Regional Innovation Potential:
The Case of the U.S. Machine
Tool Industry

Steven R. Nivin

>
g’ 390311n0Y
<

By



Routledge Revivals

Routledge Revivals is an initiative aiming to re-issue a wealth of academic works
which have long been unavailable. Encompassing a vast range from across the
Humanities and Social Sciences, Routledge Revivals draws upon a distinguished
catalogue of imprints and authors associated with Routledge, restoring to print
books by some of the most influential academic scholars of the last 120 years.

For details of new and forthcoming titles in the Routledge Revivals programme
please visit: http://www.routledge.com/books/series/Routledge_Revivals

78-1-138-7170

é Routledge ‘|| ””I" ‘“ |“ ll“m

Taylor & Francis Group

www.routledge.com e an informa business



Regional Innovation Potential: The Case %
. Steven R. Nivin Routledge
of the U.S. Machine Tool Industry




Regional Innovation Potential:
The Case of the U.S. Machine
Tool Industry

STEVEN R. NIVIN

é Routledge

Taylor & Francis Group
LONDON AND NEW YORK



First published 2000 by Ashgate Publishing

Reissued 2018 by Routledge
2 Park Square, Milton Park, Abingdon, Oxon OX14 4RN
711 Third Avenue, New York, NY 10017, USA

Routledge is an imprint of the Taylor & Francis Group, an informa business

Copyright © Steven R. Nivin 2000

All rights reserved. No part of this book may be reprinted or reproduced or
utilised in any form or by any electronic, mechanical, or other means, now
known or hereafter invented, including photocopying and recording, or in
any information storage or retrieval system, without permission in writing
from the publishers.

Notice:
Product or corporate names may be trademarks or registered trademarks, and
are used only for identification and explanation without intent to infringe.

Publisher’s Note

The publisher has gone to great lengths to ensure the quality of this reprint
but points out that some imperfections in the original copies may be
apparent.

Disclaimer

The publisher has made every effort to trace copyright holders and welcomes
correspondence from those they have been unable to contact.

A Library of Congress record exists under LC control number: 00131255

ISBN 13: 978-1-138-71709-1 (hbk)
ISBN 13: 978-1-315-19652-7 (ebk)

Printed in the United Kingdom
by Henry Ling Limited

MIX
Paper from
responsible sources
fw%:gg FSC™ C013985




REGIONAL INNOVATION POTENTIAL: THE CASE OF
THE U.S. MACHINE TOOL INDUSTRY



To Laura and Brennan



Table of Contents

List of Figures
List of Tables
1 Introduction
2 The Development of the Machine Tool Industry
3 What Stimulates Invention? A Review of the
Literature
4 Innovation Potential: A Structured Inquiry
5 Factors Influencing the Development of Innovation
Potential
6 Summary and Implications

Appendix A: Graphical Tests for Heteroskedasticity

Appendix B: Machine Tool Patent Activity of the Top 25
Metropolitan Areas Ranked by Innovation Potential

Appendix C: Breaking the Correlation Among the IDK
Variables: Results of Including Only One IDK Variable

Appendix D: Regions Included in the OLS Models of
Table 5.12

Bibliography

Vi
ix

20

48

61

109

113

138

143

148

152



List of Figures

Figure
5.1

52

3.3

54

5.5

5.6

Al

A2

A3

Page

Machine Tool Patent Activity of Top 5 Metro-
Regions by Innovation Potential (3 Year Moving

BVEPREE) oo usies oi w025 Rs HRAT 66 5 5555

Effects of Machine Tool Intraindustry
Invention-Derived Knowledge Transfer

(CorrelationResults) ..................

Effects of Interindustry Invention-Derived
Knowledge Transfer (Correlation Results)

Effects of Intraindustry Invention-Derived

Knowledge Transfer (OLS Results). ... ..

Effects of Interindustry Invention-Derived

Knowledge Transfer (OLS Results) . ... ..

Effects of Semiconductor Intraindustry
Invention-Derived Knowledge Transfer

(CorrelationResults) . .................

Machine Tool Innovation Potential vs.

Urbanization Economies ...............

Machine Tool Innovation Potential (In) vs.
Urbanization Economies(ln) ...........

Machine Tool Innovation Potential vs.

Localization Economies ...............

vi



Figure

A4

AS

A6

A7

A8

A9

A.10

All

A.12

A.13

A.l4

A.15

Page

Machine Tool Innovation Potential (In) vs.

Localization Economies(In) .................... 117
Machine Tool Innovation Potential vs.

Federal Government Demand-Pull ............... 118
Machine Tool Innovation Potential (In) vs.

Federal Government Demand-Pull (In) ............ 119
Machine Tool Innovation Potential vs.

College Educated Human Capital ................ 120
Machine Tool Innovation Potential (In) vs.

College Educated Human Capital (In) ............. 121
Machine Tool Innovation Potential vs.

Graduate Degreed Human Capital ................ 122
Machine Tool Innovation Potential (In) vs.

Graduate Degreed Human Capital (In) . ............ 123
Machine Tool Innovation Potential vs.

Mechanical Engineering Ph.D. Graduates .......... 124
Machine Tool Innovation Potential (In) vs.

Mechanical Engineering Ph.D. Graduates (In) ... ... .. 125
Machine Tool Innovation Potential vs.

R IL10 SOV o« s i s 9 5500 8 0 0 1 0 0 0 126
Machine Tool Innovation Potential (In) vs.

Shiftto Services(In) ........... ... ... ... .. ... 127
Machine Tool Innovation Potential vs.

Information Technology Investment .............. 128

vil



Figure
A.l6

A.l7

A.18

A.19

A20

A2l

A22

A23

A24

Machine Tool Innovation Potential (In) vs.
Information Technology Investment (In) ........... 129

Machine Tool Innovation Potential vs. 1976-1979
Intraindustry Invention-Derived Knowledge ........ 130

Machine Tool Innovation Potential (In) vs. 1976-1979
Intraindustry Invention-Derived Knowledge (In) . . . .. 131

Machine Tool Innovation Potential vs. 1980-1982
Intraindustry Invention-Derived Knowledge .. ...... 132

Machine Tool Innovation Potential (In) vs. 1980-1982
Intraindustry Invention-Derived Knowledge (In) . . . . . 133

Machine Tool Innovation Potential vs. 1983-1985
Intraindustry Invention-Derived Knowledge ........ 134

Machine Tool Innovation Potential (In) vs. 1983-1985
Intraindustry Invention-Derived Knowledge (In). . ... 135

Machine Tool Innovation Potential vs. 1986-1989
Intraindustry Invention-Derived Knowledge ........ 136

Machine Tool Innovation Potential (In) vs. 1986-1989
Intraindustry Invention-Derived Knowledge (In) .... 137

il



List of Tables

Table

1.1

4.1

42

el

e

33

5.4

L

5.6

Sk

5.8

5.9

5.10

Machine Tool Patents Granted in the U.S.,
1976-1992 ... ... . . e

Metro-Regional Stimulants of Innovation
Potential . ........ ... ..

Descriptive Statistics of Variables ................
Model of Machine Tool Innovation Potential ... ....
Results of Including 1986-1989IDK ..............
Results of Including 1983-1985IDK ..............
Results of Including 1980-1982IDK ..............
Results of Including 1976-1979IDK ..............
Results of Including Depreciated IDK . ............
Results of Excladng IDOK o somvsnmvs o vn svens onws

Pearson Correlation Coefficients (all variables in
naturallogform) ................... ...l

Results of Excluding IT Investment ...............

Results of Separating the Human Capital
Variables. .......... ... .o i

1X



Table

5.11

5:12

5.13

5.14

913

5.16

B.1

Cl1

C.2

D.1

D2

Results of Breaking the Correlation Between
Urbanization Economies and IT Investment

by Omitting Urbanization Economies .............
Factors Influencing Innovation Potential ...........

Results of Separating Localization and Urbanization
BCONOMIES. .....cocveinnnmnrnssenssssimssmnsns

Pearson Correlation Coefficients Between

Innovation Potential and Past Inventive

ACHVILY it e
Coefficientson IDK Variables . ..................

Results of Backward Stepwise Regression: IT
Investment Revisited . « . vxssovseninmnimsrmms ense

Patent Activity of the Top 25 Regions . ............
Breaking the Intraindustry IDK Correlations . . ... ...
Breaking the Interindustry IDK Correlations . . .. . ...
Regions Included in Models 1-3 of Table 5.12 ... ...

Regions Included in Models 4-6 of Table 5.12 .. ....

Page



1 Introduction

Introduction

This study analyzes a process vital to economic development - technological
change. It is an attempt to further understand the processes driving innovation,
so that we may gain a deeper insight into the development of economies.
Specifically, the study explores the concept of innovation potential and the
factors that result in variations in innovation potential across metropolitan
areas, using the U.S. machine tool industry as a case study.

Innovation Potential

Given the importance of innovation potential in economic development, it is
essential to know what influences the development of this potential.
Borrowing from a similar conception of innovative capacity developed by
Suarez-Villa (1993), innovation potential will be operationalized as the
number of United States machine tool patents granted from 1990 through 1992
across metropolitan areas. Suarez-Villa had defined innovative capacity as the
sum of all patents across multi-state regions over a seventeen year period. The
measure used here provides more geographic detail for a less aggregative time
period, thereby creating a measure of both the urban region’s ability to invent
and its potential to innovate.

While not all inventions! are patented and not all inventions become
innovations,2 patent data is a reliable measure of invention (Acs and
Audretsch, 1989; Basberg, 1987; Boitani and Ciciotti, 1990; Comanor and
Scherer, 1969; Griliches, 1990; Griliches, Pakes, and Hall, 1987; Narin,
Noma, and Perry, 1987; Pakes and Griliches, 1984; Suarez-Villa, 1993). Since

I Invention is “the discovery of basic scientific and technological knowledge” (Suarez-Villa
1993, 148).

2 Innovation is “the application and development of inventions in ways that may directly
determine economic change” (Suarez-Villa 1993, 148).
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invention is the precursor to innovation, the more inventions created the
greater the potential that some of them will register an economic impact as
innovations. Hence, the use of patent data in this study should provide an
adequate measure of regional innovation potential.

Innovation potential has a significant impact on the rate of growth and
development of an economy. It is of interest to know what influences the
development of this potential. Innovation potential can be derived from both
indigenous and exogenous sources. The indigenous sources of innovation
potential include the institutions, infrastructures, social systems, and stocks of
human capital present within the economy. The influence of exogenous
sources depends on the capacity of economic agents to be creative adaptors of
fundamental innovations imported from elsewhere. This study focuses on the
influences of the indigenous sources.

The Sectoral Dimension

It seems plausible that these indigenous influences can have varying degrees
of impact on the innovation potential of the industries within a region
(Malecki, 1991; Porter, 1990; Suarez-Villa, 1993; Suarez-Villa and Hasnath,
1993). The focus of this study is sharpened by analyzing the factors
influencing the innovation potential of one industry - the United States
machine tool industry.3

This industry is of interest “because machine tools are the foundation
for almost all of manufacturing” (Ashburn, 1988, p.19). In other words, the
machine tool industry is the provider of all the capital goods upon which the
manufacturing sector is so dependent. This means that this one industry sets
the bounds or parameters for the performance of other industries. Since
capital goods embody the state of technology, the more sophisticated the
products of the machine tool industry, the more sophisticated the products of
other manufacturers can be.

3 By framing the discussion in terms of the innovation potential of the machine tool industry,
it is not meant to imply that all of the patents produced within the region were created only by
inventors within a machine tool firm. Some of the patents were granted to inventors not
associated with a firm, or at least, the patent did not have a firm as the assignee. Either way,
the invention adds to the innovation potential of the machine tool industry.
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Machine tools is a nodal industry. It is the transmission point of new
technology to the rest of manufacturing industry. An innovative and
competitive machine tool industry contributes significantly to the rapid
diffusion of new technology and to the realization of the competitive benefits
that this makes possible for the rest of manufacturing industry (Sciberras and
Payne, 1985, p.63, quoted in Ashburn, 1988, p.20).

Ultimately, then, it is innovation within the machine tool industry that
allows the manufacturing sector of the economy to innovate and reap the
competitive benefits, which gives the machine tool industry its importance.
The need for an innovative machine tool industry, combined with the fact
that innovation requires a constant source of new knowledge (i.e. invention
patents), imposes on us the need to know where this new knowledge is
created and the factors that make some metro-regions more conducive to
inventive activity within this industry than others.

Innovation Potential and Regional Economic Development

The innovation potential of regions plays a significant role in their growth and
development (Brugger and Stuckey, 1987; Griffin, 1978; Grossman and
Helpman, 1994; Landau, 1988; Malecki, 1991; Ogburn, 1933; Quinn, 1986;
Romer, 1986; Romer, 1994; Rosenberg, 1986; Schmookler, 1966,
Schumpeter, 1950; Solow, 1957; Stewart, 1978; Suarez-Villa, 1993; Suarez-
Villa and Hasnath, 1993; Westphal, 1987). It is technological change,
according to Schumpeter (1950), that causes the creative destruction which
drives the capitalist economy. Increasing innovation potential within a region
can spawn the new industries, make existing ones more efficient, enhance the
international competitiveness of the region, and attract highly skilled labor
catalyzing economic development (Suarez-Villa, 1993; Suarez-Villa and
Hasnath, 1993). Thus, those economies whose innovation potential lags will
also lag in the rates of growth and development they experience: “the
innovation gap among regions is a primary source of regional development
disparities...” (Malecki, 1991, p.28). But what is meant by a regional
economy? How is a regional economy defined in this study?



The Spatial Dimension

Although regional scientists have struggled for many years trying to find the
most appropriate definition of “region”, a consensus has yet to be reached.
Regions have historically had three different definitions: (1) areas that are
homogeneous physically, socially, or economically, (2) nodes around a
central urban economic center, and (3) areas defined by political boundaries
(Meyer, 1963). Markusen (1987) defines a region as

an historically evolved, contiguous territorial society that possesses a physical
environment, a socioeconomic, political, and cultural milieu, and a spatial
structure distinct from other regions and from the other major territorial units,
city and nation (Markusen, 1987, pp.16-17).

Gilbert (1988) provides a synopsis of the concept of region as defined by
English and French-speaking regional scientists. There are three definitions.
First, region is defined “as the spatial organization of the social processes
associated with the mode of production” (Gilbert, 1988, p.209). Second, “the
region is defined as a specific set of cultural relationships between a group and
particular places” (Gilbert, 1988, p.210). Third, the region is conceptualized
“as a medium for social interaction” (Gilbert, 1988, p.212). This last
definition is essentially the region defined by political boundaries. Hence, it is
evident that the concept of region presents a difficult definitional dilemma for
regional scientists.

Being unable to agree upon a single all-encompassing definition of
region, regional studies have used the full spectrum of geographic definitions
of region as their unit of analysis. Such studies have used definitions of region
ranging from large multi-state regions to the relatively smaller metropolitan
areas. What is the appropriate spatial conceptualization for this study?

In a study similar to this one, but using states as the geographic unit of
analysis, Feldman (1992) writes: “States are not an entirely satisfactorily unit
of observation to use in this analysis.... Ideally, we would like data at a sub-
state level of aggregation” (Feldman, 1992, p.9). If the state is not an
appropriate unit of analysis, it appears reasonable to argue that the larger
multi-state region would also not be the most suitable. Furthermore, an even
larger region - the nation - would appear to be even more inappropriate. As
Porter states, “the importance of geographic concentration raises interesting
questions about whether the nation is a relevant unit of analysis” (Porter, 1990,
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