Contents

List of figures vi
List of tables vii
Acknowledgements ix
Preface by Chris Freeman Xi
Introduction Xiii

PART ONE INVESTMENT IN KNOWLEDGE AND MACHINERY:

THEORY AND PERSPECTIVES

1. Disembodied and embodied technological change: concepts

and definitions 3
2. Disembodied and embodied perspectives on technological

change in the economic literature 11
3. Disembodied and embodied technological change in the

innovation literature 27
4. Embodied and disembodied perspectives on the relationship

between technological change, firm size and market structure 47
5. Towards an integrated perspective on technological change

and industrial structure: issues for research 68

PART TWO EVIDENCE FROM THE ITALIAN INDUSTRY

6. An overview of innovation activities in manufacturing and

services 83
7. Embodied and disembodied innovation strategies and the
production structure of firms 111
8. Innovation strategies and the productive structure of firms:
do industrial sectors matter? 132
9. Innovative patterns and technological regimes of production:
a sectoral analysis 151
10. Embodied and disembodied patterns of technological change
and production structure: a sectoral taxonomy 164
11. Conclusions and policy implications 181
Bibliography 186

Index 197



List of figures

5.1
5.2

53

6.1

6.2
6.3
9.1
9.2

93
9.4
9.5
10.1
10.2

Embodied and disembodied views on technological change 69
Technological change and industrial structure: the

neo-Schumpeterian links 71
Technological change and industrial structure: embodied and
disembodied links 77
Breakdown of innovation costs in the Italian manufacturing

sector (1992) 94
Breakdown of innovation costs in the Italian service sector (1995) 95
Breakdown of innovation costs across European countries 96
Innovative intensity and the share of R&D and D&E expenditures 153

Disembodied innovative intensity and the share of process

innovations 154
Disembodied and embodied sectoral innovative patterns 157
Total investment in machinery and innovative investment 158
R&D and D&E expenditures per employee and firm size 161
Scatterplot of the sectors according to the two factors 167

Disembodied and embodied innovative patterns and industrial
structure: a taxonomy 171

vi



List of tables

6.1 Innovating and non-innovating firms in manufacturing and

services by firm size 85
6.2 Percentages of innovating firms across firm size in Europe

(manufacturing sector, 1992) 86
6.3 Innovating and non-innovating firms in manufacturing and service

industries 88
6.4  Probability of carrying out innovative activities and R&D

(logit estimates) (Italian manufacturing sector, 1990-92) 89
6.5 Innovating manufacturing firms by type of innovation introduced 91
6.6 Innovating service firms by type of innovation introduced 92
6.7 Innovation expenditure by firm size (percentage values) (Italian

manufacturing sector, 1992) 97
6.8 Innovation expenditure by industry and firm size (percentage

values) (Italian manufacturing sector, 1992) 98
6.9 Breakdown of innovation costs by industry in the service sector

(1995) 100

6.10 Distribution of total sales according to the type of innovation
introduced (percentage values) (Italian manufacturing sector,
1992) 102
6.11 Sales according to the degree of novelty of the product
innovations introduced (percentage values) (Italian

manufacturing sector, 1992) 103
6.12 Sources of technological information in manufacturing and

services 104
6.13 Objectives of innovation in manufacturing and services 105
6.14 Obstacles to innovation in manufacturing and services 105
7.1  List of production and innovative indicators used in the

empirical analysis 113

7.2 Total innovation costs and embodied and disembodied

innovation expenditures (correlation and elasticity coefficients) 115
7.3 Distribution of firms according to the type of technological

activity performed across firm size classes (1981-85) 116
7.4 Total innovation costs and embodied and disembodied

innovation expenditures (correlation and elasticity coefficients)

(R&D and D&E performing firms) 117

vii



viii
1.5
7.6

7.7

7.8
79
7.10
7.11
7.12
8.1
8.2

8.3
84
8.5
8.6
9.1
9.2
9.3
94
10.1
10.2

10.3
104

List of tables

Embodied and disembodied innovative intensity indicators and
product/process innovation shares (correlation coefficients)

The relationship between embodied and disembodied innovation
expenditures (correlation and elasticity coefficients)

Innovative intensity, firm size and labour productivity
(correlation coefficients)

Determinants of labour productivity (regression estimates)
Innovative intensity by firm size (average values)

Innovation intensity and firm size by industry

List of variables used in the factor analysis

Results of the factor analysis

Analysis of variance at different levels of sectoral aggregation
Analysis of variance at different levels of sectoral aggregation
and cut-off in firm size

Elasticity of embodied and disembodied innovation expenditures
with respect to total innovation costs (LSDV estimations)

The relationship between embodied and disembodied innovation
expenditures (LSDV estimations)

Firm size and capital intensity (LSDV estimations)

The determinants of labour productivity (LSDV estimations)
Innovative intensity and product/process innovation shares
across sectors (correlation coefficients — 108 sectors)

The relationship between embodied and disembodied innovation
activities across sectors (correlation coefficients — 108 sectors)
Innovative intensity and firm size across sectors (correlation
coefficients — 108 industrial sectors)

Firm size, capital intensity and productivity across sectors
(correlation coefficients — 108 industrial sectors)

List of variables used in the ‘sectoral’ factor analysis

Results of the factor analysis (108 sectors)

Results of the factor analysis (30 sectors)

Productive and technological profiles by sectoral clusters
(average values)

117

119

121
122
124
126
128
129
134

136
140
143
145
146
152
156
159
161
165
166
169

170



