetuwred by enterprises according to
design specifications provided by external buy@&BN1), whereas only 10% of total firms

receive their largest share from products devel@metidesigned by enterprises and sold
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under their own brand (OBM). Nonetheless, thei@is sign suggesting an improvement in
firms’ technological capabilities. The share of OBIsls increased significantly while the

proportion of OEM has sharply declined (Figure 4-2)
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Figure 4-2: Thai Firms’ Capabilities

R&D firm

0% 20% 40% 60% 80% 100%

7 Non-R&D firm
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= Manufacturing arm of parent company OEM =ODM =mOBM mOthers

Source: National Science, Technology and Innovdgolicy Office
Remark: Share of company’s revenue according testyb products

e Manufacturing arm of parent company: Products maetufed by your enterprise

according to design specifications of parent congparsubsidiaries

e OEM: Products manufactured by your enterprise altogrto design
specifications provided by external buyers

¢ ODM: Products developed and designed by your engerpccording to
performance requirements of buyers

e OBM: Products developed and designed by your enserpnd sold under your

own brand
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At the micro level, Sadoi (2012) concluded thatiTdngomotive firms have
achieved only production capability. Their techrgpal capabilities cannot be developed
to cover innovative capability. In the case of Jegs® firms and joint ventures (Japanese
and Thai), R&D and quality control activities ar@stly carried out in Japan. These firms
have relied on Japanese’s technical assistance.i&tbe case of joint ventures between
large Thai firms and Japanese textile firms, thges of development and planning are
carried out in Japan. There is no plan to relobagk-engineering activities to Thailand.
Regarding Thai firms, some have technical assistagceements for each technology
while others do not. They hire Japanese advisatsTaai staff who speak fluent Japanese

(Sadoi, 2012).

4.2.3 Thai government policy on university and indstry collaboration.
University and industry collaboration in Thailamitially paid most attention to
engineering activities (problem solving) and coapee education. By setting up the
Industrial Technology Assistance Program (iTAP1@92, the Thai government, through
the Ministry of Science and Technology (MOST), pdax technical guidance to industry
through consultation and R&D. This program is iwntea to strengthen the technological
capabilities of Thai SMEs. It acts as an intermgdihat locates and partially subsidizes
university professors, allowing them to work forallSMEs as consultants to solve their
technical problems (S. Chatratana, personal contation, October 21, 2014; T.
Smitinont & N. Singhavilai, personal communicatiéebruary 18, 2015). In the meantime,

Suranaree University of Technology initiated theaapt of cooperative education in 1993.
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Ten years later, the OHEC, under the Ministry ofi€ation (MOE), explicitly embraced
the cooperative education concept and encouragegtlication to all universities
(Ruksasuk, 2011). In the same year (1993), ThaiRegktarch Fund (TRF) was established
to provide R&D grants for basic research, scholassfor students and researchers, and
community-based research. Some R&D schemes focusltaboration with universities,
industry, and communities (TRF). During the lediska of the National Education Act and
the bureaucratic reform between 1999 and 2000Qyakiernment encouraged public
universities to become autonomous in order to asxananagement efficiency. This
indirectly affected the effectiveness of collabamatbetween the two parties. In 2004,
OHEC also encouraged universities to set up TL@suaiversity business incubators
(UBIs) to stimulate technology transfer to indusand provide intellectual property
services for university researchers (MOE, 2014jtHarmore, between 2004 and 2007,
MOST set up science parks in three regions ouBategkok. The purpose of these
measures is to transfer knowledge and technolagyjqe technical assistance to local
businesses, and incubate technology startups @fn®ong, personal communication,
February 17, 2015). Also, MOST established a clieathnology program to provide
consultancy services to universities and vocatiedalcational institutes located mostly
outside BangkoKR (MOST). In 2012, TRF initiated Research and Reseas for Industry
(RRI) to provide research funding to students pastheir master’s or doctoral degree.
The research topics are based on industrial deifidRig). In 2014, the Thai government

started operating a talent mobility program wita thtention of encouraging university

13 Clinic technology project, Ministry of Science afechnology, Thailand
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researchers to work with industry as full-time artgime staff. Researchers who receive
scholarships from government are able to joinphigram. Time working in industry is
considered to be compensation for these scholargKigPromwong, personal
communication, February 17, 2015). Recently, thailahd Board of Investment (BOI) has
approved its new policy for promoted companies Wwiuarry out joint R&D with

university and research institutes, and donationeethnology and Human Resources
Development Funds, educational institutes, spe@dltraining centers, research institutes
or governmental agencies in the science and tecgpndield in Thailand. The promoted
companies, which already have an eight-year cotpanaome tax exemption, will receive
an additional three-year corporate income tax exiemp’ Strategic sectors,on the other
hand, will receive additional incentives in thenfoof a 50% reduction in corporate income
tax on net profit derived from the promoted acyivir 5 years (Thailand Board of

Investment).

4.2.4 Situation of university—industry collaboratian in Thailand. In Thailand,
national universities have the highest intensitymiersity and industry collaboration.

National universities tend to collaborate with istty whereas local public universities

“ One additional year: investments or expendituresiat less than 1% of the project’s
total revenue for the first 3 years combined, drless than 200 million baht.

Two additional years: investments or expendituresnat less than 2% of the project’s total
revenue for the first 3 years combined, or not thas 400 million baht.

Three additional years: investments or expenditaresiot less than 3% of the project’s
total revenue for the first 3 years combined, drless than 600 million baht.

!> Strategic sectors are the automobile sector,ldwtrieal apparatus sector, the
petrochemical and chemical product sector, thealigector, the agricultural processing
sector, and the textile sector, etc.
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focus on collaboration with communities. Privatévensities have the least number of

university and industry collaboration activitiesafle 4-1).

Table 4-1: University and Industry Collaboration in Thailand across University Types

University R&D collaboration Consultation (project) Cooperative Granted | Technology
Type (project) Education Patent | licensing
Industry T | Community?| Industry® [Community” | Studenf| Host firm® | (item)® | (license)
National 244 0 125 72 9,787 5,330 45 106
University
Local public 44 89 23 87 6,823 4,894 0 3
University
Private 8 0 6 0 2,755 1,531 0 0
University
Total 296 89 155 159 19,365 45 109

Remark: This table provides the data on Thai gawent projects
Source: 1: Master Research Grants (2012) and Résaad Researchers for Industries (2013), TRF
and iTAP (5-year average data fa@ith0-2014 per year), NSTDA

NOoO O WN

Data includes petty patent, tradeencopyright

: Area Based Collaborative ReseanctUhdergraduate and Master Students (2009), TRF
- ITAP (5-year average data from 2Q004 per year), NSTDA

: Clinic Technology (2015), MOST

: Cooperative Education Network (20TOHEC
: Department of Intellectual Propg2911)

: National Science Technology andiration Policy Office (2008-2011).

Kondo (2008b) conducted a case study to investitp@teevelopment of university

and industry collaboration. He selected the has#él drive (HDD) industry as a case study

because Thailand is one of the world’s most impanteoducers of HDDs.
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Western Digital. All of them are multinational comations. A branch of

“At present, there are four key HDD manufacture8gagate, Fujitsu, Hitachi, and

International Disk Equipment and Materials Assoat(IDEMA) was established



in 1999 to operate business networking and inforomasharing and to address key
issues in the development of the industry.

At first, two parties—the private sector and unsrees—initiated the

collaboration, and the role of the government wasted. Seagate and IDEMA
Thailand collaborated with universities such asafsinstitute of Technology, Khon
Kaen University (KKU), SUT, and King Mongkut’s Uarisity of Technology
Thaonburi (KMUTT). The first collaboration was bdsen human resource
development in the engineering area, and this wésneled to R&D collaboration
with the creation of a joint R&D center. Nonethalethis center continued to focus
on human resource development. Regarding the fajevernment at that time,
only two public research institutes existed thdatexd to the HDD industry: Thai
Microelectronics Center and Electric and Electraniastitute. The turning point of
the Triple Helix collaboration in this industry aoced when IDEMA Thailand
offered recommendations on the necessity of huesource development and
technology enhancement to the National Sciencelaotinology Development
Agency (NSTDA). The recommendations consistediofifain issues: (a) strong
partnership among industry, university, and reséarstitute/government, (b)
human resource development, (c) automation infuastire development, and (d)
supplier development and innovative industry polidyer that, NSTDA operated
seven pilot projects between September 2004 and28iRy based on IDEMA'’s
recommendations. To manage and handle projectsPR&ppointed a cluster

manager who was a staff of the National Electromicd Computer Technology
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Center (NECTEC). At this stage, the board of inwesit provided incentives for
human resource development and technology enhamntéone HDD industry.
From September 2005, universities and firms joiddyeloped 49 curricula. There
were 14 universities involved in the activities. BiPenters of excellence (COES)
were established at three universities: KMUTT, Kkdd King Mongkut's Institute
of Technology Ladkrabang. To promote collaboralR&D activities, NSTDA
provided 500 million baht. Over time, the collabtioa developed and expanded to
include many firms. As a result, joint R&D projearsd contract R&D projects
were conducted by firms themselves, which werémolved in the HDD cluster

program.”

Regarding patents, the applications of Thai usities amount to 327 items. Of the
total patent applications, 45% belong to approve®9d. From 2008 to 2012, Thai TLOs
generated $6.7 millidfi from licensing several types of intellectual prapesuch as
patents, copyright, trademarks, geographical inding, plant varieties, and animal
varieties (Commission of Higher Education, 2014)tdrms of entrepreneurship promotion,

Thai universities created 500 start-ups and spistzétween 2009 and 2013.

Kondo (2010) studied the case of Chulalongkorn ®rsity (CU), a pioneer in

terms of university/industry collaboration and Ifgetual property management in

'® The exchange rate on June 8, 2015 was 1 bah28 QI8 dollar.

84



Thailand. This case study describes how one Thaetsity collaborates with industry,

handles intellectual property, and promotes enéregurs.

“As a large-size university in Thailand, CU condaichiversity and industry
research collaboration at various levels. At thdiuddual researcher level, some
faculty members provide consulting services, amdesaork at company
laboratories in order to earn extra money. At tligamizational level, in cases
when a project does not involve other facultiesesearch centers, the office of a
given faculty or research center will handle andage the contract work itself. In
contrast, Chula Unisearch can manage contractsgf@ect involves various
faculties and research centers. Chula Unisearch @siablished as an internal
organization in 1986 to manage interdisciplinarynt@ct projects. Chula
Unisearch itself provides consulting services.Ha tase of IP, the Chulalongkorn
University Intellectual Property Institute (CUIPIn independent organization,
becomes involved. In addition to IP management,RTdbordinates contract
research, joint research between university faesltiesearch centers and
companies, and IP research and training. Entrepteskip training financed by

CHE is also provided once or twice a year.

Also, Chulalongkorn University Intellectual Propgfoundation (CUIPF)
possesses a holding company, Jamjuree Innovationkt@., established in 2006,

in addition to CUIPI. This holding company intetdscommercialize
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Chulalongkorn University technologies through spmgnoff companies. In term of
educational collaboration, the internal organizaticcalled “University-Industry
Relation,” handles scholarships and internshipstdrmer days, all aspects of
university—industry relations were handled by tiganization. The Continuous

Education Center manages continuous education éokiwg people.”

4.3  Comparison Between Japan and Thailand

4.3.1 Development of the higher education institutin. The development of
higher education in both Japan and Thailand stamtédte same period (the 1860s to the
1870s). The first university in Japan was the Ursig of Tokyo, which was founded
through the merger and restructuring of the Wegstedhhigher education institutions
(National Institute for Educational Research, n.@hje King Guard School was then
established to provide higher education for thdipu@hulalongkorn University was
established as the first university in Thailandrmorporating existing specialized higher
education institutes, such as a medical schoelaehier training school, and a law school,
as its own faculties (Nitungkorn, 2000; Suwanwela, 2008). In the 1950s, Japan considered a
highly qualified workforce and research as the misaleresources for industrial
development; therefore, the government dereguliig@rocedure for establishing private
universities and set up colleges of technologyhn1970s, various kinds of vocational and
technical training appeared in Japan (Nationaituist for Educational Research, n.d.). At
the same time, the Thai government passed the dkghnAct to provide for the training

of technicians, technical instructors, and techgisks. However, private education
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development in Thailand lagged behind Japan, andehd hailand passed an act allowing
for the establishing of private universities antlegges in the late 1980s. In the 2000s, the
Thai government realized the importance of regialeakelopment and upgraded regional
educational institutes (Rajabhat and Rajamangaiadhity) to give them university

status.

4.3.2 Firms’ technological capability. Japanese firms became more innovative,
invested in R&D, and relied less on the importatbforeign technologies (Odagiri &
Goto, 1993). In contrast, in Thailand, only a smaithority of large subsidiaries of TNCs,
large domestic firms, and SMEs had capability inDR&hereas a majority still struggled
to increase their design and engineering capalfifitgrakumnerd & Leclerc, 2010). This
outcome was one result of the fact that, overake20 years, Japanese industry R&D
investment has accounted for between 70% and 8G%edbtal national R&D expenditure,
while Thailand’s share during the same period wasb8% (Sakakibara, 2007; STI Office,

2014).

4.3.3 Government policy on university-industry cokhboration. With regard to
key actors’ roles in supporting industry, key astfEXT and METI initiated several
programs to facilitate the collaboration. These twiaistries play complementary roles in
supporting university and industry collaboratiow. Jupport regional innovation strategies,
MEXT facilitates the formation of knowledge netwsrf universities and other research

institutes, supports research facilities and egeipmamong local universities and other
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research institutes, and develops human resoWit€El, on the other hand, focuses on
R&D at the marketing stage (commercialization aalds). In Thailand, MOST and MOE
are the main key actors behind these policiestHauprograms initiated by these two
ministries partly overlap. Both MOST and MOE hangliemented business incubator
programs at universities. The difference betweesdtprograms is that MOST focuses on
technology business incubators whereas MOE's usitydbusiness incubators (UBI) may
or may not relate to technology. Moreover, at ggignal level, local Japanese government
and local public research institutes also play@ivarole in assisting industry. Under
METI's guidance, prefectural or local governmerasédnoperated Japan’s local public
industrial technology research institutes or Kas&ts Centers, which were established in
1902 (Stephen & Robert, 2011). These centers pgitidde role of universities in
transferring technology or knowledge to local SMEenetheless, Japanese local
universities play a role in supporting industryoiingh the government’s facilitation,
including providing research facilities. In contrda Thailand, there is no local research
institute; to address this, the central governncenmtmissioned major universities located
across regions to host and operate governmerdtings. These initiatives include clinic
technology programs and regional science parkgddda the north (Chiang Mai
University), northeast (Konkaen University), anditbo(Prince of Songkla University); the
ability to provide consultancy services to locais and communities has been established
at universities and vocational educational instunostly located outside Bangkok

(Ministry of Science and Technology).
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4.3.4 Situation of university—industry collaboration. Regarding the granting of
patents, Thai universities lag behind their Japawesinterparts. The granted patents per
researcher at Japanese universities are 12.5 tmaesthan those at Thai universities.
From 2008 to 2012, Japanese universities generavedues of $127 million from patent
licensing (Japan Patent Office, 2014). During #@ea period, on the other hand, Thai
universities generated $6.7 million from licensgayeral types of intellectual properties
such as patents, copyright, trademarks, geogrdphttiaations, plant varieties, and animal
varieties (Office of Higher Education Commissiofi;12). In terms of entrepreneurship
promotion, the number of start-ups arising fromalegse universities is higher than the

number arising from Thai universities (Figures 4rgl 4-4).

Figure 4-3: Patent Granted by Universities in Japarand Thailand

Patent Granted by University
® Thai Universities ® Japanese Universities
Year 2011: 3,207
Japan 0.010 item per university researcher
Thailand 0.0008 item per university researcher2,330
1,321
886
744
535

2006 2007 2008 2009 2010 2011

Source: Patent: Japan Patent Office (2014)Caordmission of
Higher Education (2014), Univeysgsearcher: OECD and NRCT
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Figure 4-4: Number of Start-ups from Universities h Japan and Thailand

(accumulated number)

Start-up: Japan Start-up: Thailand
1.8 start-ups per university . i i
5123 1.5 start-ups per university 347
1,953 2027 2074
1,863
1,697
223
103
2006 2007 2008 2009 2010 2011 2009 2010 2011 2012 2013

Source: Japan: MEXT (2014) and Thailand: MOE (2014)

4.4  Concluding Remarks

Although university and industry collaboration pidis began at the same time in
Japan and Thailand, they have had different resuktach countryOne of the main
reasons for this may be the focus of the diffepaticies that have been introduced to
promote university and industry collaboration. Véhihe Japanese government initially
emphasized collaborative R&D and technology licegsictivities, the Thai government
primarily aimed to upgrade the engineering actgitof Thai SMEs. Furthermore, Japanese
firms are more innovative and have invested heawilyjore R&D activities than Thai
firms. Not only is the number of Japanese univiesinuch higher than the number of Thai
universities, but their technological capabiliteas also much higher, as can be seen from
the number of granted patents. The information lilagtbeen reviewed in this chapter will

provide the background for the data analysis thatle found in Chapter 5 and Chapter 6.
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Chapter 5
Results and Discussion:

Influence of University Type

Chapter 5 analyses the data at the university fewel the personal
communications of Japanese and Thai universitiest@ives responsible for university
and industry interactions and also analyses personamunications of policy makers and

experts.

This chapter aims to fill the research gap regardie influence of university types.
Three types of universities (21 universities) atamined: (1) national universities,
(2) local public universities, and (3) private uerisities.'’ It is comprised of four sections.
Section 5.1 summarizes the historical backgrountietiniversities. Organizational
structures in supporting industry of Japanese drad niversities are concluded in Section

5.2. Key findings about the collaboration betweaiversity and industry across different

7 National university is established by the ceng@alernment. It emphasizes research
mission to gain frontier knowledge and/or technglog

Local public university is established by eithez tbhcal government or the central
government. Local government allocates budgeteauthiversity while the central
government provides grant to the universities gisasocal community. Main mission of
local public university is to provide higher eduoatopportunities to local people and to
serve as intellectual and cultural centers withmlbcal community.

Private university is established by private induals and supported by private funds. It
can design academic curricula and has the autonomipmote its own unique education
and research activities, based on the spiritualde@f its foundation.
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types of universities in both countries and abbatibfluence of local and country contexts
are discussed in Section 5.3. The conclusion raggttese issues is provided in Section

5.4.

5.1 Historical Backgrounds of Universities
This section investigates the universities’ histarbackgrounds and how they stem

unique culture.

First, with regard to national universities, theigmsity of Tokyo (Todai) was
established in 1877 as the first university in Jaipamerging the Tokyo Kaisei School
(western study) with a medical school. Initiallyete were four faculties; law, science,
letters, and medicine, which were set up. It cargthto merge with various schools, such
as the Imperial College of Engineering and the Do®ghool of Agriculture and Forestry.
Tohoku University (Tohoku) was founded on Aobayavt@intain in 1958 as a national
university botanical garden for the preservatiofiaf. The three main principles of the
university are that it is open door, research,fasd a place for practice-oriented research
and education. Explicitly, the open door policy &egvith the acceptance of students from
technical high schools in 1911, and the first fesaalt a Japanese university in 1913. In
Thailand, Chulalongkorn University (CU) was thesfinigher educational institute, and it
was originally set up with four faculties in 191vhich are medicine, engineering, arts, and
science. However, this university was not formedhgerger of schools. It was based on a

royal policy aimed at producing quality personmeboth the public and private sector.
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Unlike CU, Mahidol University (MU), established 1888, originated with a public

medical school. At present, these four univershiage become comprehensive universities
that offer courses ranging from the field of S&Tstucial sciences at undergraduate and
graduate education. Based on their long histonesuaique establishment, these four
universities seem to have excellent research @gdtun theory, all mentioned universities
were transformed to be autonomdtibut in fact, their cultures, including administoat
practices, have not been completely autonomousryéte case of Japan, the universities
are strongly controlled by the central governmé&mndo, 2008a), whereas in the Thai
case, some scholars name the situation as a séomeaous culture in which the practices
have not been changed from the previous situabiiB: Lakpetch, personal
communication, February, 24, 2015). Chiang Mai @ity (CMU) was established as the
first institution of higher education in Northerhdiland. Since its establishment, CMU has
been aiming at providing a broad range of acad@mugrams as a comprehensive
university. In terms of national universities mgioffering science and engineering course,
Tokyo Institute of Technology (Tokodai) and King Mgkut's University of Technology
Thonburi (KMUTT) were selected as case studiesapfd and Thailand. They were
established in 1881 and 1957, respectively. Botihexin used to be technical colleges. In
the 2000s, Tokodai and KMUTT became autonomousehnigtlucation institutes. They
offer courses in engineering and science for baclald doctoral degrees. In the case of
Thailand, KMUTT is likely to have a more flexibldministrative approach and its policies

initiated by university council are relatively disjuished; for example, setting flexible

18 Japan: National University Corporation Law, ThailaAutonomous University Law

93



criteria to promote career paths of academic stadf sending university researchers to be
full-time staff at firms. As a result, in scholagints of view, KMUTT has become more
autonomous than other autonomous universities @&ldsiriwong, personal

communication, February 16, 2015).

The second type of university examined was lochalipwniversities. Fukui
Prefectural University (FPU) was originally setind 992 with bio-resource and nursing
courses. Recently, it expanded to open an econfatudty. Interestingly, this university
aims to collaborate with local businesses throlghResearch Institute for Regional
Economics. This institute aims to share informatomong local businesses and to conduct
research on Asian countries in order to provids itifiormation to companies in Fukui
Prefecture. Miyagi University (MYU) was foundedif93 as a strategic project in the
Miyagi Prefecture comprehensive plan. MYU initiadiffered degrees in the nursing and
project design area. Then, in 2005, it merged Miyagi Agricultural College, a junior
college located in Taihaku-ku, Sendai, and the 8lcbibFood, Agricultural and
Environmental Sciences was operated. In the Thss, d@huket Rajabhat University
(PKRU), established in 1971, used to be a teacketlsge. PKRU has become a higher
education institute offering both industrial teclogy and social sciences courses. In
contrast, two institutes of Rajamangala Universitffechnology (RMUT), such as RMUT
at Thanyaburi and RMUT at Lanna, were establishel®i’5 as technical colleges with
specialization in hands-on training in technical@ion. RMUTs have become higher

education institutes and currently open coursdmth S&T and social sciences.
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Nonetheless, the proportion of S&T students is mhigher than social sciences students
(RMUT had 19,185 S&T graduates and 4,940 sociahse graduates in 20 This

kind of university has a relatively high focus ¢&méducational mission. In the Thai case,
the faculty members still have to focus on teacliphgMoonpa, personal communication,
February 10, 2015; C. Charoenchai, personal contation, February 19, 2015), whereas
in Japan, although the university’s executivesngtyp support collaborative activities, few
faculty members are interested in working on thigl lof activity (M. Shimotani & T.

Utagawa, personal communication, December 18, 2015)

The third type of university includes Keio Univeys{Keio), Toyo University
(Toyo), Tohoku Institute of Technology (TIT), andybta Technological Institute (TTI),
which are private universities in Japan, and Siamvérsity (Siam), Rangsit University
(RSU), North Chiang Mai University (NCMU), Dhural®jundit University (DPU), and
Panyapiwat Institute of Management (PIM), which pigate universities in Thailand.
Keio, established in 1858, was initially a Dutchdsés school and it then transformed into
an English studies school. After that, it set ugpkementary and secondary school,
followed by a School of Medicine. It is currenthcamprehensive university. Toyo was
founded in 1887 as a private philosophy acadé®agher than training professional
philosophers, Toyo emphasizes education that enahleents to develop their own
perspectives and insights and to act on the basieim own philosophy. Its academic

programs cover from natural science and histotiggcature and sport3IT is a private

Y RMUTT Annual Report 2013
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university that initially offered electronics andnamunication courses. Until now, TIT has
emphasized an engineering education. In the Tls&, ¢he root of Siam was a vocational
college with an engineering education (establishek®65). On the contrary, RSU
(established in 1965), DPU (established in 196&), MCMU (established in 1999) were
originally higher education institutes. The latteree institutions had the similarity of
offering business administration courses at thenoégg. The difference is that RSU
opened nursing courses whereas NCMU offered engirgeeourses. In scholars’ opinions,
Keio accumulated a bureaucratic culture due ttoitg history in education and research
(T. Ueyama, personal communication, January 305204 addition, Japanese private
universities received financial aid from the goveemt that could influence them (Kondo,
2008a; H. Nei, personal communication, November2B14; T. Ueyama, personal
communication, January 30, 2015). Thai private ersities’ administrative approaches
seem to be flexible and they are slightly influeshbg the government due to limited
financial support from the government (N. Pantaratpersonal communication, March 5,

2015).

In terms of special cases, TTI and PIM largelyeree budget from one
corporation. Toyota Corporation established TTL#81 as a part of its social contribution
activities. It originally admitted only studentstivindustrial experiences and then extended
to admit high school students. This university usedffer vocational and bachelor’s
programs in engineering but it now also providexigate education. Interestingly,

Toyota’s competitors also recruit TTI's graduateshe Thai case, PIM was established in
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2007 as a subsidiary of CP All Co., Ltd. It fornyeoffered bachelor's and master’s degrees
in retail management mainly to produce quality perel for the parent company.

Recently, its courses were extended to cover fiel®&&T and social sciences. Also, it
offers a doctoral degree in business administrdtioits Chinese program. The uniqueness
of this institute is that it provides a work-bagedrning program that requires the students
to work with affiliated companies or other companiklore interestingly, PIM puts great
emphasis on creating networks. The executivesgiyancourage the faculty members to
exchange ideas with various people, such as affiliaompanies’ staffs, suppliers, experts,
and university people. Additionally, it hires maygung lecturers who are in new

generation. The environment of PIM is differentfreraditional universities.

5.2 Universities’ Organizational Structures for Sgpporting Industry

Based on personal communication data and existiogrdents, Japanese
universities, especially national universities #arde private universities, set up central
organizations to oversee collaborative activitegarding collaborative R&D, intellectual
property, and business ventures. In contrast, Uihi@ersity organizational structures for
supporting industry appear to be relatively de@dizied but they still retain a centralized
structure. In the past, academic service centdlgeatniversity level had a conventional
structure for external collaboration. The purpasiesstablishment are basically to do
commissioned R&D projects, to provide technicalsdtancy services, and to arrange
training programs. However, the partners of thigeeare mostly the government

agencies. As a result, most of the universitiesifaie collaboration with industry at the
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faculty level. The academic service centers atlf@suare considered to be independent
bodies. They have the authority to make decisiowlsagerate projects. In Thai
universities, there is no explicit policy to fatalie the cross-faculty collaboration;
therefore, they hardly gain the advantages of ahisttiplinary research. Nonetheless, King
Mongkut’'s University of Technology, Thonburi (KMUTTs different from other
universities. It has been centralizing all colladiore activities to its Liaison Office

(Appendix 2).

5.3 Key Findings and Discussion

This section is a summary and discussion of keditigs.

5.3.1 Research Question (a): Do university typeslege to modes of collaboration? If
so, why, if not, why not?

National universities are dominant in joint R&D adtities. The results of Japanese
cases support this statement. Japanese univemiies to conduct joint research, where
university researchers and company researcherstoagekher on equal footing. Those
universities have put more efforts into attractaxgernal R&D funds because the Japanese
government has gradually reduced the budget obmatuniversities (O. Mitsuhiko,
personal communication, December 15, 2014; F. Hagag& N.K. Das, personal
communication, July 24, 2015). To learn new knogkdirms want to closely work with
them and they aim to jointly apply for patents. &times, those patents have not yet been
commercialized because they are future technoloBiess need to file patents in order to

protect their competitors (X. Gu, personal commatian, July, 5, 2015). Interestingly, we
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found interdisciplinary joint R&D projects, whickquire knowledge in various fields, such
as art, science, humanity, sociology, engineeand, science. For example, the University
of Tokyo explicitly encourages and takes advante#ges multidisciplinary knowledge
across faculties or departments (University of Tmk3011) when it has joint R&D projects
with the industry. In the case of Tohoku Universitydoes not have a specific policy
eliminating boundaries of faculties. Nonetheledsemcollaborative projects are associated
with various kinds of knowledge, the Office of Ceogative Research and Development
coordinates researchers across faculties (F. Hasege&rsonal communication, July 24,

2015).

In contrast, the findings of Thai cases do not sufp@sults of previous studies. The
collaborations are mostly based on commissioned R&Eause there are rare cases in
which Thai private firms contribute human resourmeR&D projects. The results of those
collaboration are mainly product and process impnoent (Chulalongkorn University
[CU]'s Faculty of Engineering database; Lakpetd®)2 Mahidol University [MU] Annual
Report, 2013; S. Assabumrungrat, personal commuoigaebruary 17, 2015; S. Chairoj,
personal communication, February 16, 2015; S. Joygjug, personal communication,
August 12, 2015; T. Anantana, personal communiogtidugust 20, 2015). In the case of
the medical schools of those universities, manyiadi research projects were found (P.
Sampatanukul, personal communication, Februarg@85). Unlike Japanese universities,
Thai universities hardly work across faculties \Bthyachumnarnkul, personal

communication, February 14, 2015; S. Ekasit, pasoommunication, February 17,
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2015). If it happens, it is a result of personédtienship of professors across
faculty/department, rather than an official polafythe universities (S. Ekasit, personal
communication, February 17, 2015). Remarkablyctiimborations of KMUTT and
Chiang Mai University (CMU) are different from Cué@MU. In KMUTT'’s case, the
frequent mode is intensive cooperative educafiavhich emphasizes students’ R&D
activities under the joint supervision of firms amlversities, because one of KMUTT’s
missions is to produce quality human resources hatids-on and practical experiences
(M. Nopharatant, personal communication, Febru@ry2015). In contrast, CMU is located
in an area where most firms are SMEs that do ne¢ higgh technological capabilities.
CMU'’s activities are, therefore, based on both attaon and commissioned R&D to
these local SMEs. CMU’s Northern Science Park i;mmtarmediary body enabling CMU to
carry out these activities (S. Jomjunyong, perscoaimunication, August 12, 2015; T.

Anantana, personal communication, August 20, 2015).

Local public universities have the least collabora R&D activities.Based on
Kondo’s study (2008a; 2009), local public univaesitin Japan have the least R&D
activities compared to the other two types of ursitees. The findings of the Japanese
cases confirm Kondo’s studies. The universitié® Fukui Prefectural University (FPU)
and Miyagi University (MYU) mostly provide consuii@an on product and process
improvement because most collaborating firms aralldcal firms that do not have R&D

capabilities and may not know how to access theaunsities. For example, to collaborate

20 KMUTT called it a “work integrated learning” or “W’ program.
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with firms, FPU hires four faculty members who usede companies’ researchers. One of
them holds a university’s executive position andiea out several projects with the
industry, whereas the remainders are also intet@stdoing so (T. Utagawa, personal
communication, December 18, 2014). In additioncation and contribution to local
communities are priority missions of these universiand external funds received by these
universities do not specifically ask for R&D acties. For example, MYU has received
grants under an Ippo Ippo Nippon project from lagalernment and Japan Association of
Corporate Executives to build demonstrated plamt$ocal communities (I. Miyahara, &

T. Furukawa, personal communication, July 23, 2015)

In Thailand, local public universities seem to haigher numbers of R&D and
engineering activities than private universitiese(3able 4-1 in Chapter 4), especially in
the case of local universities focusing on engimgedisciplines, because they receive
financial support from the central government. Nbekess, cooperative educafidis also
a high priority because these local universitiegetthe main mission of providing
education-producing human resources with pracskidls. These universities, therefore,
send students to work as full-time employees atdirin some cases, afterwards, joint

curriculum development between universities anaddiwvas initiated (C. Charoenchai,

%1 Cooperative education: Students are required i imoa work place as full-time
employees for 4 to 12 months. They also receivritrg and supervision from both
workplace mentors and academic supervisors. Irastinternship programs are more
flexible. They can be paid or unpaid, shorter, dade in the summer when students are out
of school. They can be part-time.
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personal communication, February 19, 2015; H. Pikeesa & N. Chanrawang, personal
communication, February 25, 2015; N. Moonpa, peakoommunication, February 10,

2015).

Private universities are key performers in comm@sed R&D activitiesJapanese
cases present various kinds of collaboration, nbt commissioned R&D. It depends on
universities’ specializations. Joint R&D is the mfsequent mode for Keio and TTI,
whereas Toyo often does commissioned R&D projdetsrestingly, consultation seems to
be a distinctive mode of TIT. Those results pdstislipport results of previous studies
(Kondo, 2008a, 2009); a distinctive mode of Toyocasmmissioned R&D. In contrast, in

the Thai case, collaboration is mostly based ompewive education.

In Japan, Keio University has similar interactiondas as national universities (K.
Hatori, personal communication, January 29, 201bis result is not surprising because
Keio University is a long established and interoiadilly famous university. More than half
of the total R&D projects are medical and clinicgdearch projects that are carried out by
researchers of Shinanomachi campus. Likewise, Thywersity, also a long-established
private university, uses commissioned R&D projestshe most frequent modes, but the
results of collaboration are mostly process impnoeet (A. Nishizawa, personal
communication, July 27, 2015). On the other hand,fdcuses on local community
development through both R&D and consultation. Mastls come from the university

itself. In case of TTI the university is likely tbosely work with parent companies in
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Toyota Group on joint R&D mode. However, thesetj&&D projects focus on basic
research, as most applied R&D is done inside tihgpemies (M. Yoshimura, & K.
Yamashita, personal communication, January 28, R®¥6viding technical infrastructure,
such as laboratories and equipment, is also otteeafnportant modes of collaboration.
Due to government financial support, TTI's techhio&astructure is very advanced and
reliable. It is a member of Nanotechnology Platfarapan, which provides infrastructure
services for the public (M. Yoshimura, & K. Yamashipersonal communication, January

28, 2015).

Thai private universities like RSU, DPU, Siam, NCMave a mission greatly
emphasizing education because they still rely ertuition fee as their main source of
income. In addition, the faculty members in theswersities have a relatively high
teaching load. Support of government, especialigmetitive funds to private universities,
is also limited compared to public universities dudigh competition (N. Pantaratorn,
personal communication, March 5, 2015). Althougkythave several collaborative
projects with industry through cooperative eduagtibey are mostly based on both
personal connection and a given university’'s Coaipex Education Center (N.
Pantaratorn, personal communication, March 5, 2B1®,unyathep, personal
communication, July 29, 2015; S. Satyarakwit, peascommunication, February 11,
2015). PIM is a special case. It is an arm of thentry’s largest conglomerate (CP Group).
It aims to produce quality human resources for BIRl's students spend every three

months alternating between attending classes &mjtan internship in CP’s subsidiaries
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or their suppliers and customers (S. Chocksawanggqmersonal communication,

February 12, 2015; S. Manarungsan, personal conuation, February 13, 2015).

With regard to its technology licensing mode, irailénd the technology licensing
office (TLO) is one of the main government schefeesupporting industry. Generally,
Thai researchers have not paid much attentionctontdogy licensing modes compared to
other modes. Most researchers commonly agree tiatrs of TLOs often set technology
licensing fees too high because they mainly comgltefinancial return. In fact, some
technologies discovered inside universities maybeathe best compared to existing
technologies on the market. At present, some usitves have already set up and fully
operate TLOs (B. Withyachumnarnkul, personal comication, February 14, 2015; S.
Ekasit, personal communication, February 17, 20A.8\opharatana, personal

communication, February 10, 2015).

More interestingly, this thesis found that differémstorical backgrounds among
different types of universities influenced univées’ roles in supporting industry.
Interestingly, UBIs may have different functionsass universities. In the case of national
universities, UBIs focus on creating start-ups thdize technologies mainly discovered by
university researchers, whereas UBI establishgutivate university, such as DPU and
PIM, put more emphasis on training programs fostaxg entrepreneurs (L. Suthamanon,
personal communication, February 12, 2015; S. $altyat, personal communication,

February 11, 2015). In contrast, Siam Universitigioally a technical college, tends to
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create technology start-ups, although it is a pewmiversity. With an engineering
background, the President of Siam University atfipéays a role in supporting
collaboration with industry. For example, in thesfiyear of UBI operation, he joined every
committee meeting and also provided the concepbbtmect cooperative education to UBI
(T. Limsarun, personal communication, February2l8,5). Interestingly, despite
originating from a teacher college and now beimgcal public university, PKRU’s UBI is
also specialized in technological collaboration.operate UBI, the manager searched for
technologies outside the university or selected apblicants with adequate technological
capabilities. In other words, the PKRU’s UBI acssam intermediary body to match
technologies and incubate start-ups. PKRU’s UBb alsited entrepreneurs who succeed
in establishing start-ups to be speakers for tngiprograms. PKRU’s distinctive
characteristics, despite being a local universitye a lot to its manager’s vision and caliber

(K. Tanawiratananij, personal communication, Febra®, 2015).

5.3.2 Research Question (b): Do university types lage to size of collaborating
firms? If so, why? If not, why not? Kondo (2008a, 2009) concluded that local public
universities tend to collaborate with SMEs compdcedther types of universities. This
thesis supports his conclusion. Generally, nationatersities in both countries have
quality graduate students, famous researchersadvahced technical infrastructure;
therefore, large firms prefer to work with them.chbpublic universities, in general, work
with SMEs and local communities through consultatidowever, in the case of Thailand,

local public universities also arrange cooperagigiacation program with large firms.
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Private universities in both countries do not hgpecific industrial partners; rather, they
depend on modes. For example, NCMU collaboratel aviarge firm to arrange
cooperative education and some of its projectsd@rudevelopment of micro enterprises
(P. Punyathep, personal communication, July 295@IM has strong relationships with
one specific firm (the CP group), its partners, @Ris business partners (S. Manarungsan,
personal communication, February 13, 2015). Al$bl puts a great emphasis on creating
networks. Its executives strongly encourage thelfamembers to exchange ideas with
various people, such as customers, suppliersigaéii firms, and experts (P.

Phacharintanakul & S. Chocksawangwoong, persomahaaication, February 13, 2015).

Modes of collaboration seem to be related to the af the collaborating firms.
This is first demonstrated by how joint R&D modegm to be used by large firms and
national universities. Tokyo University (Todai), Ky Institute of Technology (Tokodai),
Chulalongkorn University (CU), and Mahidol Univdys{MU) prefer to collaborate with
large firms through R&D activities because theydéhaplenty of resources as well as
relatively high R&D capabilities (O. Mitsuhiko, g@mal communication, December 15,
2014; N.K. Das, personal communication, July 24,30Also, Sathirakul (2006)
concluded that Tokodai’s Office of Industry Liaisbas no particular policy to support
technology transfer to SMEs. However, commissidR&D modes are used by both large
firms and SMEs. In Thailand, even large firms maylme able to contribute human
resources in joint R&D projects (S. Assabumrungratsonal communication, February

17, 2015; S. Jomjunyong, personal communicatiomguati12, 2015). With this mode,
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intellectual property rights issues can be negedigS. Ekasit, personal communication,
February 17, 2015). In Japan, intellectual propediyts must be transferred to universities
in case of commissioned R&D modes. Japanese SMBmEsion R&D projects to
universities because the cost is lower than in-bd&D (A. Nishizawa, personal

communication, December 11, 2014).

Second, technical consultation modes are often bg&MEs and local

communities. Local public universities like FulRrefectural University (FPU) and

Miyagi University (MYU) in Japan mostly work withmgall local firms, as their most
important mission is to assist local community.duwise, local public universities in
Thailand are likely to provide academic or techhamnsultation to local communities and
local SMEs including micro enterprises (Utagawa pgrsonal communication, December
18, 2014; Moonpa, N., personal communication, Fatyrd0, 2015; Charoenchai, C.,
personal communication, February 19, 2015; Miyahlaiend Furukawa, T., personal

communication, July 23, 2015).

Third, cooperative education can be generallyataltated with various kinds of
firms. However, large firm is a target group fa& @ooperative education program
associated with R&D activities because the hostdihave enough technological
capabilities to co-supervise students and firmsvaies must be consistent with students’
theses (Nopharatant, M., personal communicatiobrueey 10, 2015). Medium and large

firms are also involved in developing joint curdigon with universities. Some firms
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provide scholarships to students in return forrteervices and hire quality graduates after
graduation (Moonpa, N., personal communicationfiaty 10, 2015; Prasankarn, H., and

Chanrawang, N., personal communication, Februayp@5t5).

5.3.3 Research Question (c): In a certain local aae do different types of
universities play different roles in supporting industry? If so, why? If not, why not?
Miyagi prefecture of Japan and Chiang Mai proviat@&hailand were selected as case
studies due to these areas having different typasigersities and being far from the
capital cities. Our results found that in thesal@reas, different types of universities play

different roles in supporting industry. Below aegalled stories.

Japan.Miyagi prefecture is located in the Tohoku regiddapan. It faces the
Pacific Ocean in the west and high mountains iretie. As a whole, two industries of
Tohoku region—electrical machinery, equipment, anplplies (12.5%) and food
(10.3%f*—have large contributions to national income, wherhe strategic
manufacturing industries set by the Tohoku Regimustrial Competitiveness Council are
automobiles (manufacture and R&D) and medical egeit (production and

development} Specifically, in Miyagi prefecture, all of the almnentioned industries,

22 http://www.tohoku-epco.co.jp/investment/overvieagkr.html
23 https://www.iist.or.jp/en-m/2014/0230-0927/

108



including iron, steel, and other materials, haverbeonsidered as growth strategies for the

prefecture?*

Regarding university and industry collaborationh®ku University is a long-
established and internationally renowned nationalersity that plays an important role in
supporting large firms through research activibesause the university put research as its
first priority mission and has many talented studeespecially graduate students. The New
Industry Creation Hatchery Center (NICHe) was dighbd for large-scale research
projects. This center aims at creating new industngngthening key industry, and
supporting cutting-edge research. Examples of ptej@e autonomous urban traffic by
small electric vehicles, simulator developmentifoman behavior analysis, and modeling
of mobility capabilities of elderly citizens. Nothetess, Tohoku University is also a
member of the Knowledge Center affiliated with kbeal Industrial Technology Institute
and works with Miyagi prefecture to assist local E8(C. Ryoji, personal communication,
July 23, 2015). Moreover, Tohoku University playsaative role in technology transfer
and the creation of entrepreneurs. The universiipded a technology licensing office
(TLO) that assigns its staff to directly proposehigologies to large firms. An example of
intellectual property-related product is a brastiteg product that was licensed to Nintendo
(A. Nishizawa, personal communication, December2D14). Meanwhile, T-Biz was
established to incubate start-up firms (F. Haseg&wd akenouchi, & N. K. Das, personal

communication, July 24, 2015).

24 http://www.pref.miyadgi.jp/kankou/en/
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Miyagi University (MYU), a local public universitgmphasizes education and
contribution to society rather than research aatiwi Therefore, its collaboration is mainly
based on consultation in order to solve commumitplems. The Regional Liaison Center
acts as a bridge between the university and regader the Ippo Ippo Nippon project, it
introduces several demonstration projects to looaimunities, such as a small wood
power plant, cultivation of silkworms and octopidasaltbush for feeding sheep and hens.
Due to the earthquake disaster in March 2011, M¥itbaraged faculty members to
restore the Tohoku area. For example, the facdllbysing provided consultation on
health conditions for the elderly, the faculty oftatecture built huts for fishermen, and the
faculty of project design initiated a new tourisnogram by collecting local data and

creating a website (I. Miyahara, & T. Furukawa,soeral communication, July 23, 2015).

TIT is a private university offering only engineagicourses. The university
actively collaborates with local organizations. & agreements have been signed with
local organizations, such as Sendai City, Sendhidtrial Estate Association, and Miyagi
Museum of Art. The Community Outreach Center asta aniversity arm to support the
collaboration with external organizations, espégialcal organizations. It focuses on
providing academic or technology consultation @mal communities; for example, fishery
assistance and environmental protection, praaticegorts programs, village handicrafts,
and rail vehicle design. Also, the university jiyntonducts R&D activities with local
communities, firms, and governments; for exampiewsmelting due to roof-integrated

solar cells, electric smart carts for the eldemgw craft products with a combination of
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natural dyes and lacquers, and security systertigedtreet as a disaster prevention city

(Tohoku Institute of Technology website).

Thailand Chiang Mai province is located in the northergioa of Thailand. It is
surrounded by the mountains. The Industrial OftiE€hiang Mai Province, a regional
branch of the Ministry of Industry, has set proegisagricultural products and handicrafts
as strategic industriés Also, Chiang Mai is a popular city for touristshish had top-
ranked occupancy rates for accommodations in M2@d52° To promote creativity and
innovation, the governor established a Creativg Bavelopment Committee consisting of
representatives from academic, private, and goventisectors. Together with Payap
University and North Chiang Mai University, Chiakfgi University chairs the committee.
The Chiang Mai University Science and TechnologickR@MU STeP) serves as the
secretariat. The strategic focuses of the comméatte@ourism, digital information

technology, software, and crafts.

On one hand, Chiang Mai University (CMU) providessultation to SMEs in
response to local needs. Meanwhile, the univergis/R&D collaboration with large firms
due to its high technological capabilities. Basedmplementation of the government’s
initiatives, it can be said that CMU has been adersd to be a hub for regional

development. For example, the university acts msde of the northern science and

25 http:/Amww.industry.go.th/chiangmai/index.php/2601%819-19-42-44/2013-11-21- 11-38-26

%® The tourism situation was reported by Kobkarn fagat Wattanavrangkul, Minister of
Tourism and Sport on March 18, 2015
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technology park project (STeP). It coordinates withother universities in nearby
provinces; Maejo University, Mae Fah Luang Univgtduniversity of Phayao, Naresuan
University, Pibulsongkram Rajabhat University, dsttaradit Rajabhat University. CMU’s
STeP is very active in collaborating with firmsdahprovides comprehensive services
such as collaborative research, consultation, olyy transfer, technology business
incubation, and intellectual property commercidi@ma Within three years, CMU STeP
could initiate 170 collaborative projects and inat&50 start-ups. The success rate of
collaborative projects is about 60% while reveneregated by start-ups is approximately
$130,000 US per year. In accordance with the poenstrategies, the Food Innovation
and Packaging Center (FIN) was established asadeauc service center specializing in
food and packaging. Interestingly, the bioplastiotgplant is an example of a triple-helix
collaborating projects with co-investors that amnf academic, private, and government
sectors (S. Jomjunyong, personal communicationusug2, 2015; M. Venzky-Stalling,
personal communication, August 15, 2015; T. Anaat@ersonal communication, August

20, 2015).

In contrast, both North Chiang Mai University (NCMahd Rajamangala
University of Technology Lanna (RMUTL) mainly setitir graduates to work for firms.
Recently, NCMU and the CP Group signed a memoramafuwmderstanding to jointly
offer retail management courses to students. Netexth, both universities also provide
academic and technology consultation. NCMU’s cataking firms are mainly

microenterprises due to the limitation in both teabgical capabilities and financial
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resources. In addition, local communities such asrBT awai and Doi Pu Muen are also

partners of NCMU.

Regarding RMUTL, it established a Community Teclgl Transfer Center for
transferring knowledge and technology. RMUTL cocbdlaborate with various kinds of
partners, including SMEs because it has enougmedayical capabilities to support local
SMEs. In addition, local government has commisgidRMUTL to do projects with local
communities (N. Moonpa, personal communicationy&aty 10, 2015; M. Venzky-
Stalling, personal communication, August 15, 20.5Punyathep, personal

communication, July 29, 2015).

5.3.4 Research Question (d): Do the country contertatter? Specifically, do
universities of the same type collaborate with firrs differently in different countries?
This study concludes that country context is likelye a crucial factor that affects modes
of collaboration more than university types. Na#ibaniversities (Tokyo University,
Tohoku University, and Tokyo Institute of Techno}®gn Japan conducted joint R&D
projects with large firms that are required to haubstantial contributions in both aspects
of financial and human resources. Nevertheless;ahaboration of Thai national
universities (Chulalongkorn University and Mahidliiversity) is mostly based on
commissioned R&D. Interestingly, King Mongkut's Wersity of Technology Thonburi
(KMUTT), which originated from a vocational collegeequently co-hosts a cooperative

education program with large firms that is asseciatith R&D activities, where Chiang
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Mai University (CMU) located outside Bangkok focasmn both consultation and
commissioned R&D. Remarkably, even using similades the results developed through
collaboration are different. Joint patents are gateel by Japanese universities and could

be commercialized, whereas Thai universities mostfyrove products and processes.

Regarding local public universities, universitiasooth Japan and Thailand (Fukui
Prefectural University, Miyagi University, Phukeaj@bhat University, Rajamangala
University of Technology Thonburi, and Rajamandaiaversity of Technology Lanna)
have roles in providing consultation to local conmities and small local firms in order to
raise the quality of life and to improve produatsl grocesses, respectively. Nonetheless,
Thai local public universities greatly emphasizemerative education due to their missions

of producing hands-on human resources.

Thai and Japanese private universities have diffddads of collaboration with the
industry. The interaction mode of Keio Universigyjoint R&D, which is similar to
national universities, whereas Toyo University diogota Technological Institute seems to
frequently do joint R&D projects as well. Nonettedethe difference among these
universities is that the results of collaboratioe different. Whereas Keio University could
deliver commercialized products, Toyo Universitgldroyota Technological Institute’s
results have not reached a stage of commercializditiis noteworthy that Toyota
Technological Institute’s collaboration is diffetdrom others. It often provides

consultation for regional development. On the caytrThai private universities, such as
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Rangsit University, Dhurakij Pundit University, 8idJniversity, and North Chiang Mai
University, have mainly relied on cooperative ediocarather than collaborative R&D and

engineering activities.

5.4  Concluding Remarks
In relation to the research questions, the keyiriigglcan be summarized as follows.
They can patrtially fill in the gaps in the existilitigrature on university and industry

collaboration.

First, university type influences modes of collaimn to a certain degree. In both
Japan and Thailand, national universities are wiffefrom other types of universities.
They have distinctive modes of collaboration fongson R&D, whereas other types of
universities engage in several modes without sie#gif This is because national
universities are long-established and prestigiougeausities that have high R&D
capabilities. Interestingly, a frequent mode ofalqaublic university in Japan is similar to a
frequent mode of national university originatingrfr a technical college in Thailand. In the
Japanese cases, local public universities areylikebrovide technical consultation to local
communities and small local firms that may lack tixehnological capabilities to carry out
joint and commissioned R&D projects with univessti In the Thai cases, it is national
universities originating from technical colleges—faxal public universities—that assist
both SMEs and large firms through consultations @waperative education programs of

which R&D collaboration is a part. Regarding prevaniversities and local public
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universities in Thailand, their collaborative primostly rely on cooperative education
programs only because teaching is their key missi@hthere is available government
support. Japanese private universities have vakimals of collaboration depending on
universities’ specializations whereas Thai privattéversities’ collaborations are mostly
based on cooperative education. Besides, we alsulfthat UBIs may have different
functions across universities. UBIs in nationalvensities focus on creating technology-
based start-ups but UBIs established in privatearsities originating in business courses
may put more emphasis on training programs fortiexjentrepreneurs. In contrast, UBIs

in private universities originating from technicallleges are based on technological aspect

of collaboration.

Second, rather than university type, types of madkde to the size of
collaborating firms. We found that universitiesmmt have specific collaborating firms.
They depend on what kinds of modes are used. lfarge are for joint R&D projects,
whereas medium- large firms are for cooperativecation programs associated with R&D
activities. SMEs and local communities are targétsonsultation. General cooperative
education programs can be arranged for variousskandirms. However, in some specific

programs of cooperative education modes, collabmyditms are relatively large.

Third, different types of universities in the sagemgraphical area play different
roles in supporting industry. In general, natiomaiversities prefer to work with large firms

having adequate R&D capabilities to collaborate,Hational universities located outside
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capitals have begun working with SMEs through dR&D activities and consultation. In
contrast, local public universities and privatevensities are likely to provide consultation
to microenterprises, SMEs, and local communitiemetheless, in the case of Thailand, all
types of universities in Chiang Mai province playagtive role in cooperative education
programs. This may be because the government toaxgygiolicies in supporting this
program, such as financial support and tax redndtio participating firms. Interestingly,
Tohoku Institute of Technology and Rajamangala ¥rsity of Technology Lanna are
different types of universities but they involve maan collaborative R&D and engineering
activities than their counterparts. This is prolgdi#cause both of them have similarity in

course offerings that focus on engineering andrielcyy.

Fourth, country context is probably a crucial fa@tiecting modes of
collaboration, more so than university types. Inggal, Japanese universities’
collaborations are based on R&D activities, wheiHza universities focus on education
activities. In detail, while Japanese national ensities frequently have collaborations that
are joint R&D, Thai national universities’ collatadions are based on both commissioned
R&D and consultation. Japanese universities’ ralescloser to entrepreneurial universities
than Thai universities. They could generate joatepts reaching a commercialization
stage. Specifically, King Mongkut’'s University oedhnology Thonburi used to be a
technical college and it frequently co-hosts coapee education programs with medium
and large firms that are associated with R&D ati&gi Local public universities in both

countries have roles in providing consultationdcal communities and small local firms,
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but Thai local public universities greatly emphasiboperative education programs to
respond to industrial needs. Japanese private rsities have different kinds of
collaboration, such as joint R&D and consultatioat Thai private universities have

mainly relied on cooperative education programs.

This chapter is a discussion of the influence avensity types on collaboration
modes and the sizes of collaborating firms. The nkapter analyses the influence of firm
characteristics (firm sizes and industrial sectorsgollaboration modes and the influences

of modes on collaboration outcomes.
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Chapter 6
Results and Discussion:

Influences of Firm Characteristics and Modes of Cdhboration

Chapter 6 analyses the university and industryabollation data at firm levels from
the surveys in order to fill research gap relatm§irm characteristics and modes of
collaboration. In the case of Japan, this study tise data of the Teikoku Databank (TDB)
Survey of Business Trends carried out by TDB, Natidsraduate Institute for Policy
Studies (GRIPS), and the Office of Economic andistdal Research in the House of
Representatives. The national survey of R&D andwation conducted by the National
Science Technology and Innovation Policy Office [(9Tfice) was used in the case of

Thailand.

Section 6.1 explains which firms were target groigpsiata analysis. The
relationship between firm characteristic and ursitgrand industry collaboration, and the
influence of modes on outcomes, were analyzed audissed in Section 6.2. Also, this
section includes the comparative analysis betwapardand Thailand. Section 6.3

concludes the main findings drawn from Section 6.2.

6.1  Target Group for Data Analysis
In the Japanese case, firms conducting or usednduct R&D activities (2,644

firms) were allowed to answer questions about bollation with universities. Therefore,
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this chapter includes R&D firms as a target groupdiata analysis. In contrast, both R&D
and non-R&D firms were allowed to answer questiansut collaboration with
universities. Nonetheless, in order to comparefmdese data, collaborating firms
conducting or used to conduct R&D activities (4b&h§) were selected as a target group

for data analysis (see details in Chapter 3).

6.2 Data Analysis and Discussion

To test hypotheses, ordered probit and probiteegion were used to analyze the
relationship between firm size and R&D collaboratiwwhereas ordered probit regression,
poisson regression, and linear regression were tostedt the relationship between
outcomes and modes of collaboration. Correlaticeffaments were calculated to
investigate the relationships between modes. Tiheee pairs of the strongest correlation
coefficients were multiplied and included as indegent variables. These variables
obtained from multiplying correlation coefficieni®re called complementary modes.
Apart from complementary modes, single modes (sé&ld in Chapter 3) were also
included as independent variables to examine whethraplementary modes have higher

degrees of influence on outcomes than single modes.

6.2.1 Hypothesis (a): Large firms tend to engage IR&D collaboration. The results
between the Thai and Japanese cases are contrad®te Appendix Tables A3-1 and A3-
2). In Japan, the results confirm Hypothesis\@)ch is that larger firms tend to do R&D

projects with universities, whereas the Thai cagects Hypothesis (a), and smaller firms
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in Thailand significantly engage in R&D collabotiwith universities. These
contradictory results can contribute to the debé&sde on influences of firm size among
scholars. Firm size, which impacts R&D resourcesat only one main factor influencing
collaboration with universities. It might be podsikthat central and/or local governments
could also guide the direction of collaborationvizetn two parties. In the regional
innovation system of Japan, local research instptay active roles to support SMEs; for
example, Kosetsushi Centers partially take the ablecal universities in supporting
Japanese SME manufacturers. Their services inttatimology guidance, technical
assistance and training, networking, testing, aisignd instrumentation, and access to
open laboratories (Stephen & Robert, 2011). Orother hand, larger firms collaborate
with Japanese universities located in prefectusesean in the NISTEP27 survey on Fukui
Prefecture’s university and industry collaboratidhis survey indicates that educational
institutes often collaborate with larger firms. Tiest frequent mode of educational
institutes is R&D (Nozawa & Yoshinaga, 2013). Imtrast, in the case of the Industrial
Research Center of Shiga prefecture or KosetsushieCs, it aims to provide technical
assistance to local SMEs. In the year 2004, itacpubvide 6,048 cases for technical
consultation, 6,157 times of using equipment, athddlaborative R&D projects (Seki,
2008). Regarding the Thai case, due to huge caniiiis of Thai SMEs (99% of total
firms in Thailand, 70% of total employment, and 3@#45DP28), the government policies

have been geared towards upgrading technologipabdéies of Thai SMEs; for example,

%’ The National Institute of Science and Technologlidy
28 Bank of Thailand
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the ITAP program operated by NSTDA closely workimBMES to support technology
transfer through a network of knowledgeable anceerpced staff in universities. The
regional science park also aims at providing tecdlrassistance to and carrying out R&D

project for SMEs in the local area.

6.2.2 Hypothesis (b): Food sector (specialized sumy as source of technology)
does not relate to R&D collaboration.The Japanese case rejects Hypothesis (b) (See
Appendix Table A3-1). The R&D intensftyof this sector was not high (0.87%),
comparing to Japanese manufacturing sector baeins that this sector has relationship
with various actors: government, public researshitinte, and industry. The Japanese
government facilitated several forms of R&D in fbed sector, including the
establishment of national research institutesegiablishment of prefectural experiment
stations, and the promotion of cooperation betwedustrial circles and government and
other research organizations (Kamala & Saiura, 1L 9+G0d valley Tochigi is one example
of the industry—academy—government collaboratinraddition, according to Chamarik &
Goonatilake (1994), both large and small enterprisspecially in food processing firms,

are aggressive to carry out technological innovadind absorb the new technology.

The Thai case confirms Hypothesis (b) (See Appemdbie A3-2). R&D intensity
of Thai food sector was relatively high (0.20%)mgaaring to Thai manufacturing sector

but it does not relate to R&D collaboration. Thesult is in accordance with survey data

2994 of R&D expenditure/total sales
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and previous study. Based on survey data, cusgparent companies, and locally-owned
suppliers are the most important external partfe@rBR&D and innovation activities. With
regard to previous study, Intarakumnerd e{2015) concluded that the R&D activities of
many universities and public research institutediarited and not in accordance with the

needs of industry.

6.2.3 Hypothesis (c): Electrical apparatus sectoekternal collaboration as
source of technology) significantly relates to R&[xollaboration. The Japanese case
confirms hypothesis (c) (See Appendix Table A3ki)Japan, the electrical apparatus
sector is one of the largest manufacturing se¢haiscover a variety of products, such as
industrial electric appliances, household ele@ppliances, electronic equipment, and
information and communications technology (Far@Q8). It is a high-technology sector
according to level of R&D intensity (6.01%). BasmdMET]I's study, large firms in this
sector manufacture various parts and products@nalvn in cooperation with their
affiliated companies; however, because of rapitirietogical innovation and short
lifecycles of products, the firms have to enhamzestrength of R&D on the core

businesses, as well as to advance collaboratidnumitversities and governmetit.

The Thai case rejects Hypothesis (c) (See Appenhalbte A3-2) because Thai
electrical apparatus sector had low R&D intensik¥)9%), comparing to Thai

manufacturing sector. This sector heavily reliesemmnology transfer from their foreign

30 http://www.meti.go.jp/english/report/downloadfilgsT0333e.pdf
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affiliates. The foreign affiliates usually providaw materials, machinery technology, and
markets. In addition, the transnational corporaiffNCs)’ headquarters play a major role

in formulating marketing and production stratedi®stthijakra & Intarakumnerd, 2015).

6.2.4 Hypothesis (d): Chemical sector (external daboration as source of
technology) significantly relates to R&D collaboraton. The Japanese case confirms
Hypothesis (d) but the Thai case rejects this Hygsis (See Appendix Tables A3-1 and
A3-2). In Japanese case, METI's study concludetttietechnology in the chemical
industry has already reached a significant levehafuration in the area of so-called
general-purpose products (3% on R&D intensity). &tbeless, there is demand for
competitiveness to be maintained and strengthélrfezh this sector needs to accumulate
technology based on R&D. There are many cases ichvetademia- industry-government
cooperation takes place in order to introduce neankedge that will become the

foundation for the R&D of companiés.

In Thailand, the R&D intensity of chemical industryas relatively high (0.39%),
comparing to Thai manufacturing counterparts. Havgthe results indicate that there is
no significant relationship between the chemicataeand the R&D collaboration. It is
possible that chemical firms also collaborate wither actors, such as national research

institutes and non-profit organizations (e.g., Niagéil Center for Genetic Engineering and

31 The chemical industry includes chemical produgisrmaceutical products, herb
products, fertilizer, etc.

124



Biotechnology, National Nanotechnology Center, Tdral Research Fund, Plastics

Institute of Thailand, and Synchrotron Light Resbdnstitute).

6.2.5 Hypothesis (e): The automobile sector (inteah knowledge as source of
technology) does not significantly relate to R&D déaboration. The Japanese case
confirms hypothesis (e) but the Thai case rejdtsshypothesis (See Appendix Tables
A3-1 and A3-2). Japanese automobile sector had R&D intensity (5.25%) but it does
not relate to R&D collaboration with universitidapanese automotive firms seem to
conduct in-house R&D or R&D with business partn&isey accumulate technical know-
how through collaboration on the manufacturing aitd divisions involved in
development, production, and other activities (METAuto parts manufacturers develop
parts jointly with the automobile manufacturers véne their customers. This means that
automobile manufacturers are both the provideextdrnal technologies and customers

(Kani & Motohashi, 2013).

In contrast, the Thai automobile industry investd low R&D intensity (0.04%),
comparing to Thai manufacturing sector but it seellaborate with universities
through R&D mode. Based on Intarakumnerd et all220universities and public research
institutes have played supporting roles in helghmgautomotive industry. Since the 1990s

and early 2000s, Thai universitiéave targeted automotive engineering programs to

32 Chulalongkorn University (CU), King Mongkut's litste of Technology Ladkrabang
(KMUTL), King Mongkut’s University of Technology Tdnburi (KMUTT), King
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produce qualified manpower. They provided such sesiwvith significant collaboration

with leading private firms. In addition, large firdonates modern equipment and send their
managers to be guest lecturers. Based on clog®nslaip between two partners, it is
possible that automobile firms and universitietaed collaborative R&D activities. As

for research institutes, NSTDA provided trainingl@onsulting services to firms.

6.2.6 Hypothesis (f): Rather than country contextsjrm size and industrial
sector influence modes of collaboration-rom the results in Tables A3-1 and A3-2 (See
Appendix 3), this study rejects Hypothesis (f) hesmlevels of technological capabilities
of firms located in countries are different. The Rétensity of the industries in both
countries is different: (1) food sector: Japan 1963, Thailand (0.20%); (2) electrical
apparatus sector: Japan (6.01%), Thailand (0.0@)»Ehemical sector: Japan (3.59%),
Thailand (0.39%); and (4) automobile sector: Jgpa2b%), Thailand (0.04%) (Statistics

Bureau & STI Office).

6.2.7 Hypothesis (g): Complementary modes have ptige relationships with
outcomes that are higher than those of single modes

6.2.8 Hypothesis (h): Country contexts do not haviefluence on the
relationship between modes and outcome€omplementary modes work well in both

Japan and Thailand. The relationship between mindbe Japanese casenit strong. The

Mongkut’s University of Technology North BangkokNKUTNB), Thai-Nichi Institute
of Technology (TNI)
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maximum correlation coefficient is approximatell®. On the contrary, the Thai results
shows that the relationship between modes is velgtstrong (with a maximum correlation
coefficient of 0.6) (see Appendix Tables A3-3 arigt#). This may be that Japanese
universities offer an appointed visiting profestgusattached to R&D projects. For
example, together with an R&D sponsored fund, Tolkbitute of Technology accepts
company researchers as specially appointed famdtybers along with a collaborative

R&D project, and the company could send the rebeasdo be visiting researchérs.

In the Japanese case, the results reject Hypotfipgsiall modes influence both
product innovation and sales, but the most effeatmodes for generating product
innovation and contributing to sales are the tetdgylicensing mode and the personnel
exchange mode. Combinations of difference modawtlbelp firms enhance the outcomes
of collaboration. Instead of complementation, teguits present substitutions of modes. In
contrast, the Thai case confirms Hypothesis (gg.aAvhole, different modes significantly
generate different outcomes whereas complementademsignificantly influence
outcomes of collaboration. Unlike the Japanese,¢taseHR mode has a negative
relationship with outcomes. In detail, a single m@afrastructure mode and technology
licensing mode) and a complementary mode (intevat¢grm of R&D and consultancy
mode) significantly influence product innovationitiiregard to process innovation for a
single mode, the consultancy mode and the R&D naoeléhe most effective modes,

whereas the complementary mode does not enhancesgrmnovation. In terms of sales,

33 Office of Liaison, Tokyo Institute of Technology
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only the complementary mode (R&D and consultantyambination) has a significant
relationship, whereas a single mode does not haigndicant relationship. Interestingly,
the informal mode seems to be a trivial mode, bcaim have a significant and positive

relationship with process innovation (See Appendikles A3-5 and A3-6).

The differences between the Japanese and Thaigéatilich reject Hypothesis [h])
may be caused by the level of technological capplof participating firms. Japanese
firms are relatively innovative and invest in R&Dhereas only a minority of large
subsidiaries of TNCs, large domestic firms, and SMEThailand has the capability to
conduct R&D (Intarakumnerd & Lecler, 2010; OdagirGoto, 1993). Hence, in the Thai
case, R&D and consultancy may be used in combmati@nhance outcomes. This is
because firms and universities may not be abletaléy contribute to R&D projects. The
experts from universities must provide technicaiszdtancy to firms as a guideline to carry
out R&D projects. The personnel exchange mode effactive mode in Japan, since
researcher exchange is a part of R&D collaboratiogects. On the contrary, the HR mode
in the Thai case is mostly based on education (869f 452 surveyed firms host a student

internship program) due to government policies eoperative education.

Surprisingly, the infrastructure mode generatestsuttial outcomes. This implies
that most Thai firms do not invest in their own R&a&zilities; therefore, a university’s
laboratory is necessary for firms to conduct inrimra In addition, a university’s testing

service can certify firms’ products in accordandthwlomestic or international standards

128



necessary for exporting to demanding markets oasrgeor example, the DNA technology
laboratory (DNATEC; jointly established by Kasertdaniversity and NSTDA) certifies
DNA fingerprinting for plants and animals. Hybrid marent seeds and animals’ species can

be verified. Moreover, the laboratory certifiestriguality Jasmine rice for expdit.

6.3 Concluding Remarks

This chapter investigates three main issues: @intttuence of firm size on
university and industry collaboration, (b) the ughce of the industrial sector on university
and industry collaboration and (c) the influencenaide of collaboration. Thailand and
Japan were selected as representatives of devglapthdeveloped countries, respectively.
The findings indicate that firm characteristicsinadly size and industrial sector, influence
collaboration. However, firm characteristic is tloé only influencing factor. There is a
contradiction between Japanese and Thai resultgeLlapanese firms carry out R&D
activity with universities, whereas Thai SMEs téadlo so. In Japan, it is likely that local
public research institutes partially take a rolsupporting SMEs as seen in the case of the
Industrial Research Center of Shiga Prefectur@hiiland, there are no local public
research institutes; therefore, the government cssiams the universities located across
regions to host and operate the government iniiati It is not surprising that Thai SMEs
have significant relationships with universitiesoiligh R&D modes. The natures of key

actors in the triple helix concept, especially goweent policy, do matter.

% DNA Technology Laboratory, Kasertsart University
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In Japan, the food sector, electrical apparatu®seand chemical sector engage in
collaborative R&D activities. The Japanese foodaes not a low-technology sector
because firms are aggressive enough to absorlethéechnology and the government
established public research institutes upgrade tbelhnological capabilities. The electrical
apparatus sector and chemical sector have to ealtlagic technological capabilities and
maintain their competitiveness; therefore, theyehtavcollaborate with universities. Unlike
other sectors, the automobile sector tends to adndthouse R&D and has a relationship
within business partners. In the Thai case, thialsotation is mainly based on various
kinds of collaboration. It can be concluded by ¢batradictory results between Japan and
Thailand that technology classification for the mf@cturing sector cannot be generalized
for all countries because of different levels ahieological capabilities. More importantly,
in the Thai case, R&D intensity of an industry does matter. Firms are likely to carry out
in-house research and other actors such as peskarch institute are likely to play active
role in supporting industry. This result is agaiting previous conclusions of innovation
studies scholars, which state that industrial $e@ce another important variable
explaining intensity and nature of innovation aityiyFreeman, 1995; Nelson, 2008) and
also that the intensity of industry-university R&Dllaboration varies with industries
because of different levels of technological cali#ds (Rasiah & Chandran, 2009;
Schartinger eal, 2002). According to the R&D and Innovation Seyof Thailand, the
chemical industry had the second highest amouR&d spending in year 2011. However,
results indicate that there is no significant ielahip between this sector and the R&D

mode because chemical firms conduct in-house R&Dcatiaborate with public research
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institutes. Instead of R&D collaboration, this isthy tends to develop personal
connections with university researchers. Intergsfirthe food industry was the third
largest investor in R&D. Nonetheless, like the cleindustry, the industry has no
significant relationship with universities regaseof modes because R&D activities of
universities are not in line with the needs ofiti@ustry. In contrast, the automotive
industry (moderately investing in R&D) seems tdalobrate with universities through
various modes, namely R&D and informal modes, bsedthai universities have played

active roles in collaborating with automotive firms

Modes of collaboration are also an important deteant influencing collaboration.
In the Japanese case, the technology licensing enadi¢he personnel exchange mode are
the most effective modes to generate product inmvand to increase sales. These results
provide remarkable implications: (a) promoting tealogy licensing from a university may
be a good policy for increasing Japanese firms’metitiveness and (b) personnel
exchange, as a part of collaborative R&D projechy ilme an appropriate policy to transfer
knowledge or technology to participating firmstie Thai case, the informal mode, which
seems to be trivial, is likely to be an effectiveds. The informal mode could have a
significant relationship with innovation. Therefptbe government should not overlook
facilitating or empowering this mode; for examidg,continuously building concrete
networks of researchers across sectors througmiafaiscussion, informal meetings, and
conferences. Launching the open laboratory imitgaiin Thai universities may be suitable.

Thai SMEs do not have enough resources to invakein own R&D facilities. The
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universities’ technical infrastructure can helprfe upgrade local products by
benchmarking against high-quality products. It atso certify that products match
domestic or international standards, allowing therbe exported to demanding markets
overseas. In the Thai case, using modes in combmgspecially R&D mode and
consultancy mode) helps firms enhance outcomesliatboration; hence, universities

should consider offering more comprehensive sesvicdirms.

The next chapter is a conclusion of the main figdi(Chapter 5 and 6) which are
the influence of key actors’ characteristics oratmration mode, the influence of
collaboration mode on collaboration outcome, arditipact of the national innovation
systems on those findings. In addition, theoreticaltributions to partially fill knowledge
gaps and policy recommendations to foster uniweesit industry collaboration were

suggested.
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Chapter 7

Conclusion

7.1  Introduction

This study aims at investigating how universitydydfects collaboration modes
throughout the process of knowledge and techndi@msfer, starting at the beginning
stage (starting point of the collaboration), couitiirg in the intermediate stage (selecting
mode), and ending at the final stage (collaboratigttome). In addition, this study
includes a comparative analysis of different natitmsee differences in the roles of key

actors and the importance of university and inguattivity across nations.

The literature review (Chapter 2) indicates thet@ictory viewpoints on
universities’ roles in supporting industry. Triglelix research has defined universities as
the primary collaboration source of human resoyrkeswledge, and technology that
embraces a mission of economic and social developmile innovation system (IS)
approach scholars have concluded thatuniversities’ role is not to be incubators $tart-
ups or for patents but to give long-term contribng to knowledge creation. Importantly,
based on the IS approach, universities should stiipuas in developing technology rather
than substituting for the technological effortdiahs, but the triple helix concept claims
that an institution can take on the roles of othstitutions to perform new roles as well as
to fulfill their traditional functions. This argumeprovokes an interesting investigation of

whether universities play different roles in sugpy industry.
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Nonetheless, the flow of collaboration does notethelsolely on universities. A
firm’s specific nature, such as firm size, indudtsgector, and technological capability, is
also a main factor. Nonetheless, the influencerof €haracteristics on collaboration has
been a debated issue. A large number of empirigdles (e.g., Arundel & Geuna, 2004;
Becker & Dietz, 2004; Cassiman & Veugelers, 200@h&h et al., 2002; Laursen & Salter,
2003; Miotti & Sachwald, 2003; Negassi, 2004) cadeld that the intensity of
collaboration among larger firms is higher thart tifesmall firms because they have
resources for carrying out R&D activities, benefibre from cooperation (Veugelers,
1998), and innovate more openly than SMEs (De Ba@8). In addition, small firms
hardly do basic research because research findnegdifficult to patent and hence the flow
of payoffs cannot be capitalized, thus these paywifist be appropriated through
incorporating knowledge in the form of improved demr processes (Rosenberg, 1989).
However, Schumpeter (1943) was aware of the rise-bbuse corporate R&D in large
firms. In terms of the industrial sector, previaigdies have mentioned that the intensity of
R&D collaboration varies by industry because fiim$igh-technology sectors must keep
up with cutting-edge research in high-technologiustries. However, actors may behave

differently across countries (Edquist, 1997).

Beyond the two key actors, as mentioned earlieyraterstanding of the
relationship among actors, collaboration modes,ctidboration outcomes is crucial.
Despite providing a comprehensive framework, tripéix scholars and IS scholars have

not paid much attention to this issue. IS schdiarse analyzed the importance of the
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modes through which knowledge flows from universityndustry, but they have not
clearly identified the relationship between colleimn mode and collaboration outcome.
Interestingly, several studies have reported thmance of a combination of various
collaboration modes (D’Este & Patel, 2007; Meyeakmer & Schmoch, 1998), but these
studies did not clearly explain how a combinatibrarious modes or complementary

modes is important.

In that light, this study is an investigation ofd¢h main questions:
1) Do university types influence the roles of universies in supporting
industry?
e Do university types relate to modes of collabora®idf so, why? If not, why
not?
¢ Do university types relate to firm size? If so, whH{not, why not?
e In a certain local area, do different types of ensities play different roles
in supporting industry? If so, why? If not, why Aot
e Do country contexts matter? Specifically, do theeaypes of universities
in different countries use same distinctive collaion modes?
2) Do firm characteristics influence collaboration moas?
¢ Do firm characteristics (firm size and industriat®or) affect modes of
collaboration?
3) Do collaboration modes influence collaboration outemes?

e Do the modes relate to each other? And how do tleéggonships between
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These three research questions have been addthssagh the collection of
several sources, namely survey data, existingesudniversity documents, and interviews

with university executives and university researshe

The structure of Chapter 7 is as follows. Secti@dconcludes the main conclusion
discussed in Chapters 5 and 6: the influences igetsity types and firm characteristics on
collaboration mode, the influence of collaboratinade on outcome, and the influence of
national system on university—industry collabonatiBinally, Section 7.3 concludes the

implications for theory, policy, and future resdarc

7.2 Main Conclusion

7.2.1 Influence of university typeChapter 5 examined the first research
questions about the influence of university typanialyzed the data at the university level
from the interviews of Japanese and Thai univeesigcutives responsible for university—
industry interactions and also analyzed interviemth policy makers and experts. Three
types of universities (21 universities) are examir(&) national universities, (2) local
public universities, and (3) private universiti€he answers to these research questions are

as follows (Tables 7-1, 7-2, and 7-3).

Previous studies about university—industry collaion in Japan (Kondo, 2008a,
2009) that mainly focused on R&D activities fouhaitt university type relates to R&D

mode due to the influence of Japanese governmdioypohis study confirms the results
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of previous studies and presents the additiondirigs. First, national university type has
distinctive modes focusing on R&D. Japanese nationiaersities jointly conduct R&D
activities with firms and sometimes offer visitirgsearchers to do joint R&D projects.
Those universities can generate joint patentsgohr¢he commercialization stage, whereas
Thai national universities mainly focus on prodocprocess innovation and product or
process improvement. Cooperative education progem®ssciated with R&D activities
often exist in Thai national universities. Secaihe, most frequent mode of Japanese local
public university is technical consultation, wheseaoperative education and consultation
are the most frequently seen in Thai local pubtiversity. Third, Japanese private
universities use various kinds of collaboratiomg(ecommissioned R&D, joint R&D, and
consultation) depending on each university’s spieei@ons, whereas Thai private

universities’ collaborations are mostly based oopewative education.

Beyond the influence of university type on R&D md#®ndo, 2008a, 2009), this
study aimed to examine the influence of variougs$ypf collaboration modes. The main
findings are that rather than university typesgety/pf collaboration modes relate to the size
of the collaborating firm. Large firms tend to puegoint R&D projects, whereas medium-
large firms are target groups for cooperative etlaggprograms associated with R&D
activities. SMEs and local communities are targétsonsultation. A general cooperative
education program can be arranged for various kifidisms. However, in some specific
programs operating in a cooperative education mibeéegollaborating firms are relatively

large.
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Additionally, both local and country contexts waneluded in this study to
investigate their impacts on the roles of univesitWith regard to local context, different
types of universities in the same geographical pl@adifferent roles in supporting
industry. National universities seem to do joint[Rfrojects and to be able to reach the IP
commercialization stage more than other types ofausities (see Tables 2-2, 4-1). They
have begun working with SMEs through both R&D atité¢ and consultation. In contrast,
many local public universities and private univiesi provide consultation to
microenterprise, SMEs, and local communities. Bg8ngly, in the case of Thailand, all
types of universities play an active role in coapee education programs due to

government policies.

In terms of country context, it is probably a caldactor affecting modes of
collaboration more than university type. In genelapanese universities’ collaboration is
based on R&D activities, whereas Thai universittesis on education activities. Japanese
universities’ roles are more entrepreneurial theosé of Thai universities. They can
generate joint patents that reach the commercializatage. Local public universities in
both countries have roles in providing consultatiout Thai local public universities
greatly emphasize cooperative education prograapgnkse private universities use
different kinds of collaboration, such as joint R&nd consultation, but Thai private

universities mainly rely on cooperative educatioogoams.
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Table 7-1: Summary of Influence of University Typeon Collaboration Mode and
Collaborating Firm

University Type

Collaboration Mode

Japan

Thailand

National university

Joint research (generating joint
patents and commercialization

Commissioned R&D (improving
product and process)
Cooperative education associatg
with R&D activities
Consultation

Local public university

Consultation on product and
process improvement o

Cooperative education
Consultation

Private university

Various kinds of collaboration
with variety of outputs (e.g., joint
R&D, commissioned R&D, and
consultation)

Cooperative education

Firm Size Collaboration Mode
Japan Thailand
Large firm e Joint R&D (aiming to apply for ¢ Commissioned R&D
patent) e Cooperative education associate

with R&D activities
Cooperative education (joint
curriculum)

Cooperative education

SME

Commissioned R&D
Consultation °

Consultation
Cooperative education

Table 7-2: Summary of the Influence of Local Conteixon a University’s Role
in Supporting Industry

University Type

Collaboration Mode

Miyagi prefecture, Japan

Chiang Mai province, Thailand

National university

Joint research (generating joint
patents and commercialization

Commissioned R&D (improving
product and process)
Consultation

Cooperative education

Local public university [¢  Consultation e Cooperative education
e Consultation
Private university e Consultation e Cooperative education

Cooperative education
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Table 7-3: Summary of the Influence of Country Congéxt on a University’s Role in
Supporting Industry

University Type Influence of Country Context

National university National universities in both countries focus onR&ut
Japanese universities do joint R&D and are abgeterate
patents, whereas Thai universities mainly impronaglpcts and
processes.

Local public university |Local public universities in both countries provicinsultation t
local communities and small SMEs, but Thai locadlfmu
universities greatly emphasize on cooperative ddhica
Private university Japanese universities have different kinds of bolation, but
Thai private universities mainly rely on cooperateducation.

7.2.2 Influence of firm characteristics and collabmation mode. Chapter 6
investigates the second and third research qusstianinfluence of firm characteristics on
collaboration mode and (b) influence of collabaratmode on collaboration outcome. This
chapter analyzes at the firm level the universitgt andustry collaboration data from the
Teikoku Databank (TDB) Survey of Business Trendsi@d out by TDB and the National
Graduate Institute for Policy Studies (GRIPS). Anremetric analysis was used to

analyze the data. The answers to the researchi@uesate as follows (Tables 7-4 and 7-5).

With regard to the second research question, teasity of collaboration among
larger firms is higher than that of small firms dodheir resources for carrying out R&D
activities, but some scholars argue that largeditemd to conduct in-house R&D. In terms
of the industrial sector, firms in high-technolaggctors must keep up with cutting-edge
research in high-technology industries; thereftitrese firms more frequently exploit
scientific knowledge that originates from publisearch. However, firms across countries

may behave differently.
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The main findings of this study are interestingn@€adictory results were found for Japan
and Thailand® Large Japanese firms carry out R&D activity withiversities, whereas
Thai SMEs tend to do so. In Japan, it is posstid bcal public research institutes
partially take a role in supporting SMEs. In Thadaprobably, there are no local public
research institutes; therefore, the governmentbasnissioned universities located across
regions to host and operate the government inigatith the aim to upgrade the
technological capabilities of SMEs. In terms of th@ustrial sector, in Japan, the food
sector, electrical apparatus sector, and chemecabsengage in collaborative R&D
activities. In food sector, the Japanese governifiaeilitates various forms of R&D
activities to upgrade technological capabilitied #me collaboration between universities
and food firms. The electrical apparatus sectoradmmical sector need to enhance their
technological capabilities and maintain their cotiipeness; therefore, they collaborate
with universities through R&D activities. Unlike other sectors, firms in the automobile
sector tend to conduct in-house R&D and have matiips with business partners. In the
Thai case, the automotive industry engage in R&aboration because Thai universities
have played active roles in supporting automotirrad, whereas other industrial sectors

(the food, electrical apparatus, and chemical sgcti not engage in R&D collaboration

% pavitt Taxonomy was used to set the hypothesemubedt stands out as the best known
and most influential taxonomy (Peneder, 2008). Hmrgethere are criticisms on Pavitt
Taxonomy. For example, Fontana et al. (2016) us¢a @h 13 countries from
Community Innovation Survey to analyze heteroggr@innovative behaviors at the
lowest possible level of aggregation. Their ressitggest that differences among firms’
innovative patterns remain relevant and largelgpehdent of both sectoral and national
contexts. Nonetheless, up to now, no detailed taxoes of sectoral system have been
proposed yet, also because firm level data haveeen available until recently.
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with universities. In this case, it seems thatR&D intensity of an industry does not

matter. Firms are likely to carry out in-house egsh, and other actors such as public

research institutes may play active roles in sujpppindustry. The Thai chemical industry

has relatively high R&D intensity, but it has ngrsficant relationship with the R&D

mode. Perhaps chemical firms conduct in-house R&dDddten collaborate with public

research institutes. Instead of engaging in R&Dabwration, the chemical industry tends

to develop personal connections with universitgagshers. Interestingly, the R&D

intensity of the food industry is relatively highyt this sector has no significant

relationship with universities because the R&D\ati&is of universities are not in line with

the needs of the industry.

Table 7-4: Summary of the Influence of Firm Characeristics on R&D Collaboration

Firm Characteristics

Relationship with R&D Collaboration

collaboration

Japan Thailand
Firm size
Large firm Significantly related to R&D Not significantly related to R&D
collaboratiol collaboration
SME Not significantly related to R&D |Significantly related to R&D

collaboratiol

Industrial sector

Food

Significantly related to R&D
collaboration

Not significantly related to R&D
collaboration

Electrical apparatus

Significantly related to R&D
collaboration

Not significantly related to R&D
collaboration

collaboration

Chemical Significantly related to R&D Not significantly related to R&D
collaboration collaboration
Automobile Not significantly related to R&D |Significantly related to R&D

collaboration

Source: Author
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Regarding the third research questiorevious studies reported the results of a

survey among German academics on the importanearioius types of links with

industries, but those studies did not clearly dbednow the simultaneous use of various

modes was important. This study found that modsotéboration is a determinant

influencing collaboration. In the Japanese casetébhnology licensing mode and the

personnel exchange mode are likely to be the nifestteye modes to generate product

innovation and to increase sales. In the Thai adhgelR&D mode is related to product and

process innovation, whereas the consultation medelated to process innovation. The

infrastructure mode is significantly related to gwot innovation. Interestingly, the informal

mode, which seems to be trivial, is likely to beedi@ctive mode that has a significant

relationship with innovation. Interestingly, theeusf two modes, especially a combination

of R&D and consultation, is related to product imaton and sales.

Table 7-5: Summary of Influence of Collaboration Male on Collaboration Outcome

Collaboration

Most Effective Mode (Highest Marginal Effect)and

Outcome Influence of Combination of Two Modes on Outcome
Japan Thailand
Product innovation |e Technology licensing e Infrastructure

Combination of two modes h
a negative relationship with
product innovation.

Combination of R&D and
consultation has a positive
relationship with product
innovation.

Process innovation

N/A

Consultation

Combination of R&D and
consultation has a negative
relationship with process
innovation.

Sales

Researcher exchange
Combination of two modes h

a negative relationship with

Combination of R&D and
consultation has a positive
relationship with sales.
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Collaboration Most Effective Mode (Highest Marginal Effect)and
Outcome Influence of Combination of Two Modes on Outcome

Japan Thailand

sales.

Source: Author

7.3 Implications for Theory, Policy and Further Regarch
This study generates a new model for investigdtiegcharacteristics of university
and industry collaboration in developed countried eatching-up countries and suggests

significant implications for existing theories aaictas of study.

7.3.1 University—industry collaboration model. The university—industry
collaboration model integrates the characterisifagniversity and industry collaboration in
both developed countries and catching-up countfiggire 7-1). The similarities in
university—industry collaboration between developedntries and catching-up countries
are local public universities provide consultatsmnvice to local SMEs and consultation
mode seems to be suitable for SMEs. The main difiggs in university—industry
collaboration between developed countries and oagealp countries are the starting point
of collaboration, collaboration mode, and collabiomoutcomeAt the beginning, student
mobility in a catching-up country is used to buildiversities’ relationships with private
firms, whereas researcher mobility from compamesrtiversities frequently occurs at the
start of collaborative R&D projects in developedisties.Student mobility programs

associated with R&D or engineering activities ibcbang-up countries are operated by all
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types of universities but in developed countriesearcher mobility often occurs only in
national universities. Large firms in both develd@ad catching-up countries participate in
those human mobility programs. To upgrade techncdbdgapabilities, consultation mode
is important for catching-up countries, but develdgountries are more likely to engage in
collaborative R&D activities. Joint R&D activityniwhich two partners contribute
substantially with both financial and human reseasrés often carried out by national
universities in developed countries, whereas cosiongd R&D is a preferable
collaboration mode for national universities inatanhg-up countries. In developed
countries, large firms often engage in joint R&Didties but SMEs prefer to use
commissioned R&D mode. On the contrary, commisgsidR&D is a preferable
collaboration mode for large firms in catching-uqunotries. In developed countries, some
private universities have high technological cali@ds and their collaboration modes are
similar to national universities whereas privatévarsities in catching-up countries put
great emphasis on education. In terms of collakmrautcome, in catching-up countries,
the intellectual property (IP) law/enforcement regimay not be well developed. Even the
collaboration between national universities andddirms, patent is not an expected result
of collaboration because firms are not interestealiplying for patents. Instead,

product/process innovation and product/processargment are needed.

The characteristics of university—industry colladdans in both developed
countries and catching-up countries are describektail as follows. In developed

countries, the technological capabilities of unsiees and firms are relatively high. Large
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firms with high technological capabilities are eagelearn new knowledge and conduct
cutting-edge research. In doing so, these firmiepte work with universities. At the
beginning stage of collaboration, researchers aftewe from a firm to a university. Then,
new research areas are explored to initiate jo&ID Rrojects with the aim of applying for
joint patents. To maintain competitiveness, intgllal property is an important mechanism
for large firms to protect their market positionkéwise, national universities prefer to
work with large firms, as they have higher finahcegsources for R&D, which gives them
more opportunities to conduct new research inégti Private universities have a higher
degree of autonomy than other types of universifibgese universities probably collaborate
with various kinds of firms through various modksthe case of private universities with
high technological capabilities, their mode of ablbration is similar to that of national
universities, whereas others may use different madieollaboration with the aim to
generate product or process innovation. Local publiversities provide consultation

services to local SMEs, which focus on improvingdarcts or processes.

In catching-up countries, the technological cdpeds of universities and firms are
not as high as those in developed countries. Usiiyeindustry collaboration relies on
consultation and human resource development. Catisu mode is important for
technology upgrading while student mobility is gtarting point for building relationship
with firms. Most student mobility programs operatbsdiocal public universities and
private universities may not be associated with R&2ngineering activities, especially

collaborative programs with SMEs but there are soases that those universities
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collaborate with large firms and aim to improveguwots or processes. In case of national

universities, student mobility programs are assediavith R&D activities, and such

programs become the starting points of collaboea®&D projects. R&D collaboration in

catching-up countries is based on commissioned R&Eause firms may not be able to

contribute both financial and human resources lialoorative R&D projects. The expected

results of R&D collaboration may not be patentsdose firms are not interested to apply

for patents. Instead, product or process innovaithproduct or process improvement are

needed to reduce cost or increase sales. Withaverigment support, national universities

also collaborate with SMEs through commissioned R&1d students are project

assistants. Unlike in developed countries, mostarsities in catching-up countries often

engage in consultation services.

Figure 7-1: Integrated University—Industry Collaboration Model:
Developed Countries versus t€hing-up Countries

SMEs

Hstu ent mobility
consultation

tudent mobility

Local public Private
university university

commissioned R&D,
consultation

SMEs

e . - -
g’ﬁw Calching-up Countrizs Developad Countrias
4 g \
= commissioned R&D,
N?uoﬂ_al sultation, student mobility Private National
university university university
commissioned R&D, joint R&D, joint R&D,
consultation, student moli Large firm ; obility researcher mobility

Large firm

\ consultation

Local public
university

Source: Author
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7.3.2 Implications of the innovation system (IS) ggroach. The central idea of
all three IS approaches (national, regional, awtbsal) is the premise that interactions
among actors are a key factor in generating, usind diffusing knowledge. Institutions of
laws, regulations, values, norms, etc., influemeedctivities and decisions of actors. All
approaches consider the roles of actors to beatime sActors should not substitute the
roles of others to perform new roles. From IS sai®lperspective on university—industry
collaboration, universities should support firmslgveloping technology rather than
substituting for the technological efforts of firmmportantly, the main role of universities
is not to be incubators for start-ups or for pagerdather, they need to make long-term

contributions to knowledge creation (see Chapter 2)

This study found that universities are not identadities. There are several types
of universities that have different roles. Nationalversities focus on research activities
because they have plenty of talented researchdrpa@sigraduate students. Importantly,
these universities are heavily influenced by theret government; therefore, the
universities must implement the government policiegapan, national universities
promote technology transfer through intellectualgarty licensing because this is the
government policy. In contrast, local public unsigies, influenced by the local
government or local communitigcus on the mission of contribution to societyheatthan
research activities; therefore, these universafean provide consultation services with the
aim to improve products or processes. Private usitves have a higher degree of

autonomy than other types of universities, but ttey be influenced by the central
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government due to funding and incentive policy.aiegse private universities often engage
in R&D activities due to incentive policies. In doast, in the Thai case, R&D resources
provided by the central government are limitedref@re, private universities must rely on
tuition fees and put greater emphasis on educalioa.collaboration approach of these

universities is based on cooperative education.

Beyond the set of components in a system of inmowvdactor, network,
institution), Edquist (1997) proposed the list ofiaties to pursue innovation processes—
that is, to develop, diffuse, and use innovati@ee (Chapter 2). To further develop and
contribute to the IS approach, Edquist identifiesearch gaps for further study, including
“which activities of which actors are important tbe development of innovation” and
whether it is “possible to distinguish between imaot activities and less important ones.”
This study patrtially fills his research gaps. Amivaty is associated with capabilities of
actors.UIC activities vary in accordance with the techypdal capabilities of the
collaborating firms. R&D activity associated witlgh technological capability is
important for university—industry collaborationdapan. On the contrary, consultation is
not involved in advanced technology activities @nduitable for technology upgrading in

Thailand.

In addition, IS scholars have not paid attentiosttalying collaboration outcomes.
This study found the relationship between actigia@d collaboration outcomeda Japan,

R&D is an important mode for generating patent&el as product and process
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innovation. On the contrary, providing consultatgmrvices is an important mode of
collaboration for process innovation in Thai unsiges, and a combination of R&D and

consultation is related to sales and product intiona

7.3.3 Implications of the triple helix (TH) concept.The TH concept puts
emphasis on actors (government, university, andsing), especially the prominent role of
universities in innovation, relationships amongete.g., technology transfer, conflict
management), and the functions of interaction (&pwledge generation). The institution
issue is neglected in the TH concept. Even thobghstudy does not aim at investigating
the influence of the government policy, it can bsaerved that the government policy is
likely to influence the direction of university antustry collaboration (see Chapter 4). In
Japan, the national university reform has chanigedéhavior of the national universities
to some extent in R&D collaboration with the indysand dramatically changed their
intellectual property management (Kondo, 2009theThai case, government initiatives
such as the cooperative education program hawgeimted the direction of Thai
universities. The number of universities participgin this program has increased from 56
universities in 2008 (17,399 students and 553 e@x)t® 117 universities in 2013 (36,735
students and 1,282 courses; OHEC, 2015). Therafmtitutions should be included in the

study of university—industry collaboration becattsey shape the roles of actors.
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In sum, this study provides a better understandfrife relationship among the
factors of actor, activity (collaboration mode);heological capability, collaboration

outcome, institution, and national system.

7.3.4 Implications for government policy.The results of this study suggest that
one size fits all policies such as launching tetdgwlicensing offices and incubators in all
universities may not be the most effective apprdadbster collaboration with industry.
Instead, policy makers should work to create sepamalicies for different types of
universities, firms with different sizes, and caieg with different technological

capabilities.

Policies supporting universities of different typealthough IS scholars and TH
scholars often assign one collaborative profilaltaniversities, it was found here that
there are various types of universities and theh égpe adopts a distinct approach for the
support of industry. In that light, this study idiéies a set of policy recommendations
reflecting the distinct characteristics of threpdy of universities, national universities,

local public universities, and private universit{@sble 7-6).

National universities
National universities have distinctive modes of R&hllaboration with large firms.
Large firms with high technological capabilitiegfer to work with national universities,

expecting many joint patents as outcomes. In Jdparg often send their researchers to
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collaborating universities as visiting researcherd hailand, on the other hand, national
universities often engage in commissioned R&D inclwhihe collaborating firms do not
contribute R&D resources (e.g., financial and humesources) to a significant degree.
Cooperative education programs associated with R&iivities often generate significant
student mobility, which can be an ignitor of colbahitive R&D projects. For Thai national
universities, then, research activities shouldheeprimary focus of collaboration. To that
end, it may be appropriate to create a space Winere can set up advanced laboratories
that require sophisticated technical expertisép @stablish, through a public-private
partnership among government, industry and academiadvanced laboratory as a site for
the initiation of large-scale joint R&D projectso Build relationships between large firms
and universities, an intermediary body such ad'tre Office of Industrial Liaison is

essential.

In the case of Japan, the exchange of professdreeaparchers between national
universities and firms might be an interesting apph to the initiation of large-scale joint
R&D projects. The secondment of professors fronvensities to firms (now a rare
phenomenon) is also a promising approach, sinceetsity researchers could gain

practical knowledge from experience in industry.

In the case of Thailand, the Thai government hgdemented a talent mobility
program in which university researchers spend twagking at firms. Nonetheless,

secondment from large firms to national universiigrare. This mechanism would help
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university professors and students to benefit ftbenindustrial experience of company
researchers. However, since local firms might moable to hire highly skilled researchers.
Multinational corporations are a the most interestarget group for researcher mobility
since their technological capabilities are reldtivegh and Thailand receives a larger

amount of foreign direct investment than other ASE#ountries’®

Local public universities

In both Thailand and Japan, local public univegsitbften engage in consultation
aimed at upgrading the technological capabiliti®cal SMEs. In that light, researcher
placement in industry may not be appropriate, siacal SMEs rarely engage in R&D. An
engineering-related student mobility program wquidvide a foundation for the
enhancement of the engineering capabilities ofemsities and the creation of relationships
between universities and local SMEs. To answéneémeeds of local SMEs as far as
technology upgrading, local/regional centers shd@det up to focus on analysis, rather
than technology licensing. Launching governmenpsuigd open laboratory initiatives
would likely help local SMEs to upgrade their lopabducts by benchmarking against

high-quality products.

Private universities
Private universities generally place a strong emishan education by increasing

faculty teaching loads, so researcher mobility lang-term R&D projects may not be

36 http://www.indexmundi.com/facts/indicators/BM.KLIINV.GD.ZS/rankings
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appropriate for private universities to collabonaith universities. Instead, a student

mobility program associated with problem-solvinghaties would be a good start for

university—industry collaboration. Financial aid faunching laboratories might be a

suitable approach to the enhancement of the educatid research capabilities of

universities. In the case of Japanese private wsities with high technological

capabilities, policy should be similar to that reconended above for national universities.

Table 7-6: Specific Policy Recommendations for Unersities

I

University Specific Policy Recommendation
Type/Key Human Mobility Intermediary Body Promoted Mode R&D/Technical
Characteristic Infrastructure

National Researcher mobility | Central organization| Large-scale joint Providing a space fo
universities associated with R&D focusing on R&D project firms to set up
Collaborate with | activities collaborative R&D advanced
large firms in activities laboratories (public—
R&D activities private partnerships)
Local public Student mobility Local center focusing Consultation Setting up
universities associated with on problem-solving (government-
Engage in engineering activitieg supported) open
consultation laboratories and
aiming at testing services for

assisting local
SMEs

local SMEs

Private
universities
Emphasize
education

Student mobility
associated with
engineering activitieg

Central organization
focusing on problem
solving

Consultation

Providing financial
aid for launching
laboratories

Policies supporting firms of different size¥he results of this study point to the

fact that firms of different sizes have differeattinological capabilities. This can influence

firms’ approach to collaboration with universitiggopendix 4). As in the discussion of the

case of firms of different sizes, there is a neediffferentiation of policy formulation to

enable matching with firm behavior (Table 7-7).
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SME access to collaboration

SMEs normally use knowledge generated by univessdind often need an
intermediary body to create relationships with ghasiversities. For SMEs with low
technological capabilities, an intermediary bodyasy important because generally SMEs
cannot access the universities’ knowledge and tdolyres directly. An intermediary body
could make an initial identification of partnerspoect them with the SME, and monitor
relations and help resolve conflicts as they odeusuch scenarios, financial incentives
may be required for the launching of collaborafiwejects. SMEs with medium
technological capabilities can make approachesitetsities themselves and enter
collaboration as users of existing knowledge ocators of new knowledge or both.
However, in most cases the universities alreadggsssthe knowledge that the SMEs
desire access to. Such firms are suitable an upgyad their technological capabilities
because they already have some base of technadpgypitities. Financial incentives, such
as grants to upgrade engineering, design, and R&dakilities, should be provided for

SMEs.

Large firm collaboration

Large firms can access university partners dirgatishout an intermediary. These
firms are co-creators of new knowledge with uniitegs, as evidenced by numerous joint
patent applications. They can access researchmatton and can contact university
researchers directly, but an intermediary bodyrofeone-stop service may be an efficient

inroad. To strengthen the relationships betweewnausities and large firms, the government
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could provide incentives (e.g., tax breaks) forhsfilens to do collaborative R&D projects
and to set up collaborative R&D laboratories insideversities, especially in the Thai case;

this study found that large firms are not likelycwlaborate with universities.

Table 7-7: Specific Policy Recommendations for Firs

Actor/Key Characteristic Specific Policy Recommendation
Intermediary Body Incentive
SMEs Organization aiming at servingGrant for upgrading engineering,
Use existing knowledge needs of local SMEs design and R&D capabilities

generated by universities
(knowledge user); requires an
intermediary body to access
those universities

Large firms Organization offering one-stopTax incentives for conducting
Co-creators of new knowledge service collaborative R&D projects and
with universities setting up advanced laboratories

inside universities

Policies for developed countries versus catchingagquntries.The results of this
study indicate that since the collaboration appnea®f developed countries are different
from those of catching-up countries (see Secti@i, university and industry collaboration
policy should be created separately for develomenhities and catching-up countries

(Table 7-8).

Collaboration in developed countries

Since both universities and firms in developed toes have high technological
capabilities they can collaborate as equals. Thet fnequent mode of collaboration in such
scenarios is R&D collaboration aimed at patentigppbns and licenses. Two-way

researcher mobility between universities and firsnthe start of collaborative R&D
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projects. Encouraging firms to set up advancedritbdes or R&D centers inside

universities can enhance the education and reseapabilities of universities.

Collaboration in catching-up countries

The technological capabilities of universities dinchs in catching-up countries are
not high. The most frequent mode of collaborat®human resources development
collaboration and technical consultation. Studeabifity programs associated with R&D
or engineering activities should be suitable faiding relationship with firms. Instead of
setting up centralized technology licensing offideshnology incubators and science
parks, attention should be placed on the creati@omsultancy services to solve firms’
specific problems. Such consultancy can be domteeriorm of either informal or formal

collaboration.

Table 7-8: Specific Policy Recommendations for Delaped and Catching-up

Countries
Actor/Key Characteristic Specific Policy Recommendation
Developed countries Establish two-way researcher mobility between
Rely on R&D collaboration universities and firms
aimed at applying for and Encourage firms to set up advanced laboratoriedans
licensing patents universities
Catching-up countries Establish a student mobility program associatet wit
Focus on human resources R&D or engineering activities
development collaboration and | Pay greater attention to consultancy serviceslie@so
technical consultation firms’ specific problems. This consultancy can bed
through informal or formal collaboration

7.3.5 Implications for future research.The results of this study point to the need
for further study of several aspects of univeraityg industry collaboration analysis, as

outlined below.
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Integrated university and industry collaboration rdel

This study proposes an integrated model of unitseasid industry collaboration for
developed countries and catching-up countries.afipdication of the model involves
determining the three components of university iaddstry collaboration for analysis of
given scenario in a developed or catching-up cquttie starting point of collaboration;

the collaboration mode; and the collaboration oonteo

Evolution of university and industry collaboratioactivities

This study has examined the influence of combiming collaboration modes on
collaboration outcomes. To deepen understandirigeotistorical background of university
and industry collaboration activities, it would inéeresting to conduct longitudinal
research on the evolution of collaboration modet\igies) over time; on the mechanisms
influencing that evolution; and on the influencekel actors’ characteristics (e.qg.,

university type and firm size) on that evolution.

University specialization

A comparison of university and industry collabooatat S&T-specialized
universities (those offering science and engingetourses) and at comprehensive
universities would afford a better understandin@@iv areas of specialization influence the

choice of collaboration mode.
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Influence of national contexts

There are a number of differences between developextries and catching-up
countries in terms of systems of innovation andversity and industry collaboration, so it
is to be expected that those countries differ imad of collaboration mode as well. For
example, the science-based sector in developedrasiangages primarily in R&D
collaboration, whereas the science-based sectmtahing-up countries engages primarily
in consultation. To characterize the differencaniversity and industry collaboration
between developed countries and catching-up casnicareful case by case hypothesis

construction is required.
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Appendix 1: Appendix to Chapter 3

Appendix Table:

Table Al-1: Operationalized Definition of Universily Types

University Type Operationalized Definition

National University National university is estabksl by the central
government. It emphasizes research mission tg
gain frontier knowledge and/or technology.

Local Public University Local public university éstablished by either thg
local government or the central government. Local
government allocates budget to the university
while the central government provides grant to the
universities to assist local community. Main

mission of local public university is to provide
higher education opportunities to local people and
to serve as intellectual and cultural centers withi
the local community.

U

Private University Private university is establighmy private
individuals and supported by private funds. It can
design academic curricula and has the autonomy to
promote its own unique education and research
activities, based on the spiritual legacy of its
foundation.
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Table Al1-2: Criteria for University Selection

University Type/ Course Offering
Name of University Science and Engineering Medical and Health Social Science and
Science Humanity
National University
Japan
e University of Tokyo N N N
(Todai)
e Tohoku University N N N
(Tohoku)
e Tokyo Institute of N
Technology (Tokodai)
Thailand
e Chulalongkorn N N N
University (CU)
« Mahidol University N N N
(MU)
e Chiang Mai University N N N
(CMU)
e King Mongkut's N
University of
Technology Thonburi
(KMUTT)
Local Public University
Japan
e Fukui Prefectural V N N
University (FPU) (Biotechnology and (Nursing)
Marine)
e Miyagi University N N
(MYU) (Food, Agricultural, (Nursing)
Environmental Science an
Information System)
Thailand
e Phuket Rajabhat \ N N
University (PKRU) (Industrial Technology, (Health Science)
Construction Technology
and Agricultural
Technology)
 Rajamangala N N N
University of (Engineering Courses, (Thai Traditional
Technology Agricultural Technology, Medicine)
Thanyaburi (RMUTT) Home Economic)
e Rajamangala N N

University of
Technology Lanna
(RMUTL)

(Agricultural Science,
Fisheries, Food Science,
Animal Science,
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University Type/
Name of University

Course Offering

Science and Engineering

Medical and Health
Science

Social Science and
Humanity

Engineering Courses)

Private University

Japan

¢ Keio University (Keio)

e Toyo University (Toyo)

<] <]

2 | <

e Tohoku Institute of
Technology (TIT)

¢ Toyota Technological
Institute (TTI)

< 2] 2] <]

Thailand

¢ Rangsit University
(RSV)

¢ Dhurakij Bandit
University (DBU)

e Siam University (Siam

¢ North-Chiang Mai
University (NCMU)

e Panyapiwat Institute of]
Management (PIM)

<) 2]=24 2] =]

<] 21=<2 =<2 <2

Source: University
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Table A1-3: Operationalized Definition of Collaboraion Modes

Mode Coverage of Sub-Modes Explanation
Japan Thailand
Researchand |e Joint R&D e Joint R&D e Joint or Collaborative R&D: Both

development
(R&D)

e Consignment of R&D

e Funding for university
research

e Exchange of research
sample

e Contract out R&D
e Co-publication

or all of parties make a substanti
contribution to the resource
requirements

Contract out or Commission:
Research commissioned by a
private firm to pursue a problem g
interest

Co-publication: Both or all of
parties jointly publish publication
which is output of R&D activity
Fund for university research:
Research paid for by an external
party

Exchange of research samglds
defined aghetransferof tangible
researctsamplebetween two
organizations

L

=

Consultancy

[Technical guidance

Academic consultant

Consultancy is a service provided b
expert staff

Infrastructure

Use of testing servicq
Share of technical
infrastructure

Testing service and use of
infrastructure: development, analysi
and testing for industrial products
and processes in university
department

"2

Human resource
transfer

Personnel exchange

Temporary personne
exchange

Student internship
Training for
employees

Multi-context learning mechanisms
such as training of industry
employees, postgraduate training in
industry, graduate trainees

and secondments to indust

adjunct faculty

Informal e Meeting or conferendFormation of social relationships
interaction e Personnel contact land networks at conferences, etc.
Intellectual Technology licensing [Technology licensing |Transfer of university-generated IP
property (IP) (such as patents) to firms, e.g. via
licensing licensing

Business venture

Business venture

Development and commercial
exploitation of technologies pursued
by academic inventors through a
company they (partly) own

Source: Adapted from Shartingetral 2002; Perkmann & Walsh 2007; Eom & Lee 2009; Ponomario

& Board

man 2012; Vea 2013
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Table Al-4: Level of Variables for Research Questin2

Type of variable

Level of variable

Case of Japan

Case of Thailand

¢ food (1), otherwise (0)

e chemical (1), otherwise (0)

o electrical apparatus (1),
otherwise (0)

e automotive (1), otherwise (0)

Dependent R&D mode 1. R&D mode
variable level 1: use one of all sub-modes, level 1: use one of all sub-modes,
level 4: use all sub-modes level 3: use all sub-modes
Technical guidance mode 2. Consultancy mode
use technical guidance (1), use consultancy service (1), otherwiseg
otherwise (0)
Personnel exchange mode 3. HR mode
host personnel exchange (1), level 1: use one of all sub-modes,
otherwise (0) level 3: use all sub-modes
. Technology licensing mode 4. Technology licensing mode
license technology (1), otherwise license technology (1), otherwise (0)
(0) 5. Infrastructure mode
Venture business mode level 1: use one of all sub-modes,
establish business venture mode  level 2: use all sub-modes
otherwise (0)
6. Informal mode
level 1: use one of all sub-modes,
level 2: use all sub-modes
Independent Size 1. Size
\Variable large firm (1), otherwise (0) large firm (1), otherwise (0)
Industrial sector 2. Industrial sector

¢ food (1), otherwise (0)
e chemical & petroleum (1), otherwise (
o electrical apparatus (1), otherwise (0)
e automotive (1), otherwise (0)

)
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Table A1-5: Level of Variables: Research Question 3

Type of variable Level of variable
Case of Japan Case of Thailand

Dependent 1. Product innovation developed 1. Number of product innovations developec
variable through collaboration (% of total through collaboration

products) (level 1-4) e Counting number

. level: 1:0% < x < 10%, 2. Number of process innovations develope

level 2 : 10% < x < 30%, through collaboration

level 3: 30% < x < 100%, e Counting number

level 4: 100% 3.  Amount of total sales

2. Contribution of results developed In (amount of total sales)
through collaboration to sales
(level 1-4)
. level:1:0% < x < 10%,
level 2 : 10% < x < 30%,
level 3: 30% < x < 100%,
level 4: 100%

Independent 1. R&D mode 1. R&D mode
variable 2. Technical guidance mode 2. Consultancy mode
(see detailsin 3. Personnel exchange mode 3. HR mode
Table 4 except fod. Technology licensing mode 4. Technology licensing mode
manufacturing) 5. Business venture mode 5. Infrastructure mode

6. Complementary mode 6. Informal mode

7. Size 7. Complementary mode

8. Manufacturing 8. Size

manufacturing (1), otherwise (0) 9. Manufacturing

manufacturing (1), otherwise (0)
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Equation:

( Correlation coefficient \
_ nQxy)—ExXy)
JZx? =0 [nEy? - X y)?]

Where r = correlation coef ficient,n = sample size

X = mode x,y = mode y

\- J

Interaction term

Interaction terma=x y
Wherec = mode x,y = mode y

Ordered probit regression (Japanese case)

(Pr(outcomej =1i) =Pr(Ki_y < B1x1+ Baxy .+ < K; \

Wheie= number of possible product innovation and sales
B = coefficient; it is estimated with cutting point, K
K, is taken as-co and K; is taken astoo
X = mode
\ Uj is assumed to be normally distributed )

Poisson regression (Thai case)
( C; = eMEN+ BotBrx.ctBix j \

Wher€; - product innovation and process innovation
E; is assumed to be 1
B = coefficient
X = mode
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Linear regression (Thai case)

-

y=px+e
Where = coefficient
X = mode
Y = sales
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List of Interviewees:

Japan (December 1, 2014 — July 25, 2015) (22 Intéewees)

Policy maker and Policy expert

Name

Position and Affiliation

Interview Date

Dr.Masaru Nagura

Unit Chief, University-Industry
Collaboration and Regional
R&D Division. MEXT

April 4, 2014

Prof.Hisanori Nei

Deputy Director of GRIPS Innaoat,
Science and Technology Policy
Program

November 27, 2014

Prof.Dr.Hiroo Niiyama

Professor Emeritus. Tokyotinge of
Technology

December 1, 2014

Prof. Akiko Nishizawa

Professor. Faculty of Busimes
Administration. Toyo University

(Former Professor of Entrepreneurial

Policy. Graduate School of Economics

and Management. Tohoku University

December 11, 2014

)

Prof.Dr.Takahiro Ueyama

Professor, Faculty of Bolic
Management, Keio University

January 30, 2015

Mr.Chiba Ryoji Knowledge Center. Industrial July 23, 2015
Technology Institute. Miyagi
Prefectural Government
University
1. University of Tokyo
Name Position and Affiliation Interview Date

Mr.Takafumi Yamamoto

e CEO and President Registered
Technology Transfer
Professional. TODAI Technology
Licensing Office

e Board members of UNITT (AUTM
Japan)

December 13, 2014

Mr.Kazuya Tanaka

Ph.D. student and researcher.iTodFJuIy 3, 2015

Future Faculty Program
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2. Tokyo Institute of Technology

Name

Position and Affiliation

Interview Date

Prof.Dr.Wiwut
Tanthapanichakoon

e Professor, Faculty of Engineering
e Emeritus Professor of
Chulalongkorn University, Thailang

December 4, 2014

Prof.Mitsuhiko Oi

e Director of International
Collaboration Division, Office of
Industry Liaison

e Senior University Research
Administrator, Research and
Administration Center

December 15, 2014

Dr.Xiaodong Gu

Postdoctoral researcher. Koyama
Laboratory Photonics Integration
System Research Center. P&l

Laboratory

July 5, 2015

3. Tohoku University

Name Position and Affiliation Interview Date

Prof.Fumihiko Hasegawa Vice Director. New Indusdngation | July 24, 2015
Hatchery Center

Prof.Akihiro Isomura Specially Appointed Profesddew | July 24, 2015
Industry Creation Hatchery Center

Asst.Prof. Nishith Assistant Professor. July 24, 2015

Kumar Das Shoji Project. New Industry Creation
Hatchery Center

Mr.Amnart Ph.D. student and researcher. Facultyuly 13, 2015

Boonkajay of Communication Engineering ’[

4. Fukui Prefectural University

Name

Position and Affiliation

Interview Date

Prof.Dr.Masahiro Shimotan

i President

December 0842

Prof.Dr.Takashi Utagawa

e Vice President
e Professor. Faculty of Biotechnolog

December 18, 2014

5. Miyagi University

Name Position and Affiliation Interview Date
Prof.Dr.lkuko Miyahara Professor. Faculty of Projpesign | July 23, 2014
(Tourism and Geography)
Mr.Takashi Furukawa Manager. Regional Planning and | July 23, 2014

Community Design
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6. Keio University

Name

Position and Affiliation

Interview Date

Prof.Dr.Kenichi Hatori

e Project Professor. Graduate Schog
of Science and Technology

e Former Director of Intellectual
Property Center

e Former Director of Headquarters o
Research Administration and
Coordination

[January 29, 2015

7. Toyo University

Name

Position and Affiliation

Interview Date

Prof. Akiko Nishizawa

e Professor, Faculty of Business
Administration, Toyo University

e Former Professor of Entrepreneuri
Policy. Graduate School of
Economics and Management,
Tohoku University

December 11, 2014
July 27, 2015
actober 23, 2015

8. Tohoku Institute of Technology

Name

Position and Affiliation

Interview Date

Telephone

General Affairs Office. Tohoku
Institute of Technology

July 21, 2015

9. Toyota Technological Institute

e Head of the International Affair
Committee

e Professor. Surface Science
Laboratory

Name Position and Affiliation Interview Date
Prof.Dr.Masamichi e Fellow. The Surface Science Societyanuary 28, 2015
Yoshimura of Japan

Mr.Katsuji Yamashita

General Manager. Research

January 28, 2015

Admiration Department
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Thailand (February 10 — August 27, 2015) (52 Intenewees)

Policy maker and Policy expert

Name

Position and Affiliation

Interview Date

Assoc. Prof. Dr.Somchai
Chatratana

e Deputy Secretary General to the
Prime Minister for Political Affairs
(Science & Technology, Education
and Public Health)

e Deputy Secretary General. Nationa

Science Technology and Innovatio
Policy Office

October 21, 2014

5 =

Dr.Kitipong Promwong

e Political Official. the Secretariat of
the Cabinet

e Secretary of Sub-Committee on
Science and Technology. The
National Legislative Assembly

e Deputy Secretary General.
National Science Technology and
Innovation Policy Office

February 17, 2015

Dr.Thitapha Smitinont

Director of Industrial Technology
Assistance Program. National Scien
and Technology Development Agen

February 18, 2015
ce
Ly

Dr.Nattaka Singhavilai

Manager. Industrial Techigylo
Assistance Program. National Scien
and Technology Development Agen

February 18, 2015
ce
Ly

Ms.Soawapa Yuwawutto

Manager. Industrial Technology
Assistance Program. National Scien
and Technology Development Agen

April 22, 2015
Ce
Yy

Ms.Watcharin
Wittahayaweerasak

General Manager. Thai Business
Incubators and Science Parks
Association

March 13, 2015

Dr.Patthareeya Lakpetch

Lecturer. National Institnit
Development Administration

(Research funded by National

Research Council of Thailand (Topig:

Knowledge Transfer Effectiveness o
University-Industry Alliances)

February 24, 2015

Mr.Martin VenzkyStalling

Senior Advisor at the Chiang Mai
University Science & Technology

August 17, 2015

Park
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University

1. Chulalongkorn University

Name Position and Affiliation Interview Date
Assoc.Prof. Dr.Wisanu e Former Vice President for ResearghOctober 17, 2014
Subsompon, e Former Director of Chulalongkorn

University Intellectual Property
Institute
e | ecturer. Faculty of Engineering
Dr.SupichaiTangjaitrong Director of University and Industry | August 27, 2015

Linkage Division. UNSEARCH

Prof.Dr.Suthichai

Deputy Dean for Research. Faculty

pFebruary 17, 2015

Assabumrungrat Engineering

Asst. Prof.Dr.Anongnat Assistant Dean for Research. FacultyFebruary 24, 2015
Somwangthanaroj of Engineering

Assoc. Prof.Dr. Pichet Head of Cytopathology. Faculty of | February 16, 2015
Sampatanukul Medicine

Assoc. Prof. Dr.Sanong
Ekasit

Lecturer. Faculty of Science

February 17, 2015

Mr.Wisit Leelasiriwong

e Lecturer. Faculty of Science

February 16, 2015

e Researcher. Unisearch

2. Mahidol University

Name

Position and Affiliation

Interview Date

Prof. Dr.Sansanee Chaiyar

0¢ Vice President for Research and
International Relations
e Advisor. Crown Property Bureau

February 16, 2015

Prof. Dr. Boonsirm
Withyachumnarnkul

e Department of Anatomy. Faculty ot
Science

e Center of Excellence for Shrimp
Molecular and Biotechnology.
Faculty of Science

e Science and Technology Award
Thailand Toray Science Foundatio
Year 2000

February 14, 2015

Dr.Poomporn Thamsatitdej

Manager. University Indidra

June 24, 2015
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3. Chiang Mai University

Name Position and Affiliation Interview Date
Assoc.Prof.Sermkiat Vice President for Research and August 12, 2015
Jomijunyong Academic Services

Dr.Tanyanuparb Anantana| Director, Science and Taogy August 20, 2015
Park

4. King Mongkut University of Technology Thonburi

Name Position and Affiliation Interview Date
Asst.Prof.Dr.Montira e Assistant to Vice President for February 10, 2015
Nopharatana Industry Engagement

e Faculty of Engineering
Ms.Suttiporn Technology Liaison Officer February 10, 2015
Thanglerttanasub
Ms.Hatairat Thangvarawut| Technology Liaison Officer February 10, 2015
5. Phuket Rajabhat University
Name Position and Affiliation Interview Date
Dr.Hiran Prasankarn Vice President for Planning and February 25, 2015
Budget
Asst.Prof.Dr.Kulvara e Director of Research and February 25, 2015
Suwanpimol Development Institute
e Head of Tourism Industry Program
Asst.Prof.Noppadol Dean of Faculty of Management February 25, 2015
Chanrawang Sciences
Asst.Prof.Suwanit Deputy Dean, Aquaculture Program, March 1, 2015
Chainarak Faculty of Agricultural Technology
Asst.Prof.Pavarana Head of Public Health Program, February 25, 2015
Achariyabout Faculty of Science
Ms.Montira Chaitayakul e Lecturer. Faculty of Agriculture February 26, 2015
Technology
e Entrepreneur. Phuket Hydroponics
Co., Ltd.
Ms.Khanitta e Manager. University Business February 25, 2015
Tanawiratananij Incubation.
e Lecturer. Faculty of Industrial
Technology
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6. Rajamongkol University of Technology
Name Position and Affiliation Interview Date
Asst.Prof.Dr.Charoen e Member of the RMUTT Faculty February 19, 2015
Charoenchai Senate

e Lecturer. Faculty of Agriculture

e Former Vice President for Researdgh

Asst.Prof.Dr.Niwat Moonpg Director. College of Igtated

Science and Technology. RMUTL

February 10, 2015

7. Siam University

Name

Position and Affiliation

Interview Date

Dr.Kanjana MahattanataweeDean of Faculty of Science

February 19, 2015

Dr.Thanakorn Limsarun

e Manager. University Business
Incubation

e Lecturer. Faculty of Business
Administration

February 19, 2015

8. Rangsit University

Name Position and Affiliation Interview Date
Asst.Prof.Dr.Nares Vice President for Academic Affairs | March 5, 2015
Pantaratorn

Mr.Watchara Loysmut

e Director of Academic Service Cent
e Lecturer. Faculty of Engineering

eMarch 5, 2015

Asst.Prof.Dr.Walaiporn
Nakapan

e Director of Center of Innovative
Learning
e Lecturer. Faculty of Architecture

March 5, 2015

Dr.Walaiporn Nakapan

Director of Center of Innovati
Learning

March 5, 2015

Ms.Bencha Santhithananoi
(telephone)

e Director of Business Incubator and
Intellectual Property
e Lecturer. Faculty of Business

January 16, 2015

Administration
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9. Dhurakij Pundit University

Name

Position and Affiliation

Interview Date

Assc.Prof.Dr.Somboonwan
Satyarakwit

Vice President for Academic Affairs

February 11120

Asst.Prof.Dr. Kom
Campiranon

Deputy Dean of Dhurakij Punsit
University International College
(DPUIC)

March 8, 2015

10.North Chiang Mai University

Name

Position and Affiliation

Interview Date

Mr.Puchit Punyathep

Faculty of Engineering (Mechahi
Engineering)

July 27, 2015

11.Panyapiwat Institute of Management

Name Position and Affiliation Interview Date
Assc.Prof.Dr.Sompop President February 13, 2015
Manarungsan
Mr.Phornvit Vice President for Academic Affairs February 13120
Phacharintanakul
Mr.Siam Vice President for Administrative February 12, 2015
Chocksawangwoong Affairs

Dr.Lertchai Suthamanon

Assistant to the PresidamPlanning
and Development

February 12, 2015

Ms.Parichart Buakao

Assistant to the President for
Organization Communication

February 12, 2015

Assc.Prof.Dr.Pisit
Charnkeitkong

Dean. Faculty of Engineering and
Technology

February 12, 2015

Dr.Usanee Kulintornprasert

Deputy Director. Offafe
International Relations

February 12, 2015

Mr.Viwat Maikaensarn

Assc. Dean for Administratiééair.
Faculty of Innovative Agricultural
Management

February 13, 2015

Ms.Nirada Jutagasut

Section Manager. International
Business Networking Management

February 12, 2015

Ms.Waranglak Udol

Specialist, CP All

February 1212
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Appendix 2: Appendix to Chapter 5

University-Background Information:
Japanese National University
1. University of Tokyo (Todai)

The University of Tokyo was established in 187 7hasfirst National University in
Japan. It originated with several specialized sthiovarious fields such as the Imperial
College of Engineering and Tokyo School of Agriauét and Forestry, and it transformed
to become a comprehensive research university @dsity of Tokyo website) that offers a
wide range of areas including science and enging€8&E), medicine and social science.

In 2015, the university had 14,050 graduate stigdand 13,887 undergraduate students.

To stimulate university and industry collaborat{@HC) activities at the institutional
level, Todai established two organizations to dmilate with the industry during the
1990s, which are the Center for Collaborative Reteand Todai Technology Licensing
Office (TLO) Co., Ltd. In 2004, the Center for Cadbrative Research was transferred to be
subordinate to the Division of University Corpor&elations (DUCR). The DUCR was
founded as a central organization overseeing Utvies, which has three main
functions: 1) collaborative research developmenegates innovative collaborative
research; 2) intellectual property manages anitesilintellectual property and 3)
innovation and entrepreneurship development fatdistart-up firms. This division has

incubation rooms to incubate start-ups at threegslathe University Corporate Relations
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(UCR) Plaza, the Komaba Campus Collaborative ReBd&@CR) building and the
University of Tokyo Entrepreneur Plaza, includingd@i mentors through a network of
external professionals. It also provides entreprestep education programs, namely the
University of Tokyo Entrepreneur Dojo. In the sayear of DUCR’s establishment, the
University of Tokyo Edge Capital (UTEC), an eargige technology venture capital firm
with $280 million funding, was also founded (Figét2-1). In addition, DUCR launched
the University Corporate Relations Network coopatawith the Japan Business
Federation (Nippon Keidanren) in 2005. This netwioak served as an information
exchange forum between the university and industd/an open forum for receiving the
industry’s requests and opinions. Interestinglyddidias a policy to eliminate barriers
between faculties and departments; therefore, DU&Rbeen assigned to support all

activities of the multi cross-departmental and departmental program.
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Figure A2-1: Todai's Organizational Structure for Supporting Industry

= = - =
e ____FireSIdeEt____ 10 faculties, 15 graduate schools, 11
R institutes and 18 university -wide
~" Executive Vice >, Centers
President .~
(" Division of Director General ‘ “ University Corporate |
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Relations (DUCR) - (Administrative group)
| _ |
‘ Office of Innovation "Office of Collaborative ~ Office of Intellectual
| and Entrepreneurship_ “Research Development . Property ‘/
Incubation {"ollaborative research Utilize IP
Mentoring fuesearcher exchange
| Entrepreneur development
- ~ P
University of Tokyo .
‘ A  Todai TLO Co,, Ltd. |
Financing for start-up G 0 G Marketing and licensing

‘ Society and Industry ‘

In order to encourage faculty members to work wh#nindustry, the university
provides financial incentive to inventors. Roydles will be distributed to the university
(30%), to the institute or laboratory with whicletimventor is affiliated (30%) and to the

inventor (40%) after deduction of administratioedeand any patent expenses.

2. Tokyo Institute of Technology (Tokodai)

The Tokyo Institute of Technology (Tokodai) wasaidished in 1881. It used to be a
vocational college and transformed its status ttmb® a national university. Tokodai
currently offers science and engineering courséseatindergraduate and graduate level. In

total, the institute has 9,982 students (4,788 tgrdduate students, 5,101 graduate
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students and 93 research students). The studarityfaeember ratio is approximately

1:8.5.

Tokodai greatly emphasizes UIC activities by esshiohg an office of industry liaison
(OIL) and setting up various programs such as thlalworative R&D, research alliance
program and visiting researcher progré&@milar to Todai, along with the government’s
initiatives, the institute’s structural organizatibas gradually evolved for more than thirty
years. The role of the institute in supportingitigustry has been recognized and
established as a formal form since 1982. At tmaetiTokodai founded the Center for
Research Cooperation and Information Exchange,whias restructured and renamed
twice to Frontier Collaborative Research Centet988 and Integrated Research Institute
in 2010. This institute has the main mission oflfi@ting and promoting the institute’s
joint research with the industry in four fieldsfadntier science, such as life science,
information science, material science and enviramaiescience, through collaboration
with researchers within and/or outside the ingitliiue to the establishment of the TLO
Act, MEXT program’s IP department was founded. Whstablishing OIL, the IP
department was transferred to OIL, which acts esrdral organization of the Tokyo
Institute of Technology overseeing UIC activitiEscept for the endowed research
chair/division program, the research promotion dipent under the administrative
department handles it. OIL cooperates with theaietestrategy office under the planning
and management office through deployment of thitirie’s R&D plans and policies. OIL

serves as an R&D supporting body that cover mateuichase, employment, cost
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management and reporting. Meanwhile, it provides-stop service for external
organizations such as business and governmentt tawilitates faculty members to carry

out research within and outside the institute (Fegh2-2).

Figure A2-2: Tokodai's Organizational Structure for Supporting Industry
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_ Department (Research  tesgarch . Industry Liaison -~ policies +  Management Office
\~ Promotion Department) =7 3 chair/divisior : \.\_________(_Research Strategy OffICE_)_____.."
SRR —————— program e e
T - s - v ~ .
International Contract
. S . IP Management Technolo
Planning Division ‘ Collaboration ‘ Divis?on Transfer Divgs,)i/on ‘ Management ‘
Division ) _ Division

\ Coordinator /

This office offers the different collaborative prags to the industry as follows,
whereas the research promotion department dedighétendowed research chair/division
program aimed at maintaining a new research chagsgarch division on the basis of an

endowment from private companies or other orgaiuzat

e Collaborative research program:Both parties collaborate in research on a topic of

mutual interest.

e Sponsored research programThe institute undertakes research commissioned by

private companies, and the faculty member condestsarch as an employee of the
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university. Intellectual property generated throtigls program belongs to the
institute.

e Sponsored researcher programThe institute accepts sponsored researchers from
external organizations to conduct studies on thepces under the direction of
faculty members.

e Collaborative research chair/division program: With funds from the sponsoring
company, the chair/division program can be estabtison the campus, and
company researchers are appointed as faculty member

e Academic consultation:It provides academic consultations regarding the
institute’s research.

e Technology consultation:It provides consultations on R&D conducted by peva

companies.

The contract-based programs are handled by OlLefady, the agreement requires an
overhead cost that accounted for approximately 2B®#be total cost. Three programs,
which are collaborative program, sponsored reseaq@ogram and collaborative research,
the chair or division allows the company research@iconduct research at the institute
through three programs, which are collaborativegmm, sponsored researcher program

and collaborative research (Table A2-1).
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Table A2-1: Collaborative Programs offered by Offi@ of Industrial Liaison

Program Conducted by Location Company Contract Overhead Department
researchers in with the (% of total in the
institute institute costs) institute
Collaborative Faculty/Company| Tokyo Tech 23% OIL
research program researchers and company
Sponsored research Faculty Tokyo Tech X N 23% OIL
program
Sponsored Company Tokyo Tech N On 200,000 yen OIL
researcher progran researchers application (for 1 year)
from company
Collaborative Faculty, Faculty | Tokyo Tech N 23% OIL
research of the chair of
chair/division division,
program Company
researchers
Endowed research Faculty of the Tokyo Tech X X None Research
chair/division chair of division | and company promotion
program department
Academic Faculty/Company| Tokyo Tech X N 23% OIL
consultation researchers
Technology Company Company X No (faculty - Human affair
consultation researchers, sideline) department
Faculty in a

private capacity

3. Tohoku University (Tohoku)

The Tohoku University was established in 1958 aghird imperial university with a

“research first” principle and “open-door” polidpuring the process of preparation for the

establishment, the Ministry of Education sent elofessors to Europe to study who

embedded the culture in pursuing cutting-edge kadge. As a result, the university aims

to become a world-class university and a universitythe region. Tohoku currently

provides various courses, which are science anme&gng (S&E), medicine and social

science. As of November 2014, Tohoku had 7,853ugtmdstudents and 11,224

undergraduate students.
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Although the Office of Cooperative Research anddlgyment acts as a central
organization for UIC activities, faculty deans halie authority to sign contracts with
firms. This office offers several services, whick atellectual property, incubation,
technology licensing, joint R&D, commissioned R&Bdaconsultation (Figure A2-3).
Because Tohoku is a national university located local area, it established the New
Industry Creation Hatchery Center (NICHe) to coridadvanced research with the
industry, while T-Biz was also founded as an ind¢igvafacility for regional development.
Both the deans and Office of Cooperative ReseardDeevelopment have the authority to

sign contracts.

Figure A2-3: Tohoku’s Organizational Structure for Supporting Industry
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To encourage faculty members to create innovaliohpku set up the financial
incentive scheme. For example, income obtainedckysing patents is paid back to
inventors, research funds and the university. Adeguction of technical transfer (1/3), the
remaining licensing fees are distributed to inven{@0%), laboratories (30%) and the
headquarters (40%). In the case of copyright aamikemnark, all incomes are distributed to
the headquarters. R&D funding can range from 0%08 for inventors, and the funding

rate for laboratories can vary from 30% to 68%.

Japanese Local Public University
4. Fukui Prefectural University (FPU)

Fukui Prefectural University (FPU) was originallgtsip in 1992 with a bio-resource
and nursing course. It recently opened economigdtfacAt present, the university has
1,819 students, which include 1,625 undergraduatéests and 194 graduate students.
Interestingly, this university aims to collaboratgh local businesses through the Research
Institute for Regional Economics. This institutenaito share information among local
businesses and conduct research on Asian coumtroeder to provide this information to
companies in the Fukui prefecture. FPU was panflyénced by government policy, such
as the Public University Corporation Law, but imts of financial support, the local
government directly influences universities throlfD funding. Due to a relatively new
university,there is still no important milestone or turningrgan the university’s policies

toward supporting the industry. So, as to encoupagiessors to conduct R&D activities,

37 http://www.rpip.tohoku.ac.jp/english/files/ip_maaiuen.pdf
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the university annually allocates an equal budggtrofessors. Nonetheless, the president
considers that this R&D budget allocation approaafht not be appropriate because
professors’ interests in conducting R&D may beat#ht. He is therefore considering
reviewing the R&D budget allocation approach todme more appropriate and efficient.
However, the university does not yet have a ruleearly distribute the professors; work
load to work with industry yet. It still depends thre professors’ interests. In FPU, there is
no central organization to support the industrgldcscientific research. At this moment, it
only has a small incubation, but it is not the kafctentral organization to handle all the
university’s incubation activities. In the casetluf university, it may not be necessary to

establish TLO inside because its focused partneiostly the small local business.

‘Even though our university is relatively small amabst of the faculty members are
interested in teaching rather than doing reseatatgntinue strongly supporting
research activities. Each year the university altas the R&D fund to faculty members
including the annual fund from local governmertielieve the research activities

benefit local community.’

‘In my opinion, establishing TLO in the universityy not be appropriate for us. Our
partners are mostly small local firms, but | thimkcentral organization handling
documents and coordinating with our partners is enappropriate.’

Utagawa, T., Interview, December 18, 2014.
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‘Mutual respect is very important. It helps to lobifust between two sides. In order to
build mutual respect, the university researchet&ss should not be higher than the
firm.’
Utagawa, T., Interview, December 18, 2014.
5. Miyagi University (MYU)

In 1997, Miyagi University was established in ther&kawa district, Miyagi prefecture
with a School of Nursing and School of Project @asin 2001, the university established
the Graduate School Programs for Nursing and RrBjesign. In 2005, Miyagi
Agricultural College, a junior college located iarfélai, merged with Miyagi University,
and the School of Food, Agricultural and EnvirontaéSciences opened in the same year.

Now, 1,658 students have enrolled in the university

‘| think that our university mainly focuses on edtion because it is a main mission of
the university whereas contribution to society se&rbe the second priority issue.
MYU has an explicit policy to contribute to thedbcommunity by providing funding.’

Miyahara, I., Interview, July 23, 2015
Furukawa, T., Interview, July 23, 2015

The Regional Liaison Center was established inlA004 to develop closer research
ties and networks with communities in Miyagi. Toehthe society's evolving needs, the
center initiates and facilitates collaborative podg between MYU researchers, private
industry, government organizations, non-governmenganizations, think-tanks and other

academic institutions. Staffed with full- and painte researchers and professionals, we
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make working for the betterment of today's commuittie driving force behind our
activities However, firms sometimes directly contact faculoesndividual researchers

(Figure A3-4).

‘We voluntarily work with local people; thereforeg @o not receive extra
remuneration.’

Miyahara, I., Interview, July 23, 2015.

Figure A2-4: MYU's Organizational Structure for Supporting Industry
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Japanese Private University
6. Keio University (Keio)

Keio University (Keio) was established in 1858wHs initially a Dutch studies school
and transformed to an English studies school. Afat, it set up an elementary and
secondary school, followed by the School of Medciat this moment, it has become a
comprehensive university. Of the total studentstelare 37,000 undergraduate students

and 4,000 graduate students. Most of undergradiadents study in areas of social
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sciences and humanities, whereas a major propastigraduate students are in the area of
science and technology, including medicine. Keis tiae main campus and seven regional

campuses.

In the 1990s, the Japanese government enacteavihaf the Technology Licensing
Office (TLO) and Bayh-Dole Act. At the same timegil University established TLO in
1998. The ownership of invention was transferrethéouniversity, thus leading to rule
enforcement on the allocation of income remunenatiocl 999. The university’s
administrative system, regarding collaborativewtitis with the industry, significantly
changed in 2003. The university established anrazgtion for research advancement and
administration, a center for research promotionamdhcubation center. During those
periods, the rules/regulations, codes of condudtpaticies regarding collaboration with
industry were enacted; for example: (1) rules/ratjoihs for handling intellectual and
tangible properties, inventions and entrepreneppst fund; (2) codes of conduct for
research ethics and (3) conflict management polic2007, the Keio Advanced Research
Center (KARC) was established to serve collaboeagistivities in various research fields.
In 2011, research advancement and administratioa tr@nsformed into the headquarters
for research coordination and administration. Titellectual property center and center for
research promotion were restructured to two divisionder the headquarters for research
coordination and administration. Each of those esnplayed an important role in

promoting patent application, technology transfesearch collaboration and facilitation
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and business incubation. The committees on rese#nats and intellectual property

mediation have been appointed to oversee the delstaes.

‘Even though the university has corporate statusvim intellectual property rights,
before enactment of Japanese Bayh Dole Act (1888 collaborating with us solely
owned the rights. This is because, at that timgiyidual researchers were not aware
of intellectual property ownership.’ ‘After 1998ewalso set up TLO. | think we also
follow government initiatives and National Univeydike Todai.’

Hatori, K., Interview, January 29, 2015.

The office of research administration provides coghpnsive support for research
project management. It offers a variety of othgapsut services, including negotiations and
completion of contracts for joint or commissionedearch, management of research
expenses and research spaces and compilation esehpation of research results.
Interestingly, Keio University also focuses on ablbration with the industry at the
regional level. It has a head office located onaMiampus and regional offices located at
each campus of the university. The headquarterseptieaded by the vice president,
consists of three divisions: (1) planning and stygitoffice to propose R&D plan and
strategy of university; (2) research promotion tanage external R&D funds and build
long-term relationships and (3) technology licegsiffice to manage the intellectual
property issue. With seven or eight staffs, rediofieces support and manage R&D
budgets, including providing preliminary advice\sees for the intellectual property issue

and maintaining close contact with individual resbars. However, the regional offices
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are required to pass the cases through the headrpuaffice if they need to make
technology licensing agreements. Head office agobnal offices closely work together.
During the weekday, two regular meetings at thallegice on Mita campus are arranged
for two days, and the rotation schedule to visitheeampus is set up for another three days
(Figure A2-5). In the case of technology licensitigg income from the royalty fee is
distributed to the inventor (42.5%) and univer$#$.5%), whereas 15% is deducted for the

management fee.

‘We work closely with regional offices. During tiveek, one or two regular meetings
with regional offices are arranged at the headqgaestoffice, and then the rotation
schedule to visit each of the campuses is setrignfather three days.’

Hatori, K., Interview, January 29, 2015.
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Figure A2-5: Keio’s Organizational Structure for Supporting Industry
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7. Toyo University (Toyo)

=
&

Toyo University (Toyo) was founded in 1887 by Dnrifo Inoue. At the beginning, its
name was the Private Philosophy Academy. It is ooesof the largest universities in
Japan with over 30,193 students in both liberal and science courses. More than 90% of

the total students are graduate students.

‘Toyo University has significantly evolved frommrgea faculty of letter as the oldest
faculty to offering a wide range of study areadudag S&T area. Also, our

laboratory is advanced. Sometimes, firms are ssgufiwhen they learn that we have
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already offered an S&T degree. After that, theytsththe collaboration with us, even
the large firms.’

Nishizawa, A., Interview, October 23, 2015

The research facilities at the university are assed with a wide range of knowledge
for comprehensive research. The researchers aoei@ged to conduct in-depth research
for the future. The university’s research actiatieclude programs adopted for the
Strategic Research Foundation Grant-aided Praped®rivate Universities and other
projects implemented by the Ministry of Educati@ulture, Sports Science and

Technology(3,765,413,000 yen in fiscal year 2014).

Research institutes were established for carryutdJdC activities. For example, the
Research Institute of Industrial Technology evolfredn the Research Group of Industrial
Technology. This institute is a focal point for latloration with the industry in order to
promote practical education for industrial techigglomainly in university and industry
collaboration. Its activities include joint researcommissioned research, commissioned
experiment, technology consultation and other $@oiatribution activities (workshops,
lectures etc.). The Asia Public/Private Partnergmgtitute (APPPI) aims to support
research and education or training for infrastriectievelopment in Asia. The APPPI
conducts both education and research activitigsubtic-private partnership (PPP) and
supports firms and municipalities to participaté\sian countries’ projects in the aspect of

financial assistance and knowledge transfer.
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8. Tohoku Institute of Technology (TIT)

The Tohoku Institute of Technology (TIT) was foudde 1964 to produce high-skilled
technicians for the region. This institute offerseangineering course in various areas.
There are 3,040 enrolled students. Of the totalesits, almost 90% are undergraduate

students.

‘Since SMEs in the Tohoku area do not have highniglogical capabilities, Tohoku
Institute of Technology relatively collaboratesiwlibcal communities.’

Nishizawa, A., Interview, October 23, 2015

The Community Outreach Center supports regiongberaiion, regional development,
industrial development and human resources devedoprithis center consists of three
divisions: Regional Cooperation Division, Regiokiaiman Resource Development

Division and Research and Intellectual Property.

9. Toyota Technological Institute (TTI)

Toyota Corporation established the Toyota Techrno&bgnstitute (TTI) in 1981 as a
part of the social contribution activities. It dnglly only admitted students with industrial
experiences and extended to admit high school sted€his university used to offer a
vocational and bachelor program in engineering niowt it also provides education in the
master and doctoral level. TTI now has eight resdeaenters mainly specialized in fields

of energy and vehicle. Of these research centigref them have been supported by the
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Ministry of Education, Culture, Sports, Science deghnology (MEXT), as well as
projects running with significantly large grantgpported by MEXT and other government
agencies. These research centers have carriedl@aliarative activities with Toyota
center R&D laboratories (TCRDL) under Toyota Cogiimm, especially the research
center for smart vehicles. They set the schedulpddodic meetings. The difference
between TTI's R&D activities and TCRDL’s R&D actii@s is that TTI puts emphasis on
basic research; in contrast, the research objecti/&d CRDL are mainly based on applied
research projects. The research themes of TCRDgearerated by the ideas of Toyota
Group Companies and TCRDL, including social ancheanic demands. Nonetheless,
TCRDL does not abandon fundamental research, Btitlitarries out cutting-edge
research based on future trends in technologieBCRDL, it employs state-of-the-art
analytical and measurement equipment in order pboex new technologies leading to
prototypes (Figure A2-6). Owing to Toyota Corparats affiliations, TTI's research
centers closely collaborate with TCRDL, especitiily center for smart vehicles. They set

the schedule for periodic meetings.
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Figure A2-6: TTI's Organizational Structure for Supporting Industry
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Although Toyota has supported TTI, it seems torb@éeependent body. It has an
authority to manage education, but in the aspeB&D, it closely works with a parent
company. Interestingly, Toyota’s competitors akscruit TTI's graduates. Also, the
government policy, such &pecial Funds for the Creation of Strategic Research
Infrastructure, affects TTI. It has become a member of the rahoiology network that

provides infrastructure service to the public.
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TTI founded the R&D Administration Department td as a central organization to
oversee its overall R&D activities. With seven f&tathe head of this department assigns
each staff to handle R&D contracts and agreemerdisiding intellectual property
management. The head of this department used tofaol CRDL. In the case of a joint
research project, the Research Promotion Commétappointed in order to review if a
joint research project is useful or likely to fasmme obstacles before proposing the
results of the review to the president. The heati®@R&D Administration Department

serves as a coordinator between the Research Roon@ammittee and the department.

‘The university provides a relatively large amoohR&D funding compared to
other universities. Our laboratories also have advad R&D facilities and
equipment. | think researchers have a favorablerenmnent for doing research.’

Yoshimura, M., Interview, January 28, 2015.
Yamashita, K., Interview, January 28, 2015.

‘| think the university has received good suppootrf MEXT, especially the R&D
infrastructure. The nanotechnology laboratory it ge to assist the industry in
various ways such as technical guidance and usguijpment.’

Yoshimura, M., Interview, January 28, 2015.
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Thai National University
1. Chulalongkorn Universities (CU)

Chulalongkorn University (CU), the first higher edtional institution in Thailand, was
founded on March 26, 1917 with 380 students, taklagses in four faculties: Medicine,
Public Administration, Engineering, and Arts andeBce. The university was formed by
Royal decree, with the aim of producing qualitygmemel for both the public and private
sectors. CU offers 19 faculties of study includBgence and Technology, Medicine, and

Social Sciences with 39,750 students and44B3 postgraduates.

‘CU is an old university which has very long histdherefore the change in the
university perhaps occurs gradually.’ ‘I think theMUTT’s administrative system is
relatively flexible.’

Leelasiriwong, .W, Interview, February 16, 2015.
Ekasit, S., Interview, February 17, 2015.

‘Yes, we are a comprehensive university but propalg do not take this advantage to
integrate various fields of knowledge embeddetienuniversity. | have two
collaborative projects with other faculties (socsliences area) because | personally
know some members there. The starting point cdlgothation is not a university
initiative to encourage faculty members to workaossr faculties.’

Ekasit, S., Interview, February 17, 2015.
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‘Our university delegates a lot of power to the Dedi a faculty because the
university is very large. Each faculty has its awanagement, for example, key
performance indicators (KPI) vary by faculty.’

Subsompon, W., Interview, October 17 2014.

There are two levels of United International Codlét1C) organizations founded at
CU. At university level, UNISEARCH, an academic\see center, aims to provide a
research and consultation service including orgagiruman resource development,
whereas the CU Intellectual Property Institute (Efunctions to transfer technology,
manage intellectual property (IP), and initiatetstg firms. To sell IP-related products, the
university founded Chamchuri Innovation Co., Lt 2006. Academic service fees are

deducted at between 13 and 20% to the university. percent of the licensing fee is

distributed to invento?sg. At faculty level, the Center for Engineering Seev(CES) was
set up at the faculty of Engineering to provide poehensive engineering services and
support for various types of engineering projettese services include design, testing,
training, industrial research, and consultationSGHocates: 60% of the testing service
fees to researchers; the cost for technical caatsait varies depending on years of
experience and workload. On the other hand, thdtiaof Medicine was founded by the
Clinical Research Center (CRQis has four sub-centers: research clinic, cliagearch

laboratory, data management, and pharmacokingie. CRC offers research services to

% Thanasukarn, L. (2013)
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Clinical Research Organizations (CROs) and pharotaa businesses, and also provides

them with access to the experienced academicwithih the faculty (Figure A2-7).

CUIPI often set too high prices for technologiescdivered by universities. They
use the calculation approach of foreign countriesmy case, this office could have
assisted me in handling legal documents. Howeveadl to contact and negotiate
with the prospective licensees by myself.’

Ekasit, S., Interview, February 17, 2015.

Figure A2-7: CU’s Organizational Structure for Supporting Industry
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2. Mabhidol University (MU)

T,

The first Siamese medical school, the Rajapaethayals established in 1888 by a
Royal decree. This was recognized in 1943 as dguoiadical school and has now become

a comprehensive university, offering both undergedd and graduate programs in many
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fields including science and technology and saxances. Mahidol University now has

18,702 undergraduate and 8,918 graduate students.

At university level, MU founded MAHIDOL Institutefd’ echnology Transfer and
Innovation (MITI) in October2013 to disseminate university knowledge and academic
research to Thai industries and society, and erghaational policy with a technology
transfer approactMITI provides two main services to industry as IP and
commercialization and industrial liaison. In adalitj Science Technology and New
Business Innovation Group Co., Ltd. (STANG) Holdidgmpany is another central
organization which has invested in MU technologgibass ventures since 2004. Similar to

CU, academic service centers were independentlypsigt some faculties (Figure A2-8).

Figure A2-8: MU’s Organizational Structure for Supporting Industry

/ Mahidol University \

University level

Mahidol Institute of

Technology Transfer STANG Holding

and Innovatior(MITI) Cortlgrly)
Faculty level
Faculty of Faculty of Faculty of College of
Engineering Medicine Science Management
i : Academic Service "/Academic Servic;' [ University
Academic Service BUSINGSS ‘

Center

Incubator (UBI)

\Center Center

201



However, regarding medicine, all collaborative pot$ must be first approved by the
University President. Ten percent of the total aoaid service fees are divided between the
university (4%), and the faculty or department (6%)e remainder is allocated to
researchers and also covers the operating costthé-taculty of Engineering, 30% of the
fee is retained by the university and 70% is alieddo the faculty as remuneration for the
researchers depending on workload. For IP, theeusity does not specify the distribution
rate of the royalty fees, but identifies the reeiyis of these fees as the inventor, university,
central technology transfer center, and the afidies of the inventor (faculty and
department or laboratory). Interestingly, MU hagsgulation for matching the fund by

supporting between 20 and 50% of the total prajests.

‘| believe that the vision of a university’s exeees and policies is the most
critical factor for promoting university and industl collaboration.’

Chairoj, S., Interview, February 16, 2015.

‘I have never worked with other faculties insideversity. Faculty members are
quite busy therefore | find the partners (workiong déther faculties) outside the

university.’

‘| registered patents because the university amdR&D funding agency use a
patent as a criterion to assess research succedact, | never thought | would
license those technologies.’ ‘Patents are not ingaarin my opinion. Knowledge or
technology could be transferred through other cledsin

Withyachumnarnkul, B., Interview, February 14, 2015
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‘Even though we are a research university, the auies of collaboration are
mainly product and process improvement. In my opinive have to set a clear
direction as to whether we shift toward entreprerewniversity’
Thamsatitdej, P., Interview, June 24, 2015
3. Chiang Mai University (CMU)

Chiang Mai University (CMU) was established in 13&4the first institution of higher
education in Northern Thailand under a Royal Chaytanted by His Majesty King
Bhumibol Adulyadej. CMU has now developed intcoanprehensive higher learning
institution, providing a broad range of academiagpams including (science and
technology, medicine, and social science). ToddUMffers 92 bachelor degrees, 26
graduate diplomas, 127 master degrees, 15 highkmadas, and 36 doctoral programs.

CMU has 36,363 students as 27,343 undergraduaie®,820 postgraduates.

The central UIC organizations have been found&eMit. Firstly, the Science and
Technology Park (STeP), renamed from the Techndgpelopment Center for Industry
or TDCI. This organization was founded in 2012 ,dehsn official collaboration between
the seven faculties: Engineering, Science, AgnicaltAgro-Industry, College of Art,
Media and Technology (CAMT), Architecture, and Biesis Administration. Its mission is
to provide one-stop-service for science and tedgywinnovation for both researchers and
industries, including collaborative research prtgetechnology business incubation and
consultation, and technology transfer, intellecpuralperty, and technology

commercialization. Through financial support frame Ministry of Science and
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Technology, STeP acts as the main hub for the MortBcience Park Project. This project
collaborates with six other universities in the tiern region: Maejo University, Mae Fah
Luang University, University of Phayao, Naresuanvérsity, Pibulsongkram Rajabhat
University, and Uttaradit Rajabhat University. Sedky, the Science and Technology
Development Institute Establishment Project, laganed the Science and Technology
Research Institute (STRI) in July 1985, was essaklil as part of the academic service unit,
specifically for technology transfer activities file communities. Several faculties operate
independent research and academic centers. 1)a€hkyf of science set up four research
service centers as The Doisuthep Nature Study €élfie Center for Multidisciplinary
Science Research, The Center for Materials SciResearch, and The Science and
Technology Service Center. 2) The faculty of Engnmeg has an academic service center
to assist local businesses, and a consulting esicenter for machine design and

development for small and medium enterprises (SMEgure A2-9).

‘Compared to CU, we are relatively new, but | thim& have performed well in
terms of academic publications. However, our ursitgrhas been pressured by
several factors. Our research excellence missiostine achieved, to respond to
international competitiveness. Product and progegzrovement for local SMEs
and microenterprises must be done to serve loaainconities. More importantly,
the government has considered our university asgégonal hub; some government
initiatives were implemented.’

Jomjunyong, S., Interview, August 12, 2015.

204



Figure A2-9: CMU’s Organizational Structure for Supporting Industry
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4. King Mongkut’s University of Technology, Thonburi (KMUTT)

King Mongkut’'s University of Technology, ThonbuKIMUTT) was established on
February 4, 1960 as the Thonburi Technology InstiWiTI), by the Department of
Vocational Education, Ministry of Education. Itsjedtive is to train technicians, technical
instructors, and technologists. On April 24, 19%hE, enactment of the Technology Act
created three technical institutes to form one elegranting institution under the name of
King Mongkut’s Institute of Technology (KMIT). InQr4, KMIT at Thonburi campus was
transformed into a university, offering science andineering courses. As of 2012, full
and part-time students numbered 16,438, includin§6b undergraduates and 4,772

postgraduates.
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‘A mindset to respond to the needs of society addstry is likely to be deeply
rooted in university culture. Even though the terfireach president is limited and a
newcomer takes the position, | feel that this ealtuas not changed. In addition, |
guess that S&T-specialization may be a factor promgocollaboration with
industry. We have similar educational backgrourteisgineering and Science,
therefore we have common understandings. We skollborate with industry
since S&T knowledge in universities is importantdountry development.’

Nopharatant, M., Interview, February 10, 2015.

KMUTT set up the Institute for Scientific and Tedhogy Research and Services
(ISTRS) under the faculty of Engineering, to pre&vatademic services to the public and
private sectors. During the 1990s, several prograers initiated to support industry. For
example, establishment of the IP center in 199§raging the ISTRS to become the
equivalent of a faculty in 1997, and the operabbthe Chemical Engineering Practice
School (ChEPSY with support from the Massachusetts Institute @fhology (MIT) in
1997. Later, in the 2000s, several governmenitivees including the Clinic Technology
Program of the Industrial Technology AssistancegRam (iTAP) network, University
Business Incubator (UBI), and talent mobility werglemented at the university.
Recently, KMUTT set up an Office of Research, Inatgan, and Partnership to serve as a

liaison office and oversee KMUTT’s UIC activitieSigure A2-10).

39 ChEPS a 2-year master program based on Work-integiiagadning (WiL) principles

206



Figure A2-10: KMUTT’s Organizational Structure for Supporting Industry
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KMUTT operates differently from other universitiedl collaborative projects are

carried out on behalf of the university. The De&raxh faculty does not have the authority

to sign contracts with external organizations. dlbih line with industry, KMUTT set up

both a financial and non-financial incentive schefresting services and technical

consultation fees are split 5.5% to the univergit$% to the faculty, and between 12 and

20% to the department. Licensing fees are distibass 60 to 80% to the inventor for

copyright and trademark, and 40 to 70% to the itosefor the patent.
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Thai Local Public University
5. Phuket Rajabaht University (PKRU)

Phuket Rajabhat University established in 1971, feaserly a training college for
teachers and other educational personnel. In Febl®®2, Phuket Teachers College was
renamed Phuket Rajabhat Institute, and in June #@Royal Gazette announced the
Rajabhat University Act and all Rajabhat Institudese upgraded to become universities.
PKRU offers science and technology, and sociahseie€ourses at both undergraduate and

postgraduate level.

‘PKRU focuses mainly on teaching. We aim to prodpgdity human resources as a
response to industrial needs. Our faculty memberst@mrrange at least 3 to 5 classes
per semester (15 hours per week).

Prasankarn, H., Interview, February 25, 2015.
Chanrawang, N., Interview, February 25, 2015.

University Business Incubator (UBI) at PKRU wasae$ished through financial
support from the Thai Office of the Higher Educati@ommission (OHEC). It aims to
provide start-up funding and other services inaigdechnical consultation, training,
marketing channels, and facilities (office spacegting rooms). The incubation period
varies from one to three years. This incubator isfizes in information technology, art,
agriculture, and food technology. Since establighitm@ne incubates have been developed

in total. Specifically, the PKRU’s UBI acts as awermediary institution to match
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technologies and incubate start-ups. The Managecises for technologies outside the
university and selects only those applicants vatthhological capabilities. This UBI
encourages entrepreneurs to succeed in establistairigup businesses as sources of
knowledge for training programs. This distincticctors at PKRU because of the
Manager’s vision and specialization. A prime exaariplthe development of hydroponic

vegetables at PKRU.

‘A faculty member and owner of a spin-off origirthfeom PKRU, has arranged
eight training programs on hydroponic vegetabledaration per year since 2008,
open to both entrepreneurs and the general putNiormally, the number of
participants is limited to not more than 20 peo@eme entrepreneurs faced
technical problems regarding the harvesting of loyaimic vegetables; therefore
they decided to join the training programs. Aftartcipation they were able to
solve the problems by themselves and increase. Sitee 2008, this training
program has generated approximately 20 entrepreséur

Chaitayakul, M., Interview, February 26, 2015.
Tanawiratananij, K., Interview. February 25, 2015.

The Science and Applied Science Center was esleoliat faculty level under The
World Bank Loan Project for Science and AppliedeBice Development at Rajabhat
University. The national budget was US$ 140.2 anilliThe purposes of this center are to

provide training courses for science teachers, @iipgachers, and students to solve local
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problems and conduct research activities. In aaltlitPKRU plays a very active role in
providing a community service through short tragn@ourses including tourist guide
training, foreign language courses, batik art cesirsomputer usage courses, and science

camps (Figure A2-11).

Figure A2-11: PKRU’s Organizational Strecture for Supporting Industry
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6. Rajamangala University of Technology

Rajamangala University of Technology (RMUT) wasabished as nine technical
colleges in 1975, according to the Vocational Etiocaand Technology College Act. These
colleges aimed to produce vocational teacherscitddar degree level for vocational
education. The Act additionally promoted vocatiomaearch activities and provided
technical services to the communities. Later, i89.9he nine colleges were renamed as
Rajamangala Institutes of Technology. After a ligige amendment in 2005, the Institutes

were upgraded to Rajamangala Universities of Telclgyo Two of the nine institutes were
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selected as case studies. (1) RMUT, Thanyaburi (RMWvhich receives the largest share of
the total budget, and (2) RMUT, Lanna (RMUTL). TReesident of RMUTL Council is a

former Secretary General of the Office of the Highducation Commission.

6.1 Rajamangala University of Technology ThonburiRMUTT)

RMUTT college has eleven faculties of EngineeriBgsiness
Administration, Home Economics Technology, Fine apglied Arts, Agricultural
Technology, Technical Education, Architecture, Sceeand Technology,
Communication Technology, Arts, and the Thai Tiad#l Medical College. This
institute has 24,000 enrolled students (50% inriss administration and

engineering), and 1,900 staff (913 academic ands8pport).

Three central organizations were set up for extexidaboration: (1) the
Office of Cooperative Education to handle the coafree education program,
(2) the Technology Licensing Office to facilitatepdications for intellectual
property and negotiate benefits of technology kbeg, and (3) the Institute of
Research and Development to provide testing sesyvgiee advice on research
proposals, and draft regulations relating to researrk and the utilization of
intellectual property. Although these central oligations have been set up, the
collaboration at faculty level is often more interiean at university level. The

collaborations normally start with the relationshietween faculty members and
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company researchers. Faculty members in the engigdeslds work with firms as

consultants and blueprint designers (Figure A2-12).

‘Although the university has an explicit policypmmote collaboration with
industry at the faculty level, there might be amal practice hindering
collaboration with external partners. For exampleere is no platform facilitating
discussion with firms, and the faculty prefersée g§s members spending time
within the university.’

Charoenchai, C., Interview, February 19, 2015.

Figure A2-12: RMUTT’s Organizational Structure for Supporting Industry
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6.2 Rajamangala University of Technology Lanna (RMUL)
RMUTL has five faculties of Business Administratiand Liberal Arts, Arts
and Architecture, Science and Agricultural Techggldngineering, and the

College of Integrated Science and Technology. éstamngly, the faculties of
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Science and Technology and Liberal Arts have smattbers of students, as they
teach science and liberal art courses for studgatlying the other faculties. The
six campuses in Chiang Mai, Chiang Rai, Pitsanulaq, Lampang, and Tak have
approximately 25,000 enrolled students (3,376 vonat, 22,231 undergraduates,

and 73 postgraduates), and 2,400 staff (1,327 iiwgeimd 1,076 support).

The Office of the President, RMUTL established fotganizations to
oversee the collaborative activities. The Agrictdturechnology Institute carries
out R&D on agricultural issues. The Academic Suppad Registration Bureau
handle cooperative education. The Technology Teairief Community Institute
provides academic services for communities. Fotractual agreements, these
three organizations refer to the Institute of Reseand Development, which is
responsible for managing and handling R&D contrad® contracts, and relating
regulations. However, at faculty level, there isrenmtense collaboration with
industry. For example, the laboratory services rgadady the faculty and faculty
members normally source the hosts of student isk@&prthemselves, even though
theoretically, academic support and the registnatioreau should be the

responsible organizations (Figure A2-13).
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‘Informal connection is an important mechanism taldbrelationships
between two parties. In my opinion, | prefer to kvawith SMEs rather than
large firms, because they respect university regeans and | feel like they
are my friends.’

Moonpa, N., Interview, February 10 2015.

Figure A2-13: RMUTL'’s Organizational Structure for Supporting Industry
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7. Rangsit University (RSU)

Rangsit University was founded under the name oigR& College by Mr. Prasith
Ourairat, a former Provincial Governor of severavinces and a former Deputy Governor
of the Greater Bangkok Metropolitan Region. Thstfiratch of students enrolled in 1986.
The college was upgraded to university status B01®angsit University aims to produce
graduates in various areas of study mainly focusimgcience and technology, design and

management. Currently, there are 141 programsoi9dinidergraduates, 37 for Master
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degrees, 1 graduate diploma, and 9 Doctoral degfbéese were 28,134 students during

the 2012 academic year.

The RSU Group of Companies was established togitren the academic skills of all
the faculty members, and provide academic sert@sesciety. The group comprises
several divisions as follows: i) RSU healthcare dioal checkup service, laboratory tests,
eye care center, and dental care), ii) RSU visemtar, iii) RSU medical care (health and
esthetic center), iv) RSU real estate developm@rRSU innovation products, vi) RSU
medical resort and spa, and vii) RSU travel coasily. The academic service center acts
as a central organization to connect with exteongnizations, including government

agencies and industry. It provides both consultatiod research services (Figure A2-14).

Figure A2-14: RSU’s Organizational Structue for Supporting Industry
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Remark: UBI has not operated yet.
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The Pruksa Real Estate Plc. was experiencing diffes regarding products. The
company owner hired RSU to solve the problem. He avaare of RSU as he was a friend
of the Dean of the faculty of Engineering. In 20REU signed a memorandum of
understanding (MOU) with Pruksa. The main purpdgtie MOU was to develop
products, use the R&D facilities at RSU, provideht@cal guidance, and organize training
programs for engineers and architects. The MOU realvthe testing of materials (cement),

and the use of IT to control production procesedadilitate just-in-time delivery.

‘It is very difficult for private universities tondlertake R&D or share technological
collaboration with industry, because firms needifieates to ensure the quality of
their products.’

Loysmut, W., Interview, March 5, 2015.

‘In my opinion, it seems that the government had [ess attention to us. We
hardly receive any support from the government.’
Pantaratorn, N., Interview, March 5, 2015.
Loysmut, W., Interview, March 5, 2015.
8. Dhurakij Pandit University (DPU)
Dhurakij Pandit University (DPU) was founded in 83y Dr. Sawai Suthipitak and
Mr. Sanan Ketudat. In 1970, the institution becanoellege under the name Dhurakij
Pundit College. The rapid growth and continuousess of the college led to the conferral

of university status by the Thai Ministry of Educatto become Dhurakij Pundit
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University in 1984. The university currently empsod, 200 faculty and staff members, 18%
are Doctoral degree holders, and over 76% havedviastegrees. The total student

enrolment at all levels is approximately 20,000.

The academic support and registration bureau aghistfaculties to collaborate with
host firms for cooperative education programs. Faaulties including Communication
Art, Accounting, Engineering, and Science arrange-year internship programs for fourth
year students, whereas the others operate one4senmearnships. In 2013, the OHEC
provided grants to DPU to set up UBI, with the amh®rganizing training programs for
entrepreneurs and also assisting them to makedsasspians (Figure A2-15). Every faculty

is ISO 9002 certified.

‘Yes, our university launched UBI, but it has jsistrted. We mainly focus on
existing entrepreneurs rather than new ones.’

Satyarakwit, S., Interview, February 11, 2015.

‘| decided to send one lecturer to work at a firechuse of the importance of
responsiveness to industry and upgrading the sidllsuman resources. As you
said, the government has recently launched a tat@bility program. Actually,
our university has already initiated this becauswate universities are relatively

flexible. It is not necessary to change the regarabut the government seems to
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overlook us. | feel that there is a big gap betweewate universities and the

government.’

Satyarakwit, S., Interview, February 11, 2015.

We faced some challenges at the beginning of thjegir as DPU had to ensure
that it met all the requirements from Centara redjag the training programs, not
only for Centara staff but also for members ofghelic. Both Centara and DPU
collaborated very closely, and we overcame thes#lasiges. The senior
managements from both organizations strongly suppddhese collaborations.”’

Campiranon, K., Interview, March 8 2015.

Figure A2-15: DPU’s Organizational Sticture for Supporting Industry
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9. Siam University (Siam)

Siam University was founded in 1965 by the lateNbarong Mongkhonvanit as the
first 3-year private engineering school in Thailalmtially, Siam offered only one two-
year program for 200 students, covering Mechanieahnical Power. In 1973, the Siam
Technical College was formally established as aapei, higher education institution with
the authority to confer degrees. In 1975, the gellaunched programs leading to
Bachelors’ degrees in Accounting, Marketing andr&tagial Science. In 1986, Siam
Technical College became Siam Technical Universipgrading three years later to Siam
University, and offering various fields of studylinding Science and Technology,
Medicine, and Social Sciences. Siam is now thhk fétgest Thai private university,
educating over 16,000 students across eight scheilsboth international and graduate

programs.

The OHEC manages and handles the administratialh oboperative education
programs. The students who join these programs wst on-site for at least 16 weeks. In
2013, Siam received grants from the OHEC to sefiBpto focus on technological
improvements. The University President activelypargs UBI. For example, in the first
year of UBI operation, he attended every committeeting, provided office space, and

allocated support staff (Figure A2-16).
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‘Generally, industry rarely considers private unisgies as technology
development partners. Firms are likely to speaifyividual researchers whom they
know’

Mahattanatawee, K., Interview, February 19, 2015.

‘| believe that the strong support from top exeaesiis a key success factor for
Siam UBI. Our president plays an active role inpaping UBI. In the first year of
operation he attended every committee meeting.comsnittee consists of
representatives from almost every faculty. He alted three staff and office space
for setting up UBI. Also, he clearly announced toscept to faculty members to
connect the cooperative education program with WBIr incubatees are based on
technologies created inside universities.’

Limsarun, T., Interview, February 19, 2015.

Figure A2-16: Siam’s Organizational Structurefor Supporting Industry
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10. North-Chiang Mai University (NCMU)

North-Chiang Mai University was founded in 1999My. NarongChavasint with the
faculties of Engineering, Business Administratiangd the Department of General
Education. NCMU was the first private higher edigratnstitute in Northern Thailand to
offer engineering and political science (public auistration) at graduate level, and e-
commerce management at undergraduate level. In, 204 tollege was upgraded to

university status. NCMU now has 10 faculties ofigrd9 courses.

NCMU has two main organizations supporting bothuhiersity and industrial
collaboration. The Center for Cooperative Educa#ions to send students to work with
local firms, and the Research Institute handlesmaadages both internal and external R&D

funds (Figure A2-17).

‘In terms of consultation, we often work with mienterprises. We do not
yet operate with SMEs. However, the universitplBborating with a large
firm to jointly arrange cooperative education pregns.’

Punyathep, P., Interview, July 27, 2015.

Figure A2-17: NCMU'’s Organizational Structure for Supporting Industry
f North-Chiana Mai University
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11.Panyapiwat Institute of Management (PIM)

Panyapiwat Institute of Management (PIM) was egthbt in 2007 as a subsidiary of
CP ALL plc. which operates the 7-Eleven storeshailand. PIM offers Bachelor and
Master degrees in retail management to producetgparsonnel for the parent company.
Recently, courses at PIM were extended to covefiglds of Science and Technology and
Social Sciences. A Master degree in Business Aditnation (Chinese program) has also
been initiated. PIM provides a unique work-basedrnimg program where students
integrate fully with both affiliated and other coarpes. PIM attaches great emphasis on
creating networks. The management strongly encesrigulty members to exchange
ideas with people from affiliated companies, stafippliers, experts, and university
personnel. PIM hires young, new generation lectut@impart new ideas and technologies.

The environment here is very different from thelitianal universities.

‘PIM is a kind of networking university. Network®aised as key performance
indicators. We convene regular meetings betweeriamulty members and/or
external partners to exchange ideas, because wevieehat knowledge is not only
written in textbooks, but also embedded in peopte@ganizations. Most of our
faculty staff are young. They are given a high degsf freedom to create
innovative projects and propose new innovationsuioexecutives’

Manarungsan, S., Interview, February 13, 2015.
Phacharintanakul, P., Interview, February 13, 2015.
Chocksawangwoong, S., Interview, February 12, 2015.
Suthamanon, L., Interview, February 12, 2015.

222



PIM has set up an academic service center offeranigus kinds of services. The PIM
Business Incubation Center aims to provide consaoiftaand transfer knowledge for setting
up and managing businesses, including the creafi®@VIE networks. The Luxellence
Center was founded by the President of CP ALL Cil, He recognized the opportunity to
develop luxury brand products in Thailand. The eenbw collaborates with the
International Fashion Academy in France to arraraaing and professional development
programs, and provides consulting services in lmssirmanagement (brand management,
etc.). The PIM HR excellence center specializeésuiman resource development, providing
consultation services and training programs. Iritaadd there are international networking
centers which collaborate with overseas compamdsaasist Thai businesses with
overseas investment. At faculty level, the Engimgeand Innovation Center was

established to work with the parent company anitlaaéfd companies (Figure A2-18).

‘The university’s programs such as business incobaere mostly initiated internally,

not by government, because we realized the impoetahthese programs’

Suthamanon, L., Interview, February 12, 2015.
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Figure A2-18: PIM’s Organizational Stricture for Supporting Industry
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Incentive for Promoting University-Industry Collaboration:

Country/Type of University Incentive for encouraging researchers to collaborat with industry
university Financial incentive Non-financial incentive
1. Japan
National Todai Intellectual propertyAfter deduction of administration fees and anyepat
University expenses
* 40% to inventor
Tokodai Intellectual propertyAfter deduction of necessary expenses
* 30% to inventor
Tohoku Intellectual propertyAfter deduction of technical transfer (1/3)
* Patent:Remainders of licensing fee are distributed t@imors (30%),
laboratories (30%) and headquarter (40%).
e Copyright and trademarlall incomes are distributed to headquarter. R&I
funding can be ranged from 0% to 30% for inventord funding rate for
laboratories can be varied from 30% to 60%
Local Public FPU R&D fund
University R&D fund from university and local government (fioetus on only
collaborative work with industry)
MYU Not clear. Normally, collaborative projects arewthry basis
Private University | Keio Intellectual property After deduction of overhead cost (15%) Keio Intellectual Property Center Prize Aw#rd
* 50% to inventor
TTI R&D fund
e Matching fund program (50% from firms and 50% supg by TTI)
2. Thailand
National CuU 1.Academic service Ratchadapisek Somphot Endowment Fund
University e University level (case of central academic serciester) Chulalongkorn University: Research Award (researc

—13-20% to university (additional cost is not inchadn total cost of
project)
o Faculty level: vary by faculty or center’s regudsti
v Faculty of Engineerirf}: Remuneration
— Testing service< 60% of total budget
— Technical consultancy: vary by years of experierarebworkload

2.Intellectual property

benefits to society or industf)

40 For more information:

http://www.iab.keio.ac.jp/eontent/view/216/73/

“! Chulalongkorn University’s Notification about Féiguof Engineering’s Criteria and Payment RateAcademic Services
(2" version) B.E. 2548
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Country/Type of
university

University

Incentive for encouraging researchers to collaborat with industry

Financial incentive

Non-financial incentive

* 50% to inventd¥

MU

1.Academic service
« University level (external R&D fundj
— 4% to university
— 6% to faculty or department
—90% to researcher (include operating cost)
e Faculty level: approved by Dean in case@ million- baht projeéf
v Faculty of Engineeriny
— 30% to university
— 70% to faculty (remuneration for researcher dep@mdsorkload)
v Faculty of Mediciné® (Siriraj hospital)
— Collaborative work with industry must be approvegdRresident
2.Intellectual propert/
¢ Not specify the distribution of royalty fee butitust be distributed to
inventor, university, central technology transfenter, affiliations of
inventor (faculty and department or laboratory)
3. Matching fund with external partn&fgpromote multidisciplinary researc
e 20-50% supported by university

Faculty member is allowed to work with industry as
full-time or part-time staff®

CMU

Intellectual property
¢ 50% to university, faculty, department
* 50% to invetor

43 For more information:

http://www.research.chula.ac.th/index.php?optiomrcoontent&view=article&id=192&Itemid=1327

4 Mahidol University’s Notification about Criterianel Fee for External R&D Funds B.E. 2551
> Rule of practice of Faculty of Engineering for Aeanic Services B.E. 2556
“ Siriraj Hospital’s Notification about Criteria apuactice for Academic Services on 12 January 2011

7 Mahidol University’s Rule on Intellectual Propeed Benefits from Intellectual Property B.E.2557

“8 Mahidol University’s Notification about Scholarghor Objective-Oriented Research and Scholarsiigdint R&D

Investment B.E.2551

“9 Criteria and Practice for Academic Staffs to Pdevicademics Works outside University
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Country/Type of University Incentive for encouraging researchers to collaborat with industry

university Financial incentive Non-financial incentive
KMUTT 1.Academic service « Collaborative work with industry is used as a
e Collaborative projects must be carried out on Hetifahe university criterion (relevance excellence) for academic qare
e Testing service: 5.5% to university, 4.5% to fagualhd 12-20% to promotion
department e Faculty member is allowed to work with industry a:
e Technical consultancy: full-time or part-time staff

v Individual: same rate as testing service
v' Group: depend on amount of project budget

2.Intellectual property
e Copy right and trademark: 60-80% to inventor
o Patent: 40-70% to inventor

Local Public PKRU External fund®

University ¢ > 1 million baht: 20% to university

e 1> x > 0.5 million baht: 15% to university

e 0.5> x > 0.1 million baht: 10% to university
e > (0.1 million baht: 5% to university

1%

RMUTT 1.Academic service

¢ Do not use university’s facilities
v" > 5 million baht: 5% to university and 1% to fagult
v' 1.5 > x> 1 million baht: 8% to university and 18&6faculty
v" 0.5> x> 1 million baht: 10 % to university and 2&taculty
v' < 0.5 million baht: 12% to university and 2 % tau#y

e Use university’s facilities
v" > 5 million baht: 8% to university and 2% to fagult
v' 1.5 > x> 1 million baht: 12% to university and 2&taculty
v" 0.5> x> 1 million baht: 15% to university and 2é6faculty
v' < 0.5 million baht: 16% to university and 2 % tauty

*Y King Mongkut Uuniversity of Technology ThonburRegulation on Payment for Contracted Works and Acdd
Services (¥ version) B.E.2551

*1 King Mongkut Institute of Technology Thaonburi'ggulation on Management of Benefits from Intellat®roperty
B.E.2538

2 Phuket Rajabhat University’s Notification aboutt€riia and Proportion of Budget Allocation for Recj and Work
Commissioned by External Partners and External R&Bd on 4 March 2004

°3 Rajamagala University of Technology Thonburi’s Rlatjon on Academic Services B.E.2553
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Country/Type of University Incentive for encouraging researchers to collaborat with industry
university Financial incentive Non-financial incentive
2.Intellectual property
Distribution of royalty fee is not clearly speciie
RMUTL Academic service Faculty member is allowed to work with industry as
e 10% to university (before deduction) full-time or part-time staff
¢ 90% managed by project manager
Private University | Siam Academic service
Negotiation
RSU 1.Academic servicé
* 10% to university (5% to affiliation of project meger)
* 90% managed by project manager
2.Intellectual property’
* 50% to inventor
DPU Academic service
* 10% to university
¢ 90% managed by project manager
PIM Academic service

e Annual support from the university

e Academic service mainly focuses on supporting gazempany (CP)

* 10-15% to university

* 85-90% managed by project manager (remuneratigrfadalty members
must not be higher than 20% of total annual incdmogyever, staffs
working for central academic service center coultraceive it.)

Remark: The interview data is not specified sources
Source: Interviews and University documents

** Rajamangala University of Technology ThanyabuRéulation on Intellectual Property Management B51

°> Rajamangala University of Technology Lanna’s Retjoh on Academic Services for Society B.E. 2555

°% Rangsit University’s Notification about CriteriarfAllocating Incomes from Research Work on 31 ®eta2011

®" Rangsit University’s Regulation on Managementéllectual Property and Benefits from IntellectBabperty B.E. 2548
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Statistical Data on University- Industry Collaboration:

Japanese Universities

Mode Todai* Tokodai? Tohoku® Keio* Toyo’ Tohoku Insti.® Fukui’ Miyagi® Toyota®
Joint research 1,624 440 897 563* 13 7* ~2 patents/yegr*  Few 57
(project) ~2 publications
Commissioned 262 357 661 398+ 30 year* Few -
research
(project)

Technology 63 73* 48* 14 - N/A Few Few Not focus

licensing

(item)

Start- 147 71 63 19 - N/A 1 - -

ups/Venture

(start-ups)

Consultations - 43 169 - - 18** ~3 5 Mostly

(project) projects/year** informal
interaction

Researcher - 83 32 Included in - N/A Lrxxk Local 6

exchange joint research government

(person) officials

1. Source: ahttp://www.u-tokyo.ac.jp/en/about/finances.htand b) Yamamoto, T. (2014). Interview. Decemb8r,2014., Year of data: 2014-2015

2. Source: Tokyo Institute of Technology Profile 2044, Year of data: 2013, Remark: *34 items witfirpant

3. Source: a) Tohoku University Fact Book 2014 anddoku University Fact Book 2006 , Year of datal20Remark: *year 2005

4. Source: a) Keio Research Annual Report 2014 ardia)ri, K. (2015). Interview. January, 29, 201¥ear of data: 2011-2013, Remark:*include
personnel exchanges and/or sharing technologytfasilinder the joint research agreement, with ithout payment of research funds, ** include

government agency
Source: Toyo University database, Year of datad201
Source: http://www.tohtech.ac.jp/outline/institution/coondite/index.html Year of data: 2014, Remark: Budget comes from uhéeversity,

oo

*regional and industry-university cooperation patjeand ** improvement of industry and local comntigs (Sendai City and other regions)
7. Source: a) Japan Patent Office database, b) SCQRt#Base, and c) Utagawa, T. Interview. Decembe2@84., Year of data:* 2007-2014,

**1992-2014, ***2008-2014, ****2014

8. Source: Miyahara, I. and Furukawa, T. InterviewyJ23, 2015.
9. Source: Yoshimura, M. and Yamashita, K. Intervidanuary 28, 2015, Year of data: 2013
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Thai Universities

Mode cut MU 2 cmu?® KMUTT * RSU NCMU® DPU’ Sian? PIM® PKRU®® RMUTT RMUTL *
R&D (mostly [|eFac. of 95 projects o Fac. of 55 projects/ year [~5-10 projectsNone Few Few 4-5 projects)  None 30 projects* [L9 projects
commissioned | engineering: 24 [(2014) med.:81 (48 projects 93 projects b0 projects
R&D) projects (2010) |(8.11% of total (2014) associated with (community (community
(project) e Fac. of science: [R&D fund) projects WiL) service) (2013) [service) (2009)

17 projects (2011) o RSP: 15*
e Fac. of med.: projects
clinical research! (2013)
142 projects* (ag o Fac. of
of Feb. 2015) eng.:19
companies
Consultation  |Unisearch:18 Mainly focus on[Academic Consultation Few Few Few 3-4 projects| 20 projects
(project) projects (2013) |government Service Unit: |70 projects/ (community
agencies 37 projects  |year service)*
Mainly focus on (2014)
government Testing service
agencies RSP: 45* 32 projects/ year
projects
(2014)
Cooperative  [Few Few ~320 ~340 students  |~459 ~193 ~496 ~1,500 ~8,300 ~76 ~3,043 ~85¢
education Students (2013) students students students students students students students tudent
(student) (2011) (2014) (2014) (2011) (2014) (2014) (2013) (2014) 2011
Technology 42 cases 2 cases 25 cases 2 cases None None None None None None 3 cases Few
licensing (2008-2011) (2008-2011)  [(2008-2011) |(2013) (2008-2011)
(case)

1. Source: a)

Faculty of Engineering’s database, l)ufy of Science’s Annual Report 201ttp:/planning.sc.chula.ac.th/content/form/filé3t20623-1654380.p)if c) Faculty of Medicine

(http://www.chulacrc.org/performance.hjrdnd c) National STI Office, Remark: *Feasibility6), Start-up (43), Active (68) and Finished (IBclude Clinical Research Organizations and esses) **

Feasibility (4), Start-up (2), Active (11) and Bhed (28)
Source: Mahidol University’s Annual Report 2010 &td4
Source: a) Annual Report. Academic Service UniCbjnmission of Higher Educationt{p://www.mua.go.th/users/bphe/cooperajiaid c) Final Report: Northern Science Park Ptd}6d3, Remark: *include

w N

members of RSP

© N oA

Source: a) KMUTT's database and b) Annual Rep0t#2
Source: a) Interview and b) Rangsit University wiebs
Source: NCMU websitéhttp://exp.northcm.ac.th/download/
Source: Commission of Higher Educatidritg://www.mua.go.th/users/bphe/cooperafjve/
Source: Mongkhonvanit, P. (2014). Siam Universitpdoyability Diversity Sustainability. UNU-IAU-IAURCo-chaired Session: Higher Education for Sustdn&hkevelopment. International Association of

University Presidents 2014. June 11-14, 2014, RaxifYokohama, Japan.

9. Source: Interview

10. Source: a) Budget allocation document 2014 andrisjual Report 2013ttp://www.uppersouthcoop.org/docsproj_all.pHRemark: *Target was set by PKRU
11. Source: a) Watjanatepin, N. (2012). Universityusidy Cooperation: Case Study of Rajamangala Usityeof Technology. #' Taiwan-Thailand Higher Education Forum/ March,29,-2012, b) Annual
Report 2013 and d)ttp://www.coop.rmutt.ac.th/?p=7Remark:* include joint lab service, licensingoguct and package development.

12. Source: a)Watjanatepin, N. (2012). University Isty Cooperation: Case Study of Rajamangala Urityen$ Technology. 2 Taiwan-Thailand Higher Education Forum/ March,2@ 2012, b) Annual Report 2009 and
c) http://coop.rmutl.ac.th/welcome/studentbran@emark:* include joint lab service, licensipgoduct and package development.
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Appendix 3: Appendix to Chapter 6

Appendix Table:

Table A3-1: Influence of Firm Characteristics on Cdlaboration with Universities:
Japanese Case

Independent Dependent variable (Modes of collaboration)
variable R&D mode (level 1-4) Consultancy | Personnel Technology Venture
(Characteristics | Level 1 Level 2 Level 3 Level 4 mode exchange licensing (binary)
of firm) (binary) mode (binary)
(binary)

Food 0.006 0.058*** 0.035*** 0.012** 0.002 0.007 -0.009 -0.024
(0.005) (0.016) (0.012) (0.005) (0.020) (0.021) (0.017) (0.012)

Chemical -0.002 | 0.081*** 0.053*** 0.018*** 0.008 0.028 0.026 -0.014
(0.008) (0.014) (0.012) (0.005) (0.018) (0.020) (0.019) (0.013)

Electrical 0.004 0.067*** 0.042%** 0.014%*** 0.005 0.053*** 0.026 0.023
apparatus (0.006) (0.015) (0.011) (0.005) (0.019) (0.024) (0.021) (0.019)
Automotive -0.022 -0.033 -0.015 -0.004 -0.004 -0.035 -0.023 0.007
(0.027) (0.029) (0.012) (0.003) (0.038) (0.024) (0.028) (0.035)

Size 0.012*%** |  0.047*** 0.026*** 0.008*** 0.001 0.053*** 0.005 0.010
(0.002) (0.009) (0.006) (0.002) (0.011) (0.014) (0.011) (0.010)

No. of observation 2,644 2,644 2,644 2,644 2,644
Log likelihood -3,149.83 -589.89 -599.87 -530.32 -466.50

LR chi2 90.66 0.29 29.76 5.53 6.82
Prob>chi2 0.000 0.9978 0.000 0.355 0.235

Remark: ***1% level of significance, **5% level @ignificance, *10% level of significance
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Table A3-2: Influence of Firm Characteristics on Cdlaboration with Universities: Thai Case

Independent Dependent variable (Modes of collaboration)
variable R&D mode Consultation| Infrastructure mode Informal mode HR mode Technology
(Firm (level 1-3) (Binary) (level 1-2) (level 1-2) (level 1-3) licensing

characteristic)| Level 1 Level 2 Level 3 Level 1 Level 2 Level 1 Level 2 Level 1 Level 2 Level 3 (binary)

Food 0.002 0.003 0.002 0.021 0.137 0.041 0.006 0.030 -0.018 0.039 0.011 0.038
(0.018) (0.020) (0.014) (0.172) (0.013) (0.042) (0.008) (0.046) (0.018) (0.035) (0.010) (0.037)

Chemical 0.007 0.008 0.006 0.239 0.026 0.090 0.013* 0.074 0.011 -0.033 -0.008 -0.009
(0.019) (0.023) (0.016) (0.183) (0.012) (0.050) (0.007) (0.054) (0.011) (0.038) (0.009) (0.037)

Electrical -0.065 -0.058 0.031 0.193 -0.010 -0.025 -0.105 -0.213*** -0.020 0.040 0.011 omitted

apparatus (0.069) (0.048) (0.021) (0.476) (0.047) (0.109) (0.064) (0.067) (0.063) (0.103) (0.033)

Automotive 0.051** | 0.085** 0.080 0.099 0.033 0.180 0.013* 0.172* -0.041 0.071 0.022 0.071
(0.014) (0.041) (0.052) (0.331) (0.008) (0.099) (0.007) (0.103) (0.051) (0.068) (0.026) (0.085)

Size -0.033** | -0.038** | -0.027** -0.070 0.005 0.145 0.001 0.003 -0.012 0.031 0.008 -0.023
(0.015) (0.018) (0.013) (0.1412) (0.0122) (0.033) (0.008) (0.038) (0.011) (0.029) (0.007) (0.029)

No. of 452 452 452 452 452 443

observations

Log -435.59 214.41 -419.06 -452.08 -473.69 -135.29

likelihood

LR chi2 10.21 2.25 7.41 9.12 5.64 2.67

Prob>chi2 0.069 0.813 0.192 0.104 0.342 0.615

Remark: ***1% level of significance, **5% level afignificance, *10% level of significance
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Table A3-3: Relationships between Modes: Japaneseaske

R&D mode Consultancy mode Personnel Technology Venture
exchange mode licensing
R&D mode 1.000(
Consultancy 0.0585 1.0000
mode
HR modt 0.146; 0.129: 1.000(
Technology 0.1539 0.1250 0.0971 1.0000
licensing
Venture 0.039¢ 0.042: 0.076¢ 0.043¢ 1.000(
Table A3-4: Relationships between Modes: Thai Case
R&D Consultancy Infrastructure HR mode Informal  Technology
mode mode mode mode licensing
R&D mode 1.0000
Consultancy 0.5991 1.0000
mode
Infrastructure 0.455( 0.453¢ 1.000(
mode
HR mods 0.339: 0.278: 0.288¢ 1.000(
Informal 0.467: 0.409¢ 0.474: 0.321: 1.000(
mode
Technology 0.5078 0.5068 0.3709 0.2656 0.2928 1.0000
licensing

Table A3-5: Relationships between Modes and OutcorseJapanese Case

Independent variable Dependent variable
Product innovation Sales
Level 1 Level 2 Level @ Level 4 Level 1 Level 2 Level 3 Level 4
R&D mode 0.102*** | 0.054*** | 0.032*** | 0.007*** | 0.170*** | 0.033*** | 0.010*** 0.001**
(0.009) (0.004) (0.003) (0.002) (0.011) (0.003) (0.002) (0.007)
Consultancy mode 0.027*% 0.059*** | 0.042** | 0.012*** | 0.092** | 0.066*** | 0.028*** 0.006*
(0.009) (0.013) (0.012) (0.005) (0.009) (0.014) (0.008) (0.003)
HR mode -9.022 | 0.103*** | 0.087** | 0.031*** | 0.069*** | 0.101*** | 0.049*** 0.012*
(0.031 (0.018 (0.022 (0.012 (0.025 (0.023 (0.016 (0.007
Technology licensing -0.085*| 0.129*+* | 0.125*** | 0.053*** | 0.077** | 0.088*** | 0.041*** 0.010*
(0.046) (0.018) (0.028) (0.019) (0.021) (0.023) (0.015) (0.006)
Venture 0.029*** | 0.051*** | 0.036*** | 0.010** | 0.088*** | 0.040*** | 0.015*** 0.003
(0.007) (0.014) (0.012) (0.004) (0.009) (0.012) (0.006) (0.002)
R&D * Technology licensing -0.074*4* -0.040***| -0.023*** | -0.005*** | -0.106***| -0.021*** | -0.006***| -0.001*
(0.015) | (0.008) (0.005) (0.001) (0.024) | (0.005) (0.002) | (0.000)
R&D * Personnel exchange -0.079** -0.042***| -0.025*** | -0.005*** | -0.138***| -0.027** | -0.008***| -0.001*
(0.014) (0.007) (0.005) (0.001) (0.023) (0.005) (0.002) | (0.001)
Consultancy * Personnel 0.003 0.002 0.001 0.000 -0.132 -0.015** | -0.004** | -0.004*
exchang (0.041 (0.023 (0.014 (0.003 (0.105 (0.007 (0.002 (0.000
Size -0.019* | -0.009* -0.005** | -0.001* -0.018 -0.003 -0.001 -0.000
(0.011) (0.005) (0.003) (0.001) (0.016) (0.003) (0.000) (0.000)
Manufacturing 0.012 0.006 0.004 0.001 0.029* 0.006** 0.002* 0.0002
(0.008) (0.004) (0.002) (0.001) (0.013) (0.003) (0.001) (0.000)
No. of observations 2,643 2,643
Log likelihooc -2,323.3! -1,883.6¢
LR chi2 570.35 584.44
Prob>chi2 0.000 0.000

Remark: ***19% level of significance, **5% level afignificance, *10% level of significance
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Table A3-6: Relationships between Modes and OutcoreeThai Case

Independent variable

Dependent variable

Product innovation
(Poisson regressior

Process innovation
(Poisson regressior

Independent variable

Dependent variable

Amount of sales

R&D mode 0.724 0.716***
(0.443) (0.269)
Consultancy mode -3.244 1.806***
(2.127) (0.451)
Infrastructure mode 4.097*** -1.134%**
(2.182) (0.520)
HR mode -0.08¢ -0.467**
(0.266) (0.208)
Informal mode 0.585 0.682***
(0.369) (0.211)
Technology licensing mode 2.222** -14.396
(1.192) (957.236)
R&D * Consultancy 1.353* -0.761**
(0.816) (0.312)
Consultancy * Technology 3.088 12.512
licensing (2.216) (957.236)
R&D * Technology licensin -2.138*** 0.37¢
(0.827) (0.561)
Size -0.506 -0.142
(0.827) (0.278)
Manufacturing -0.212 1.595%**
(0.475) (0.599)
No. of observations 452 452
Log likelihood -84.85 -165.06
LR chi2 99.94 104.83
Prob>chi2 0.000 0.000

(In_sales
R&D mode 0.039
(0.273)
Consultancy mode -0.956
(0.617)
Infrastructure mode 0.993
(0.668
HR mode -0.163
(0.208)
Informal mode 0.211
(0.188)
Technology licensing 1.406
(1.202)
R&D * Consultancy 1.284%**
(0.421)
Consultancy * Technology -1.832
licensing (1.388
R&D * Technology licensing -0.972
(0.669)
Size 2.141%**
(0.273)
Manufacturing -0.347
(0.363)
Constant 19.182%**
(0.441)
R? 0.1759
Observations 447

Remark: ***1% level of significance, **5% level afignificance,
*10% level of significance
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Remark: 1. ***1% level of significance, **5% levelf
significance, *10% level of significance
2. Limitation of data: Size is duyvariable
and amount of sales is continunwsber.




Appendix 4:

Development Path of University-Industry Collaloration Activities

Articien

Development Path of University and Indusiry Collaboration (UIC) Activities:
Case of Japan and Thailand

Smpom Pritayasophon*! and Patarapong Infarakumnperd?

Abstract

fmdings are as follows; Firstly, Japan and Thailand have differemt level of pational immewation systems; nometheless,
common development patterns were found In the cases of UIC ewvolving overtime, two development paths were found
step-by-step (from low-20 medim and to high relatiom] intersity) and leapfrog (from low to hich or flom medim to
bigh). For those mot evolving overtime, both UIC set fived specific poals and collabortive patterns. University's expertise
(supply-push) and firm's technelopical capabiity (demand-pull), must (built by both imermediares and the two parmers)
developed when researchers were not interested to contime working or fimm lacked capabilities to camy on projects after
from companies to umiversities frequently happened in the Tap cases, but i the Thai cases, mobility of smdents is
much more prevalemt

Eeywords: university and industry collsboration, development path Tapam, Thailand

1. Introduction

University and industry collaboration (UIC) are
one of main activities in national innovation sysEms.
UIC has become an important policy issue. Scholars
systems, iriple helix, and techmology mansgement
have made significent atempts to smdy UIC bur
there are several issues hsve not been extensively
examined, especially the development path of UIC.

The collaboration between these two parties could
severdl aspects such as relationsl intensity, type of
activity and fommal or informsl collsboration
Besides, those activities are dypamic and evolve
become deeper. Persomal relatiomship has been
considered as a starting point and a cntical factor

1 Mational Gradnate Institets for Policy Smdiss, 7-22-1 Boppomgi, Minxto-ks, Tolyo 105-8677, Japan
Maticnal Ecisnce Techmology amd movation Policy Offics, 319 Chamchen Squam BD., 14, Phayatiai Fd, Petermoan, Bangkok, 10330,

Thailand

1 Maticoal Graduste Institete for Policy Studies, 7-X2-1 Roppomg, Minatoka, Tekyo 108-8877, Tapan
*Comwponding asthor, emadl addmss: docl313lEgnps.acip and sipomi@st.orth
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deepening the relstionship (Larson, 1992; Inkpen
and Currall, 2004). Nonetheless, previous studies
did not explicitly identify the deepening or
development paths of UIC activities.

To partislly fill in research paps of existing studies,
this article aims at investigating the development
paths of collsborations and identifying the factors
affecting these development paths.

1. Literature Review

A syseem of innovation (SI) consists of components
and activities (Edquist, 1997). Components are key
actors (finn, umiversity, govermment, and others) and
institution (rule, lew, norm and so forth). Activities?
are interdependent. To pursue innovaton process,
collsboration between university amd industry is
importsnt and can be made through venows activites.
They include, but not limited to, conference,
publication, comsultation, personnel exchange
spin-offs (Coben et al, 2002; Bekkers amd Freitas,
2008).

Those UIC activities differ in several aspects such
as relational imtensity, type of activity and formal
or informal collsboration. This article used relational
infensity as criterion to identify development paths
of UIC activities because the relational intensity is
defined as ‘imferaction between knowledge creators
and wusers and tansfer of tacit knowledge®
(Leonard-Batton, 1995; Perkmann and Walsh, 2007;
Ponomariow and Boardman, 2012; Merchan-
Hemander snd Valmaseds-Andia, 2013). Those
scholars well smdied the classification of relational
intensity activity. They agreed with three levels of

3 A et of activities which may be important in mest Sk wes provided sch s messarch and dewvel

of new p

¥ servica,

relational infemsity activibies.

High relational infensity activities are joint
research  projects, commissioned — research
consultation and incubation or start-up or spin-off
because these activities could circulate both tadit
and explicit knowledge. The knowledge exchange
is based on the persomal contact between the parties
and cbviously, these activities are not understood
without high levels of persomal imteraction

Medimm relations] mtensity activity mostly relates
to bumsn mobility such as maining of industry
employees, postgraduste fraining in  industry,
eraduate rainees, hiring of graduates and adjunct
faculty. Although this mode has a high level of
personal inferaction, it plays an important role in
transferming tact knowledgse rather than explicit
knowledge.

Low relstional intensity activities are techmology
licensing and use of scienfific publication which
are main souwrces of explicit knowledge® These
activiies do ot require a close relationship between
two parmers and have a low capacity to mansform
explicit knowledge into tacit knowledge.

Monetheless, there are different points of view
among scholars. Pedomann and Walsh (2007
believed that the informsl mode conld accompany
all modes wheress Ponomsaniov and Boardman (2012)
We dizagree with conchosion of Ponomariov and
Boardman (2012) because degree of relationsl
intemsity increases when tacit knowledge is
transferred and to effectively facilitate flow of tack
knowledge, rich commumication such as frequent
informel inferaction is needed This article, therefore,
adapted the classification of relational intensity
activities from those stodies as below (Table 1).

(R0, competsnce buildng,

ing of moovwation procasses.

4 In general, tacit kmowlkdge could be trencfured through rich commmmication which i fce-io-fe commmmication and indformal

inturaction. {Uszs, 2011).

5 Explict knowledge can be tansfsred through written media which is mamals, database, writen istrectons amd blesprings (e, J011)

2
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Table 1: Indicator and Classification of Relational Intensity Activity

Mﬁﬂ;ﬁnmﬂ Indicator Activity
Low Mainly transfer of explicit knowledge Technalogy licensing
Low level of persomal imferaction Use of publication
Mainly transfer of tacit knowledge Human mobility (Stdent mobility, Personnel
Madium High level of personal imteraction exchanpe, Training for employee, Hinng of
Eraduates)
Toint or Collaborative B&D
High Circulation of both explicit and tacit knowledge Contract ot or Commission R&D
High level of persomal imteraction Arademic consultant or Techmical guidance
Incubation

Informal mteraction can accompany with all activities. This activity inchades conference, informal mesting, personal comtact

and so forth

Source: Adaped fom Leomard-Batton (1997 Padomann and Wakh (2007); Ponomariov and Bosmdman (2011); Merchan-Homandor amd

Vabmassda-Asdin (2013

Although those previous literatures carefiilly
stdied sbout the classification of relational intensity
activity, they did not explicitty examine the
sequences of UIC actwities. A closer intersction
between knowledze crestor and user is generally
supposed to tske longer time Shartinger et al (2002)
conchuded that the duration of the panmerships give
an account of the infensity of knowledze transfer
between two agents and the more lomg-lasting
relatiomships are hikely to facilitate greater exchange
of knowledge flows. Likewise, these scholars
(Haldin-Herrgard, 2000 as cited in Morone and
Taylor, 2009) identifies that the internalization of
tacit knowledge takes a long time, as it inwolwes
direct experience and reflection on these experiences.
In comfrast, when the formalized knowledge has been
made explicit, it can be shared broadly and quickly
with many people (Camison et al, 20090 In the
context of university, the most Important knowledze
is often in the mind of academics but it is difficalr
to spread through the university and its infermal
stakeholders due to time and resource constraints.
It is noted that academicians have a role to tEnsfmm
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the tacit knowledge into explicit form in order for
the reuse of kmowledee by other stakeholders (Chugh,
2013). However, the lkmowledze flow between
knowledge sender and recipient will be successful
when they trust each other and have knowledge
energy. With the higher trust, the flow of knowledge
between them will be more efficient The sender
are more gble to learn, use and create knowledge
in its relevant field (Jamrshi and Eangsvan, 2012).

3. Research Methodology

Crualitstive case smdy method was applied to this
article doe to i ability to answer the why and how
explanations of historical evolmion of the unversity-
changes of important collsborative projects.
Indhactive approsch was applied to explain our
collsboration with the industry by different types
of universities, namely nationsl universities, local

3



Mfunshi Naser Mne Afial ot sl / Anian Research Policy & (2015) 2840

researchers during the imterviews when we raised

of universities on collaborative activities.
Anatytical framework (Figure 1) was drawn from

the literature review im Secton 2. The levels of

interaction between knowledge creators and users
and transfer of tacit knowledge. Transferring tacit
(Haldin-Herrgard, 2000; Shartinger et al, 2002;
Camison et al, 2009).

Figure 1: Analytical Framework for Identifying Development Path of UIC Activity

il

Inmtensity activity

Meditm

relational

Tntensity
-

High
B o
Intensity

-

L b

Two different development levels of nanonal
systemsS, ie., Japan and Thailand were selected bur
this peper does not aim af making a diect comparative
analysis to see the differences befween two national
systems. Plather, two cases were unsed to find the
common issues such as development paths of UIC
activities. The following twelwe case smdies of UIC
were snalyzed to investigate how development paths
of those activities evolve time, ie whether they
evobre from low to mediom and to hizh relstional
activity (see analytical framework in Figure 1). We
also examine factors affecting the evolution of
development paths.

Japaneze Cases
1. Collsboration between Murcji mnd Fukwm
Prefectural University (FPLT)

& (a) Economic T Japam is ¢

e Iﬂ'

Iﬂ-ll

2. Collsbomation befween 3 Group of Larpe Enerpy
Firms amd Advanced Enpergy Systems for
Sustainability (AES) Center at Tokyo Institute of
Technology (TIT)

3. Collaboration between JR East Consultants
Company snd Eeio University (Feio)

4. Collaboration between Mippon Telegraph and
Telephone Corporation snd Precision and
Intellipence Laboratory, Eoyama Laboratory
Photonics Intepration System Research Center,
Tokyo Institute of Technology (TIT)

5. Collaboration between 8 nano carbon firm and
Toyota Technological Institate (TTI)

Thai Cases
1. Collsboration berween Lion Corporstion
(Thailand) and Chulslongkom University (CLT)

as a high imcomw cowntry whersss Thailand &= uppar middle income cowntry (Wordd Bamk

mmative, imested in B&D and relied less on importstion of fomign technologios (Goto and Odagin, 1996) wheea: i Thailmd, ooky

small minccty of large Saris of T
{Enterakummerd and Leclare, 20103

4
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2. Collsboration between Artith Ventilators and
Fajamsngala University of Technology Lanna
(RMIUTL)

3. Collaborastion between Betagro snd King
Mongkut University of Technology Thonburd
(EMUTT)

4. Collaboration between CP Group and CEMTEX
SHEIMP at Mzhidol University (M)

5. Collsboration between Centara and Dhurakij
Pundit University (DFLU)

6. Collaboration between a local brewery
enmepreneur &nd Fajamangala University of
Technology Thanyaburi (BMUTT)

7. Collaboration between Local Compmmity and
FMUTL

4, Case Amalysis

Two common development patterns were found
from different national systems of innovation. For
time when technology was transferred to firm, or
there were several types of fimm's needs or requests.
For nom-evolitionary cases, type of activity has not
been chanmed owver time when both parmers set fixed
specific goals and collaborative patterns. There are
also non-starter cases.

41 Ewhfbonay Cmer Dpe o dandy Champed
Over Time

In these cases, two development paths were foumnd:
step-by-step path and leapfrog path. Step-by-step
path develops from low to medium and finally to
the high relational intensity actvity. Leapfrogging
path often starts with low and jumps to hish relational
intensity activity or starts with medivm and finally
develops to high relational mfensity activity. Often,
both development paths have informsal collsboration
as the starting point (Table ).

* Step-by-Step Patn

7 For more information: hitp: (e ommedi.co jp/history_html
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Step-by-step path ocours due w© supply-push force
which &= charactenized &5 when universifies transfer
academic inventions developed by their expertise
via the sale, transfer or licensing of imtelleciual
property to existing firms or new wentures, for
example academic spim-offs (OECD, 201I).

Murgji and FPU caze can be classiffed az a
supph-push model in which FPU conducted the
academic research Le., non-alcohol soy sauce then
trangrred the technology to Murgii for production.
At the begiming, thiz case required the micrmediary
person o maich supply fo demand Due fo the
research independemly developed By wmiversity,
when mangferring  technology, the umiversigy
researcher must spend fme at the firm for providing
technical advice on mplementation qf the
dovnstream research acthvities. Development peath
started from technology licensing (Tow relational
intensity) to researcher mobilify (medium relational
intensity) and move fo fechmical advice (high
relational imtensify). Result qf the collaboration iz
Product immovation (non-alcohol soy zauce) which
Browght to domeztic and overseas market _dpart from
success qf initial phaze, the firm realizes mportance
af UIC activities and the FPLT researcher 5 imierested
in conducting imdustrial research; thergfore, they
a space im imcubation @ FPU. Iterestingly,
discovered kmowledge has been spilled over fo other
prefeciures because this project doer mot siart with
a specjfic need gf the firm (Caze 1)

Case 1: Collaboration between Muroji and Fukui
Prefectural University (FPLT)

Mimoji Co, Lid is the oldest Japanese soy sauce brewery
in the world For more tham 440 years, this firm has
been making soy-ssuce in Fukui, Japan’

The collsboration started when a umdversity professor
developed fish smoce having similar charscteristic to that
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of soy smce It is the non-alcobol saoce which has domes-
tic patent alresdy and in the process of internatiomal
patenting. Muroji's advisor leamed about this. He then
aranged a mesting between Muroji and the professor.
technolopy (ngredient and production process). He also
to sccess his laboratory.

With a comiract, he spent almost every day sdvising
the firm at the initial stame. When the firns’ saff could
learmn how to prodoce ssuce, be redoced his time fo
only one day per week To sell this produoct 3 bio-
technology venimre company was estsblished by a coor-
dinator of fish smce project who was familiar with the
professor. Altogether, the professor spent approcdmately
45 years to commercialize scadentic research

The university provided one building to the professor
to use s the incobation rented by the firm for its R&D
activities. From time o time, three parners had meefings.
and then they decided to expand market to Chima
Currendty, the firm engages more in selling its products
to gverseas. The collsboration between the firm amd
professor contimmed  In Awgust, 2015, the wmiversity set
up the hish-volume production fadlities in the noobation
which = used by the firm

Source: T. Utagawa, Interview, December 18, 2014.

* Leapfrogging Path

Leapfiogping path ocours because of demand-pall
force, technological capshbilities of firms, role of
. i ar N in buildi
trust, and mutual st

Demymad-Pull Force

A demsndd-pull force is 3 model which vniversities
are solicited by mdusmial actors to find sohitions ©
resegrch or collsborative B&D (OECD, 2012). Based
on six case studies, the collaboration bepan with
demands of firms (Case 2, 3, 4, 5, 6 and 7).
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Technological Capabiloy af Firm

Cur study is similar to Jamahi and Kangavan
(2012). Technological capability of firm influences
the development paths. The effectiveness of
knowledge flow depends on capabilides of
knowledge user and creator.

In case of high-techmology firms, these fimms
perceived the importance of product development.
They clearly identified their research topics amd
foresaw potential technologies. After both parties
working together (Case 2, 3 and 4). In case 5 and
6, though the firms" sime was large and they had
high technological capabilities, they could not decide
on their research topics. In that hight they sent their
researchers to be wisiting professors of university
sudents to explore the oppormnites for firare
collsborative research

In comirast, in case 7 the firm did not have high
technological capabilities bur it incrementally
upgraded technological capability in prodoect
improvement. At the bepinning the firm and its
parnering university used exsting knowledge by
testing and benchmarking their prototypes against
high-quality products. The collsboration started with
a mobility of a junior university researcher to the
firm After the success of the initial phase, that
university researcher and company engineers
continmed conducting joint B&D activiry throngh
cooperative education program.

Role of Itemediay Orgmizaion m Building  Trust
g Trust Built By Two Parteers

UIC often happens due to intermediary
organizations becanse two parties need a bridging
mechanism to get informanion about technologies
and to build tust (Case 3 and 5). In condrast, in
some cases, two parmers have close relatiomship
(such as through being former classmates and fommer
colleagnes), which mesns that tmest has already been
embedded in the relationship. In these cases, starting
the collshoration can easily happen (Case §-7). The



finding= are in the line with the smdy of Jamrahi
and Esngavari (2012). They identified that both
knowledge recipient’s capability amd tust are the
factors affecting knowledge flow which makes UTC
activities further develop.

Mgl Tnterast

Ifirtns] ingerest between the two parmers is a driver
to shape the development paths. When both of them
are imierested i the same isspes, the collsboration could
be started mmmediately (Case 2, 3, 4, 5, 6, and 7).

The mmrtme pomt of collaboration bervem (P Group
md CENTEY SHRMP o Maohide! Universiy (ML) wes
when CF read an acodemic paper on shrimp's Bram
cowritan By MU profssor Then, P decided @
directly comtoct and mitad km fo be g oo of
public rezearch futinne mch oz NSIDM omohed @ oz
CENTEY, NSTD and CP ho developed for mone than
25 yuars. It became much closer ke being in the same
development path qf this case i not step-fy-sap. It
started from we of publication (low relational ey
acinaty and jumped fo kph relatonal ey oot
(eonsulzation and joirt R&EDY. Jumping ocourred because,
ot that time, CF had high copability enough fo see the
potetial qf @ mew fechmolegy ond & orused m WU
profeccor’s abify (Cose 1)

Case 2: Collaboration between CP Group and
CEMNTEX SHREIMP at Mshidol University (AL
The Charoen Pokphand Group (CF) is a
ransnationsl conglomerate that consists of three
core businesses that operate in the agmibusmess
telecommunications industries with imrestment
in 16 couniries. Charoen Pokphand Foods Public
Company Limited (CPF) operates in both the
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livestock (swine, brodlers, layers, and ducks) and
aquaculture (shrimp snd fish) businessesk
The collsboration between CP and MU
researchers started in 1989, When CP read an
academic paper on shrimp's brain co-written by
university professor, CP decided to directhy
comtact and imvited him to be 8 consultant of
shrimp center at Mahachai, Makompathom
province. This collaboration was formal. At that
time, CP is one of a very few of Tha fimms
having high technological capabilities. Its B&D
facilities in shrimp research were more sdvanced
than wumiversity’s facilies. In 1993, MII's
researchers started to conduct & research on DMA
Then in 1904 university professor introduced a
close system for shrimp farming Cmne to two
years later (1995-1006), CP used PCER. for shomp
used in the period of year 1996-2002%

In 2001, the professor and his colleagues
established Center of Excellence for Shmmp
Moleculasr Biology and Biotechmology or
CENTEX SHEIMP at MU, with a support from
Mationsl Science and Technology Development
Agency (MSTDA). There were almost sicty staffs
consisting of CENTEX researchers, MS5TDA
researchers, assistant researchers, master students,
doctoral stedents and foreipn  post-doctoral
NSTDA and CP became mmch closer like being
in the same organization which facilitates
exchanpe of knowledge Exsmples of joint
research outputs are DMNA probes for shrimp
viruses and RT-PCER. disgnostoc detection for
for other finms have been organized and several
foreign companies have commissioned B&D
projects to CENTEXL

Downstream development happened during year
2007-2008, when MNSTDA suppored the
establishment of Shrimp Genetic Improvement
Center in collaboration with MU and Ponce
Sonkla University (PSU) in southern Thailand.
After seven years, the center could breed shrimp

£ Far - T — phailnd com'
9 Shrimp cenier website
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with disease resistance. The shrimps were later
sold o PSU, which in tum, firther bred and sold
the shrimps to fammers in 2014,

Source: B. Withyachumnamkul, Inferview,
Febmary 14, 2015.

CLTs researchars discovered new Enowladee bur it was
mn stape qf profofype which had pofential fo aoply o
detergar. Lion’s axwecurive wall undersiood techmology
and  saw  In poremial e apply o i producr
Thargire, the oecuie decided fo joimly conduc
RED and allow wmhversty researchas fo conduct
razearch @ firm's laboratory. Than, profojpe was
developed mnd licersed to Liom jfor mass production.
Technical comsultafion was alo prenided This case
ilustrates leapftogping  patterm  qf  collabomation.
Tgbrmal  mesting  was  arangad o propose  the
racearch  oulpus o the ital stope  Than,  the
rearch v conducied @ frms  laboraiory. This
mar that umhwrsity researchars moved fo work ar
Jm I o g mafum relotond ey acimiy
(research mobility). Duwring the collaboration process,
simudmeosly.  Fmally, aoniy ovohed o Reh
intansity Le., jomt RED (Case 31

Case 3: Collaboration between Lion Corporation
(Thailand) and Chulalongkormn University (CLT)
Lion Corporation is estsblished in 1967 to produce
powder detergent and shampoo im Thailand to
substitute Japanese importsi®

Before Lion and CUJ collsborated with each other,
another comparny, Innovation Group (Thailand)il
provided two F&D grants to CU's Faoulty of
Science (chemistry). Ome project was carmed out
by & umiversity researcher. Six months after the
project  stamted,  the university researcher
discovered a method of generating Silver Mano
from silver nitrate which could stop the srowth

10 For more information: hitp: /e lion oo th’honso php
115 i Growp has &

of bio-crganisnes i wet condition and could apply
in detergent

Then, CEQ of Innovation Group (Thailand) imited
the Mansging Dhirector (MO of Lion Corporation
to visit the research lsboratory. It is just happensed
theat the MDD was an ahmomms of faoulty of scence.
nanositver o hiny, Lion decided o join the msearch
project and allowed it to be conducted in Lion's
lsboratory (Chumhasswasdikal, 20100,

Dhring the stage of product dewvelopment, the
researchers developed low-cost silver raw material
which can substitute mmports. Low-cost and less
Then, prototype was developed snd aspplied for
an invention patent. It was then licensed to Liom
for mass production. Together with technology
licensing, CUI"s researchers provided techmical
comsultation on process of production and quality
Finally, the new product, Peo Silver MNano, was
brought to the market This whole process took
gbout one year. Besides, they contiomed working
together on developing liquid detergpent amd
softener.

Source: 5. Ekasit, Interview, Febmuary 17, 2015
and Chunhasawasdiknl (20100

Ar o paty. Emo professor mer with Presdent of
Eat-JR awd Prendew of JRC. Unhvesiy prgfcsor
Proposed his ideas fo the two presidents, for exmpie
nstend qf wing howm voices, o varely of vibretiona
gy Im nmbagys o be comwrted o power
dleciromnic. This lad t0 a collabonsma  two-momth
apaTmar @ power sanerating floor schnology o e
Manmouchi North tcker grie m Tolyo saton. _dnother
mitaed. To mangfiem this ider to realiy, O comgeomy
resaarcher wean sew fo wwvarsity. The starting poor of
this cose was a social metwork of the party  (Tow
relational tensiy) and then @t eohed o opertmet

loped to be a techmology leaded polymer organization through the “Inspimation of Technology™ The group i

sarvicing a wide rmpe of mobber and polymer product fo amomsotive, slectromic, electric applicant and geseral robbar indwstrics.
Imowation Growp comomitted to provide technology sermvices and technology solufions to customars.
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resarch  ouput of mittal  phaw  (feph  relmiond
migury). JRC v a recarcher fo Be a sowor Visimg
resarcher o Emo anwd then shorsed doing a mew joimr
RED project whick wa a flether develgement of nritial
phase. This shows reaverse sap from high o medfum
relational fenly acha)y (Case $).

Case 4: Collsboration between JE. East Consultants
Company and Eeio University (Feio)

JE. East Copsultsnts Company (JRC) was founded
in 1989 as a genersl consulting firm in the feld
of milway technology. JRC is a subsidiary of the
East Japan Failwey Company (JF.- East), which
is one of the largest passenger railway COMpames
in the world

In 2004, Professor Yoshiyasn Takefuji, Eeio
professor met with President of Esst-TE and
President of JRC at a party. Professor Takefuji
proposed his ideas to them for example, mstead
of using human voices, a variety of wibrational
energy In railways can be cooverted to power
electronic. This idea is based on the research by
Professor Takefuji's student (since 2003)12

He successfully increased the power gpenerating
efficiency (co-developed with Eyocera) and
dursbility by  combining  elements | of
piezo-electricity and resonance phenomensa, and
brought the technology to the lewel of experiments]
practical application. This led to a collaborative
two-month experiment in power generating floor
technology m October 2006 at the Manmouchi
Morth ficket gate in Tokye station. Then they had
another plan o supply elecrical power for escalators
To transform this idea to reality, JRC sent a
researcher to be a semior wisiing researcher at
at using boman energy to operate escalators and
therebry create an enwironmentslly friendhy source
of energy at train stations. Apart fom this project,
Eeio University confimoes to do seversl projects
with JRC such as tramsverse wave speaker.

Source: Summarnize from Feio University website
and Eeio Research Instimte at SFC website.
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In cose of AES cemter and large energy firms those
Jfirmz et ther reemchers o e project-based
o cremte collaboraiive research projects.  Nowmally,
AES oremmizes semingr and site wislis fo companes o
Instinute of Techmology (TIT) and former started with
the acmifies miroduced By SRLs aciines. SRE octed
as an imemediary. Afer establishment qf AES cover,
IIT and firms directly collaborased with each  otfer.
Collaboratne  acnily thm  dnveloped @ persomme
achange. Several firms et thar researchars o be
VISing researchers or visiing profestors. nothis case,
fo work on an equal footing with wmhversity profssors.
Finally, the jomt R&ED, a high relational miesity
aciivity, was formed (Came )

Case 5: Collaboration between a Group of Large
Energy Firms and Advenced Energy Systems for
Sustainability (AES) Center at Tokyo Instinate of
Technology (TIT)

The Fuhre Enerpy Vision Smdy Group under TIT,
formed in 2005, imtally mcheded only faculty
members. It later connected with the activifies
of Solutions Besearch Laboratory (SPL), a firms’
networked laboratory closely collaborsting with
large energy companies such as Tokyo Gas and
Mitsubishi Over time, the group expanded to
inchude a larpe mumber of compeanies snd evolved
o be cwment Advenced Energy Systems for
Sustainability (AES) Center under TIT.13

AES collaborated with B&D units of large firms
like Tokyo Gas, Mitsubishi snd Toshiba on energy
their researchers to join the university as
project-based professors and work with existing
university professors. To create collaborative
and opened seminar and site wisits t0 ComMpanies
to observe their technologies. Meanwhile, those

12 Japm for Sustaimshbility website
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project-based professors searched for umiversity
researchers who had interests in working on their
a few years, these project-based professors started
to feel more like a part of TIT than corporate
employees (AES center, 2013). At present, AES
center has expanded its network to owver fifty
corporations including firms in owverseas in order
to be a global bub for next-generstion energy
research

Examples of collsborative P8 projects are Smart
Power Metwork Project, Muclear Fuel Cycle
Project and Marine Biomass Project.

Source: Summarize from AES center website and
AES Center (2013}

about how to stimmlate collsboration between
university and imdusoy. Imifially, the executive
of Bemgro suggested ERUTT setting up a
consultation service center but EMUTT's
EMUTT is a wniversity, therefore, it should maimby
forus on producing omen resources rather than
providing consultstion service. As a result, they
initisted Food Engineering Practce School
Program (FEPS) for Master's Degree in 20086
which aims to train the students to apply their
knowledge to solve problems in a real simation
before pursuing their research work.

From 2006 to presemt, EMUTT has sent
ar imately six master stadents to Betagro

Executives  qf Betagro and EMUTT  organized
occasionally  oyfrmal  discussions  leading fo Food
Muster's Degree 1 2006 This program har a mmn
purpose o train the sudents fo apply their Inowledge
fo sofve problems i a real situaton. The davelopmet
path of this case & dasjfied o leapfroggimg patterm
suwting  from  mednom  (fodewr mobilinyg o kigh
relational internsity foit R&D). Becauwe this firm has
the sechnological capabiliyy o do R&D acthities, i &
interestad n contimuing collaboraiing With umhaarsities.
Fhen collaboration reached the high Demsity, the
evolution path d fo mad lational intersity
(student mobilityl @ onder @ siovt doing mew R&D
projects (Cme &)

every semester. Betagm proposed several pesearch
topics and assipped the staff members to be
co-supervisors. ERMUTT bas to select some topics
which are feasible for the studenis’ theses. In
every semester, the executives of both parmies
join the stodents’ presentstions. In this case, the
key actor who plays a role in strengthening the
relationship is the execuimves of both unrversity
and firm imstead of FEPS' alummni.

Sowce: M. Mopharatant, Interview, fime 21, 2015,

Collaboration  between _drtith Pentilators and RMUTL
besem  with pasonal reloionship betwesn the firm
owmner and a wunhersiy profssor A that ome, the
firm owner woted to obtaim an imtermational stavdard
suarmiee for axport producs. He then connudted Rz
Jriend whe war o wmhaesiy profssor This sewor
ot sant @ jumor univasiy researcher fo work

Case & Collsboration between Betapro and Eing
Mongkwt University of Technology Thonburi
(EMUTT)

Founded in 1947, the Betagro Group began as
a single entity, Betagro Company Limited, to
produce  snd  dismibute amimal feed. Its
headquarters were origmally locsted in Pom Prab,
Bangkok, and its first feed mill in Prapadseng,
Sammt Prakan provincelt

Exeoatives of both parties had informa] disoussion

13 For mom information: hitps:aes s titech ac jp/english
14 For mom information: hitp: /e betagro comindex th php

10
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o firm. Finally producs could be oported o
wogether By orpmizing a  cooperane  education
program. The development process of fis case o
camsified @ leapftogging  panam  starting  from
intenzity ie, joiwt R&ED. Becmoe this firm has
technological capability to do R&D achities, @t &
interestad fo comtimue collaboraring with umivarsities.



Notably, when octiiy reached the high intensity, the
development path rewrsed fo  medum  relationg
intensity (sudenr mobiling @ order to start doing new
Jjoint Ré&D projects (Case 7).

Case T7: Collsboration between Artith Ventilators
and Fajsmangala University

of Technolopy Lanna (BRMUTL)

Amtith was established m 1984 as the first conmpammy
in Thailand producing 12-inch dismeter mrbine
ventilator under its own brand!?

The collaboration between BMUTL and Artith
owner and a university professor. At that time,
the firm owner wanted to obtain sn infernational
standard gosranies from Air Movement snd Control
Aszsociaton (AMCA) in order to export products
to oversess. He then comsulted his friend who was
a university professor. This senior professor sent
his former PhD. smdent to work at firm.
Together with the finm's engineers, umiversity
researcher who is a former Ph D student of semor
professor set up a lsboratory and built profotypes.
This lsboratory was used to test and benchmark
prototypes againct high-guality products. Four
years later, the products have been gusranteed by
AMCA and could be exported to overseas markets.
A penerafion passed, this firm owner's son
contimed to develop it products. He needed
smdents to work as assistant researchers. The
professor therefore sent his smdents to this fimn
through a cooperative education program (on-site
work for ome yesr). An exsmple of 3 new product
from 2 cooperative education program is CMC
automsation. After the projects finished, the
company hired 50% of interns as permsnent staff
Source: M. Moonpa, Interview, February 10, 2015.

4.2 Nom-Evolutionary Cases: Type of Actvity Not
Champing over Tima
Types of activities have not been changed ower
time when both supply snd demsand side have a
fooed specific need Fesearh topics and collaborative

15 For mom information: hitp:/‘ewo_artith cons’
15 For mom information: hitp:/‘emnw.nit.co jpndex. «himl
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patterns were clearly set by both parties at the
beginming to respond o 2 specific need of fmm and
ohjectives of collsboraton. The collsboration has
been contimed owing to commitment of both parties”
executives and success of initial phase (Table 2).

This result seems to be consistent with the conchrsion

of Bing and Van de Ven (1904). The development
of relationship is a repetitive sequence of each stage.

NIT and TIT have collaborated through joint Rd&eD

prgects. Due o parsonal comnection and reputation gf

ity wwiversity professors, NIT provides R&ED grams fo
this laboratory by dgfining clear research fopics avery
yar. The mwo parties plan fo jomt)y apply for patemt
witich may not be wtilzed (Case 5.

Case B: Collsboration between Mippon Telegraph
and Telephome Corporation and Precision and
Intellipence Laboratory, Foyams Laboratory
Photonics Integration System Pesearch Center,
Tokyo Institmte of Technology (TIT)

The Mippon Telegraph amd  Telephone
Corporation TT) is a Japanese
telecommmnications company founded in 1985,
It operates in five tusiness segments; 1) domsestic
intra-prefectural commumication services and
incidental services, Z) domestic inter-prefectural
and international communicaton services amd
incidental services, 3) mobile phones services,
and the related services, 4) system integration
and network system services, amd 5) real estate
tusiness, finsnce business, constuction and
as well as sdvanced techmology development
business!8

A professor overseeing Precision snd Intellizence
lshoratory used o work at WTT. Every year, NTT
provides B&D grants to his laboratory together
with defined research topics. Main target of
collsbomation is to jomtdly apply for patents every
year. In fact, some patents may not be used but
is becamse WTT s objective for patent application

11
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is o protect competitors o use fuhme echnologies.
It does not aim to commercislize discovered
technologies at this tme. In addition, this
laboratory specializes in relating technologies. It
skillfnl researchers. For discussions and
consultations, MTT and this laboratory have
regular meetings every two months. Exsmple of
discovered technologies is an optical device used
in data center of COIMpUler SeIver.

Source: 3. Gu, Interview, July 5. 2015

Contara  Hotels and Resorts and DPU he am
gereemer f0 develop rabumg programs for Connara
sigfft to gffer a traming program for DPL studenis,
mnd to provide traimings jbr the public. They have
confimang  humar 7 collaboration
in various programs withour chamging fo other modes
of collaboration (Caze 9).

e dava
r

Case O Collaboration between Centara and
Dhurakij Pundit University (DPLT)

The Central Group founded Central Plaza Hotel
Public Company Limited to handle the lmnch
of its own hotel, shopping mall, or convention
center in the expanding Ladprao area in Banekok.
The hotel was opened in 1983, and n 2007 the
hotel company was rebranded to Centara Hotels
& Resorts!?

Centara Hotels & PResorts (Centars) sigmed a
Memorsndim of Understanding (Mol with DPLT

in 2012 with an aim to develop state-of-the-art
training programs for Centara staff to offer a
traming program for DPLT stndents, and o provide
training for the public.

At the beginning, Centars accepted a mumber of
stdents from DPU o do an infernship at wariouws
Centara properties. A majority of DPFU smdents
came from the Faoulty of Tourism snd Hospitality
and DPU Internations] College (DPUIC). Based
at Centara, DPUT stedents performed well during
the internship.

Afier that, from 2013, Centara and DPU jointly
developed the Management Development
Program (MDP) which aims to equip Centara’s
This one-year program started with theoretical
components teusht in English at DPFUTC, followed
by & real-time management at Centara whereby
each trainee is assigped with managerial-lewvel
projects. Finally, the participants are trained at
the DPU"s parmer, Swiss Collepe of Hospitality
Manapement Lenk (SHML).

Becently, Centars and DPU imtroduced a8 new
project, Centara Academry in 2014. It aims to
enhance the skills of gradustes from high school
and polytechmic school Teught in Thai langeage,
this three-month program was initated by the
Faculty of Tourism & Hospitlity at DPU. Upon
the program completion, smdents hawve the
adventape of eaming cedits which can be counted
toward their Bachelor degree at DPUL
Soumce: . Campirsnon, interview, March 7, 2015

Table 2: Summary of Evolutionary and Non-Evolutionary Case

Development of UIC .
Case Initial Condition | Capabity of Firm | Activity (Level of mihxw and
Relational T ity) ng boration
Evolotionary (step-by-step) | Faole of intermediary person in
Research developed by Low: Technology licensing | builfing trust
Case 1: calla } Median: Researcher mobility | Firm's understnding i the
Mumoji and FPU by i ! e (from umiversity to firm) | importance of UIC (send one
. High: Techmical consulation | staff to work at the miversity
17 For moms i iom: Bt iane Jeresorts. com
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Development of UIC

Reason for Starting and

Case Initial Condition Capability of Firm Activity (Lewvel of . -
onal i) Continuing Collaboration
initial phase)
University researcher’s imferest
in industrial research (used to
be a company researcher)
Soccess of imitial phase
Arademic paper written Capability of firm in formsesing
by university researcher potential technolosy and frm's
Capability of fiim in . } inferest in produc development
Case 2: foresesing ‘potential of Low- Use of ;.glgg: (firm read an academic paper
CPmd MU | technology Co-creator e pubication. | - miversity researcher)
Finm's inferest in prodact . X it Trust in ressarcher’s capability
devalopment E Consultation, joint | o Gerided 1o directly comact
Direct comfact between umiversity researcher when it
fm amd umiversity mead an academic paper)
reseancher Success of initial phase
Fale of intermediary person in
Evonry Qeptogeng) | o i
Resah  (potoiype) Low: - Fimm is imtemested in product
is n
Case 3: developed by university Medsm: Stadent mobiliy | o opment while umiversity
Lion and CU a:ﬂhnmm;;hﬁmw Co-meator of {i}ﬁ:mﬁnﬁrﬂ & m o
g r onduct industrial ressarch
amnped by intermediary development), technology :'_ns:m —
persom (CED of licensing (joimtly (s e e was am
Iomenvation Group) dmﬂ.q:ai;. and technical abummss of fculty of scieace,
consulation
ci)
Soceess of imitial phase
Case 4 Mufual interest
JE. Exst and Flsio Firm is inferested in product
Research m;f:z of Low: - researcher & interested to
U !_ . by Medium: Fesearch mobility | demensirate prototype
colla . 5 Eﬂmmmﬂﬂ C;dn:llyﬂ'ﬁmnfmsemg
. s Prototype | potential technelogy
(mesting at a party) demonstration, joint R&D | Trust in ressarcher’s capability
Success of initial phase
Case § Informal  collaboration | Co-creator of Evalutionary (leapfrogging) | Role of intermediary body in
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Development of UIC .
Case Iritial Condiion | Capabiity of Frm | Activity (Level of mga"‘g and
Relational Intensity)
Tuilding trust
Muofual interest
Large &EY | Gerting to know each Lowr- - Fim s intorected in knoodadpe
and Tekodai Formal collabomtion g mobility (fom firm o | researcher &  imterested fo
(Establishment of AES nmiversity) conduct advanced research
Center) Highr Joint R&D Capahility of firm in foresesing
potential technalogy
Success of initial phase
Close relationship between two
Close relationshin | Evalutionary (lsapfrozgng) m_mbﬂmﬂlﬂb
Case & ives of parties of Low: - Minrual interest
EMUTT . B education, hire zaduate, | Esources while wiversity aims
mmm training for employes o develop the kills of stdents
RIS High: Joint R&D in respemse to firm’s meads
Soceess of imitial phase
Co-creator of Close relationship betwesn two
Imowledge parmers (frust between thems)
Muofual interest
Closa relationship between | At the bepinning Tritial phase- firm was inferested.
. fimm exeoufive and senfor | firm did not hawe | Evolutionary (leapfrogging) | in product development while
m?ﬁ miversity researcher | hizh techmological | Low: - miversity researcher i inberested
(sed to be classmate) | capability tut it | Medum- Cooperative | to conduct ndustrial research
Informal collaboration | & & d e d| eduaton hire praduate Intermediate phase i present
(mformal  consultation | technological | Highe Joint R&D firm peeds quality buman
and discussion) progress and  had ESurces while umiversity aims
capahility o leam 10 develop the ills of sidents
in respomse to firm’s needs
Soccess of initial phase
Close relationship between two
Nen-Evehitionary pariners (trost befwesn fwo
Close relationship Toint R&D) armers)
Case 8: hetween fimm and bead of | Co-creator of Muofual interest
NTT and TIT | bborstory {used o work | knewiedze The firm aim to conduct | Firm's infention in competitor
at NTT) fotare  technologies and | protection while fhrough patent
Mistaal imterest juintly apply for patents in | registarton university's imberest

arder to protect competitors

14
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Development of UIC 3
Case Initial Condition | Capability of Firm | Activity (Level of ml'“"‘_"'_h cﬂhm"'g and
Relational T ity) nuing boration
Co-creator of
Imowiedge and Commitments of both partiss”
Imowledze user .
exeOatives (st betwesn theen)
Case & Formal collabomtion Hoth : Non-Evehstionary Fimm n::slﬂqm]n}' buman
o0 om-
Mistual interest hm”gm Frogams 0 develop the kills of swdenss
in respemse to finm’s needs
One of MOU Sccess of JkEl §
PIpeses is t0 tram
Centara employess

4.3 Nowm-Starter Clases

This kind of cases is charecterized as when the
collaboration stopped at one-zshot event. We found
the four following reasoms;

1) In case of nano carbon finm and TTI, firm
had technological capabilities to collaborate
with  umiversity, because it iz &
technology-based fimm The collaboration
between firm and umiversity could not be
evolved becamse unmiversity researchers amd
company researchers were not interested in
contimee working (Case 100
on liquor fermentation to 8 mMicTo enferprise
which was a knowledpge user. The firm used
knowledge generated by the university
professor. This case could mot be evolved
because a new partmer emerged (Case 11). A
mile of existing partner is wken by a new parmer

3) PMUTL s university researchers assisted the
Ccommunity to set up machinery maintensnce
service center (with a support from local
government) snd trained technicians (with a
support  of Ministry of Science and
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Technology). However, this case could not
evolve because govemment support was
temminated too early and conmmnity lacked a
good mensrement system to contimme (Case 12)

Case 10: Collshoration betwesn a nsno carbon fimm
and Toyota Techmological Imstinate (TTI)

A soall carbon nanotobe finm, established in
Magoya, produces carbon materisls. It faced a
problem on how to manmipulste snd control nanotube
efficientty. University professors and this compamy
developed & problam in fo a research. project proposal
and applied for B&D grants from Japan Science
and Techmology Agency This agency provided
B&D grants for three years. Afier that two parties
camied out a joint research project and wsed B&D
facilities at TTL The result of this project was a
technology which could pick one materisl to attach
to another type of material efficiently. Fesearchers
applied for a patent. Until now, two parties have
not contimed working together yet.

Source: M. Yoshinurs, Interview, Jamary 28, 2015,
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Case 11: Collsboration between a local brewery
entreprensr  and Fajamangals University  of
Technology Thamyaburi (BMUTT)

A BMUTT's professor knew a local brewery
entreprenenr becanse of his fiiend The relatdonship
between them started with informal collaboration
and could develop very well because the location
of firm was close to the university and they had
similar educations] backpround (gradusting n te
same field). This professor provided an adwvice on
how to make hguor not rancid in the femmentation
He sent smdents to make fermentation buckets for
brewing liquor and zave fimgus leavening to the
entmeprensur. However, when this firm met a new
business parmer, this project was terminated A4
new parmer ordered this fimn to produce liquor
by using its own fungus lesvening.

Source: C. Charoenchai, Interview, February 19,
2015,

Case 12: Collsbomation between Locsl Conmmmnity
and FMUTL

After a scence carmvan festival at Longkhod District
in Chisng Mai was over, Ministry of Scence and
Technology (MOST) =nd PFMUTL  imvited
commmmity leaders to disouss and identify thedir
problems. Longkhod Distmict is an  agriculural
The selected issue was to establish Apmiculhoral
Machinery Mamtenance Service Center, becmee this
kind of cenfer omly existed in the ceniral region far
from this distict. In order to set up the center, local
Eovermment imvested i infrastrchore and equEpEent,
wheregs MOST supported for traiming of ten
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center siopped operating because it lacked of a zood
meEnarement system. Those echnicians n te center
resigned  Most of them opened =mall service centers
in the commmmity instesd

Source: M. Moonpa, Inferview, February 10, 2015.

5. Concluzion
Eey findings of case analysis partially contribute
to the understanding of UIC as described below.

1) This article found different development paths
of UIC activities and factors influencing those
common development patterns were found
First, for evolutionary cases having changing
types of collsboration overtime. Two
development paths are either step-bry-step or
leapfropging. How paths evolve depends on
push and pull forces, technological capability
of firms, tust bkt by intermedianies and two
parmers, and mofual interest. Imterestingly,
reverse of backward path may ocowr in
leapfropging cases when two parties want to
researchers or students to work with therr
ie, type of activity has not chanped over time,
ooonred when two partners have fixed specific
influencing them are summarized in Figure 2
and Table 3 respectively.



Figure 2: Development Paths of UIC Activity

Articies

-

~\
7 m N
Step Medium relational Step e —
Beversa/
backward

¢

Table 3: Factor Affecting Development Path of UIC Activity

Factor Affecting Development Path

- - Why Two parties
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with expent
Factor affiecting pattem Bole of imermeciary persen| T Do OO
Pmnludzdsnmltgpﬁecf uhndy.mhﬂdmgmmh{ﬁs of imitial
activities. Intermediary pus:m'inse
*Besearcher mobility from mfroduces ressarchers to
Company to university often firms
happens in Japan tut i Pull-Farce High technological
much preferable. (low-high, to improve or develop|foresesing potemtial
i . Co-creator of B
medinm-bigh) . M specific  products  or |echoology
Firm with high technological Fim's om in
{[EI'EIEE."SIEP:F_IEI m] need ﬂmiet!imnhjrpusmpnmm
backward: or in ing tast |Universit
tmoloical - body in buldding ¥

high-medium}

Intermediary pETSon
mtrodoces ressarchers to

firms and they decide to

researcher’s imferest
i conduct indstrial
research
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Factor Affecting Development Path

Collaborating Firm's
Technological and
Leaming Capability

Initial Condition of
Collaboration

Why Two parties

Waorking Together

wark together. Then, they
send researchers to explore
research fopics. When they
pesd to explore pew areas,
anather SToup af
researchers are senf (step
tack from bigh o mediom)
Tnast ikt by two panners
Irhaal imterest

Fim is inferested m

product development while
miversity researcher i
mrerested o comduct
advanced or industrial

Trust hetwesn wo

Soccess of  imitial

MNon-evohatiomary: fypes of

Factor affecting pattern
Type of activity was not
chanzed because objectives
amd collaborative  pattemns
were clealy set by bodh

Use one only mode

CO-CTEinT
knowledze or kmowledze

Resporss i a specific need
of firm

Research topic defined by
both  parties  hefore

Tnsst il by two paniners
Mirhaal imterest

B&D: fimm's infention in
compefitor protection while
through patent registartion
miversity’s  imferest m

Educatior firm meeds
quality Iuman resources
while university ams o
develop the skills of
siadents in respomse o
firm's needs

Commitment of both
Trust hetwesn wo

Soccess of  imitial

Source: Amthors
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) In non-starter cases, activines have been
terminated or not developed further due to
or failure in social valves when parimers are
not  interested to contione working, (B)
operating projects and (c) hard institution
faihe when government support is early
terminsted, and (d) a role of existing parmer
is taken by a pew parmer.

3) Our analysis disagrees with Shartinger et al
(2002). Lespfrogging path could ocour. Use
may teke shorter time snd may not need to
proceed in order.

4y Types of activities may not change overtime
if both parties define a fixed specific goal and
collaborative pattern.

5) Mobility of people and informal interaction
seem o be predominant activites for Japanese
and Thai case. It can be a stepping stone to

6. Limitation and Further Study

The auwthors ere aware thar the case smdies were
The rezson for not inferviewing fitms is that those
case smdies emerged from the field work exploning
collsboration with the industry by different types
of universities. In addition, the factors affecting the
and tested by the interviewees but they were
indnctively derived from ansbysis of the case smdies
by the suthors.
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However, human mobility in the Thai cases
15 mobility of stdent= while researcher
mobility from companies o universites
frequently happened in the Japanese cases.

collshboration evolves overtime and facors wnderlying
these evolutions can be very useful for drawing
effective government interventions. For example,
technology capabilities of prospective collsborating
firms and attitude for cooperaton of entrepreneurs
projects. Intermediary persons and organizations as
catalysts for initiating and deepening collaboration
should be encowraged. Government supports should
last long enough to sustain and deepen collsboration
Mobility of stedents and researchers as platform
should be promoted Informal university-mduostry
interection in the form of fommms and meetings should
be mitisted as a starting point for more substantial
formal collaboration.

We, therefore, suggest that the following aspects
identified by our smdy should be tested in firther
studies with larger sample size.

Two development paths of miversity snd industry
collsboration: a) step-by-step and b) leapfrogging

Factors affecting the development paths of
umiversity and industry collsborstion: &) firm's
technological capability, b) push-pull force, ) role
of intermedisries, d) tust, and &) muual interest.

Bekkers, B and Freias, I M. B. (2008). Analysing
Encwledee Transfer Chanmels berwesn
Universities and Indusiry: To What Degree do Seciors.
also Matter? Fesearch
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