TABLE OF CONTENTS

EXECULIVE SUIMIMAIY .....ooiiiiiiiiiciii ettt ettt e et e e e et e e et e e e ae e e eb e e easeeeaseeeasseetseesaseeeaseeestseessseeensesensessnneeanns 11

Chapter 1
Regaining Momentum in Science, Technology and Industry

INETOAUCTION ..ottt ettt et e et e et e et e et e et e et e e et e et et e s et et ee e et e s et et e s st eneeseaneaeenens 20
A changing Macro€CoNOMIC €NVIIONMENT . ............c.coviuirerieteeietietet ettt eaeete et et ese et ee et et e s et e et et et ess et ese et e e eseses et easeseesens 20
Investments in science and tE€CNOIOZY ............c.oviiiiiiieeeeeeeeee ettt 23
Capitalising on science and technology INVESTMENTS ...............c.ooiiiiiiiiiiieeeeeceee e 32

Human resources for science and t€ChNOIOZY ...........c.ccooviiiiiiiiiiiceee et 36

Globalisation of science, technology and INAUSLIY ..........c..cocvieuiiiiiiiice et 39

CONCIUSION ...ttt ettt ettt ettt et et e et e et et et et et e e e et e st t e s et eae e eae e enenis 43

|\ o] {1 SO TP U RSO UPSPUPPUUPRROt 44

REFEIEICES ...ttt ettt h sttt ettt s st es et e s e s e s s es e s s e s et e s s s s s st et e se s es s sttt et et se bt en b ene s 45
Chapter 2

Recent Developments in Science, Technology and Innovation Policies

INETOAUCEION .....oviiieeecee ettt ettt ettt ettt a et et e s et e e s et e st et et e e s et e et et e e et et e s e et ess et et es st eas et eseeteseas 48
Main directions for science, technology, and innovation POIICIES ..............c.ocvevviviiiicicecececeee e 49
Strengthening public sector research and public research organisations ...............c.ccocoeiviiiniiiiiiniiiec e 59
Support for business RED and iNNOVALION .............ccuoouiiiioiiieee ettt 64

Enhancing collaboration and networking among innovating organiSations.................ccccccocoovieviiieceece e 72
HUMAN TESOUICES fOT SET......oviiiiiiiiiiietieieieteee ettt ettt ettt s s st et ss s et e s e ese s et e s eseeses s es e b essesessesessesesseneseneas 75
Evaluating innovation policies 80
o] {1 S TP UP R UUTRPRPPPUPPRRt 83
REFEIEICES ...ttt ettt ettt ettt ettt e st s e st e s e s e s e e s e st e s e s ese s e s e s et e s et ese s st s e b s s ens et s st eneebene e 85

Chapter 3

Public/Private Partnerships for Innovation

INETOAUCTION ...ttt ettt ettt ettt ettt et s ettt et e st et at et et e s s et e st et et e e s et es e et et et et ese et ess et estese et enseseasesesens 88
P/PPs for innovation: definition and tyPOlo@Y ...........c.coovviiiiiiiiieiceeeeeeeeeee e 88
The increased use of P/PPS fOr iINNOVALION.................ooooiiiiiiiceeieeeceeee et 92
Implementing efficient P/PPs: issues and g00d PractiCeS ..............coiiiriiiiiiiiieieieeiieieeeieeeiete et 94
o] {1 S OSSP UP R UOPSPOPPTUPPPRE 105
RETEIEIICES ...ttt ettt ettt ettt ettt et et e et et et et e et e et e et et et e ea e e teeaeereene ettt enea 106

Chapter 4

Promoting Innovation in Services

INETOAUCTION ...ttt ettt ettt ettt ettt et s et et a e s es et st et et e s e et es et et e s s et e st e s e s et et e s et e st esestes et essesessesessenis 114
Services are of growing importance in OECD €CONOMUES...........c..ccoouviuieiieeieeeeeeeeee oot ee ettt ese e enes 114

© OECD 2004



OECD Science, Technology and Industry Outlook 2004

INNOVALION TN SEIVICES .....iiiiiiiiiiieiie ettt ettt et e e et e e bt e e st e e sseeeabeeeaseeenseeeesseeesseeanseeessseansaeennseeenseeanseeannns 122
Policies to promote iNNOVALION 1N SEIVICES ...........ccoooiiiiiie ettt ettt ettt eae e e eaeaaeans 136
CONCIUSION ....viiiiie ettt ettt ettt et s s s s e b e 2ot et e s s e s s eb st et e s e s s esess et et es et e s s s e s b es e st e s e s essesessese s ensesessanens 140
141
142
Chapter 5
Ensuring the Supply of Human Resources in Science and Technology
INEEOAUCTION ...ttt ettt s st et b et s s et e s e s s es e e s e st es e st eseeses s ese s eseeseseese st es e s eseesessese s eneesenseseseas 144
Will supply meet demand? ..................... 148
Meeting demand through immigration 156
What can governments do to foster domestic development of HRST?............ccooooviviiioviiiiiieeceeeeeeeee s 161
Conclusion and outlook .. 163
REFEICICES ..ottt ettt ettt a et ettt st et a ettt at ettt s st ettt s et et ettt easaaea 165
Chapter 6
Multinational Enterprises and Productivity Growth: Insight at the Firm Level
INEEOAUCTION ...ttt ettt et et et et e et e et e ae e e e st e st et e s et e s e et e eaeeaeeseeseesseseestest et enseeseeseeseenea 168
The changing role of MNEs in OECD eConomies.............ccccocooeeveeevereennnn. .. 168
Firm-level insight into the contribution of MNEs to productivity growth 170
Conclusions and IMPLICATIONS ..............coouiiiiiieee ettt es ettt enseanenaaens 177
NOEES ..o .. 180
References 181
Statistical Annex
Main OECD databaseEs USEA............c.cioiiuiiiieieieeeeceeeeeeeee ettt ettt ettt ettt ettt et e et et et ea e et e st esseseeseanenan 183
Standard statistical notes used in this publication for science and technology indicators... 186
Standard industry aggregation by technology level .... .. 187
ANNEX TADIES ... ettt ettt ettt ettt ettt ettt ettt r et et ettt e et ne et an e 188
List of Tables
Chapter 1
1.1, Key €CONOMIC VAIIADIES..........cooiiiiiie ettt 21
1.2. Examples of R&ED spending targets in the OECD 25
Chapter 2
2.1.  Summary of national plans for science, technology and innovation policy in OECD countries .................... 51
2.2. Science and technology priorities in OECD COUNTIES.............ccoooviiiiiiiieeeeeeeeeeeee ettt 58
2.3.  R&D tax incentives in OECD COUNTIES, 2004 ..........ooiiiieiiiieeie ettt ettt et eee et e sneenneeneenees 66
Chapter 3
3.1.  Major P/PP programmes in fOUr COUNTIIES ..........oooiiiiiiiiiiiiiieiieiii ettt 91
3.2.  Share of P/PPs in competitive funding of research in France .............c.cccocoooviiiiiiiiiiiiiieeee 92
3.3.  P/PP objective and type Of TESEAICI ..............coviiviiieeceeeeeee e 95
3.4. Selection process of the proposals for LTIs in the Netherlands 96
3.5. Some selection criteria reflecting public interest and private benefit 96
3.6. Differences between science and technology COMMUNIIES ..............cooviiiiiiieieieeeeeceee e 98
3.7. Organisational models w99
3.8. Share of SMEs in the financing of 13 French public/private research networks, 2001 ...............ccccooveirvinnnn. 101
3.9. Indicators for the evaluation of DULCh LTIS ..............ccooiiiiiiiieiiiiiiicce ettt 103
3.A.1.1. Comparative features of four P/PP PIrOSIaMMES..............c.covivuiiuiiuieeietieeietieteeeeee ettt eae e eve e eaeens 107

3.A.1.2. List of co-operative research centres (networks) currently operating, classified by technological field.. 110

© OECD 2004



Table of Contents

Chapter 5
5.1. National goals for human resources in science and technology ..............c.ccccooiiviieecioiceieeeeeeeeeeeee 147
5.2.  US graduate student enrolment in science and engineering, 1992-2002................cccooveviimiriereeeiereeeeeeeenes 156
Chapter 6
6.1. Labour productivity growth of US non-farm private businesses, by sector...............ccccooooevveiiiiviiiice 173
6.2. Labour productivity growth in US non-financial corporations, by sector and industry.............c..c.ccoeceevenenn. 174
6.3. Differences in labour productivity in Belgium by type of firm...............c..cocooviiiiiiiceeeeeeeeeeeee 174
Statistical Annex Tables

1. Breakdown of GDP per capita into its components, 1990-2003..............c.ccvovvivieieeeieieeeee oo

2. Income and productivity levels in the OECD, 1950-2002.............

3. Gross RED expenditures, 1981-2003...........c.ccoevevevernnnan.

4.  GERD intensity, 1981-2003 ....................

5.  GERD by source of funds, 1981-2003 ...........cccoooiiiiiiiiiiieeieeee e

6.  GERD by two main sources of funds, as a percentage of GDP, 1981-2003..

7.  R&D expenditures by sector of performance, 1981-2003 .............c.c.ccoevennen.

8.  GERD by sector of performance, 1981-2003.....

9. Business R&ED expenditures, 1981-2003 ........
10. BERD intenSity, 1981-2003........c.coiieiieiieie ettt ettt et et ettt e et e st e sae et e et e easeeraeene e st e bt e st enteenreeneeenes
11.  Business R&D expenditures by source of funds, 1981-2003 ...........ccocooiiiiiiiiiiieeeeee s
12.  Business R&D expenditures, by two main sources of funds, 1981-2003 .............c.cocooveeeiieiennnnnnn.
13. Intensity in business R&D expenditures by sector, 1991 and 2001 or nearest years available
14.  Business R&D expenditures by sector, 1991 and 2001 or nearest years available...................c.ccococonn.
15.  R&D expenditures of affiliates under foreign control, 1991-2002...............ccccovvreenenen.
16.  Share of public RED expenditures financed by industry, 1981-2003
17. Basic research expenditures, 1981-2003 .............cccooviviiiuiiieieeiieeeeeeeeeeee ettt seees
18.  Basic research by performer, 1991-2003 ..........c..oooiiiiiiieiioieiete ettt ettt
19.  Government budget appropriations and outlays for RED by socio-economic objectives, 1991-2003 ......... 213
20.  Tax treatment of RED, 1990-2004 ...........cocooiiiiieeeeeeeeeeee ettt ettt eteereereeneereeaeeneene e eaenees 214
21.  Total researchers per thousand employment, 1981-2002 .. 215
22.  Researchers by sector of performance, 1991-2002 .............ccooiiiiiiiiecieeieeeeeeeeeeeeee e 216
23, Human resources in science and technology, 19952002 ...............cocoooiiioiieiiieeeeee e 217
24.  University graduates in science and engineering, 1988-2001 ... 218
25.  "Triadic" patent families by priority year, 1991-2000...............ccoovviiiivreieeiecieceeee et 219
26.  Number of "triadic" patent families by priority year, 1991-2000.............ccoccoiiiiriiireiiiieeiee e 220
27.  Science and engineering articles by country, 1988-2001
28.  Portfolio of SGE articles by field, 1988-2001 ...........cocviiviiriiiieieieeeie ettt
29.  Technology balance of payments, 1981-2002 .............ccocioioiiiiiiiiieieiiieeeieeeeeee et
30. Technology balance of payments, 1981-2002 ............cccccooveeen.
31.  Share of value added in total gross value added, 1991-2001 ...........c.ccovvevvieiieeeeiieeeee e 225
32.  Trade-to-GDP ratio for goods and services, 1991-2003 ...........c.ccoiiiiiiiiiiieieiee et 227
33.  Export ratio by industry and technology level, 1992-2002 .............c.cocoiiiiiiiiiiieieei e 228
34. Import penetration by industry and technology level, 1992-2002............c..ccooooviviiiiieeeeeeeeeeeeeeeeeeea 231
35.  Outward and inward foreign direct investment flows, 1990-2001.............c.ccooviiiiireiiiiiiiice e 234

List of Figures

Chapter 1
1.1. Technology balance of payments for OECD countries, 2002 .............c.cooveivveiireiereeeeeieeeteee e 22
1.2.  Trends in RED intenSity, 1995-2003 ...........c.ooviiieiieeieieeeeeceeeee oottt et e et e et re et et et eaeeseeaeens 23
1.3.  R&D intensity in OECD COUNTHES, 2002 .........coiuiiiiiiiiiiieiit ettt ettt et e et e et eeeaseesabeeeteeeeaseesnbeasnseaanns 24
1.4. R&D funding in public research organisations, 1998 and 2002...............c.ccooveiiviieieeeiieeeeeeeeeee e 27
1.5. Business RED as a share of GDP in major OECD TEGIONS ...........c.coveuiiieviieieeeeeeceeeeeeeeee et 28
1.6. Business R&D as a share of GDP in OECD countries, 1995 and 2002 ..............cccoooiovoioeieeeeeeeeeeeeeeee e 29
1.7.  Government funding of business RED, 1991 and 2002...............c.cooeviiiiiieieieieeeeeeeeeeeeeeee e 31
1.8. Scientific and engineering publications by country, 1991 and 2001 .............c.cceeiviiiiieieeeeeeeeeee e 33
1.9.  Patent filings in the main patent offiCeS .............ooiiiiiii e 34

© OECD 2004



OECD Science, Technology and Industry Outlook 2004

.10.  Number of triadic patent families .............c..cocooiiiii oo
.11. Business researchers per thousand employees in OECD countries, 1995 and 2002................cccccoeveiveennnnn.
.12.  Growth in employment in HRST occupations, 1995-2002 ...........c..ccoeiiiiioeeeeeeeee oo
.13. R&D intensity in non-OECD economies as a share of GDP.....
.14. Regional and national shares of triadic patent famili€s ................c.ccoovoiiviiiiiiiieece e
.15. R&D investments by foreign affiliates, 1995-2001 ..............ccoovviviiivicieiiceeeee ettt
.16. Changes in R&D spending by foreign affiliates, 1994-2000..
.17. Outward investment in R&ED by US-owned firms

Chapter 3

B, A LYPOIOGY OFf P/PPS........oouiiiieeeeeeeeeeteeeeee ettt ettt ettt ettt et ettt ettt ettt e et eneeneans
3.2.  P/PPs for research and innovation: basic rationale ....................ccoooiioiiiioi i
3.3. Expected benefits from a P/PP approach to innovation poliCy ............cccocooivviiiiiiiiiiiiecceeceeeeeeeea
3.4. The eight selection rounds since the inception of the CRC programme (Australia)
3.5. The WCFS organisational diagrami..................cccoeieioiiiiioieieiceeee e

Chapter 4

4.1.  Share of the market services in total value added, 1980 and 2001 ............cocooveriiiiiiiiiiece e
4.2.  Contribution of market services to GDP growth, 1990-2001

43. Service-sector value-added embodied in manufacturing goods..
4.4. Contribution of market services to job creation, 1990-2001
4.5. Breakdown of labour productivity growth by main industrial SECtOr.................coovevviviviiicicceeeeeeee
4.6. Expansion of knowledge-based market services, 1990-2001 or nearest available year
4.a. CIS3 respondents by SECOr aNd COUNTIY .........ocvoiiviiiiiiieieeeecet ettt ettt ettt e et es s eaeeeaaeas
4.b. CIS3 respondents by service SECtOr aNd COUNTIY .........c.ccvoiviiiiiiiiriieieeeeeieeeeeeee ettt et ere e eneaneans
4.7. Innovative density in the service and the manufacturing sectors, 1998-2000
4.8. Average innovative density in the services and manufacturing sectors, 1998-2000
4.9. Innovative density by size class, 1998-20001...............c.ccuiiiiiiiieeieeeieeeeeee ettt
4.10. Breakdown of small firms by sector, innovative versus non-innovative firms, 1998-2000 ..
4.11. Product and process innovation in service and manufacturing sectors, 1998-2000............c.ccc.ccoceirieiereennnnen.
4.12. Average intensity of business R&ED expenditure (1995-2000) and innovative density (1998-2000), by sector ....
4.13. Share of innovative firms by activity, 2000................coccooiiiiiiieee ettt
4.14. Growth of business R&ED expenditures, 1990-2001 ............c.ccooviiiiioiiieieieeeeeeeeeeee et
4.15. Business R&D intensity in services and manufacturing, 1990 and 2001 ............c..ccooeviveiieieiceeeeeeeeeeeene
4.16. Growth of RED intensity, services sector, 1990-2001
4.17. Investment intensity in market Services, 2001 ...........c.ooviiiiiioiiiiie et
4.18. ICT investment in OECD countries, 1980-2001 ..........cccoeiiiiiiiiiiiiiiiieeet ettt
4.19. Software investment in OECD countries, 1980-2000..............ccccocovieireieenieririee e
4.20. Sources of information used by innovative firms in the service sector, 1998-2000 .
4.21. Share of employees with higher education in the service sector, 2000....................
4.22. Concentration of highly skilled employees in the services, by industry, 2000 ..
4.23. Factors impeding innovation in services and manufacturing...............cccoc.ocoeveioieiiiieeceeeeeeeeeee
4.24. Share of new firms in the population of innovative firms in manufacturing and services, 1998-2000.
4.25. Innovative density of new and established firms in the service sector, 1998-2000..................ccccove......
4.26. Public funding of manufacturing and service firms, 1998-2000...............cccoctririiiieieiieiieeieeeeee e

Chapter 5

5.1. Researchers per thousand in total employment, 2002.............c.ccvooviiiiiriiioioeeeee ettt
5.2. Science and engineering degrees as percentage of new degrees, 2001 ..............ccooveiriiiiieieiiiiieeeee e
5.3.  Number of science and engineering graduates in G7 countries, 1998-2001 ....
5.4, Graduate rates at PhD levels, 2001
5.5.a. Tertiary enrolment in science and engineering fields...............coocooiiiiiiiiiiiiii e
5.5.b. Average annual growth rate of new students, 1998-2002
5.6.  Number of US degrees awarded in science and engineering fields..................cocoovoviiiiiiiiiceccceee
5.7. Share of new students enrolled in computing, 1998-2002 .............c.cooveeiuiieeieeeeeeeeeeeeeee e
5.8. Foreign PhD students as a percentage of total PhD enrolment, 2001 ....
5.9. Outward and return migration of Chinese students, 1991-2001 ............c.ocoeiiieiiieeeeeeeeeeeeeeeee e

Chapter 6

6.1.  Contribution of foreign affiliates to turnover and employment in manufacturing, 2001 ..............c.ccccoeernnen.
6.2.  Growth in turnover and employment foreign affiliates in manufacturing, 1995-2001........
6.3. Contribution of foreign affiliates to turnover and employment in services, 2001........
6.4. Share of foreign affiliates in manufacturing RED................ccocooovivieiiceiieeeeeen
6.5. Relative productivity of foreign-controlled to domestically controlled plants..................ccccooooiiviiiieiiiinnnn.

— ettt et

© OECD 2004



Table of Contents

List of Boxes

Chapter 1

L1 TRE EU'S 3% LAIZET ...vivieiieeieeeeeee ettt ettt ettt es ettt s sttt et s st ses s st sese st sesess s s 25
1.2.  Business R&ED in firms large and small ................cooooiiiiiiiiiiicc e 30
Chapter 2

2.1, SET POLCY iN SOULN AfTICA .....ooviieiieiceee ettt ettt ea et e ettt e s s e eseenens 53
2.2.  Forms of public support for business iNNOVALION .................cociiuiiiiiiiiieicceeeeeeeeeeeeeeee e 64
2.3.  Support to business iNNOVation iN CRINE .............c..oooiiiiiii ettt 71
2.4, HRST and SET POHCY IN RUSSIA........ccoccviviiiieieeieeeeeeeeee oottt ettt ettt eae st ereersere et erseae s eeseeneas 75
2.5. Immigration reform for ICT workers in AUSTralia...........cccooooiiiiiiiiii e 79
Chapter 3

3.1.  Stated objectives of two selected P/PP PrOSIAMMES ............cocooveuiuiieieiieieieieieteeeeeieieees e 89
3.2. A special service unit to connect SMEs to a major P/PP — Kunstoffenhuis (Netherlands) ... 102
3.3. The measurement of additionality in the Austrian Kplus programme..............c.ccccocoevveieieieeeeeeeeeeeeeeeens 104
Chapter 4

4.1. Interpreting the results of the CIS3 SUIVEY...........ccooiiviiiiiieeeeeeeeeeeee et 120
4.2.  Activities which contribute to INNOVALION ..............c.ccooiiiiiiiiice e 127
Chapter 5

5.1. Globalisation of R&D and outsourcing of science and technology employment..................cccoooovivviineiennnn. 146
5.2.  Interpreting €NrolMENTt daAta.............ccoooviiiiiiiiieeeeeceeeeeeee ettt ettt e e e e ereere e et et aeeneas 154
5.3.  Supply and demand for ICT WOTKETS.............c.coiiiiiiieiii ettt 157
5.4.  Supply of science and technology graduates in non-OECD countries .... 160
5.5.  Women in science and t€ChNOIOZY ............c.ooviiiiiiiiiiiccceeeeeee e 162
Chapter 6

6.1. ImProving statiStiCS ON IMINES ..........oooiiiiiiiiiii ettt ettt e et e e et e e esbe e e e tbeeeabeeesseeenseesaseennneeas 178

© OECD 2004



