Unmiversity of Strathclyde

David Livingstone Institute of International Development Studies
Department of Civil Engineering

University of

Strathclyde

Role of Science Parks in the Development of

T'echnology-Based Small and Medium-Sized
Enterprises (SMEs) in Malaysia

by

Chandra Malairaja

A thesis presented in fulfilment of the requirements for the degree of
Doctor of Philosophy
2006



COPYRIGHT

‘The copyright of this thesis belongs to the author under the terms
of the United Kingdom Copyright Acts as qualified by the
University of Strathclyde Regulation 3.49. Due acknowledgement

must always be made of the use of any material contained in, or
derived from, this thests.’

11



In memory of my parents

Malairaja and Thanikodi

11



ACKNOWLEDGEMENT

The completion of this thesis would not have been possible without the support and
encouragement of my family. My wife, Yuva, has been very understanding, helpful
and supportive during the entire period of the research. My sons, Kughan, Yoghan
and Rasan Malairaja also gave their support and assistance. I must say that my sons
were In return motivated to excel in their school studies and pursue university

education in other professional fields.

[ take this opportunity to thank the Government of Malaysia, particularly the
Ministry of Science, Technology and Innovation (MOSTI) and the Public Services
Department (PSD) for providing me with the full scholarship and study leave to
undertake this research. I would also like to thank the management and staff of the
Department of Civil Engineering and International Office of University of

Strathclyde for their assistance and support.

Finally, my special acknowledgement goes to Dr. Girma Zawdie who did a
tremendous job in supervising my research right from the very beginning. He was
very helpful and painstakingly read my draft thesis making constructive comments.
My regular discussions with him made a huge impact on me personally and provided

me the opportunity to learn more about academic life.

v



CONTENTS

| TR B Q7] ¢ S T TP PRUPDURPTRTRES 4 |

IR0 B V1) [ T UUSERRRRRRRS 4 ||

74N 117 § ¢ 1 SO R TUPRPRRRRR XVl
1. INTRODUCGTION.......oooiiiiiiiiiiccncctrterenteeseseeesesssessssssnsessssssssssaessasssaens |
1.1 BACKGROUND......c e e e 1
1.2 SCIENCE PARK STRATEGY ..ottt s ssessesssens 4
1.3 THEISSUE...... .o oooiiiiiiiiiiiiiieiieeereeiteereetersnrnsaiti s ressssesssesesssssseesssasesssessesnsens 6
1.4 OBJECTIVES, METHODOLOGY AND SCOPE OF STUDY.........ccccuvneene. 8
1.5 DEFINITIONS OF KEY TERMS AND CONCEPTS.......cccooiiviiiiieeiieeiinnne, .10
1.5.1 Innovation............ccccoriiinineiineninniencneeeecnnennnns ereterenetee et et erens 10

1.5.2 Sc1encePark........eeeeeeee e, 10

1.5.3 High-TeCh SMES........cccoiiiiiiiiiiiiccce e, 11

1.5.4 Science Park and Off-Park FIrms...........coceevieivviiiiiieiee e, 12

1.5.5 GOVEIMMENL....... ..o e e e e s e tbe e aa e sb s 12

1.6 STRUCTURE OF STUDY..........ovooeeeoeoerreesrrsesssssesee e 12
1.7 SIGNIFICANCE OF STUDY..........ocoooeeeerseereesesessseseossemseeeseesssessesssssseses 13
1.8 CONCLUSION....ccoeeee ettt evar e ese e e sse e e asesaaasseessnss 14
2. TECHNOLOGY AND ECONOMY GROWTH................uuuueennee. 15
2.1 INTRODUCGTION. ... ..o srere s e e sa s e saemsesseens 15
2.2 INNOVATION AND ECONOMIC GROWTH.........ccccooiiiiiiiiiriirriniveeeeneinens 16
2.2.1 Schumpetenan Hypotheses............ccoiiiiiiiiiiiiiiiiciiicien e, 17

2.2.2 Solow’s Residual and New Growth Theories.............cccocvvvviiiieeiiicenn, 18

2.2.3 EvOlutionary TREOTY......ueeeeiieeeeeeeee et e ae e 20

2.2.4 Systems ApproachtoInnovation...............cccooeiiiiiiiiciieiiceen, 20

2.3 WHATISINNOVATION?.......ooeociiiicreeeet e e ae e e re e ssnenes 23
2.3.1 Definitions, Models, Types and Sources..............covvveveveenrvnnciieinnnnens 24

2.3.2 RoleofLearning and Knowledge...........coooovveeiiiiiniiiieccienine 28



2.3.3 Innovationin Developing Countries.............cccccovvveeeiveenniiecesenessnnene, 29

2.4 NATIONAL INNOVATION SYSTEM.......ooovviiiiiieer et 30
2.4.1 Defimtionand Use.............coiiiiiiiiiiiiiiiii e s 31
2.4.2 Public Policies and Institutions..........cceveeeicinneeenineeenisssenecsinnnes 33
2.4.3 Public and Private Sector R&D.........uveverevreriinrerneiiccninnennncnn, 34
2.4.4 University-Industry Links.........cccoooiiniiiiiimiirinieiiinneeeenineeensenienses 35
2.4.5 Educated Workforce and Human Capital..........cccooiieinnninninnnnn, 37
2.4.6 Financial Institutions.............oooiiiiiiiiiiiiiirieeec e srnnsersssssanes 38
2.4.7 Regulatory and Legal Framework.............. eeeerrareeeeseesrantsessanane 39

2.5 ROLE OF THE STATE IN INNOVATION.......cvccciireerreeciecenrrvnieneonnes 41

2.5.1 Technology and Innovation PoOlICIes.........cccoeeiiiiviiiiiiiiiininiii e 43
2.5.2 RED FUNAING. ...o.o. oo oo ssseeeseseee s 45
2.5.3 Lawsand Legislations............cccvvieiiiiiiiiiiiiiiiiiicinceireeeie e csnseensssen, 46
2.5.4 Provisions of Technological Infrastructure.........coccovvevevvvieievieviinniinnnne, 47

2.6 INNOVATION AT FIRM LEVEL.......cuiiiiiiinnnincnnnenneseenineenns 48

2.6.1 Why FIMNSINNOVALE. ...ttt e eaeseeesran s 48
2.6.2 Does Size of FIrMS Matter?.........ccvveeeviiiviniieeeieeiireeeeee e, 49
2.6.3 Importance of Location and Clustering..............ccccovvevvirvnniereeeeeeieennn, 52
2.6.4 Internal R&D and R&D Collaboration.................. ............................. 55
2.6.5 ACCESSTOFINANCE.........ciiiiiiiiiiiiie e 58
2.6.6 Entrepreneunal and Organisational Factors...............ccccooeeiiiiiiiniinnennen 59
2.6.7 InternationaliSAtION.............ovvviiviiieiiiiiiiiirtrree e 60
2.6.8 Government SUpPOIt SChEMES..........oovviiiiiiiiiiiiiie e reeeareen, 61
2.6.9 Implementation ISSUES.........c.oovuuiuiiiiiiiiciiiiieieeeee s 63
2.6.9 Measuring Firm Level Innovation..........cccooeeiimeeeeiiiieeiee e e eeanen 63

2.7 CONCLUSION.... .ottt cecesrrrrreerreeree e s e eee e ssaeassaesnessemsesssaness 65
3. SCIENCE PARKS AND SME INNOVATION......ccooovvveiiniiiiereenens 67
3.1 SCIENCE PARK PHENOMENON.......ccooiiiiiiieiiiieeeecccccitierreeerececcsrereennes 67
3.1.1 Definitions and CharacCteristiCs...........ooooiiiiiiiiimieriiiieiiee e eeeeeerreeeeeeenns 67
3.1.2 The Growth of Science Park Movement.............ccocoeeriiiiiiiiiniiinnninnennes 69




3.2 RATIONALE BEHIND SCIENCE PARK STRATEGY........cccccevuvrniinnninn, 71

3.2.1 ScienceParks as CIUSters...........ccccvviivviniviiinienieereeeenreeseeseessenerens 71
3.2.2 Reasons for Establishing Science Parks..,......ccoccvvvviiiiiiiiiinniiiinennennn, 72
3.3 IMPACT OF SCIENCEPARKS.......... e scnenee, 75
3.3.1 Support for Technology-Based FIrms............cccocveveieiiiiiniiininieneecennen, 76
3.3.2 University-Industry Collaboration.............coovvemiieeiioieiee e, 78
3.3.3 Regional Economic Development..........ccccoviveiiiiiiiiniieeeieeeernersissnnnns 82
3.4 CRITICAL SUCCESSFACTORS. ...ttt resresssaee s 84
3.5 CRITICISMS OF SCIENCE PARKMODEL.........ccoovvvuiiiiiiineeeinenieeees 88
3.6 CONCLUSION. .. ..ottt ee e sressbes s sssscssssesasacssneons 00

4, CONCEPTUAL FRAMEWORK AND HYPOTHESES

DERIVATION. ...t crrcrientetesnesetsatestiestiessieessssssesssesaseasans 92
4.1 INTRODUCGTION.......cooi et sreesssr e ssbessbesenns 92
4.2 CONCEPTUAL FRAMEWORK OF THE RESEARCH............................ 92
4.3 FORMULATION OF HYPOTHESES............cceii e, 93
4.3.1 REDINDULS........oii s 05
4.3.2 R&D Collaboration and Co-operation...........ccccceveeveiverieiineiinieeeennnne, 96
43.3 AccesstoFinance............ccoovvemoe e, e, 09
4.3.4 InternationaliSatioN.............ccovvuiiiiiiiiiiiieee e 100
4.3.5 Innovationand R&D Qutput...........cccoovviiimiriiiiieeiieiieeeccceeceeeees 102
4.3.6 Business Performance and Growth............ccocvvviviieiiiiiiiiiiiiinnrneen, 103

4.4 CONCLUSION. ... e e e s e e e ae e s e 104

S. MALAYSIA’S TRANSITION TO KNOWLEDGE

ECONOMY ... ccreccere e eae st esasersssstesesssssssssssaaensssnns 106
5.1 INTRODUCGTION. . ...t ere e srae e sessasnens 106
5.2 CHANGING ECONOMIC STRUCTURE...........coooittreereeeeeeeeenrerenee e 106

5.2.1 Development SUCCESS StOTY.....uuueueeiieieeereeee e ereesveeee e 106

5.2.2 Role 0of GOVErNMENL...........cooviiiiiiiiiiiiiiicee e ereeees 109
5.3 ROLE OF FOREIGN DIRECT INVESTMENT ........cccooviinreinirireeneeenes 111
5.5 TRADEASENGINEOF GROWTH.........couoiiiiiiiiiiieeeee e 114

Vil




5.4 TRANSITION TO KNOWLEDGE ECONOMY. ..o, 116

5.5 CONCLUSION....oottteeeee s e essse s sesseebnsssn e e 118
6. MALAYSIAN NATIONAL INNOVATION SYSTEM.............. 119
6.1 INTRODUCGTION. ... oot se s ssieeserseesressanesabans 119
6.2 MALAYSIANNIS: ANOVERVIEW.......ccooiviiricesien e, 119
6.2.1 Policy Formulation and Implementation.............cccccoeviiiiiniinnnnnn, 120

6.2.2 Public SECLOrR&ED........ooveiiietiieeieeee et rsserssasenes 121
6.2.3 Private ENterprises...........oooviiiiiiiiiiiiiiciiin e sernecene s, 122
6.2.4 Educational InStItUtIONS...........oveiiriiiriiiiiiee et cercvseonsnasans 123

6.2.5 FINancial SYStemL.......coviiiiiimiiiiiiiiiie et e e e e eesreesne s 124

6.2.6 Regulatory and Legal Framework..........cccovvvviiiiiiiiiniiinnn, 124

6.3 TECHNOLOGY DEVELOPMENT MEASURES............... i, 125
6.3.1 Funding for Research and Infrastructure...........cccccoeeeririniiiiininininene. 126

6.3.2 Technological Infrastructure..........ccooovviriviiiiiiiiieeeereeeeee e, 126

6.3.3 Inflow of Foreign Technology.........ccocovoiieiiiiiiiiiiiiiiirieenes 128

6.3.4 SUPPOIfOr SMES.........coiiietiii it 130

6.3.5 Multimedia Super Cormidor...........c.ueeeeiieeee e, 131

6.3.6 Technology Development in Selected Sectors.......oouvveiiiiiiivennnnnnne, 134

6.3.7 Why Malaysia Lags in Technological Development........................ 137

6.4 FACTORS AFFECTING MALAYSIANNIS. ... 139
6.4.1 Lack of Research and Development.............cccooiiiiiiiiiiiinan, 139

6.4.2 Weak University-Industry Collaboration................................14]

6.4.3 Lack of Commercialisation.............c.oiiiiiii 142

644 LackofHumanCapital...............ccoiiiiii e, 144

6.4.5 LackofStrongIPRRegime..........ccoiiiiiiiiiiiiiiiiiiiii, 146

6.4.6 Lack of CorporateGovernance................cooiiiiiiiiiiiiiiniinns. 147

0.5 CONCLUSION. ... i sttt e ee e e iee e renaae e 148

7. RESEARCH DESIGN AND METHODOLOGY..................150

7.1 INTRODUCGTION. ... e e e e e 150
7.2 RESEARCH DESIGN. ... o e 150

Vil




7.2.1 Matched Sample Approach.........ccooviiiiiiiii, 150

7.2.2 Two-Phase Study.........ccoooiiiiiiii e 151
7.3 LOCATION OF STUD Y ..ottt ittt et cerre i eecinaeneans 152
7.4 POPULATION AND SAMPLE SELECTION........ci i 153
7.4.1 Target Population. ..ottt i e e e, 153
7.42 Sample selection........ccooiiiiiiiiiiii 154
7.5 DATA SOURCES ANDPROCEDURES.......c.coi i e 155
7.5.1 Mall SUIVEY. ... e 155
7.5.2 INLEIVIEW SUIVEY...ouuiiiiiiiiiciieiieirietcee s ceer e e e e e s e ssaesesiaesssanesssenes 157
7.5.3 Other Sources of DA oo eeeeeeeeeeeee s ee s s sssseeseereseneeeee 157
7.6 VARIABLES ANDMEASURES.......coii s, 158
T.6.1 Varables......ccoooiiiiiiiiiiiiiiiicnieeee e e et e s sbe e e sra e e re st e 158
7.6.2 Operationalisation of Vanables............cccccoeviiinnininiiiininnnnn, 160
7.7 STATISTICAL METHODS........ . e 163
7.8 CONCLUSION. .. ..ottt s sssbeesseesseessasesssesssasssassns 165

8. ANALYSES OF SURVEY DATA, RESULTS AND

DISCUSSION. ...ttt cteraeeeesessseseesnersssssnnsaassanss 167
8.1 INTRODCUTION.....oooccceereeereeresesssseeseesssesssssessesssssssssssesssssssssssees 167
8.2 THESTUDY SAMPLE..........ooo et 167
8.2.1 Technology Sectors......c.ccooviiiiieiiiiiccer e e 168

8.2.2 Legal Status Of BUSINESS.........ccooiiiiiiiiiiiiiecre e e ceeeceeeeceneeees 169

8.2.3 AgeProfile Of FITMS.......u.oviiiiiiiiiiieieiccciren e eeceeereassessaie s 170

8.3 DESCRIPTIVE STATISTICS. ...t nnnnne e 171
8.4 TESTING THE HYPOTHESES............c.cooiiirieereeeeieieeesesesesessesesesesssess 172
8.4.1 REDINPULS. ..ot searae s srr s 172
8.4.2 R&D Collaboration and Co-operation.............cooovvviiiiininniicccnnunneeenns 177
8.4.3 ACCESSTIOFINANCE......ccoeeeniiiiiiiiiic e see e ar s 181
8.4.4 InternationaliSAtION.............oivveiiimereiniiiiiier e e eene e enes 183
8.4.5 Innovationand R&D OQutput............cooeiiiiiiiii e 185
8.4.6 Business Performance and Growth..............cccvviviieiiiiiiiininineecnnnn 188
8.4.7 Summary of Results..........cccoviiieiiiiiiiice s 193

X



8.5 DISCUSSION. ... e 194

8.5.1 R&EDINDULS......coeeeeie e, 194
8.5.2 R&D Collaboration and Co-operation.............ccceviiiiiiiinnn, 198
8.5.3 ACCESSTOFINANCE......ccvviiiiiiiiiiiieiiiriee e s s 201
8.5.4 Internationalisatlon..........ccoveviiiiiiiiiiiiieiiiri e s 203
8.5.5 Innovationand R&ED OQutput..........coeuvviiiviiiiiriiiiircr e 205
8.5.6 Business Performance and Growth...............ccooovviiiiiiiiin, 207
8.6 FURTHER DISCUSSION. ...ttt ssee e sabsenns 208
8.6.1 Interview-Based Study.........cccoooviiiiiiiiiiii e, 208
8.6.2 The Main Findings of the Case Studies..............cocoviiiiiiniiiine, 209
8.6.3 Does Science Park Location Matter?..........cveeeeiiiiieiiiinniiccnnnnnneeenn, 213
8.7 CONCLUSION.....ccoiitiiiitiiiiicetreeereeeeraretereserrer s rasreesressssesssaesrsesssasnsns 214

9. SUMMARY AND CONCLUSIONS......coiiiiiiiiiiiiencenenen 216

9.1 INTRODUCTION. ... e 217
02 SUMMARY OF FINDINGS. ... ..o i e, 217
0.2.1 R&EDINPULS.... .o e e 217

9.2.2 R&D Collaboration and Cooperation...........ocoevnniiiiiiiennnen 218

023 AccesstoFInance...............coceiiiiiiiiiiiinnnnn. SRR 218

024 Internationalisation..............ciiiiiiiiiiiiiiii it 218

0.2.5 Innovationand R&D Output..........cooiiiiiiii e, 219

0.2.6 Business Performance and Growth.............. ... 219

0.3 IMPLICATION S ... it e teereree e enn sttt 219
9.3.1 Science Park and Off-Park Firms..............coiii e 220

0.3.2 Science Park Management.............coiiiiiiiiiiiiiiiiiiaiiieeet e, 221

9.3.3 Universities and Research Institutes...............c.oooooiiiiiieiroreee. 223

0.3.4 Financial InStitutionS. .. ..ottt 224
SR T II € (0170 0 114115 1| SO PSSP URSPOPPRPPPELELLE TP 224
94 LIMITATIONS OF RESEARCH... ...t 227
0.5 FUTURE RESEARCH. ... .o i ettt e 228
0.6 CON CLUSION. ...ttt e e et e e ae et 229



REFERENCES ... e 230
APPENDIX

Appendix I. Definitions of Science Parks.................ocooin, 269

Appendix II. Definitions of Innovation and National Innovation System........... 270

Appendix III. List of Public Research Institutes in Malaysia.......................... 271

Appendix IV. List of Science Park Firms. ..., 272

Appendix V. List of Off-Park Firms...........cooii i, 274

Appendix VI. Survey QUeStiONNaIre.........coeviviiiiiiiiiiieiiiiiiiieniineens 276

Appendix VII. Open-Ended Questions for Interview-Based Study................... 288

Appendix VIII. Summary of Results of T-Tests and Chi-Square..................... 289



LIST OF FIGURES

Figure 1.1: Stages of Competitive Development................coooiiiinnnnn, 23
Figure 2.2: Linear Models of Innovation.................oociii i, 25
Figure 2.2: Major Components of National Innovation System...................c.e. 33
Figure 4.1;: Framework of Study.......c.cooii e, 03

X1t



LIST OF TABLES

Table 2.1:
Table 2.2:
Table 2.3:
Table 2.4:
Table 3.1:
Table 3.2:
Table 3.3:
Table 3 .4:
Table 3.5:
Table 3.6:
Table 5.1:
Table 5.2:

Table 5.3:

Table 5.4:
Table S.5:
Table 5.6:
Table 6.1:

Table 6.2:
Table 6.3:
Table 6.4:
Table 6.5:

Five Generations of the Innovation Process
Sub-Processes at Firm-Level Innovation

Forms of Inter-Firm Relationship

Relationship between business performance and collaboration
Science Parks versus Industnal Parks

Science parks: Essential and Important Features
Global Distnibution of Science Parks

Objectives of First Science Park in Selected Countries
Science Park as a Resource Network

SME features versus the Knowledge Economy

GDP of Malaysia — percent by industry of ongin
Major economic indicators, Malaysia, 1996 - 2003
Employment by Sector in Malaysia from 1990 — 2005
FDI Flow to Selected Asian Countries 1996-2003
U.S. Accumulated Investment in Malaysia

Malaysia Export Structure 1960-2000 (% of total exports)

Development Allocation for Science and Technology in Malaysia

1991-2005

Science Parks and Technology Incubators in Malaysia
Technology Inflows into Malaysia by Types of Agreement
Development Plan of the Multimedia Super Corridor (MSC)
Growth in the Number of MSC-Status Companies

Table 6.6: Malaysia: Electronics Industry Capabilities

Table 6.7:

Table 6.8:
Table 7.1:
Table 7.2:
Table 8.1:
Table 8.2:

R&D Expenditure and Number of Scientists and Engineers
for Selected Countries

Factors Explaining Lack of Commercialisation in Malaysia
Study Dimensions and Vanables

Study Measures

Industnial Sectors of Science Park and Off-Park Firms

Legal Status of Business of Science Park and Off-Park Firms

X1t

260
43
57
58
638
68
71

74
76

76
107
108
109

112
113
115

126
127
128
131
133
135

140
142
158
163
168
170



Table 8.3: Age Profile of Science Park and Off-Park Firms
Table 8.4: Descriptive Statistics

Table 8.5: Average Annual R&D Expenditures of Science Park and
Off-Park Firms

Table 8.6: Average Annual R&D Intensity of Science Park and
Off-Park Firms

Table 8.7: Number of qualified scientists and engineers (QSEs)
Employed by Science Park and Off-Park Firms

Table 8.8: Percentage of Qualified Scientists and Engineers (QSE)
Employed by Science Park and Off-Park Firms

Table 8.9: R&D Thrust of Science Park and Off-Park Firms
Table 8.10: Radical Research by Science Park and Off —Park Firms

Table 8.11: Percentage of Firms Having Co-operative Arrangement on
Innovation Activities

Table 8.12: Number of Strategic Alliances forged by Science Park and
Off-Park Firms

Table 8.13: Number and Types of University Links of Science Park and
Oft-Park Firms

Table 8.14: Types of University Links of Science Park and
Off-Park Firms (Means and Standard Dewiations)

Table 8.15: Sources of Finance for R&D Activities of Science Park and
Off-Park Firms "

Table 8.16: Internationalisation of Science Park and Off-Park Firms

Table 8.17: International R&D Collaboration and Exports of
Science Park and Off-Park Firms

Table 8.18: Number of New Products/Processes Launched by
Science Park and Off-Park Firms for Period 1997-2001

Table 8.19: Number of Patents or Applications that have been taken
out by Science Park and Off-Park Firms during 1997-2001

Table 8.20: Number of Copynights or Applications Registered by
Science Park and Off-Park Firms for Period 1977- 2001

Table 8.21: Average Annual Sales Turmmover of Science Park and
Off-Park Firms

Table 8.22: Average Annual Sales Growth Rate of Science Park and
Off-Park Firms

Table 8.23: Average Annual Profits of Science Park and Off-Park Firms

X1V

170
171

173

174

175

175

176
177

178

179

180

181

182
183

184

185

186

187

188



Table 8.24: Average Annual Profits Ratio Growth Rate of Science Park
and Off-Park Firms

Table 8.25: Average Annual Employment Size of Science Park
and Off-Park Firms

Table 8.26: Average Annual Employment Growth Rate of Science Park
and Off-Park Firms

Table 8.27: Summary of Results of Hypothesis Testing

XV

191

- 192

192

193



ABSTRACT

This thesis tests the widespread assumption that science park firms are more
innovative and R&D-intensive resulting in greater innovation output, growth and
profitability than off-park firms. Science parks are supposed to provide a value
added environment to enhance innovation and competitiveness of small and medium-
sized enterprises (SMEs) and facilitate commercialisation of technologies. Based on
an extensive literature review of firm-level innovation and role of science parks, the

study investigates a set of fifteen hypotheses based on R&D and non-R&D vanables.

The hypotheses were tested against data from two independent but comparable
sample groups of firms obtained from a longitudinal survey of technology-based
SMEs from Malaysian séience parks and off-park locations in 2002. The science
park sample contained 22 firms drawn entirely from Technology Park Malaysia. The
off-park sample comprised of 30 firms. Data obtained from these sampled firms were
analysed using statistical techniques such as t tests and chi-square to determine
whether there are significant statistical differences between the two groups of firms

with regard to the fifteen vanables.

The findings confirmed only four hypotheses, although overall science park firms
appeared to perform better than off-park firms in all the variables, except in
international research collaboration. There were no statistically significant
differences between science park and off-park firms with regard to ten vanables:
R&D expenditure, R&D thrust, collaboration with universities, exports, access to
venture capital, access to government grants, patents, copyrights, sales growth and
profit ratio growth. Science park firms perform significantly higher only in
employment of qualified scientists and engineers, inter-firm collaboration, launch of
new products and processes, and employment growth. These findings question the
rationale for making massive financial investments to build science parks. The study
concludes that the science park strategy could be effective if the park management

plays a more focused role in stimulating SME innovation.
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CHAPTER ONE
INTRODUCTION

There is growing policy interest in science parks and their usefulness as a strategy for
promoting innovation especially among small and medium-sized enterprises (SMEs).
Property-based science park initiatives have already become an important instrument
of technology policy in many countries, aiming to promote high-technology clusters
(Metcalf 1994). Co-location of firms in a science park, it is argued, encourages
networking and collaboration, which can foster innovation. Science parks thus
provide an environment that assist firms to develop their technological and
innovative capabilities. This study will put the case made for science parks to the test

with reference to the experience of Malaysia.

1.1 BACKGROUND TO STUDY

It is apparent from experience that although incremental improvements to existing
products and processes have been the dominant form of technological innovation,
radical innovations are crucial for sustained economic growth (Branscomb and
Auerswald 2002a). Developing countries are now aware of the need to increase
investment in innovation activities in order to catch-up with advanced countnes.
Learning about research and development (R&D) and innovation is a critical type of
learning for countries engaging in these activities for the first time (Teubal 1996).
Tacit knowledge in particular is a crucial resource because it impacts an
organisations’s ability to gain sustainable competitive advantage (Nonaka and
Takeuchi 1995). It is becoming increasingly clear that sustained technological
progress is the primary engine of growth with emphasis on new and emerging
technologies such as information and communication technologies and
biotechnology. Social capital too has a role in explaining differences in economic

growth between regions and countnes (Putnam 1993).!



Schumpeter (1934) at first emphasised the role of the heroic entrepreneurs and small
firms in fostering innovation but in later years (1942), he argued that large firms have
the resources to innovate. Since then, numerous scholarly views have emerged on
innovation and economic growth. Notable among them are learning by doing (Arrow
1962), leamning by using (Rosenberg 1982), organisational routines in evolutionary
economic change (Nelson and Winter 1982) and technological learning (Lundvall
1988). While Solow (1957) recognised exogenous role of technology in economic
growth, Romer (1986) and Lucas (1988) attributed growth to endogenous role of
technology driven by generation of knowledge and human capital. North (1990)
emphasised the role of institutions in technology development. Recently, the role of

social capital as an enabler of innovation is being highlighted (Putnam 1993,
Fountain 1997).

In the last two decades, the concept of National Innovation System (NIS) has been
advanced as a framework to analyse the role of innovation in economic development
at national and regional levels (Freeman 1987; Lundvall 1992; Nelson 1993). In this
scheme, the government plays a crucial role in identifying and overcoming systemic
failures, which otherwise could hamper the smooth functioning of the NIS (OECD
1997a). It does this by linking up with academia and the industry, thus promoting the
‘Tniple Helix’ system of generating and sustaining innovation (Etzokowitz and
Leydesdorft 1997). Related to these new frameworks is the aspect of firm clustering
and networking that could encourage innovation and enhance productivity. This has
prompted, the emergence of concepts such as innovation cluster (Porter 1990),

innovative milieu (Aydalot 1986) and regional network (Saxenian 1994).

The essence of all these theories, models and viewpoints is that innovation is crucial
for technological change and economic growth. Innovation is increasingly viewed
more as an interactive rather than a linear process (Kline and Rosenberg 1986),
involving extensive networking (Rothwell 1992). It is a complex and risky activity

(Dost 1988) and is multi-dimensional (Pavitt 2003). Innovation is also increasingly

' According to Putnam (1995, p. 67) social capital ‘refers to features of social organisation such as
nctworks, norms and social trusts that facilitate coordination and coopcration for mutual benefit’. It
enhances the benefits of investment in human and physical capital.



becoming a distributed process across several enterprises and other institutions
(Coombs and Metcalfe 2000). Technological discontinuities (Tushman and
Anderson 1986) and disruptive technologies (Christensen 1997) require firms to

implement appropriate innovation strategies to stay ahead of market rivals.

Firms need to innovate to survive and to achieve competitiveness in order to perform
better than non-innovative firms in terms of sales, output and employment.
Successful innovation at the level of firm requires both internal and external
resources (Bell 1984). Firms have to incur costs to exploit knowledge spillovers and
invest in research and development (R&D), to develop their absorptive capacity
(Cohen and Levinthal 1989). It is also necessary to utilise external knowledge as well
as develop firms’ dynamic capabilities to achieve competitive advantage (Teece and
Pisano 1994). However, greater R&D input does not necessarily lead to greater
innovation output. Besides technological determinants, other factors that matter in
innovation include financial and education systems, co-operation between firms and

research institutes as well as regulations. Location has a major influence on the

innovative capacity of firms, especially SMEs (Saad and James 2001).

Large firms have more resources to innovate but small firms make substantial
contribution to innovation (Audretsch 1995). In fact both biotechnology and the
Internet were pioneered by small firms (Lerner 2000). Small and new innovative
firms however suffer from shortfalls for R&D funding due to the high costs of capital
that R&D activities involve. Consequently, demand for multiple technological
competencies and global competition may worsen the disadvantages of size
limitations faced by SMEs (Hall 2002; Narula 2004). There 15 @ need for public
policy to support the growth of SMEs, which may result in policymakers overlooking
the vast majority of small high-tech firms. However, encouraging firms in certain
sectors to operate in a cluster should not be construed as @ Strategy for picking

winners insofar as it does not imply price distortion (Rodr'figuez---clar € 2004).

Low technological innovation in the world's poorest countries €31 be explained by

the lack of public institutions. Technology capability is essential for growth of firms



but developing countries face many hurdles to master the underlying learning
process. Learning and mastering the tacit elements of domestic and imported
technology require tangible and intangible investments (Archibugi and Pietrobell
2003). The existence of market failures justifics government support for firm level
innovation. Accordingly, technology policies and public institutions are instituted to
support and sustain' the innovative performance of firms. These policies
complemented by industrial and competition policies facilitate funding of R&D,
provision of infrastructure, tax credits and promote competition to create the
environment necessary to stimulate innovation. Various initiatives have been
undertaken by governments in partnership with academia and industry to stimulate
innovation amongst firms. These include strategic research partnerships, science
parks and technology incubators. Science parks in particular have emerged as a
popular strateéy in both developing and developed countries to assist SME

innovation.

1.2 THE SCIENCE PARK STRATEGY
The rationale for building a science park is that it helps create a resource network for
firms located in them (Westhead and Storey 1994). Science park is a type of
technological infrastructure, set up to facilitate commercialisation of technologies,
stimulate development of technology-based SMEs and promote regional
development.? Firms located in an innovation cluster benefit from knowledge
spillover from nearby universities, and research institutes (Jafle 1989). This is
apparent from the fact that all the science parks in the United Kingdom are located 1n
or near universities (Siegel et al 2003). These parks also help ¢f€ate spin-offs,
stimulate higher research productivity and promote entrepreneurshiP- Science parks
in developing countries are “essential elements for a structured indi8€Noys capacity
in support of national technology diffusion approach” (UNIDO 2004, p.6). Science

parks can also help reverse ‘brain drain’ by attracting migrant SCientists and

* Sce definition of a science park provided by the International Associations of ScienCe Po ks (IASP)
at URL: http://www.iasp.w¢/. (accessed on 15 November 2004).



researchers to return to their country of origin as in the case of Hsinchu Science-

based Industnal Park in Taiwan.

The world’s first science park is the Stanford University Research Park in Palo Alto,
California, which played a major role in the evolution of Silicon Valley as the most
successful high-technology cluster.’ This prompted policy makers elsewhere to
emulate the Silicon Valley model leading to the establishment of science parks
ranging from a size of less than sixty acres to parks covering thousands of acres’
supporting firms including SMEs, involved in a varety of technology sectors.
Currently, there are about seven hundred science parks in the world, also known as
research parks (in the US), technopoles (in France), innovation centres (in Germany)

and technology parks in many developing countnies (Sanz 2002).

Science parks cannot be expected to play the role of an innovation cluster model,

where the focus of business is on the real estate aspect (Felsenstein and Ergas 2002).

Most state-led science and technology parks in Europe have remained as islands of
technological excellence without any synergy and exchange of expertise between
business and researchers (Igel 2002). Science cities or technopoles require huge
financial investments but fail to produce the desired ,output in terms of
entrepreneurial culture, wealth and jobs (Gibson et al 1999). Alternatives tO science
parks are other technology transfer institutions, technology networks and information
technology infrastructure. Internet and advances in ICT will gradually reduce the role
of distance in business activities. This may result in the emergence of virtual
technopoles and virtual science parks’ eliminating the need for spatial pr oximity in
the location of innovation and R&D activities. This view is, however rejected by
Lundvall (2002), who argues that personal contacts cannot be replaced by ICT

networks, and interaction with remote partners involves risk and cost. Therefore,

* While many have acknowledged the role played by the park in the early growth of silioﬂnc\c’alley.
there are some who argue that proximity to university is not a sufficient condition for 3 suttessful
cluster. Sce Dosi ct al (2005) for elaboration.

*The largest science park in the United States is the Rescarch Triangle Park covering mor® than 7,000
acres. The Aberdeen Science and Technology Park in Scotland is less than sixty acres.



spatial proximity will continue to play important role in location of R&D and
innovation activities. This explains the popularity of science parks as a strategy for
fostering interaction and innovation amongst firms. Most of the science parks around

the world were built in the last twenty years.

Earlier studies® focused on the role of science parks as a tool in regional economic
development; as an interface between university and industry; and as catalyst for the
development and management of high technology firms. These aspects still continue
to attract the attention of researchers but emphasis has shifted of late to the role of
science parks in the development and growth of new technology-based firms (NTBF)
and other activities associated with new and emerging technologies. Most of these
studies focus on science parks in industnalised countnes, particularly those in the
United Kingdom (Westhead and Storey 1994), Sweden (Ferguson 1995) and the
United States (Link and Scott 2003). However, empirical evidence so far shows
mixed results regarding the performance and character of science parks in developed
countries. On the other hand, with the exception of Singapore (Phillips and Yeung
2003), no such studies have been undertaken in Southeast Asia including Malaysia.

This study aims to fill the gap by focusing on the role of science parks in Malaysia.

'

1.3 THE ISSUE

Malaysia has emerged as a major global producer and exporter of technologically
sophisticated high value-added products. Although this achievement is normally
associated with a mature industrial economy (UNCTAD 2003), the fact is that

Malaysia did not achieve the level of technological competence to reflect such

* Galbraith (2002) describes the Centuria Science and Technology Park near Bologna, Italy as a
virtual park, specialising in food and agriculture. It functions more as a networking unit.

® A good account of the economic and social impact of science parks and innovation centres prior to
1985 can be found in Gibb (1985), which documented the proceedings of a conference held in Berlin
on 13-15 February 1985. The forty-two articles in this book cover a wide range of issucs ranging from
growth and management of science parks and their impact on regional development, contributions of
universities to science parks as well as a fairly good number of selected case studies. All except one
article focused on science park development in the US and Europe. The one exception is an overview
of science parks in the Far East, perhaps indicating that the phenomena in Asia, is one of recent and
therefore not much can be described about it at that time.



‘maturity’.” Foreign direct investment (FDI) played a major role in the
transformation of the Malaysian economy from agriculture-based to high technology
manufacturing. However, technological spillover from FDI-driven growth has not

been encouraging in Malaysia (Tidd and Brocklehurst 1995), as it has been’in

Taiwan, Korea and Singapore.

The emergence of China as a more favourable destination for FDI than Malaysia, has
also posed further challenges to the Malaysian economy. Malaysia can no longer rely
on low cost factor and incentive schemes to attract FDI. Further, the emphasis on
knowledge-based economy and increasing complexity of technologies requires
Malaysian firms to acquire new knowledge and competencies. For technological
learning and innovation excellence, technology-based Malaysian SMEs would need

to:

employ staff with specialised knowledge in science and engineering
internationalise to overcome size limitations of national market
participate in clusters to benefit from networking and synergies

ensure interaction between marketing and R&D capabilities

o O O 0O 0O

develop entrepreneurship and training t

Malaysia has adopted best practice networking strategies to assist firms meet the
above needs and enhance their capabilities. These include high-tech cluster
development based on the Silicon Valley model, technology incubators, science
parks, venture capital funds and other instruments under technology policy within the
context of the NIS framework. However, Malaysia 1s a latecomer to the science park
phenomenon. Though the first science park was set up in 1988, 1t was not a science
park in the true sense of the term because 1t was housed in a small building with
hardly any science-based activities going on in 1t. The first proper science park was

launched in 1996. Currently, there are five science parks in Malaysia that meet some

’ Such maturity would entail possessing manufacturing capabilities, existence of large clusters of
high-tech activities with well-developed local supplier and subcontracting system, technically trained
workforce and high level of industrial R&D (UNCTAD 2003, p.52). See also Narayanan and Wah
(2000) for an account of Malaysia’s technological maturity without a strong rescarch base.



of the criteria of a science park as defined by IASP or UKSPA.® Unlike science parks

in the advanced countnies, there is direct involvement of the federal and local
government in the planning, building and the operation of these parks in Malaysia.
This is perhaps due to the fact that the private sector in Malaysia is not ready to
emulate the private sector owned science parks in the developed countries. The
question this study aims to address is whether science parks represent an effective
way for Malaysia to build innovative and technological capabilities of firms and

enhance commercialisation of R&D, given the limitations of the science park model.

1.4 OBJECTIVES, SCOPE AND METHODOLOGY OF STUDY

The objective of the study is to examine the effectiveness of science parks as a
strategy for commercialisation of research and development (R&D) and development
of high technology small and medium enterprises (SMEs) in Malaysia. Specifically,

this study investigates the following issues:

(1) The significance of transfer of technology to industnial development in
Malaysia;

(i1) The effectiveness of science parks as mechapism for technology
transfer from universities and research institutes to industry;

(i)  The receptiveness of SMEs to science park-based innovation and

(iv) The centrality of science parks as a node in the national innovation

system.

In order to investigate the above issues, the study focuses on innovation and R&D
activities of companies located in science parks and elsewhere in Malaysia. There are
five science parks in Malaysia. Two of these, namely Technology Park Malaysia
(TPM) and Kulim High-Tech Park (KHTP), have been in operation for more than

five years. This study 1s, however, based on the investigations of firms located in

® UKSPA refers to United Kingdom Science Park Association and IASP is the International
Associations of Science Parks (IASP).



TPM. Fims located in KHTP are excluded on the grounds that the park mainly

caters for the needs of multinational companies and large local firms.

This study is longitudinal in nature based on a medium-sized sample. The unit of
analysis is technology-based SMEs in science parks and elsewhere in Malaysia. The
main design of the study involves comparing the characteristics and performance of
SMEs located in Technology Park Malaysia with a similar group of SMEs found
outside the park (off-park firms). This form of research design, involving the use of
matched samples, is similar to the one employed by Westhead and Storey (1994) and
Ferguson and Olofsson (2004), albeit with some variations to suit the Malaysian
context especially with regard to identification of technology-based companies. A
total number of fifteen hypotheses are tested to find out whether, science park firms
are more innovative and perform better in terms of profitability and growth,
compared with off-park firms. These hypotheses are derived from an extensive
review of literature on the theory and empirical evidence regarding firm-level
innovation in general and the role of science parks in fostering SME innovation, in
particular. The theoretical frame for the study is based on five major strands in

innovation studies:

1. The role of technology and innovation in driving economic growth.

1. The National Innovation System (NIS) framework emphasising the
interacting role of organizations and institutions in the production, flow and
utilisation of knowledge.

1. The contnbution of small firms and new technology-based firms to

innovation.
1v. The role of geographical proximity in location of innovation activities.
V. Science park as a policy instrument to stimulate development of innovative

and entrepreneurial capabilities of SMEs.



1.5 DEFINITIONS AND KEY TERMS

The main terms and concepts used in this study include innovation, science park,
science park and off-park firms, high-tech SMEs and government. Although these
concepts and terms will be discussed in the review of literature chapters, it is useful

to define them from the onset.

1.5.1 Innovation

There are many definitions of innovation as listed in Appendix II. These definitions
cover products and processes, and organisational improvement. In this study

innovation refers to the successful introduction of new or improved products and

processes into the market.

1.5.2 Science Park

There is no universal or transferable model for a science park. In the USA, 1t 1s
known as a research park while it is called a technopole in France. In some countries,
science parks are referred to as technology parks. Other names quite often used
include innovation parks and innovation centres. Another associated facility 1s called
an incubator, which provides a variety of business services’ to support start-up
businesses. These parks’ and facilities have one thing in common: they offer well-
equipped physical spaces suitable for the setting up of various types of technology-

based companies. Various definitions for science park models are provided in

Appendix I.

The two most-often quoted definitions of a science park are those given by United
Kingdom Science Parks Association (UKSPA) and the International Associations of
Science Parks (IASP). Both these definitions (see Appendix I) share three mains
elements in terms of (1) knowledge and technology transfer through interaction

between universities, R&D institutions and enterprises; (i) growth of knowledge-

? Additional information on the different meanings with regard to a science park, technology park,
rescarch park, innovation centre, and incubator can be found at the website of the United Kingdom

Science Park Association (UKSPA) at http://www.ukspa.org.uk. The UKSPA is an umbrella
organisation representing over S0 science parks mostly university owned in the UK.
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based and innovative companies; and (iit) creation of supportive environment.
However, compared to the definition by UKSP, the IASP definition explicitly
incorporates other elements such as of markets, wealth creation for community, high
value-added services and management of the park by specialised professionals.
These additional elements make the IASP definition the preferred definition for use
in this study.

1.5.3 High-Tech SMEs

There is no broadly accepted definition of what is meant by a high-tech SME (the
European Commission 2002). This is not surprising considering the number of
weaknesses identified in the classification of industry into high, medium and low
technology by the OECD.'! For example, Baldwin and Gellatly (1998) point out that
some firms in an industry may be high-tech although the entire industry may be
classified as low-tech. Markusen et al’s (1986, p.16) define high-tech industnes as
‘those in which the proportion of engineers, engineening technicians, computer
scientists, life scientists and mathematicians exceed the manufacturing average’.
However, this definition is not suitable for application at firm-level classification.
The rapid emergence of technology-based enterprises in the last three decades and
the characteristics of the new economy phenomenon have prompted the coming into
being of terms such as new technology-based firms, small 'high-technology based
firms and high-technology small firms (see Oakey 1994; Oakey et al 1999). As a
result of this lack of clear definition, the term high-tech SMEs 1s used

interchangeably, with the above nomenclatures.

In this study, the term technology-based SMEs is used and is referred to business
entities in Malaysia having high R&D and technology content, business turnover of

'° Further Technology Park Malaysia is a member of IASP.

"' The six weaknesses of high-tech classification are: (i) use of R&D input measures Only which
cxcludes many other inputs into the innovation process; (ii) it ignores the use of advanced .
technologics such as CAD/CAM,; (iii) it ignores informal R&D;, (iv) it focuses on manufacturing only
and excludes services; (v) R&D intensity variable is not suitable as it has little variance and (vi) it
does not reveal the significance of the difference between of process and product innovation, for e.g,
small firms show higher process innovation (sce Balkwin and Gellatly, 1998, p. 6-8).
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less than RM 25 million'? and employing less than 250 workers. Only Malaysian
SMEs that meet the critena of technology-intensive companies sct by MESDAQl3
are included in the study. Currently, there is no comprehensive national database of
technology-based SMEs in Malaysia, but there are some organisations that maintain

business address registers of the SMEs they support.'*

1.5.4 Science Park and Off-Park Firms

Science park firms or tenant firms are those firms located inside science parks. "Off-
park” firms refer to those located outside the jurisdiction of park management. Only
firms conducting R&D and innovation activities are included in the sample. Thus
firms involved in banking and catering services or just selling products including

high tech products are not included in the study.

1.5.5 Government

The term government in this study refers to Federal, State and Local Government

unless the level is clearly stated.

1.6 STRUCTURE OF STUDY

This study is organised in nine chapters. The next two chapters are devoted to the
review of literature on innovation and science parks. Chapter two examines the
importance of innovation and technology for economic growth with particular focus
on innovation at the level of the firm. In chapter three, the origin and growth of

science parks 1s discussed with particular emphasis on the role of science parks in the

'2 RM refers to Ringgit Malaysia, and denotes the currency of Malaysia. The exchange rate currently
is US1$ =RM 3.77 and £1=RM 6.7.

' MESDAQ refers to Malaysian Exchange of Sccurities Dealing and Automated Quotations and
functions as the stock exchange for technology-based business and it is part of Bursa Malaysia
(formerly Kuala Lumpur Stock Exchange).

'* Among the organisations include Multimedia Super Corridor (Technopreneur Development portal),
Federation of Malaysia Manufacturers (FMM), Malaysian Technology Development Corporation
(MTDC) and the Ministry of Science, Technology and Innovation (MOSTTI) as well as scicnce and
technology parks such Technology Park Malaysia and Kulim Hi Tech Park.
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commercialisation of research, the development of high-tech SMEs and the
promotion of technology-based regional development. The rationale for setting up
science parks as well as the strengths and limitations of the science park model are
examined. Chapter four sets the hypothesis in a thcoretical context drawing on the
literature on innovation and science parks. Chapter five discusses the growth and
transformation of the Malaysia economy - in particular its transition to a knowledge-
based economy. This is followed by a discussion on the country's national innovation

system in chapter six.

The research design, data collection, and the method used for data analysis are
discussed in chapter seven. Empirical results deriving from analysis of the survey
data are interpreted and discussed in the chapter eight. Findings of an interview-
based study of selected science park and off-park firms are also discussed in chapter
cight. The final chapter (chapter nine) provides a summary of the findings of the

study and implications for all stakeholders involved in science park development in
Malaysia.

1.7 SIGNIFICANCE OF STUDY

The importance of this study is apparent in its aim to shed light on the effectiveness
of the science park strategy as the way forward to promote high-tech development
involving SMEs in an emerging country like Malaysia. This is the first study of its
kind undertaken in Malaysia enhancing our understanding of the role of Malaysian
government in stimulating innovation amongst SMEs. Findings of this study have
also important implications for the other countries, especially developing countries,
which already have science parks, or are planning to set up such parks. The
recommendations arising from this study could be significant for policy
considerations aimed at enhancing the role of current science parks and the future
planning of such parks in Malaysia. They would also provide a point of reference for
considering the relevance of science parks as a strategy for industrialisation in

developing countries.
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1.8 CONCLUSION

This introductory chapter has given the outline of the study covering background,
objectives and methodology of the study. The chapter pointed out the importance of
innovation for economic performance by making references to various models and
theories that have emerged in the last five decades to explain the relationship
between technological change and economic growth. In particular it emphasized the
contribution made by small and medium-sized enterprise (SMEs) to innovation
despite limitations of size and resources. In this respect the emerging importance of
the Science Park strategy as a major policy instrument to nurture the growth and
development of high-tech SMEs and enhance commercialisation of research results
was also highlighted. The next chapter will discuss in detail the importance of

innovation to economic growth with focus on its role at national and firm level.
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CHAPTER TWO
INNOVATION AND ECONOMIC GROWTH

2.1 INTRODUCTION

Empincal findings show that fifty per cent of economic growth achieved by
advanced industnialised countries is due to technological innovation (Grossman
1991). Branscomb and Auerswald (2002b) claim that economic growth of all
industnial countries comes from incremental improvements in productivity, products
and markets. The continuous success of United States as the world's leading
developer and supplier of high technology products and services is attributed to its
"long commitment to investments in S&T, the scale effects derived from serving a
large, demanding domestic market, and the U.S. market's willingness to adopt new
technologies” (National Science Board 2004, p.36). But the emergence of new
centres of innovation across the world is gradually challenging the technological
leadership of the US (Council on Competitiveness 2004). Indeed, Abramowvitz (1986)
suggests that, in the long run it is possible for poorer backward countries to.catch-up
with developed countries, if the former acquire social capability to be able to absorb

technologies they obtain through transfer mechanisms. "

The focus of this chapter is on the importance of innovation and new technologies
for economic growth, in particular innovation at the level of the firm. Section two
examines the link between innovation and economic growth. Section three discusses
what the process of innovation is all about. The National Innovation System
framework explaining the interacting role of orgamisations and institutions in the
generation, flow and use of knowledge is discussed in section four. Section five
explains role of government in innovation. Section six discusses in detail the process
of innovation at the level of the firm. Some concluding remarks highlighting the role

of science parks in stimulating growth will be made as a prelude for detailed

discussion in the next chapter.

'> But ‘many developing countries are at risk of irreparable marginalisation, trapped into increasingly
technology divide and investment gap’ (UNIDO, 2001, p.4).
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2.2 INNOVATION AND ECONOMIC GROWTH

Although the importance of innovation in dniving economic growth is widely
acknowledged, approaches to measure the contribution of innovation to growth are
still being debated. The debate began with the views of Schumpeter (1934, 1939,
1942) on the critical role played by innovation in the growth and dynamism of a
capitalist economy. But Schumpeter’s qualitative account of the importance of
innovation did not go very far to explain the factors that drive economic growth. It
was Fabricant (1954) and Abramovitz (1956) who argued that economic growth
cannot be explained in terms of capital accumulation. Nevertheless it was Solow
(1957) who introduced the aggregate production function of labour and capital.
Solow’s seminal work thus was recognised as the first quantitative attempt to
measure the contribution of technological progress to economic growth. Denison
(1962) improved the analysis of the residual explained by Solow as part of
productivity growth explained by technological progress. This was followed by
emergence of new growth theories (Romer 1986, Lucas 1988) in the 1980s that gave
importance to R&D, knowledge spillover and human capital in dnving growth.
Aghion and Howitt (1998) extended the NGTs to include the role of policies and
institutions in stimulating growth, although it was North (1990), who articulated the

importance of institutions.

The limitations in conventional microeconomic analysis led to the evolutionary
theory of economic change (Nelson and Winter 1982), which focused on the
behaviour of firms to succeed through the process of selection, adaptation and
variation. Also in the 1980s, the systems approach to innovation emphasising the
interacting role of institutions and organisations gave birth to the National Innovation
System (NIS) framework. The NIS originated by Lundvall (1985) and further
developed by others (Freeman 1987; Nelson 1993; Edquist 1997) became an
important tool in OECD countries and recently in developing countries to study the
impact of innovation at national and regional levels. Following this, Furman et al
(2002) came up with the National Innovative Capacity (NIC) to explain why the rate |

of innovation growth varies across countries. These theories and frameworks on
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innovation and economic growth need further elaboration. It is appropriate to begin

with viewpoints of Schumpeter since they formed the basis for subsequent debate on

the role of innovation in economic growth.

2.2.1 Schumpeterian Hypotheses

It was Schumpeter (1912) who eloquently articulated the dynamic role of innovation
in the economic development of a capitalist society. First, Schumpeter (1934)
attributed technical change to the role of individuals as heroic entrepreneurs, who
seek to introduce new products and processes through the process of invention,
innovation and diffusion. This technological development may result in gales of
creative destruction, which replace existing firms with new and innovative firms.
Later Schumpeter (1942) argued large firms to be the principal agents of
technological change on the grounds that the economies of scale factor favour them.
Moreover these firms are endowed with the resources to set up their own facilities to
conduct research and development. This view is supported by Galbraith (1952) who
argued that R&D is so costly, that only large firms have the resources to be able to
conduct it. These views of Schumpeter, which have come to be known as
‘Schumpeterian Hypothesis’, paved the way for further research into the role played

by innovation in increasing productivity and generating wealth in a capitalist

economy.

Schumpeter's viewpoints are not however without criticisms. Clark and Juma (1988)
disagreed with Schumpeter's thinking because they considered it to be ‘mechanistic’,
not engaging systematically with technological change as a dynamic process.
Freeman (1988), while giving credit to Schumpeter for his contribution to innovation
theory, also pointed out that Schumpeter did not incorporate issues such as
international trade and international diffusion of technology in his analysis. Ruttan
(2001) goes far to argue that it was Usher who originated the theory of innovation

and not Schumpeter.'® Despite these drawbacks, the Schumpeterian hypothesis

'® See Ruttan (2001) for Usher’s explanation about novelty (inventions) that can be produced from
cumulative synthesis of many items. Ruttan thus credits Usher as the originator of the theory of
innovation.
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continues to attract the attention of scholars analysing the process of technological
change and its link to economic growth. One outcome of this is the emergence of two
opposing views, with respect to the relationship between firm size and innovation.
One view is that large firms produce more innovations while the second view claims
that small firms are better innovators. This aspect of the link between size of firm and
innovation will be discussed in a later section in this chapter dealing with innovation

at the level of firm.

2.2.2 Solow’s Residual and New Growth Theories

Prior to the 1980s, factor input accumulation was believed to be the dnver of
productivity and economic growth. The studies by Solow (1957) and Denison (1962)
measuring productivity growth based on labour and capital as inputs into the
production function, dominated much of the literature explaining the sources of
economic growth. A major cntical assumption underlying the neoclassical model 1s
that the production function has constant returns to scale to its two inputs, capital and
labour. Other assumptions include perfect market, production function exhibiting
diminishing returns to labour and capital and absence of government involvement. In
these two studies, technology was an important source of economic growth but was
considered exogenous to the economic system. This is why Solow's model is also
called the exogenous model of growth. Denison (1962) refined Solow’s model by
incorporating two more factors, namely improved allocation of resources and

economies of scale.!’

However, Solow's model suffered from a number of drawbacks. Firstly, it did not
explain improvements to technology and attnbuted growth to capital accumulation
and labour force improvements, both of which are subject to diminishing returns
(Cortright 2004). Secondly, the model implies that there 1s no incentive to invest

because all available income 1s used for capital and labour with nothing left for

Y

"'In a study of growth of output per worker between 1909 and 1949 in the United States, Solow
(1957) found that 20% of the growth is attnbuted to labour and capital and the balance 80% could not
be explained and thercfore remains a residual (the famous Solow’s residual). Denison ‘s study
covering the period between 1929 and 1949 found the residual to be 69% (see Denison 1962).
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innovation. Thirdly, the model predicted that countries with low population and
higher savings rate will converge. With the exception of developed countnes and
East Asian countries expenencing convergence, the rest of the world experienced

divergence.

These drawbacks prompted the search for alternative models to explain the
significance of technological progress in driving growth. Thus from the mid-1980s
onwards, attention shifted to the endogenous role of technology as a driver of
economic growth. In this respect, the contribution of Romer (1986, 1990) and Lucas
(1988) immensely influenced the economic thinking about the sources of growth. In
Romer's view, technological innovation can become the source of long-term
productivity and economic growth if the focus is on the promotion of innovation and
R&D to create new knowledge. Romer notes that sustained economic growth is
driven by ‘countless large and small discovenes that are required to create more
value from a fixed set of natural resources’ (Romer 1986, p.343). Lucas (1988)
emphasised the role of human capital in dnving growth. Human capital refers to the
accumulation of skills by the country’s workforce over time. Both these views have
-come to be known as new growth theories (NGTs)'® or endogenous growth models.
Central to the NGT 1s the concept of increasing returns generated by new knowledge
and technology. NGTs are thus explained in terms of factors such as profit motive
driving R&D, firms enjoying temporary monopoly via patent system, first mover
advantage through their R&D effort, and innovation diffusion from one firm to
others creating a chain of subsequent innovations (Mankiw 2002). They have
important implications for policy insofar as they explore the concept of path
development and the role of institutions and geographical proximity in technological
development and growth (Cortnght 2001). This aspect will be examined later, when
dealing with innovation at national and firm-level. However critics have dismissed
these new growth theories as nothing new by arguing that similar explanations have

been expressed before. "’

'8 See Cortright (2001) for a practitioner’s guide to new growth theory.
'? See Ross (1997) for a comprehensive account of viewpoints disagreeing with the newness of the

new growth thcories. Ross cites learning by doing by Arrow (1962), by Young (1928) and
Abromovitz (1956) as earlier examplcs of viewpoints similar to NGTs.
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2.2.3 Evolutionary Theory

Neoclassical theories failed to account for the heterogeneity of firms and behaviour
of entrepreneurs to start businesses despite the disadvantages of size limitations. This
drawback led to the search for more realistic framework for understanding how firm
behaviour impacts technical change. Nelson and Winter (1982) came up with the so-
called ‘evolutionary theory’, which focuses on firms search for more eflicient
techniques and the market’s ability to select among innovations successfully
produced by these firms. According to Metcalf (2001), the focus of the theory is on
how firms manage their cognitive and imaginative processes and innovate and
accumulate knowledge. Metcalf uses this concept of technological change to explain
the success of South Korea and Taiwan in the global competitive market. Metcalf
contends that these two countries were able to master relevant technologies in a short
space of time "through processes of variation, selection and generation of
technological capabilities, albeit with tmportant differences in approach between
them” (p.31). In this approach knowledge becomes central to the development of the
firm because it determines the firm’s capability and competence (Malecki 1999). As
pointed out by Lundvall (1988) and Rosenberg (1982), an important aspect of the
neo-Schumpeterian concern about the development of technological capability is
‘technological learning’.*’ Ruttan (1997) pointed out that the evolutionary model did
not emerge as a productive source of empirical research due to the simulation
methodology used in the model, which led to easy plausible results. Thus it 1s

considered to be more of a “point of view’ rather than a theory (Arrow 1995 quoted
in Ruttan 1997).

2.2.4 Systems Approach to Innovation
Parallel to the emergence of EGT, another major new development took place in the
field of innovation studies in the mid-1980s. This refers to the emergence of the

National Innovation System (NIS) — a systems approach to innovation, which

20 According to Bell and Pavitt (1993, p.163-164), “technological capabilitics consist of the resources
needed to generate and manage technical change, including skills, knowledge and experience, and
institutional structures and linkage’. Technological learning (or technological accumulation) ‘refers to
any process by which the resources for gencrating and managing technical change (technological
capabilities) are increased or strengthencd’.
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focuses on the role of organisations and institutions in the production, flow, and

utilisation of knowledge. The NIS provides an overarching framework for analysing
the role of innovation in economic development at national and regional levels
(Freeman 1987, Lundvall 1992; Nelson1993, Edquist 1997). The contnibution of
North (1990) to the understanding of institutional change and economic growth
fuelled further debate on the sources of growth. According to Ross (1997), North's
contribution constitutes a rival to the new growth theories. The NIS framework will

be discussed in detail later in this chapter.

In recent years, Furman et al (2002) have formulated the National Innovation
Capacity (NIC) framework. This new approach draws on three distinct areas on prior
research namely the endogenous growth theory and national innovation system (NIS)
discussed above, and the cluster-based theory of national industrial competitiveness
popularised by Porter (1990). NIC refers to the ability of a country - as both a
political and economic entity - to produce and commercialise technologies.
According to Furman et al (2002), NIC depends on the level of technological
sophistication and the labour force of a country as well as on the investments policies

of both the government and private sector. As in NIS, public policy plays an

important role in the development of NIC.

Thus the Solow model, NGTs, the evolutionary theory of economic change, NIS and
the NIC are all attempts to understand the contnbution of innovation and technology
to economic growth, albeit with different focus and approach. But all these models
seek to abstract from the growth and technological trajectories experienced by
developed countnies. The question is: can the above models adequately explain
economic growth of developing countries? Consider for example, the debate on the
sources of growth in East Asia. One argument has it that growth of the East Asian
countries (Korea, Taiwan, Hong Kong and Singapore) dernives largely from factor
accumulation rather than improvements in total factor productivity (TPF) (Krugman
1994). This view 1s rejected by Nelson and Pack (1998) who claimed that
technological progress, supported and promoted by the State through appropriate
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policy provisions, i1s responsible for the success of the East Asian countries. What
about lack of technological progress in Africa and in many other poor countries in
the Asia-Pacific region? Can it be attnbuted simply to lack of institutions? If so, can
technological development in these poor countries be enhanced by putting in place
appropriate institutional frameworks? How long will it take for these poor countries
to catch-up with the newly industrialised countries, let alone the developed
countries? Some explanation can be found in the models explained above but these
models do not adequately account for the prevalence and persistence of

underdevelopment in the poor countries. Nor do they offer practical solutions to

solve the related problems.

Another dimension to the above debate on technological change and growth emerged
when the United States experienced a surge in productivity growth in the second half
of the 1990s with the focus on the role of information and communication
technologies (ICT). Based on empirical studies in the United States and elsewhere
three broad views emerged from the debate. At one extreme is the view that
productivity growth is ICT-driven (Stiroh 2001). At the other extreme, it is argued
that the surge in productivity growth is not due to ICT, but rather to cyclical factors
(Gordon 2000). In between these positions, some maintain the view that productivity
growth only took place within the ICT industry and not outside it (IMF 2000).

Despite the on-going debate as to the efficacy of on the above models and theones,
technology and innovation is increasingly becoming crucial for productivity and
competitiveness of firms, industries and nations. Boskin and Lau (1990) concluded
that technical progress is the most important source of growth in the Group-of-Five
countries in the post-war period.?! Boskin and Lau explain that countries, which
invest heawvily in capital in the post-war period benefited from technical progress
because the new technology produced augmented the value of capital, not of labour.
Their argument is that there is no point in producing new technology if this
technology is not put into effective use and this requires investments in capital,

which in turn can have amplified effects on growth. In recent years there is much
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more greater awareness about the increasing importance of knowledge as a cntical
resource in the production process. Many countries have embarked on ambitious
programmes to become knowledge-based economies. Governments in both
developed and developing countries are paying greater attention to improving the
innovative performance of their economies in order to reach the stage where
innovation drives the economy (Porter 1990). See Figure 1.1 below, which shows

Porter’s Stages of Competitive Development.

Figure 1.1
Stages of Competitive Development

Factor-Dnven
Economy

Low Input Cost Efficicncy Through Unique Value
Hcavy Investment

Source: Porter, M. E. (1990)

In recent years, the NIS framework has been increasingly used to formulate science
and technology policies aimed at enhancing technological and innovative capability
of firms. Before discussing this framework, it is important to understand what the

process of innovation is all about. This will be examined in the next section.

2.3 WHAT IS INNOVATION?

The Industrial Revolution (IR), which began in England in 1760, 1s 2 major
watershed in the history of innovations. The IR had a profound impact on the social
and economic livelihood of people, and on the growth and development of the global
economy. Central to the emergence of the IR is the introduction of innovationsn

such as steam engine, the factory system in the cotton textile industry and Other

?! Group-of-Five countries refer to France, former West Germany (now Germany), Japan, United
Kingdom and the United States.

2 Dudley (2003, p.13) explains successful innovations of that era can be explained in termS of the role

of two capable individuals, onec who had the "capacity to understand and apply technical knowledger
and the other had the "ability to organisc¢ production and markcting”.
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remarkable inventions such as the electricity, telegraph and railroad, which
transformed the economic landscape not only of Britain but also of Europe, the
United States and other parts of the world. Questions have arisen, however, as to
what facilitated these inventions and innovations - that is, whether they emerged as a
result of individual efforts and capabilities or as a result of events in a systemised

historical context.

2.3.1 Definitions, Models, Types and Sources

According to Dost (1988), the innovation process involves various steps from the
search for ideas to development and adoption of new products, processes and
organisational set-ups. For OECD (1999) ‘innovation at its core is the ability to
manage knowledge creatively in responding to market-articulated demands and other
social needs’. Based on these views, innovation can be appropnately defined as a
complex, heterogeneous, uncertain, unpredictable, risky, multi-dimensional, multi-
functional, integrated and ubiquitous process aimed at creating new or improved
products, processes or services for commercial use. See Appendix II for various

definitions of innovation.

Many models have been developed to explain the innovation process. One of these is
the simple linear model in which basic research inputs at one end, results 1n outputs
in the form of products and processes at the other end. There are two ways of
depicting the model (see Figure 2.2). The origin of this model can be traced to post-
war science and technology development in the United States. Vannevar Bush used
the linear model to explain and justify an expanded role for U.S. Federal government

support for scientific research (National Science Foundation 1995).

= Sce Bush (1945) for elaboration. Vannevar Bush at that time was the Director of the Office of
Scientific Research and Development, US.
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Figure 2.2: Linear Models of Innovation

Technology Push
Market-pull

The main criticism against the linear model is that it fails to take into account the
importance of multiple knowledge sources and feedback loops. For example,
innovation can emanate from any part of the innovation process and may even

originate before basic research begins.**

The linear model fails to recognise that
users are important sources of innovation (von Hippel 1988; Dosi 1988). This
shortfall makes the linear model involving corporate R&D and subsequent
commercialisation increasingly inadequate as a characterisation of the innovation
process. Rather, corporate R&D initiatives are likely to give rise to the emergence of

networks, alliances and other co-operative arrangements (McFetridge 1995).

The above limitation of the linear model led to alternative explanations of the:
innovation process resulting in the emergence of non-linear, integrative models of
innovation. The chain-linked model developed by Kline and Rosenberg (1986) is one
such model, which shows possibilities for many pathways to innovation, with R&D
interwoven along the central chain of innovation with feedback links from the
production and marketing units. The latest model is Rothwell's Fifth Generation
Model (Rothwell 1992), which 1s based on extensive networking and integration (see
Table 2.1). This model, called the Systems Integration and Networking (SIN) model,

involves collaboration between various actors in the innovation process, in particular

24 There are cases where science was not the source of innovation. These include the development of
the first airplane by the Wright brothers who did not know acrodynamic theory and the first

xerographic cover developed by Chester Carlson who lacked thorough understanding of
photoconductive materials. For details see U.S. Congress, Office of Technology Assessment (1995).
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the suppliers, competitors and the customers to expedite the process as well as
improve the quality of the innovation output. Thus the emphasis of the model is on

the timely delivery of high quality new products and processes.*’

Table 2.1: Five Generations of the Innovation Process

Process Market/supply chain
First Generation 1G r Market receptacle to fruits |
Technology Push model | sequential process of R&D
(1950s to mid 1960s) |

Second Generation 2G Simple linear Marketing Market is source of idea
Need-pull model sequential process for directing R&D
(mid 1960s to early 19605s)

Third Generation 3G Sequential, but with | Integration at the R&D and marketing more
Coupling model feedback loops. R&D/marketing In balance
(mid 1970s to mid-1980s) | Push or pull or interface
push/pull
combinations
Parallel
development with
integrated teams.

Fourth Generation 4G

Integrated model
(Mid-1980s to carly

1990s)

Integration between
R&D and

manufacturing (design
for makeability)

Strong upstrecam supplier
linkages. Close coupling
with leading edge
customers

Horizontal collaboration
joint ventures etc)

Horizontal linkages as in

Fifth Generation Fully integrated Corporate flexibility

Systems Integration parallel and speed of 4G model
andnetworking model development. Use development/ Customer focus at the
(SIN) of expert systems Increased focus on forefront of strategy
(Early 1990s to datc) and simulation quality and other non- | Links to CAD systems

modelling in R&D rice factors

Source: Derived from Rothwell, R. (1991), 'Successful industrial innovation: critical factors
for the 1990s', R&D Management, 22 (3), pp. 221-239.

There are two broad categories of innovation - product and process innovation - each
of which can be characterised as being of radical and incremental type. Product
innovation is associated with a particular new product being developed whereas
process innovation is the new process associated with the production of that
particular product or any other product. The distinction between radical and
incremental innovation is based on the level of uncertainty, the nature of products,

processes or services involved and the duration of the innovation process involved

25 Niininen and Saarinen (2000) used the SIN model to examine factors influencing the innovation

process and found customers followed by subcontractors to be the most important factors in
innovation processes involving vertical linkages and foreign competitors in those involving horizontal

linkages.
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Incremental innovation refers to step-by-step continuous improvements to products,
processes or services and involves a low degree of risk and uncertainty. Radical
innovation refers to totally new product or process as well as new markets and
production systems. It is discontinuous and involves long gestation periods and high
risk and uncertainty. A radical innovation can also be induced by incremental
innovation taking place around it, although as Leifer (2001)*® explains, such
innovations occur as “breakthrough technology” rather than “breaking out of projects

that begin as minor improvements”.

Innovation changes not only products and processes but also ways of organising
production and distribution (Fagerberg 2003). This is referred to as organisational
innovation, and extends beyond what goes on within a firm to cover reorganisation
of entire industries. In this respect, the term presentational innovation is also being

used to refer to innovation in areas such as design and marketing (CORDIS 2003).

It is apparent from the above categorisations and models of innovation that there are
many sources of innovation. Innovation can take place under different conditions in
different places in different industnial sectors. Von Hippel's study (1988) shows that
users are the most important source of innovation in cectors like scientific
instruments, semiconductors and printed circuit boards, whereas manufacturers
produce the most innovation in tractor shovel-related and engineering plastics.
Suppliers produce most of the innovation in wire termination equipment. This pattern

obviously varies across regions and countries according to variations in empirical

conditions.

26 Richard Leifer's gave these views on radical innovation during an interview with Ubiquity, which1s
a web-based publication of the Association for Computing Machinery based in New York. The
interview is entitled Richard Leifer on Radical Innovation, and can be accessed at URL:

http//www.org/ubiquity/interviews/r_leifer.1.html (Viewed on 25 August 2003).
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2.3.2 Role of Learning and Knowledge

The evolutionary theory points out the central role played by knowledge in
innovation and production (Malerba 2002). Knowledge embodied in the technologies
may be codified or tacit (Dost 1988; Kogut and Zander 1992). Codified (or formal)
knowledge refers to knowledge that can be produced in a written form and therefore
can be transferred easily in various forms - for example, in research papers and
manuals. On the other hand, tacit or informal knowledge acquired through ‘learning
by doing’ (Arrow 1962) and ‘learning by using’ (Rosenbe'rg 1982) is not that easily
transferable. Useful productive knowledge involves tacit elements (technological and
organisational) that can only be leammed through emulation and practice (Pavitt
2001). Tacit knowledge i1s an important resource because it impacts an organisation’s
ability to gain sustainable competitive advantage (Nonaka and Takeuchi 1995). At
the level of firm, there is a need to incorporate learning as an important element of

their innovation strategies. This aspect will be discussed later.

Technology development does not take place in a vacuum. It is influenced by the
socio-cultural and economic environment, in which it is taking place. This
environment is in turn is impacted by the technological progress occurring within it.
The resulting learning experience and knowledge accumulation may lead to a
successful and sustained innovation process, which can be appropriately described as
“path dependent” in nature (David 1985). This “path dependent” nature of
technological development is reinforced by other factors such as market conditions,
and institutional and regulatory policy. One outcome of this “path dependency” is a
situation of “technological lock-in” (Arthur 1989), which occurs when the
technology produced even when inferior will be continuously developed for
commercial use despite availability of other more competitive alternatives (David
1985; Arthur 1989). Two notable examples of such inferior technologies are the
QWERTY keyboard (David 1985) and the internal combustion engine.?’

27 According to David (2001 cited Ruttan 2001), four factors that contribute to technological lock-in
are increasing returns to scale, adjustment costs, switching costs and costs of maintaining parallel

technologies
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The phenomenon of “technological lock-ins” exhibited in the form of infcrior and
incfficient technologies like QWERTY did not, howcver, prevent the creation of
other superior breakthrough and radical innovations. In fact, some technological
breakthroughs have the effect of displacing existing technologics causing massive
disruptions to existing product markets and heavy financial losses to the owners of
the existing established technologies. The established technologies could possibly be
forced to the margin due to substantial loss of their market share to the new
disruptive technologies (Christensen 1997). Examples of disruptive technologies
include the personal computer, which displaced the minicomputer and digital

cameras replacing the photographic film.

2.3.3 Innovation in Developing Countries

Most studies on innovation are based on firms and industries in developed countnies
so that the suitability of the models arising from such studies for analysing
innovation in developing countries has yet to be put to the test. The complexity and
multi-dimensional nature of innovation makes the task of understanding and
assessing the level of innovation in developing countries rather difficult. The
experience of most developing countries with respect to socio-economic growth and
technological development does not conform to the trajectory of industrialised
countries, so that the lessons to be leamed from the evolution of R&D is limited
(Annerstedt 1994).

In an attempt to facilitate the understanding of innovation process in developing
countries, Saad (2003, p. 24) portrays the process in five stages: identification of
need to innovate, knowledge awareness, choice, planning, and implementation. This
approach should be viewed with respect to getting an enhanced understanding of the
mechanisms involved in the process of technology transfer to developing countries.
Developing countries still rely heavily on foreign technology to drve their
manufacturing and other production sectors. Learning and knowledge are essential
components in the technology transfer process and requires tangible and intangible
investments (Archibugi and Pietrobelli 2002). These investments at macro and micro

level are critical to enhance innovation in developing countries. Heavy investments
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in research and development (R&D) and provision of science, engincering and
technology education are essential for creating a workforce that is capable of

adapting, adopting and utilising the imported technology.

Production, diffusion and utilisation of knowledge are important for technology
development and economic growth. Equally important is the nature of institutional
and organisational frameworks within which knowledge is produced and diffused. In
this respect, the National Innovation System (NIS), which refers to the collective role
played by various actors in facilitating the flow and utilisation of knowledge for
technological development, is becoming an important objective of science and
technology policy in many countries including developing countries. In developing
countries, this constitutes a major aspect of the capacity building initiative for

sustainability development.

2.4 NATIONAL INNOVATION SYSTEM

There is an increasing trend in the use of the national innovation system (NIS) to
analyse and comment on the different development trajectories of both developed
and developing countries. Lundvall (1985) was the first to phrase the concept of an
innovation system but Freeman (1987) incorporated the term national to the concept,
resulting in the national innovation system framework. The most notable document
to date is the one prepared by OECD (1997), which provides clear definitions of
concepts and elements of the NIS and relates them to the emerging economic
development patterns of its member states. In recent years NIS has been extended to
the study of innovation and economic development in transition countnes and

developing countnies.

% Lundvall (1985) was the first to phrase the concept of an innovation system but Freeman (1987)
incorporated the term national to the concept, resulting in the national innovation system framcwork.
The most notable document to date is the one prepared by OECD (1997), which provides clcar
definitions of concepts and elements of the NIS and relates them to the emerging cconomic
development patterns of its member states. In recent ycars NIS has been extended to the study of
innovation and economic development in transition countrics and developing countrics.
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2.4.1 Definitions and Use
Metcalfe (1995) defines NIS in terms of the creation of new technologies resulting

from interactions between various individual institutions (e.g. firms, rescarch
institutes, universities) as well as with social institutions (such as values, norms, and
legal frame works). Vanous definitions of NIS are listed in Appendix II. Figure 2.3
shows the interaction between these organisations and institutions in the production,
flow and use of knowledge. Lundvall (2003) defines an innovation system in terms
of elements (focus on firms), relationships (focus on intcrorganisational networks)
and processes (focus on innovation process). Lundvall further explains that the
innovation system differs in terms of specialisation (what they do), institutions and
routines (how they operate) and mode of innovation (how they innovate). Edquist
(1997) compares the systems approach to innovation (SI Approach) to the New
Growth Theory (NGT) and explains that the SI approach is about the determinants of

innovation whereas the NGT deals with the effects of innovation and knowledge.

However the NIS approach is not free from criticisms. For example, Edquist (1997,
1999) argues that the systems of innovation approach is more of a conceptual
framework and therefore does not deserve the status of a 'theory’ of innovation.
Edquist also highlighted many weaknesses in the systems of innovation (SI)
approach such as inconsistency in the use of concepts such as institutions and
organisations by the ‘founding fathers’.*” Emst (2000) points out that the NIS
approach neglected the international dimension especially in the context of
developing countnies. However, Juma and Clark (2002, p.17) point out that “a more
detailed assessment of national innovation systems may give us an idea of why some
countries learn faster than others”. The NIS provides a framework to governments tO

form and implement policies to influence the innovation process (Metcalf 1995).

Policy makers in emerging and developing countries are also turning to NIS. The
technological catching-up process and the development experience of late
industrialising countries such as Korea, Taiwan and Singapore can be understood in

terms of the different national innovation systems prevailing in these countries (kam
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1999).*° These different NIS models involve a different mix of firm stratcgics,
innovative network structurc and state intervention roles. Although the NIS has
become a tool in developing countnes to analyse endogenous capability for industrial
development, the focus should be on micro-level events, which exhibit more delicate
interactions between technology, institution and policy learning (Gu 1996).”'
Governments 1n Thailand and Malaysia have also found the uscfulness of the NIS to
review their existing science and technology policies.** The NIS approach is used in
the formulation of the Science and Technology Policy II by the Malaysian
government (MOSTE 2002). The Malaysian NIS will be discussed in detail in

Chapter Six.

From the above definitions it is clear that the NIS is made up of two major
components - organisations and institutions. The effectiveness of the NIS will
depend on the quality of interaction between these components in technological

development. Let us examine these institutions and organisations.

* For example, a patent office is an organisation whereas a patent law is an institution (Edquist 1999.
P-J).

% Kim (1997) identifies two distinct phases in the evolution of the NIS in Korea. Prior to 1980s,
imported technology rather than indigenous R&D, was the preferred mechanism to build local
technological capabilities in Korea. But the scenario changed in the 1980s with greater private sector
involvement in R& D in the form of in-house R&D centres and more allocation to conduct R&D.

> Chudnovsky (2000) explains how the development of a strong NIS in Argentina is hampered by
lack of private scctor R&D and lack of inter-organisational linkages between the private sector and
public S&T institutions, suppliers, users and clients.

*? For example, Chairatna and Intarakamnerd (2002) trace the evolution of Thailand's NIS and focus
on the system’s characteristics, besides analysing the S&T development strategy, role of government
and the effects of globalisation.
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Figure 2.2 Major Componcnts of National Innovation System
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2.4.2. Public Policies and Institutions

Neo-classical models of economic growth have focused too niuch on the proximate
sources of growth, and have neglected the role of institutions. It was North (1990)
who articulated the role of institutions in technology development.’’ Porter and Stern
(2001, p.102) pointed out the ‘the innovative activities of firms within a country are
strongly influenced by national policy and the presence and wvitality of public
institutions’. These institutions are crucial to protect property rights, resolve contract
and other legal disputes, to ensure efficiency of government spending and
transparency in all levels of Government (Mcarthur and Sach 2001). According to
the Asian Development Bank (2003), the competitiveness of a country depends on
the quality of institutions, which help lower transaction costs, provide incentives and

create a conducive environment for firms to operate. Another related issue is the link

33 According to North (1994), "institutions arc humanly devised constraints that structure human
intcractions. They arc made up of formal constraints (c.g. rules, laws, constitutions), informal
constraints (c.g. norms of bchaviour, conventions, sclf-imposcd codes of conduct) and their
enforcement charactenstics®.
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between corporate governance and innovation. According to O’Sullivan (2004),
corporate governance’® is necessary for firms to make strategic investments in
collective learning process to produce innovations. However O’Sullivan points out
that a corporate governance system that supports organisational control docs not

imply innovation will occur.

How relevant and important are the above institutions to developing countries?
Chang (2002) argues that such institutions took decades and sometimes generations
to develop even in the developed countries. Chang cautions the imposition of a time
frame on developing countries to put in place policies and institutions to meet the
demands of increasing globalisation and trade liberalisation.>> In a similar vein,
Amable and Petit (1999) point out the danger of copying and transferring of
institutions from one country to another without taking into account the

complementarities conditioning both the implementation and impact of institutions.*®

2.4.3 Public and Private Sector R&D

Utilisation of science has brought about tremendous economic benefits, particularly
to countries, which have devoted substantial amount of resources to academic
research. For example, using 430,226 non-patent references, Mann et al (1997) have
clearly demonstrated the contnbution of public science to high technology in the
U.S. According to Rosenberg and Nelson (1994, p.340), ‘what the university
research most often does today is to stimulate and enhance the power of R&D done

in industry, as contrasted with providing a substitute for it"

3 Based on O’Sullivan (2004, p.394), corporate governance is about institutions that influencce how
businesses allocate resources and rcturns.

3> Chang suggests that developing countrics should be allowed to adopt policics and institutions that
are suitable to their conditions. This will help them to achieve faster growth in the long run which in
turn will provide trade and investment opportunities, for the developed countrics. He points out that 1t
is tragedy of our time that the developed countnies cannot sce this reasoning.

3% Amable and Petit (1999) distinguish two types of institutional complementaritics. One, which 1s

dircctly linked to the institutions’ impact on economic issucs, for examplc on innovation and growth,
and the other which refers to the implementation level of rules corresponding to the institutions.
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In the United States, public sector R&D has been instrumental in stimulating
technological innovation; but in reccent years the private sector has ben playing an
increasingly important role. Similarly, governments in OECD countrics have set
R&D targets to stimulate both public and private investments in R&D (Shechan and
Wyckoff 2003). For example, under the science and innovation investment
framework 2004-2014, R&D investment in the UK will be increased from the current
level of 1.9 per cent to 2.5 percent of national income by the year 2014 (HM
Treasury 2004). European countries also give priority to R&D as reflected in the
higher GERD/GDP ratio but lack commercialisation efforts resulting in what 1s

called the "European Paradox".*’

R&D spending in low and middle-income countries is much lower than industnal
countries. However, R&D comparisons between countries including developing
countries is difficult due to problem of reliability rather than to intricacies of
statistical methodology (Annerstedt 1994).® R&D funding for the defence sector
also distorts comparison between countries (Klomp 2001). Although many
developing countries have been increasing R&D expenditure, the output in the form
of patents, and new products and processes has been dismally low. Lack of
commercialisation is due to many hurdles such lack of absorptive capacity amongst
firms and weak university-industry links. Science parks and incubators have been set
up to enhance commercialisation but the results have been mixed. This aspect will be

examined further in the next chapter.

2.4.4 University-Industry Links

University-industry link 1s a key component of the national innovation syst«em.39

This is because, universities are an important source of knowledge, and provide the

*7 The European Paradox was first promulgated in the Green Paper on Innovation published by the
Europcan Commission in 1995. The Europcan Paradox rcfers to a situation whercby European Union

(EU) countries, despite being strong in academic rescarch, are still unable to translate the rescarch
results into innovation and economic benefits.

*® This is due to the fact that most developing countrics do not follow the trajectory of industrialiscd
countrics in the cvolution of R&D and innovation indicators (Anncrstedt 1994).

* This link is a comparative strength of the Finnish national innovation system (Vestergaad 2003).
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basis for innovation in emerging industries (Feldman and Kelly 2002). Besides, their

role in teaching and research, universitics are increasingly ecngaging in

entrepreneurial and business activities, called as third stream activities. This
phenomenon is attributed to the pressure exerted on the universitics to commercialise

their research findings to generate revenue to cover some of the operating costs
including research costs. For example universities in the United Kingdom no longer
can rely solely on the traditional sources of funding, namely government allocations
for research and tuitions fees. The universities need to foster links with business
enterprises to generate additional income. Another motivating factor is the success of
academics as entrepreneurs in various technology fields (Owen 2001).* The role of
government has been added as another dimension in this relationship resulting in the
Triple Helix Model to help fill in the social capital and technological gaps in the
development process (Etzokowitz and Leydesdorff 1998). The direct involvement of

universities with industry can be seen in activities such as research funding, training

partnerships and technical services contracts. Apart from these, industry also

sponsors research centres and researchers and offers sponsorship or endowment of

chairs (Laursen and Salter 2003; Siegel et al 2003).

Universities have set up Technology Transfer Offices to facilitate the transfer of
technology from the university labs to markets and have also established mechanisms
to create academic spin-offs. The emergence of this so-called entrepreneunal
university is the driving force behind the tnple helix university-industry-government
interactions (Etzkowitz et al 2000).*' A growing phenomena associated with this
development 1s the setting up of science parks by universities to achieve the above

objectives as 1s the case of the UK, where majority of science parks are owned by

universities.

«t According to Owen (2001), some of the university-bascd star scientists who have succeeded in the
biotechnology industry in the UK include David Lanc of Cyclacel, Mark Ferguson at Renova and
Greg Winter at Cambridge Antibody Technology and Diversys.

% Sce Etzkowitz (2900) for an account of the expanding role of universitics from teaching and
rescarch 1o economic and social development. He explains how an university becomes an
entreprencur, by developing capabilitics not only to assist the formation of new businesscs but also o

finance these firms as well as reap the rewards from undertaking such ventures by retaining part
ownership of them. Hence, the meaning of entreprencurial university.
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However, too much emphasis on university rescarch for industrial application may
undermine the academic value of rescarch in universities.*? The role of universitics,
it is argued, is in the creation of knowledge and talent, which are crucial for the
growth of a knowledge-based economy. But Howitt (2000) argues that attempts to
weaken university-industry links would be counterproductive in view of the
increasing mutual interdependence between universitics and industry brought about

by the biotechnology revolution.

Notwithstanding the above divergent views, there are many barriers and problems
that affect university-industry collaboration. For example, problems exist between
academics and industrialists in determining the type and suitability of research for
industry needs. On one hand, academics cherish freedom in their rescarch endeavour
and do not want to be dictated by the whims of people from industry. On the other
hand, industnalists complain that university research do not to a large extent meet the
needs of industry. Johannessen and Rasmussen (2000) point out the existence of a
mental and cultural gap between the universities and businesses, with the former
preoccupied with 'idealistic search for the ultimate truth', while the latter's prionty is

to achieve success in the market place.

2.4.5 Educated Workforce and Human Capital
The endogenous growth models emphasise the role of R&D and human capital to

drive innovation and economic growth. The availability of such manpower depends
on the success of a country's educational system to produce a workforce capable of
assimilating new technologies (Benhabib and Spiegel 1994). According to Flornda
(1999), ‘smart people’ are the critical resource for the success of a knowledge-based
economy while Cervantes (2004) emphasise that scientists and researchers are the
backbone of such economies. Highly skilled and educated professionals are viewed
as the most important resource by high technology firms and thus human resource
management becomes a critical issue (Cardy and Dobbins 1995). Brainpower is

increasingly becoming more important than machinery and equipment in some

2 On the other hand, the introduction of mcasurcs such as the Bayh-Dole Act of 1980 might help in
the commercialisation of university rescarch (Flonda 1999).
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industries. This has led to increasing investment in training schemes at the level of
the firm (Baldwin 1997).

Mani (2001) cites Singapore as an example, which has fiscal and non-fiscal
components incorporated into its innovation policy. Malaysia, on the other hand, has
introduced a number of funding schemes and tax incentives to support R&D
activities, but suffers from scrious lack of scientific manpower to undertake such
activities in the private and public sector. Lack of human capital has constrained
R&D activities and hence reduced innovative capacity in the two largest MNC-
driven electronics clusters in Malaysia (Rasiah 2002). This aspect of lack of human
capital in Malaysia will be expanded in the chapter on the Malaysian National

Innovation System.

2.4.6 Financial Institutions

A well-regulated and developed financial market (made up of the money market and
capital market) is crucial for the effective functioning of NIS. Imperfections in the
financial market may result in systemic failures that could seriously affect the
business behaviour and innovative performance of firms, especially small-and-
medium enterprises. Many financial institutions perceive lending to SMEs as high
risk and high cost initiative. However, Block (2002, p.2) points out that "no attempt
is made to analyse how finance affects growth through its impact on innovation'.
Block also notes that the NIS approach does not adequately explain the effects of a
country's financial system on the speed and character of technical change. The
importance of finance as determinant of innovation will be further examined later in

this chapter when discussing firm-level innovation. -

Venture capitalists function as intermediaries between capital providers (financial
institutions) and firms, which uses the finance.*> Venture capitalists are small relative

to other financial markets but they play a significant economic role because they

¥ According to OECD (1996, p.5), "the role of the venture capitalist is to screen investment
opportunitics, structure the transaction, invest and ultimately achicve capital gain by the salc of the
cquity stake, either through stock market flotation, a trade sale or a buy-back arrangement with the

company".
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specialise in investing in high growth companies (OECD 1996). Venture capital is
becoming another important source of capital for technology-based businesses in
many Asian countries (Mani and Bartzokas 2002). Venture capital-backed firms have
created technological revolutions resulting in transformation of industries especially
computer technology-related such as personal computers and software (OECD
1996). But this does not mean that venture capital is a prerequisite to the growth of
high-tech cluster; rather, it 1s considered to be a consequence of it (Dost et al 2005;
Saxenian 1996).

2.4.7 Regulatory and Legal Framework

Patents, copynghts, trademarks, geographical designs and brands are increasingly
becoming important legal tools to protect IPRs. But most countries in the developing
world do not have strong IPR regimes in place. A weak Intellectual Property Right
(IPR) regime 1n a country might deter foreign investors from investing in that
country. This increases the pressure on developing countries to institute laws to

protect innovation through IPR.

However, the issue has become contentious with the developed countries insisting on
the need for strong IPR regimes, and developing countries arguing that IPR will
prevent them from exploiting the benefits of R&D spillovers. Based on a theoretical
model, Yang and Markus (2003) found that global innovation and technology
transfer could be expanded through international agreements to strengthen IPRs.
However, Yang and Markus cautioned that the overall impact of IPR on the

economic wellbeing of developing countries is unclear because of the high cost per

license and the increase in prices in these countries in spite of the IPR regime. In
support for a strong IPR regime, Branstetter et al (2004) confirm that technology
transfer by MNCs increases with an increase in IPRs and that improvements to IPR

enhance firm profitability.

On the other hand, developing countries consider patents as being harmful because
patents not only limit transfer of technology but they also hinder possibilities of
R&D activities (Boldnn and Levine 2002; Lee 1990). Merges and Nelson (1994)
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[cited in Nuvolan (2001)], argue that patents protecting “cumulative systems

wid

technologies™ could effectively constrain technical progress. Bessen and Makin

(1999) further challenged the standard economic rationale that patents are necded to
protect innovators from imitation. They argued that innovative industrics, such as
software, computers and semiconductors, which histonically had weak patent
protection, have expenenced rapid imitation of their products. This is because
imitation in these industries promotes innovation, whereas patents inhibit it. In a
similar vein, Shapiro (2002) claims that compctition can promotc innovation, as there

is no systematic evidence to suggest that competition impedes innovation.

Notwithstanding the arguments for and against patents, many companies from
developed countnies prefer to do business with countries, which enforce IPR laws.
For example, India can emerge as a major hub for biotechnology outsourcing if it can
put in place an effective IPR regime. The country has abundant supply of skilled and
talented people. It is also strong in chemical technology and R&D, especially in
clinical research, but it lacks legislation to protect the IPRs of biotechnology

products and processes. As a result, Amenican companies are unwilling to enter the

India to market their products or to engage in biotechnology outsourcing business.*

However, OECD (2004, p.3)) has pointed out that “it might not be in the interest of

all developing countries to adopt patent systems™.

* According to Nuvolari (2001) "cumulative systems technologies™ are ‘technologices constituted by a
number of components and where current improvements are tightly related to previous innovations'
(p12). Nuvolari's study of the steam pumping engincs in Cornish mining district of Cornwall in the
UK showed how the dissatisfaction for the innovative performance under Watts patent monopoly
crcated an open "collective invention sctting” which aceclerated the pace of technological change. He
also acknowledged that the term "collective invention setting® was coined by Allen (1983) and refers
to scttings in which rival firms share technological knowledge.

> These comments about the IPR situation in India were made by Steve Lawton at the Biotech 2004,
a biotech summit of Asian countrics held in New Delhi from 26-28 February 2004and reported by the
Indo-Asian Ncws Agencics on 26 February 2004, Lawton is the vice president of the United States
Biotechnology Industry Organisation (B10), which is an umbrella organisation representing 1,000 of
the 1,500 US biotech companics involved in R&D of hcalthcare, agriculture, industrial and
cnvironmental biotechnology products.
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2.5 ROLE OF THE STATE IN INNOVATION

The State plays an important role in promoting technological innovation for
economic growth (see Landau and Rosenberg 1986).% Reinert (1997) traces the role
of the State in innovation since the beginning of the Renaissance period. In Reinert’s
(p.286) words, "a principal historical role of the State from the Renaissance onwards

has been precisely one of promoting and protecting new knowledge and innovation”.

The success of a country in S&T depends on investments in science and engineenng
education and R&D, political stability, access to capital and infrastructure that can
support technological and economic advancement (National Science Board 2002).
The US Federal government played a central role in the development of electronic
computers, computer software, semiconductors and the Internet (Mowery 2002).
Similarly, the Small Business Innovation Research Program (SBIR) is a central
element in US policy on innovation support for small businesses as it addresses the
key elements of the NIS (Wessner 2000). Amsden et al (2001) explain how
government promotion and support in the form of government labs, intellectual
property protection and financial incentives encouraged multinationals, such as
Hewlett Packard, Texas Instruments, Canon, Sony, Phillips and Toshiba, to conduct
research and development in Singapore. Foreign companies hardly conduct R&D in
most developing countries and thus the presence of active foreign R&D in Singapore
is indeed an anomaly.*’ It is widely believed that Korea, Taiwan and Singapore
achieved the status of newly industnalising economies (NIEs) or the Asian Tigers
because their governments promoted, supported and assisted local technological
development. In India, the government promoted local R&D by creating research

infrastructure not directly related to production system as well as encouraging R&D

6 According to Knoll (1976), despite the pervasive impact of government’s role in innovation, this
aspect is one of the most neglected arcas of social rescarch. Knoll points out that most rescarch
focused on topics such as incidence of taxes, firm behaviour subjected to rate of return, regulation and

impact of antitrust policies. Other aspects of regulation such as standard sctting and licensing, and
government production and procurement have not received much attention.

47 Singapore is no longer a developing country. But before becoming one of the four Asian Tigers
(the other three being Korea, Taiwan and Hong Kong), Singapore was a developing country. The
government played a pivotal role in the transformation of Singapore into a vibrant and progressive
country with a notable degree of innovation and technological development.
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activities within firms (Lall 1982). According to Mani (2001), the increasing role of
governments in developing countries in supporting the creation of new technologies
is attributed to four trends in global technology development. These trends are:
global slowdown in R&D investments, lack of R&D internationalisation, market

imperfections with respect to new technologies and lack of spillover from foreign
direct investment (FDI).

But intense debates have emerged as to why, when and how the government should
get involved in economic development in general and in technological development
in particular. The famous justification for government intervention derives from the
existence of externalitiecs and market failures. For example, because of market
failure, social returns to private sector R&D exceeds private returns, thus causing the
private sector to under-invest in R&D. In the circumstances, government has to

intervene to correct market failure.

There is, however, a limit to what the government can do. Politicians are increasingly
questioning government spending of public funds not only on basic research but also
on applied research, the outcome of both being uncertain. The opportunity cost of
investment in R&D is high particularly in developing countries, where many would
argue that the priority should be to fund poverty alleviation and improve public
services. But Lall and Teubal (1998, p.1382) point out that, “as long as there are
market failures and strategic needs, well-designed interventions will always promote

faster development than free markets”.

Excessive direct government involvement in technological development might not be
compatible with the Washington Consensus, which prefers such a role to be played
by the private sector in a free market economy. Governments' role rather should be
confined to providing macroeconomic stability and establishing adequate legal and
regulatory framework to encourage and sustain innovation and technological
activities. But policy makers in developing countries argue that direct government
intervention is important and necessary to initiate and continue the journey of

technology development for some years before expecting the private sector to play a
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greater role. Even in the United States, which is considered the ‘last bastion of {ree-
market capitalism’, there 1s so much discussion and debate on the role of Federal,
State and local governments in technology-based economic development.*® One must
not forget that the creation of the Advanced Technology Programme (ATP) is a good
example of the US government's intervention to correct market failure* in the early-
stage technological development (Branscomb et al 2000). Similarly, the European
Framework Programmes, which began in 1984, was aimed at promoting
collaboration in R&D amongst European firms, so that they can compete with
Japanese and US firms (Dumont and Tsakanikas 2001). Government role in
innovation can be examined in the area of science and technology policy
formulation, R&D funding, legal and regulatory provisions and technological
infrastructure.

2.5.1 Technology and Innovation Policies

According to Mowery (1992), technology policies are 'policies that are intended to
influence the decisions of firms (and public agencies and enterprises) to develop,
commercialise and adopt new technologies'. *° In the United States, technology
policy focuses on education, building infrastructure, and creating a business climate
that encourages growth, technological innovation and nisk taking (Mitchell 1999).
Rosenberg (2002) goes further to construe that all economic policies are also

technology policies regardless of whether they intended to be or not.”*

*> See Report prepared for the Office of Technology Policy (OTP) of the United States Department of
Commerce (USDOC), which summarises the roundtable discussion on the Federal role in technology-
based economic development hosted at USDOC on 4 December 2000 by the OTP. The highlight of
the report is the broad consensus reached on the fundamental role that the federal government working
in partnership with the states and localities should play, in promoting technology-based economic
development.

‘9 Branscomb et al (2002) citing various sources, attributes market failure to lack of incentives faced
by commercial firms to engage in radical innovation, the erosion of US leadership in the high
technology market following the rise of low cost and high quality Asian production, and systematic
under-investment by firms in leading cdge technologics as well as their failure to cffectively
commercialise their research results.

> Many countries have national policies and strategies aimed at enhancing innovative capabilities of
firms to achicve national and global competitiveness. While somc countrics have formal and clecarly
defined innovation strategies such as in Canada, Australia and the United Kingdom, others such as the
United States and Sweden have various initiatives in place of a formal and well articulated innovation
strategy.

43



Lack of co-ordination between technology policies and other policies such as
macroeconomic policies, industrial policies and regional policies may affect the
efficiency and eflectiveness of the NIS. Metcalf (1994) cautions against
implementing technology policy without taking into account policies for competitive
business growth. Hart (1998) points out the fragmented nature of the S&T policy
formulation as reflected by lack of integration with other policies such as antitrust

law, tax policy, trade policy, and labour law and regulations.

There are many examples to show the importance of integration between science and
technology policy and other policies. For example, successful cluster formation
requires co-ordination between industnial policy, regional policy, and science and
technology policy. According to UNCTAD (2003 p.21), ‘technology policy in
developing countnies should be seen as an inherent part of industrial development
policy’.>* Export-oriented and higher value-added policies raised the demand for
technological learning in South Korean and Taiwanese firms (Rosenberg 2002). In a
similar vein, Roeland et al (1997) suggest that competition policy and technology
policy should be implemented simultaneously because the former creates economic
dynamism while the latter stimulates vertical co-operation among firms. Equally
important is the timing of innovation policy introduced to bsfing about the desired
technical change because in the words of Edquist (1999, p.2), “innovation policy

should serve as midwife; not provide support to the end of life”.

Rycroft and Kash (1999) suggest that innovation policy should incorporate self-
conscious leaning component to overcome increasing complexities of technologies
on learning network. Similarly, appropriate financial policies need to be in place to
encourage the nsk-averse financial institutions to support innovation and R&D in

SMEs. Mani (2001) argues that both fiscal and non-fiscal incentives must be

incorporated in a country's innovation policy fiscal to stimulate private sector

*! Rosenberg's view was made in the context of his suggestions on how India could further benefit
from the expansion of its pharmaccutical and software industry. This can be achieved if India
continues its market-liberalisation policies of the 1990s as well as further integrate into the global
economy.
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investments. Gristock (2000) suggests that science communication should be made
an essential part of innovation policy to facilitate exchange of knowledge between

actors (scientists, industnalists and policy makers) involved in the innovation

process.

The task of formulating, implementing and co-ordinating a range of different policies
to stimulate innovation in firms poses a daunting challenge. Borrus and Stowsky
(1997), attribute the difficulty to the fact that there are disagreements or contentions

on.

¢ how much academia, industry and government, should each invest in technology

development;

¢ whether to directly fund R&D activities or just offer incentives (such as R&D tax
credits) to private R&D;

¢ whether to use public funds to correct private market failures or focus on
fulfilling government missions (e.g. defence) and social needs (e.g. health);

¢ whether new technologies are creators or destroyers of jobs; and

¢ whether to produce cutting-edge technology and enjoy first-mover advantages or

be a technology follower first to reap spillover from investment made initially by

competitors and later use this technological learning curve to begin own

production.

2.5.2 R&D Funding

Governments now play an increasing role in promoting R&D and innovation in firms
and industries across regions. The US government support for R&D has been a
critical element of federal policy for more than 200 years.”” Government
intervention in research and innovation activities is necessary due to the
appropriability problem and the high risks associated with these activities. The 1ssue
of appropriability can be traced to Arrow (1962) and refers to the ability of investors

to appropriate the returns from their R&D efforts. The issue arises when investors

>2 This policy includes elements of technology policy (stimulating R&D, supporting SMEs) as well as
providing sctting for firms to learn and master technologics.



may not be able to appropnate the returns from their R&D investments because the
spillover from R&D are not just confined to those who invest in it but are also reaped
by others (non-investors) and nivals as well as competitors due to the factor of non-
excludability. Investment in such R&D activities becomes not profitable because the
social rate of return to such activities exceeds the private rate of return. In fact,
according to Nadint (1993), the social rate of return to R&D 1s around 50 percent
compared to the private rate of return of about 20 to 30 percent. This gap reflects the
inability of firms to appropriate the benefits of their R&D efforts (Nelson and Romer
1996).

Besides, R&D and innovation activities are not only time-consuming and costly, but
are also highly vulnerable to the problem of risk and uncertainty. Thus, to those
faced with resource constraints, especially small firms, 1t is not profitable to engage
in R&D activities without the support of the government, at least until successful
commercialisation generates sufficient profits for funding activities in the future.
This clearly explains why many governments have to directly support R&D of both
public institutions and private enterprises. According to Guellec and van
Pottelsberghe (1999), there are three main public policy instruments to stimulate
R&D. These are public sector R&D performed by government laboratories and
universities; government funding of R&D undertaken by business enterprises; and

fiscal incentives.

2.5.3 Laws and Legislations

Apart from laws and regulations to protect intellectual property discussed earlier,
many governments are attempting to emulate legislations enacted by the U. S.
government to encourage commercialisation of technology. These legislations
include the Stevenson-Wydler Technology Innovation Act of 1980 and the Bayh-
Dole Act of 1980. The Stevenson-Wydler Act is aimed at facilitating the transfer of
technology from national laboratonies to state and local governments and to the
private sector. The provisions of the Bayh-Dole Act were designed to foster

interactions between university and industry by allowing researchers to retain the

53 See The White House, Office of Science and Technology Policy (2000).
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title to federally funded inventions and encouraging universities to license inventions
to industry. The Bayh-Dole Act has resulted in the increase of the number of
institutions having technology transfer programmes, patents granted to universities,
licensing activities royalty income from patenting and licensing activities reaching
invention disclosures, and new start-ups especially in biotechnology (see Bremer
2001). Another example of targeted legislation is the European Union Framework
Programmes to enhance university-industry research joint ventures amongst firms in
OECD countries (Siegel et al 2003).

However, are the above legislations and policy initiatives suitable for other
countries? How relevant is a legislation, like the Bayh-Dole Act, to developing
countries? India is drafting new legislations modelled afier the Bayh-Dole Act to
enable state-run institutions and universities to commercialise their research findings
and new technologies. Whether this will enhance the country’s technological

capabilities, only time will tell. Malaysia is also considering implementing such

legislation.

2.5.4 Provision of Technological Infrastructure

Besides providing financial support for R&D, governments in many countries also
establish technological infrastructure such as research institutes, laboratories, science
parks, and incubators to strengthen their national innovations systems. This trend is
expected to increase especially in the developing countries where the level of R&D
and S&T is low and private sector is unwilling and unable to undertake these costly
and risky activities. The impact of these policies and programmes will obviously be
felt at the level of the firm. In the words of Knoll (1976), “all form of government
interventions alter the incentives faced by firms, and hence the rate and pattern of

innovations they produce” (p.176).54 This brings us to the next section on innovation

at the level of firm

4 According to Knoll (1997), despite the pervasive impact of government role on innovation, this
aspect is one of the most neglected areas of social research. Most rescarch focused on topics such as
incidence of taxes, firm behaviour subjected to rate of return regulation and impact of antitrust
policies. Other aspects of regulation such as standard setting and licensing, and government
production and procurement have not reccived much attention.
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2.6 INNOVATION AT FIRM LEVEL

The National Innovation System framework has clearly shown that the firm is the
most important element and focus of study. This is because it is the combined
innovation output as well as productivity and performance of firms in an economy
that ultimately influence the overall growth and direction of that economy. Why do
firms innovate? In which technology sector is innovation predominant? Does size of
firms and location matter in innovation? Is innovation higher among exporting firms?
Do science park firms innovate more than non-science park firms? What kind and

amount of resources need to be allocated to stimulate innovation? Do regulations

hamper the innovation process?

Pavitt (2003) classifies firm-level innovation into three broad and over-lapping sub-
processes as shown in Table 2.2. Pavitt further clanfies that the innovation process
varies according, infer alia, to sector, field of knowledge, type of innovation, size of
firm, corporate strategy, and expenence. From this perspective, it is clear that there
are so many determinants of innovation. Before discussing factors that determine

innovation in firms, it i1s important to find out first why firms innovate.

Table 2.2: Sub-Processes at Firm-Lével Innovation

conduct their tasks
other organisations
How firms establish internal incentives to ensure

innovation responds quickly and in the nght direction
Source: Based on Pawitt (2003, p.3)

2.6.1 Why Firms Innovate

There are many viewpoints on why firms innovate. Whether they are large firms or
small ones, whether they are involved 1n product or process development, innovation
is increasingly important in the business world today. Rapid changes in the global
economy, which anse from such factors as increasing competition, globalisation,
technological developments, a more diverse work force and transition to knowledge-

based economy, are posing strategic challenges to firms. Innovation helps firms to
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gain competitive advantage and cope with these challenges (Higgins 1996).
Innovation enables firms to “respond to more sophisticated consumer demand and
stay ahead of their competitors, both domestically and internationally (OECD 2004,
p.51). The survival of firms in a market economy depends on their acquisition of the
requisite level of technological competence as well as on their ability to keep up with

the relevance trajectonies of technological improvements (Metcalfe 2003).

Broadly, firms engage in innovation to improve existing products and design new
ones, which are influenced by the life cycle of the products. They may innovate to
reduce uncertainties affecting the profitability of their businesses or they may want to
expand their market locally and by going global. Another form of innovation is
improving organisational structure and business processes. The expected result of all
these innovation efforts is cost effectiveness, product or process improvement and
delivery on time. This in tumn is depends on a number of factors that include
technological determinants, institutions (financial and education systems) and
organisational vanables (co-operation between firms and research institutes), which
are important in innovatton (Unger and Zagler 2000). Micro and macro factors are

important in firm-level innovation (Saad and James 1997) and so are economic
determinants (Morck and Yeung 2001).

2.6.2. Does Size of Firm Matter?
Schumpeter initially (Mark I) advocated the role of the entrepreneur and small
innovating firms in fostenng innovation (Schumpeter 1912; 1939). But later (Mark

IT), Schumpeter argued that large firms, in particular monopolies and oligopolies, are
in advantageous position to engage in R&D activities (Schumpeter 1942). This is
because large firms have the motivations and the resources in the form of skills,
expertise and money to undertake such activities. Market structure also impacts
innovation of small and large firms. Concentrated market favours innovation in large
firms compared to small firms (Schumpeter 1942). On the other hand, Scherer (1965)
argues that competitive markets are more effective in stimulating innovation amongst
firms. Gottschalk and Janz (2001) support Scherer’s view by pointing out that inertia

will set in if market power exists without strong competitive pressures.
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Empirical studies on firm size and innovation have yielded mixed results with most
of these concluding that small firms innovate more than large firms. For example,
Schrerer (1965); Rothwell and Zegveld (1982); Acs and Audretsch (1990) and

Chakrabarti (1991) have demonstrated that small firms are better innovators.

We are therefore confronted with a paradoxical situation - how is it possible for
small firms with limited resources to be better innovators? The answer lies with the
ability of small firms to exploit knowledge spillovers generated by other firms and
R&D institutions (Audretsch 2002; Kirchhoff 2001). It is this ability that explains
why small firms pioneered the biotechnology and Intemet innovation, considered as
two potentially revolutionary areas of technological innovation (Lerner 2000). Small
firms are also noted for their flexibility, faster response time and adaptability to
changing market conditions. Cooper (1964), cited in Canback (2002), argues that
small firms conduct R&D more efficiently than large firms resulting in three to ten
times higher productivity in their development than large firms. This is attnibuted to
the ability of the small firms to hire better people by offering tailored incentives,
small firms' engineers being more cost-conscious as well as more effective in internal
communication and co-ordination. Walsh et al (2001) claim that small firms are
better in solving problems arising from the commercialisation of disruptive
technology. Peeters and van Pottelsberghe (2003) argue that though large firms better
manage innovation competencies, it is the small firms that allocate the largest share
of profits to finance innovative projects. Peeters and van Pottelsberghe also found
that large firms invest more on basic and applied research but small firms invest
more in development activities. In a similar vein, Shefer and Frenkel (2005) found

that there 1s no positive relationship between firm size and R&D investments.

According to Olofsson and Wahibin (1993), cited in Ferguson (1998), NIBFs not
only exploit university R&D to contribute to employment and economic renéwal, but
also facilitate the process of technology transfer between the academic/institutional
researchers and the business community. Kazuyuki (2004) argued that SMES, despite

lacking in-house R&D resources, are actively involved in basic R&DP through
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university-industry collaboration in Japan.*’

Laranja (1994) observes the capability of Portugues NTBFs in acquiring,
accumulating and diffusing technologies by serving as intermediaries between local
and foreign sources of technology and their local end users. In a study of Spanish
firms, Sanchez (1994) found the increasing §hare of small firms in business R&D as

well as in the adoption of new technology, such as robot and flexible manufacturing
systems (FMS).

On the other hand, there are many who still support the Schumpeterian hypothesis by
arguing that large firms contnbute more to innovation than small firms (Tether et al
1998; Baldwin 1997, Lee 2004)). This is because the value of the innovation
produced by large firms is far greater that of small firms despite being numencally
weaker than small firms. Another argument is that the contribution of small firms to
innovation is over-represented by the number of innovations introduced by them.
Based on an enquiry of the database of SME innovation maintained by SPRU in the
United Kingdom, Tether et al (1998) found that twenty percent of small firms need to
be reclassified as large enterpnises. As a result, the database no longer shows SMEs
as “a disproportionate source of innovation in the manufacturing in the last years of
the database™ (Tether et al 1998, p.31). Baldwin (1997) and Lee (2004) found that
large firms are more likely to innovate than small firms in Canada and Malaysia

respectively.

In the area of university-industry links, large firms seem to have the advantages, as
universities generally prefer to work with them than with SMEs. Story and Tether

(1998) offer three reasons for lack of links between SMEs and universities:

(a) SMEs do not get the attention of researchers in universities because SMEs do
not conduct R&D themselves;

3 Kazuyuki (2004) pints out the declining importance of firm size as a determinant of university-
industry collaboration in Japan. Large firms with substantial in-house R&D resources used to

dominate university-industry collaboration in Japan but in recent years younger firms are becoming
active in such collaborations.
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(b) Universities think it is more prestigious to have research collaboration with
world class MNCs than forging such links with SMEs; and

(c) Universities consider it 1s more cost-effective to work with large companies

who offer bigger contracts than SMEs

The above observations on small firm and large firm innovation show that there is no
clear pattern on firm size and level of innovation. As pointed out by Scherer and
Ross (1990, p.634), "technical progress thnives best in an environment that nurtures a

diversity of sizes, and perhaps especially, that keeps barriers to entry by

technologically innovative newcomers low".

2.6.3 Importance of Location and Clustering

There is a growing body of knowledge in the spatial agglomeration of firms and 1ts
links to technological development. Krugman (1991) points out that this aspect of
economic geography has been neglected and seems to have played only a marginal
role in economic theory. However, it is now increasingly becoming important for
measuring and understanding firm performance and location decisions (Cohen and
Paul 2004). While it was Marshall (1920) who first introduced the concept of
agglomeration effects arising from co-location of firms, it was Porter (1990) who
popularised the concept of cluster in terms of its impact on competitiveness of firms,

industries and regions.

Related to clustering is the concept of geographical proximity and its effects on

innovation at the level of the firm. Physical distance can hinder exchange of tacit
knowledge because it is associated with higher transfer and transaction cost (Porter
1998; Baldwin 1997; Dosi 1988). Perhaps this is why the level of innovation in high-
tech firms located in metropolitan areas is significantly higher than firms located in
peripheral areas (Shefer and Frenkel 2005). In Porter’s (1998, p.90) words,
"geographic, cultural and institutional proximity leads to special access, closer
relationship, better information, powerful incentives and other advantages iIn
productivity and innovation that are difficult to tap from a distance”. In support of

this view, Malmberg and Maskell (2002) claim that spatial proximity can:
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Intensify face-to-face interaction;
Shorten cognitive distance;
Enable use of common language;

Foster trustful relations between actors; and

¢ & <& & <

Facilitate easy observation and immediate comparison.

Clusters affect competition by enhancing productivity and fostering innovation of
firms in the cluster as well as stimulating formation of necw businesses (Porter 1998,
Swann 1998; OECD 1999). According to Porter (1998), firms in a cluster tend to
have better knowledge of markets than isolated companies due to the co-existence of
sophisticated buyers in a cluster. This 1s evident 1n Silicon Valley and Austin, Texas
where computer firms are better positioned to respond to consumer needs and trends
at a speed that cannot be matched by firms located elsewhere. Porter (p.84) further
argues that inter-firm relationships amongst cluster firms enable them to "learn early
about technology, components and machinery availability and marketing concepts”,
and that this kind of learning is "facilitated by the ease of making site visits and
frequent face-to-face contact”. Clusters enable high technology firms to develop

alliances due to the competitive advantage they derive from proximity, socialisation,
and globalisation effects (Bagchi-Sen 2001).

The benefits of clustering depend on many factors, such as current level of the firms’
competencies and cap